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Developments in automated vehicle technology require both driver and automation to 

collaborate effectively to ensure task success. Operating a vehicle safely is becoming 

increasingly dependent on the collaborative communication between agents, requiring a 

better understanding of how human-automation interaction within automated vehicles is 

of great importance. Measurable outcomes for these interactions are numerous, yet few 

research pieces address the vast array of factors that are present when developing 

interactions that can adapt to specific situations and address situation awareness 

requirements effectively. By learning from team-work communication and the theory of 

distributed situation awareness, this thesis generates interaction design 

recommendations and an experimentally validated automated assistant that aims to 

optimise communication between driver and automation throughout an entire journey, 

whilst addressing a range of positive outcomes and adapting to complex situations. The 

thesis follows a four-step approach for developing novel interactions: scoping, piloting, 

designing and testing. Findings presented in this thesis collectively argue for a restructure 

in the way automated vehicle interaction is approached by focusing on both the driver 

and the automated assistant relaying messages to one another as co-drivers to raise 

situation awareness and calibrate trust, as well as improving overall safe vehicle 

operation. 
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Chapter 1 Introduction 

1.1 Background 

A driverless future where automated systems are able to control a road vehicle and make 

strategic decisions for the driver promises a wide range of benefits including: a reduction in road-

traffic accidents, an increase in users’ free-time, and an increase in traffic and fuel efficiency (DFT, 

2015). This automated future is one that has been embraced by the UK government (DFT, 2015), 

and marks the start of a race amongst manufacturers to roll out models with increasingly 

sophisticated automated features (Fagnant & Kockelman, 2015). Given the myriad of 

benefits, and the optimism showed by many, a critical and skeptical approach has been advised 

by the UK government and independent institutes to ensure that safety standards are adhered 

to (GOV, 2017). 

The levels of automation put forward by SAE international attempt to tighten the discourse 

surrounding AVs and their operational capacity by categorising automated features into six 

discrete levels outlined in table 1.1. 

Table 1.1. Levels of automation, SAE levels of automation (SAE, 2016) – summary adapted from 

Favarò et al. (2017) 

Level Name Control 

Executor 

Monitoring 
Environment 

Fallback 
Performance 

Capability 
(modes) 

0 No Automation Driver Driver Driver n/a 

1 Driver Assistance Driver & System Driver Driver Some 

2 Partial 
Automation 

System Driver Driver Some 

3 Conditional 
Automation 

System System Driver Some 

4 High Automation System System System Some 

5 Full Automation System System System All 

These levels outline vehicles with no automated features (level 0), up to vehicles that require no 

human-driver inputs to operate effectively (level 5). Between these two extremes, four levels of 

automation represent varying degrees of human driver tasks and responsibilities – each requiring 

both driver and automation to perform certain tasks at certain intervals. These levels, due to 

issues surrounding shared control and responsibility, exhibit novel vulnerabilities. For example, 

incident reports cite driver distraction, overreliance, and human error as being the central cause 
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of collisions in automated vehicles that require monitoring (Level 2 automation; Banks et al., 

2018; BBC, 2020; Stanton et al., 2019; SAE, 2016). Despite this, increasingly ‘sophisticated’ 

automated vehicles are being made available to the public with the driver being further removed 

from aspects of the driving task. Beta-test AVs are currently equipped with level 2 automation – 

lateral and longitudinal automation that requires the human-driver to monitor the driving task in 

the case of an emergency. However, level 3 AVs such as Audi’s A8 model equipped with traffic-

jam assist are available to citizens of states where level 3 AVs are road-legal such as Germany and 

Japan (Audi, 2018; Auto2X, 2020; Imai, 2019). Level 3 AVs require transitions in control and 

responsibility as a result of breaching an operational limit (such as loss of central reservation 

detection in the Audi A8; Audi, 2018; SAE, 2016). These vehicles differ to their level 

2 predecessors in that they allow the driver to take part in non-driving related tasks whilst 

automation is in control (SAE, 2016). Level 4, in extension, may feature control transfers although 

level 4 AVs are assumed to not require falling back to the driver in the case of a breach of 

operational safety.  

The recurring feature of requiring control transitions in shared-control AVs has been identified as 

contributing towards novel vulnerabilities such as: a reduction in situation awareness (Endsley, 

1996; Sarter & Woods, 1992; 1995), deterioration in attentional resources (Young & Stanton, 

2002), mode error (Norman, 2015; Sarter & Woods, 1995), deskilling (Bainbridge, 1983) and lack 

of calibration in trust (Koo et al., 2015; Lee & See, 2004). Other factors arising from an increase in 

driver-automation interaction include the acceptance and usability of the technology (NSAI, 

2018; Nwiabu & Adeyanju, 2012; Ponsa et al., 2009; Schieben et al., 2011). 

AV technology is progressing quickly, and research must keep up with public and manufacturing 

demands. As legality of level 3 AVs is granted across the world, issues introduced by shared 

control and responsibility must be addressed to reduce fatalities and collisions, whilst ensuring 

that the technology benefits the user with regards to usability and acceptance. This 

thesis considers such implications and develops foundations and design solutions for Human-

Machine Interfaces (HMIs) to optimise these human-factors outcomes in level 3 and level 4 AVs as 

a collective. 

1.2 Research Motivation 

Ensuring that developments in automated technology are implemented safely allows 

manufacturers and the public to benefit from positive outcomes whilst ensuring that novel 

vulnerabilities are minimised. By conducting research into its safe development, a driverless 

future is more likely to be beneficial to societies, and become a technology that should not be 
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feared, but embraced. This thesis was conducted as part of a larger project, Human Interaction: 

Designing Autonomy in Vehicles (HI:DAVe), which in turn is part of a nation-

wide research programme, Towards Autonomy: Smart and Connected Control, funded by both 

Jaguar Land Rover and the EPSRC. HI:DAVe addresses the human-machine interfaces in level 3 

and level 4 AVs, giving particular attention to the situations where a take-over request is made as 

a result of a critical or non-critical operational/design violation (e.g. upcoming geographical 

boundary; SAE, 2016). 

HMIs are central to the solutions posited to reduce vulnerabilities in shared control automated 

vehicles as they allow for the driving system to relay information between both driver and vehicle. 

As driver and automation have distinct roles in the future of AVs, the importance of effective 

HMIs is ever increasing. To inform design, the thesis draws upon concepts that aim to improve 

interaction from theory (distributed situation awareness - DSA; Stanton et al., 2006 & joint-

activity framework - JA; Bradshaw et al., 2009; Clark, 1996; Klein et al., 2004; 2005) and practice 

(shift-handover in human teams; e.g. Kerr, 2002). This is with a view of generating a novel HMI 

design that relays important information to the driver to improve safety following transitions of 

control, whilst maximizing usability and optimising trust and workload. Further, this thesis 

illustrates an example design lifecycle for human factors practitioners to draw inspiration from, 

progressing as follows: scoping, piloting, designing and finally prototype testing, with each 

chapter being part a step in this progression. 

The thesis approaches the issue of ‘handover’ (defined in this thesis as the transition of control 

from vehicle-to-driver) in an innovative way. The majority of previous research in level 3 AV 

technology is primarily concerned with transitions of control in response to emergency situations. 

Transitions of control should be central in discussions on how to improve human-automation 

interaction in level 3 AVs, however, this thesis acknowledges that this is an oversimplification of 

the vulnerabilities in level 3 AVs as handovers may be initiated by either party in response to a 

variety of events (Mirnig et al., 2017). Further, knowledge on how transitions should occur during 

non-emergency scenarios is limited, and design solutions that attempt to optimise outcomes are 

yet to be provided. This thesis, therefore, provides a unique perspective on the AV handover task 

by integrating communicative concepts found in other domains to improve 

communication throughout the automated cycle, whilst ensuring that communication can be 

made more efficient and tailored to the driver by applying concepts of distributed situation 

awareness. In doing so, this thesis contributes to the body of knowledge on how to design HMIs 

to improve human factors outcomes in AVs requiring control transitions. Improving 

communication for level 3 vehicles may be a priority, however, findings can translate to 

automated levels that require both driver and automation to fulfil specific roles in the driving 
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task. Findings from this thesis can be readily applied to level 4 vehicles as both level 3 and level 4 

AVs have the potential for human and automation to transfer control and responsibility between 

one another. It is therefore hoped that the output provided here will inform future HMI design in 

AVs regardless of specific target context. 

1.3 Research outcomes and hypotheses  

This thesis aims to produce a handover interface design that improves and optimises a wide range 

of experimental outcomes related to human performance: safety, situation awareness, trust, 

workload, acceptance and usability. The work addresses many outcomes, as reducing the issue to 

a single outcome may not provide suitable solutions due to potential trade-offs and optimisation 

problems. The design will achieve this by aligning with pre-existing concepts in human team shift-

handover practices, communicative principles from human-machine teamwork and the theory of 

distributed situation awareness. The HMI design will be generated through a four-step method of 

scoping the field, piloting preliminary concepts, designing a solution and testing prototype HMIs. 

1.3.1 Research Outcomes  

1.3.1.1 Primary research outcome:  

The introduction of more sophisticated automated systems leads to a greater requirement for 

information to be optimally exchanged between vehicle and driver. The overarching aim of this 

thesis is to provide novel solutions inspired by communication literature and rigorous prototype 

development. Therefore, the primary outcome of this thesis is:  

• To provide an HMI design solution that improves coordination between driver and 

automation in level 3 and level 4 AVs during all phases of a journey 

1.3.1.2 Secondary research outcomes:  

As an extension of the primary research outcome, insights will be provided for theoretical and 

methodological approaches to AV design. In particular, the secondary outcomes of this thesis will 

be to: 

• Provide insight into how communicative concepts (Clark, 1996; Klein et al., 2004; 2005; 

Bradshaw et al., 2009) and distributed situation awareness (Stanton et al., 2006; Stanton 

et al., 2017) can be applied to level 3 and 4 AV HMI design. 

• Demonstrate how a four-step approach to human factors design can be used to address 

multiple domain values. 
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• Provide findings that show how driver demographics may affect driver requirements for 

level 3 & 4 AV interaction. 

1.3.2 Research Hypotheses  

1.3.2.1 Overall hypothesis  

To achieve the primary outcome, the overall hypothesis addresses previous work on how humans 

communicate with other humans and machines in a variety of high-risk domains. These 

theoretical frameworks provide a foundation for improving communication in level 3 and 4 AVs. 

Therefore, the overall hypothesis for this thesis is as follows 

• Applying communicative concepts to level 3 and 4 AV HMIs will improve human 

performance outcomes for driver and automation interaction. 

1.3.2.2 Sub-hypotheses  

Multiple human-automation interaction outcomes were identified throughout this thesis to 

measure the impact of introducing novel concepts to level 3 and 4 interaction. During each testing 

stage of the design pathway, the novel concepts introduced throughout this thesis are tested via 

these outcomes to measure how well design recommendations address the issues facing level 3 

and 4 AV interaction:  

• As transitions may lead to breakdowns in physical control and a reduction in situation 

awareness (Eriksson & Stanton, 2017b; Merat & Jamson, 2009; Stanton et al., 2006; 

Stanton et al., 2017) - ‘the novel design will improve safe operation of the vehicle (e.g. 

lateral and longitudinal stability)’ 

• Due to issues surrounding disuse and misuse of automation (Lee & See, 2004), ‘the novel 

design will better optimise trust’ 

• Usability interacts with safe operation and acceptance of interactions (Barón & Green, 

2018; NSAI, 2018; Nwiabu & Adeyanju, 2012; Ponsa et al., 2009; Schieben et al., 2011). 

Therefore, a sub-hypothesis will be: ‘The novel design will improve usability’ 

• Acceptance of automated technology is an issue that requires addressing for both a public 

and individual perspective (van der Laan et al., 1997). Therefore, a sub-hypothesis is that: 

‘The new design will improve acceptance’. 

• Optimising workload is an important issue for interaction researchers, as workload can 

influence task performance. It is difficult to predict whether increasing or decreasing 

workload is more optimal for driving performance (as too high or too low workload can 
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lead to reductions in cognitive performance (Young & Stanton, 2002b): the novel design 

will influence the workload of drivers during AV operation. 

1.4 Thesis Structure  

Figure 1.1 Illustrates the approach taken to meet the outcomes outlined in section 1.2. The thesis 

can be broken down into four distinct stages: scoping, piloting, designing and testing. This 

approach allows for theory to be addressed and tested during the scoping and piloting stages, so 

that critical questions are answered prior to the design stage. The design and testing stages aim to 

collate these findings into testable outcomes for AV human-machine interface implementation 

and provide evidence as to what elements of these interfaces are important and have positive 

outcomes on human-automation interaction in these vehicles. Addressing this scope will 

also allow for current models of human-agent collaboration to be improved upon to facilitate the 

continued and rapid progression of AV technology.  

Data will inform readers of how interface designs can be applied to their domain/research 

questions, and allow for models of both the handover task, and human-automation 

communication to be improved as a result of this work. The thesis will be topped and tailed with 

an introduction and conclusion to better coordinate the thesis’s main points and convene on a set 

of guidelines and successes from the project undertaken.  
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Figure 1.1 Thesis plan outlining chapters and associated stages 

1.4.1 Chapter 1. Overview of thesis  

This chapter provides a brief overview of the design problem and the issues that face level 3 and 4 

AVs. It outlines the background, thesis aims, thesis structure and the contributions of knowledge 

to form the basis of the thesis. It serves as a preface to the rest of the thesis before chapter 2 

goes into more detail regarding the issues and proposed HMI solutions currently within this 

increasingly complex domain. 

1.4.2 Chapter 2. Automated Vehicles as a Co-pilot: Setting the Scene for Effective Human-

Automation Collaboration 

Chapter 2 is concerned with the levels of automation, the vulnerabilities level 3 and 4 AVs 

present, and introduces literature into effective communication including frameworks such as 
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joint activity and distributed situation awareness. This chapter provides a summary of what 

aspects of human factors in AV HMIs have been explored previously and how communicative 

concepts can be used to improve interaction in AVs. This theoretical basis serves as a foundation 

for chapter 3’s analysis into the domain’s functions and processes and provides a lens in which 

the remaining chapters can discuss human-automation interaction with regards to improving 

communication within the system. 

1.4.3 Chapter 3. Cognitive Work Analysis to Improve Communication in AV Interactions 

To achieve the design goal, it was deemed important to first scope the domain and understand 

which affordances and constraints are present within the system of level 3 and 4 automation. This 

chapter links the outcomes of the thesis from chapter 1 and 2 to identify domain values and 

provide an overview of how these link with physical aspects of the system using Cognitive Work 

Analysis (CWA; Vicente, 1999) – a versatile human factors method for developing a foundation for 

making improvements in any working domain. The CWA Design Toolkit (Read et al., 2015) was 

used to produce a ‘Work Domain Analysis’, a ‘Contextual Activity Template’ and a ‘Social 

Organisation and Cooperation Analysis’. These three methods together provide insight into the 

domain processes at work, the planning of tasks that need to be performed, and the allocation of 

these tasks to both driver and automation. From here, the analysis’ output informs the rest of the 

thesis by providing a framework in which designs align to. 

1.4.4 Chapter 4. Review of Handover Tools and Techniques in High-Risk Shift-Work 

Domains 

Decades of work has been conducted in the continuation of tasks in human teams. Such vast 

amounts of research may be of use when advising the design of level 3 and 4 automated vehicles. 

This chapter provides an in-depth review of current handover practices in human-teams, with the 

view of trialing select methods in AV handover in future chapters. Shift handover in domains like 

healthcare, aviation and energy manufacturing have been developed to raise situation awareness 

and ensure that information transferred is useful to the incoming party.  By identifying and 

assessing the current tools and techniques in these domains, this chapter provides 19 strategies 

along with examples and a review of how well they meet values of distributed situation 

awareness. This knowledge contributes to the foundations for handover design in automated 

vehicles and serves current and new domains with a set of strategies they can implement to 

ensure safe task continuity. 
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1.4.5 Chapter 5. Replicating Human-Human Communication in a Vehicle: A Simulation 

Study 

To apply potential handover strategies in chapter 4 to AV handover interfaces, this 

chapter recreates the handover task by creating an experiment where two drivers transfer control 

to one another whilst communicating vocally in a variety of ways in a driving simulator. Vocal 

strategies were drawn from chapter 4 to test how vocal communication could take place in the 

operation of AVs. Findings on the use of language, information transmitted, method of 

transmission, workload, usability, acceptance, lateral and longitudinal control following handover 

are presented to inform which strategies transactions in situation awareness could take and 

provides recommendations for the use of vocal interfaces in level 3 and 4 AVs. 

1.4.6 Chapter 6 – Directability and Eye-Gaze: Exploring Interactions between Vocal Cues 

and the use of Visual Displays 

Chapters 4 and 5 provide findings suggesting that vocal communication can be an effective 

strategy for communicating information rapidly during handover. This chapter considers which 

visual HMIs may be best suited to supplement vocal information during the cycle of automation. 

This chapter analyses data from a simulated handover task, with an emphasis on where 

individuals visually attend to during and following the transfer of control. HMIs were split into 

separate areas of interest and total visual gaze time was analysed taking into account 

demographics such as gender, age, time in automation and premium car ownership. The chapter 

summarises the most effective visual HMIs for level 3 and 4 AVs and discusses them in relation to 

the concept of ‘directability’ and current models on the market. With this information, future 

chapters combine these vocal and visual communication strategies to optimise situation 

awareness transactions and adhere to the principles joint activity. 

1.4.7 Chapter 7 – Participatory Workshops for Designing Interactions in Automated 

Vehicles 

Ensuring that target users are included in the design lifecycle is regarded as essential for modern 

human factors design. This chapter represents the first step in developing a testable prototype for 

level 3 and 4 AV HMIs by presenting findings on what learner, intermediate and advanced drivers 

require and suggest for raising situation awareness prior to the handover of control. This chapter 

explores the process of communicating information, physically transitioning control and ensuring 

that users are aware of what needs to be achieved was the primary focus of this study. Drivers 

discussed solutions and generated schematics illustrating what, and how, information should be 
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communicated at each stage of the handover process. The chapter summarises these schematics 

and provides insights into how level 3 and 4 AV HMI design can cater to users’ needs whilst 

ensuring that system safety is addressed. Further, this study discusses varying requirements for 

skill levels of driving.  

1.4.8 Chapter 8 – Designing Automated Vehicle Interactions using Design with Intent 

Bringing all previous chapters together, chapter 8 generates a design concept for level 3 and 4 AV 

HMIs that focuses on implementing vocal and visual communication, whilst communicating 

essential information such as system state, capability, and directions. A design workshop was 

conducted to aid in the converging of ideas that have been built throughout the thesis. This 

workshop consisted of five human factors specialists and utilised the design with intent toolkit - 

101 cards providing concepts that should be addressed for effective user design. As an outcome, 

this workshop provides design suggestions, and an example prototype for implementation in this 

domain. 

1.4.9 Chapter 9 – Validation and Testing of Final Interaction Design Concepts for 

Automated Vehicles 

To validate all work conducted in previous chapters, this chapter generates a handover assistant 

that is capable of being implemented and evaluated with current technology and is validated in a 

driving simulator task. The handover assistant is tested against a handover assistant currently 

available in the AV domain and compares outcomes such as: vehicle control, usability, 

acceptance, trust, communication and workload. The findings provide a promising outlook on the 

development of a communicative handover assistant and provides insight into how this could be 

achieved through vocal and visual HMIs with elements. Notably, the handover assistant tested in 

this chapter can improve all human factors outcomes without a single outcome becoming 

degraded. This demonstrates that careful, stepwise HMI design can lead to all-round benefits, 

given that they adhere to fundamental principles. 

1.4.10 Chapter 10 – Conclusions 

This chapter evaluates the progression made within this thesis by summarising the outcomes 

generated, the success of the method taken, and provides an insight into what current research 

may be neglecting in the face of new-technological developments. The discussion provides a new 

model for handover, and tenets that advise on future handover assistant design to ensure that 
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HMIs in this domain are communicative, collaborative, and take the whole automation cycle into 

consideration.  

1.5 Contribution of Knowledge 

This thesis provides original practical, theoretical and methodological contributions for human 

factors design in level 3 and 4 automated vehicles. The primary outcome of this thesis is a 

carefully developed and tested handover assistant that focuses on communicating intentions and 

state, whilst providing user querying as a way of raising situation awareness. By viewing the 

handover task as a two-way process where the driver and automation are organised as co-pilots, 

the system can distribute tasks effectively, whilst ensuring that both driver and automation 

communicate intentions, capacity and safety critical information. Theoretically, the thesis 

discusses current handover assistants in line with the theory of Distributed Situation Awareness 

and Joint Activity (Klein et al., 2004; 2005; Stanton et al., 2006; 2017), highlights the requirement 

for communication to occur throughout the journey, not just the handover and advises 

manufacturers to consider how visual and vocal modalities are during each stage of automation. 

Methodologically, the thesis demonstrates how HMI design in human factors can be generated on 

a step-by-step basis, ensuring that theory, domain constraints, user requirements, and real-time 

human performance are all considered to produce design solutions to challenging human factors 

issues. 

All outcomes combined provide current and future automation researchers and manufacturers 

with a foundation of how the interaction design process can be approached in C/HAVs. Due to the 

thesis covering multiple of outcomes such as trust, usability, safety, workload and acceptance, the 

design pathway presented in this thesis will be of great use to researchers that require multiple 

human factors outcomes to be addressed, 

1.6 Future directions 

This chapter has outlined the aims and objectives of the thesis and briefly introduces key concepts 

such the levels of automation, the vulnerabilities introduced by shared-control AVs, literature that 

may help to address these vulnerabilities, and the pathway proposed to design HMI solutions to 

address these vulnerabilities. To further analyse the issues within this domain and potential 

solutions, chapter 2 provides more depth in the current state of levels of automation, AV 

vulnerabilities, AV interfaces, and the communicative concepts that could be utilised to address 

target issues. 
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Chapter 2 Vehicle Automation as a Co-pilot: Setting the 

Scene for Effective Human-Automation Collaboration 

Chapter 2 builds on chapter 1 by providing an in-depth review of the issues facing AV 

development, a review of the current state of AV HMIs and a detailed portrayal of the theoretical 

concepts that may contribute towards improvements in interactions within level 3 and 4 AVs. 

2.1 Introduction 

Modern driverless vehicles (e.g., Audi A8 - Audi, 2019a; Cadillac Super Cruise – Cadillac, 2020; 

Tesla Model S – Tesla, 2018) attempt to, amongst many other proposed benefits, reduce 

collisions, free-up time and attention from the driving task, as well as optimise traffic flow (DFT, 

2015; Maurer et al., 2016; Waldrop, 2015). The future of driverless vehicle technology will require 

both driver and automation to collaborate with one another to ensure journey success. This 

chapter considers the issues facing modern automated vehicles (AVs) and the challenges that they 

introduce. It provides an overview of communication and situation awareness theory, and the 

current state of modern automated vehicles in order to set the foundations for the target domain 

and engineering problem. 

2.1.1 Levels of automation and the handover 

In automobile technology, the levels of automation (SAE, 2016) represent separate avenues that 

manufacturers can pursue to be part of a driverless future. Each approach comes with its own set 

of benefits and drawbacks that require consideration during the design process. As defined by SAE 

(see table 1.1; SAE, 2016), ‘level 5’ automation (full automation) involves the removal of driving 

inputs, so that a human driver is not requested to take control of the vehicle. This stage is thought 

to require a larger investment from designers and manufacturers to ensure that autonomous 

vehicles can respond appropriately in any given situation on its route. Inevitably, the collective 

public attitudes and law will dictate the pace at which these vehicles are developed. The 

alternative is that vehicle automation is introduced incrementally to allow the public, and 

technology, to adapt to a driverless future. Conditionally and Highly Automated Vehicles (C/HAVs, 

Levels 3 & 4; Clark et al., 2018; SAE, 2016) represent this next step (Level 3 & 4; SAE, 2016). 

C/HAVs either expect (level 3) or offer (level 4) the driver to control the vehicle during the 

journey. This approach may be more feasible for manufacturers, as there is a greater ability to 

apply automation selectively to less complex and more predictable scenarios (such as highway 

driving) whilst ensuring journey continuity (Kyriakidis et al., 2017). This may be beneficial to the 
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user as a way of improving safety, freeing up more time and disengage from a particularly 

monotonous driving task. 

Drivers of level 3 and 4 vehicles are able to take part in ‘secondary activities’ – tasks that are not 

directly relevant to driving such as engaging with entertainment or conducting work activities. 

Counterintuitively, level three automation requires the driver to be ‘on-hand’ in case they need to 

intervene in response to a design/system violation. With Audi having released its ‘traffic jam 

assist’ for the Audi A8 in early 2018, this new era of automated vehicle technology is now in 

motion (Audi, 2019a). Audi’s A8 is the first road legal vehicle that allows the driver to direct their 

attention away from the driving environment under specific conditions.  The Audi A8 is 

conditional, as it can only activate during a traffic jam under 45kmph and requires the tracking of 

a central reservation.  If these conditions cannot be met, the driver is notified and expected to 

withhold the secondary task and takeover control from the automated system - failing to do so 

could lead to a collision. Therefore, the system is required to conduct a ‘handover’ – the transition 

of control from vehicle-to-driver. When automation conditions are re-established, the system can 

then conduct a ‘handback’ – the transition of control from driver-to-vehicle. Throughout this 

thesis, these terms are used to represent the direction of control transition being discussed. 

Level 3 and 4 automation share that automation will be in full control of lateral and longitudinal 

control of the vehicle, however level 4 AVs represents a step towards greater autonomy as failing 

to respond to a takeover request does not put the safety of the system at risk. 

2.1.2 Emergent issues in level 3 and 4 automation 

Although benefits are plentiful for these automated vehicles, due to the distributed nature of 

tasks for both driver and automation in C/HAVs and the increased likelihood of coordination 

deficiencies many emergent issues arise such as: 

• Reductions in SA - Out-of-the-loop performance where a reduction in situation awareness 

occurs when an operator is expected to take control after being disconnected from the 

environment for a set-time (Endsley & Kiris, 1995; Heikoop et al., 2016; Stanton & Young, 

2000). This may have implications for safety as illustrated across domains that require 

such handover tasks (e.g. Adamson et al., 1999; Brandenburg & Skottke, 2014; de 

Carvalho et al., 2012; de Winter et al., 2014; Endsley, 1995; Endsley, & Kiris, 1995; Louw 

et al., 2015; Merat & Jamson, 2009; Patterson et al., 2004; Stanton et al., 2017a) 

• Degradations in vehicle control following a driver regaining control (Brandenburg & 

Skottke, 2014; Eriksson & Stanton, 2017b; Merat & Jamson, 2009) 
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• Trust may not be calibrated to match capabilities (Lee & See, 2004; Walker et al., 2016), 

and therefore automation could be misused or disused. 

• Mode errors - A human operator may misinterpret mode status, and lead to a situation 

where they are/are not in control of the vehicle at the appropriate time (Stanton et al., 

2011). This is illustrated by Bainbridge (1983) and a number of recorded incidents related 

to mode error (Sarter & Woods, 1992; 1995).  

• Increased requirement for interaction – greater emphasis on other agents performing 

tasks leads to a greater requirement for interactions and contributes another level of 

consideration towards a system. When multiple agents are required for task success, 

coordination is essential to ensure efficient task performance (Salas et al., 2000; Sheridan, 

2002)  

• Requirement for dynamic and adaptive function allocation (Fuld, 2000; Idris et al., 2016)  

• Not adhering to usability principles that focus on user requirements and the nature of 

interaction which, in turn, reduces effectiveness, efficiency and satisfaction (Barón & 

Green, 2006; NSAI, 2018; Nwiabu & Adeyanju, 2012; Ponsa et al., 2009; Schieben et al., 

2011). 

• Workload may increase as a result of monitoring the automation’s performance over time 

(de Winter et al., 2014; Young & Stanton, 2002b). Low workload (especially when 

automation is introduced) can have an effect on attentional capacity (Young & Stanton, 

2002; 2004). 

• Requirement to allocate legal responsibility of the vehicle (Kyriakidis, et al., 2017; SAE, 

2016) 

The handover has been highlighted as the time-period where many of these vulnerabilities are 

likely to manifest themselves (Molesworth & Estival, 2015; Thomas et al., 2013). This is largely 

due to the main factor effecting safety - the reduction of SA when the driver is expected to take 

control from an automated system (Brandenburg & Skottke, 2014; Merat & Jamson, 2009). 

Handovers are initiated by driver or by vehicle due to a variety of events (McCall et al., 2016). 

These ‘events’ can be categorised as being either a critical event or emergency (e.g., sensor 

failure, lost track of leading vehicle, dangerous weather conditions) or a non-critical event or non-

emergency event (e.g., geographical or pre-expected design boundary; Banks & Stanton, 2016; 

Eriksson & Stanton, 2017a; SAE, 2016; Stanton & Marsden, 1996). Critical events, due to their 

hazardous nature, require quick intervention from the driver in order to prevent a potential 

collision. 

Critical handover events do not typically give the driver a time allowance to raise SA prior to the 

driver taking control. Conversely, when boundaries that are predictable (e.g., roadworks, exiting 
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junction on motorway to urban area), time is likely to be more readily available. As Patterson and 

Woods (2001) state, the handover is a time where the incoming operator must raise SA and have 

a complete mental model of the situation and anything that has changed. In the case of a non-

critical event the handover should take place over a ‘‘comfortable transition time” to ensure 

adequate time for SA to be raised, as well as being adaptable to the driving context and driver 

awareness (Eriksson & Stanton, 2017c; Merat et al., 2014; NHTSA, 2013; Walch et al., 2015). For 

non-critical handovers, there is still much debate over what constitutes as ‘‘comfortable transition 

time” (Merat et al., 2014) although a study by Eriksson and Stanton (2017a) showed that this 

ranged between 1.97 s and 25.75 s (Mdn = 4.56) when simply asked to takeover with no time-

restriction. Willemsen et al. (2014) propose that take-over time should be modified based on 

driver awareness prior to handover. Level 3 AV research typically focuses on emergency scenarios 

where time criticality is of great importance (Eriksson & Stanton, 2017a), however, planned 

vehicle-to-driver handover will occur at least once every journey and remains largely unexplored. 

2.1.3 Current state of handover assistants 

In their comprehensive review in transition interfaces, Mirnig et al. (2017) outline the current 

state of transition interfaces in regards to a categorisation framework. The authors 

identify contributory work across academia and industry. Notable design specifications from this 

review include: 1) alerts informing of situation and takeover time (Walch et al., 2015), 

2) implementing bimodal (auditory and visual) takeover requests (Walch et al., 2017), 3) exploring 

multimodal alerts and the effect of direction on takeover performance (Petermeijer et al., 2017a; 

2017b), 4) ambient and contextual cues to facilitate takeover (Borojeni et al., 2016), 5) Graded 

takeover request in ‘soft takeover request’ scenarios (Forster et al., 2016), and 6) multi-modal 

alerts in relation to urgency (Politis et al., 2015).  

As an example, Naujoks et al. (2017) provide a prototype handover interface that gives the driver 

information about the current situation prior to taking control. Elements include the speed of the 

vehicle, the type of road event that is causing the handover, and distance to the event. The 

request is displayed in two different ways: ‘non-imminent’ - banners coloured in orange, with a 

wheel indicating how much time remains for takeover to occur, and ‘imminent’ - banners 

coloured in red and a more urgent message. Their interface recommendation follows concepts 

related cooperative perception technology (Naujoks & Neukum, 2014a; 2014b) which involve 

interfaces feeding real-time, event-critical information to the driver to improve safety following a 

take-over request.  
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Many other areas related to C/HAV handover have been addressed, such as SA (Merat & Jamson, 

2009; Stanton, et al., 1997), notifications (Bazilinkskyy & de Winter, 2015), time to takeover 

(Eriksson & Stanton, 2017a; Gold et al., 2017; Young & Stanton, 2007b; Zeeb et al., 2015), effect of 

demographics (Körber et al., 2016), effect of traffic density (Gold et al., 2016), effect on driver 

behaviour (Merat et al., 2014; Naujoks et al., 2014a; 2014b), distractions (Mok et al., 2015), 

temporal/complexity constraints (Eriksson et al., 2015), and handover assistants (Eriksson, et al., 

2017a; 2017b; 2017c; Walch et al., 2015). 

2.1.4 Communication during automated driving 

When attempting to address the emergent issues of level 3 and 4 automation outlined in section 

2.1.2, it is important to address them in their entirety. As is with any complex engineering system, 

making changes may improve one outcome, but degrade another. Many individual studies 

approach the handover with limited hypotheses in mind, but few test interaction designs in their 

entirety. The following section provides an overview of Distributed Situation Awareness (DSA), a 

leading situation awareness theory for complex sociotechnical systems, and the theory-base of 

‘joint activity’ (JA) – the concept of applying human-human communication principles to human-

automation interaction. Together DSA and JA can bring insights into ensuring that C/HAVs 

collaborate effectively and ensure that transactions are optimised, safety focused and address a 

broad range of interaction outcomes. 

2.1.4.1 Distributed Situation Awareness 

Reductions in SA is well cited as a contributing factor towards incidents in many domains (e.g., 

Endsley & Kiris, 1995; Gold et al., 2016; Horswill & McKenna, 2004; Jentsch et al., 1999; Stanton et 

al., 1997), including those with automation capabilities. SA has changed a lot since its inception; 

the original description of SA proposed by Endsley (1995) states that SA represents the accurate 

perception, comprehension and projection of situational elements. However, many researchers 

and practitioners are now favouring a distributed cognition approach to the concept of SA – 

Distributed Situation Awareness (DSA; e.g., Salmon et al., 2009; 2016; Sorensen & Stanton, 2016; 

Stanton et al., 2006; Stanton et al., 2017b). This is due to the recognition of complex socio-

technical systems consisting of both human and non-human agents, each interacting with 

different perceptions and interpretations of the environment. From this perspective, it is the 

entire system that either gains or loses SA (Salmon et al., 2016). This approach is beneficial as it 

acknowledges variations in individual ‘schemata’ - the cognitive templates built over time 

informed by experience (Neisser, 1976; Stanton et al., 2006) - and role expectations that each 

agent brings to the task, and demonstrates how information does not have to reside equally 
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amongst every individual, as this information can be accessed when required in environmental 

artefacts, a concept that traditional models do not address.   

Stanton et al.’s (2006; 2017) theory of Distributed Situation Awareness (DSA) moves situation 

awareness towards one that encompasses a distributed cognition framework. DSA proposes that 

each agent in a system has a different interpretation of the situation based on previous 

experience, different information available to them, and differing types of ‘awareness’ about 

what is going on due to the cognitive and physical constructs of the agent (see: Stanton et al., 

2017, page 461). Situation awareness, therefore, emerges through ‘transactions’ (Sorensen & 

Stanton, 2016) between individual agents, as well as interacting with the environment and 

individually held schemata (Neisser, 1976; Stanton et al., 2006).  

For C/HAV handover, regaining control from an automated system may lead to degraded driver 

performance as a result of deskilling or incompatible SA (Sorensen & Stanton, 2016; Stanton et al., 

2006; Stanton et al., 2017; Stanton & Marsden, 1996). Whilst automation is active, the driver is 

separated from the driving task, thus emphasis should be placed on the interactions made 

between automation and driver to ensure system SA is raised during vulnerable periods such as 

the handover of control.   

To apply the insights generated by DSA, Salmon et al. (2009) provide a number of 

recommendations when implementing DSA theory to a given system. For C/HAV handover, the 

following are deemed to be particularly pertinent and worthy of further discussion:  

• SA requirements should be clearly specified as a result of careful analysis  

• C/HAVs should be designed to support SA transactions  

• Unwanted information should be removed  

• Interfaces should be customisable  

• C/HAVs should provide appropriate and explicit communication links  

• C/HAVs should use procedures to facilitate DSA  

Throughout the thesis, these recommendations are addressed in relation to improving SA in 

C/HAV interaction for design and practise. From a DSA perspective, viewing the handover as the 

only time information can be exchanged between driver and vehicle is unrealistic, information 

can continue to be relayed through transactions between both driver and vehicle. DSA 

specifications therefore require the driver to be able to access information they require, when 

they require it.  

This approach, therefore, supports a need-to-know information transfer at the time of handover, 

and allow for access to information through interfaces following the handover. Further, instilling a 
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sense of training and standardised communication between driver and automation allows for a 

system to be optimised with regards to raising system SA, and becoming more efficient. Interfaces 

can be utilised by becoming customisable, explicit/appropriate, deliver more accurate 

information, and deliver information that can be understood by the driver. This is a unique 

perspective, as a human and a machine will inevitably have a different sense of the environment 

as they process information differently (Stanton et al., 2017).  

For C/HAVs, the DSA approach may be particularly beneficial for the following reasons: 1) drivers 

and automation will inevitably hold different perspectives on the environment both due to 

previous activities, and unique capabilities. 2) C/HAVs will be able to process, feed-back and feed-

forward (i.e., what is happening and what will happen) and potentially take control of aspects of 

the driving task (e.g. automatic braking) and direct the driver to hazards (e.g. visual and audio 

alerts) during all stages of the driving task, whether in primary control or otherwise. 3) 

Information is provided to the driver not as a way of ‘sharing SA’ but matched to the 

driver’s unique capabilities and role, fostering what is known as ‘compatible SA’ through 

‘transactions’ (Sorensen & Stanton, 2016). This may be a more appropriate approach to vehicle 

automation, as differences between humans and computers result in the requirement for 

information to be presented in-line with a driver’s cognitive abilities (Stanton et al., 2009).  

2.1.4.2 Joint Activity 

As a way of addressing DSA and the role that communication has in human-machine teams, the 

theoretical framework of ‘joint activity’ (Clark, 1996; Klein et al., 2004; 2005; Bradshaw et al., 

2009) may help guide C/HAV designers and manufacturers towards creating a system that 

facilitates collaborative interactions, whilst addressing the distributed nature of SA.  

Coordination within tasks is a central concept in human-human communication (Clark, 1996), 

computer-mediated communication (Monk et al., 2003) and human-agent interaction (Bradshaw 

et al., 2009). Klein et al. (2004) discuss the steps required to make automation a ‘team-player’, 

which has led to further discussions surrounding coordinative concepts in human-agent 

interaction (e.g., Bradshaw et al., 2009; Klein et al., 2005). As noted by these authors, the 

coordinative concepts that make up ‘joint activity’ (JA) provides designers of automation with a 

clear understanding of how to alleviate breakdowns in communication. JA themes include: 

• Agreement to collaborate – both agents intend to work towards common goals 

• Mutual predictability – both agents are clear with their intentions and can reliably predict 

their counterpart’s future actions. 

• Directability – instructions or advice regarding the situation 
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• Goal management – mutual goals are established 

• Common ground – mutual understanding and common knowledge is confirmed 

• Communicate capacity – agents communicate their ability to perform tasks 

• Signal phases – agents indicate what phase their role in the task is in. 

• Coordination devices – agents should use common artefacts to guide collaboration 

In the context of C/HAVs, JA suggests that a collaborative interface would involve an interaction 

that allows agents to register whether the other agent is capable of performing, what they are 

processing, gauging what their future intentions might be, and being able to direct them towards 

next steps. Further, examples of goals could include destination, or how long automation should 

be used for. This could be pre-planned prior to or during the journey. 

JA has been selected amongst other communication theories as JA directly addresses the issues 

outlined by Sarter et al. (1997) who state that automation that remains silent can lead to limits 

and capacities being exceeded without the human operator’s knowledge. JA features human-

human communication roots and sets itself apart from other communication theories due to its 

development within the automation domain and provides practical steps towards ensuring that 

automation surprises and breakdowns in communication do not occur (Bradshaw et al., 2009; 

Klein et al., 2004; 2005). Other such theories of communication, such as Uncertainty Reduction 

Theory (the theory in which relationships develop as predictability increases; Berger and 

Calabrese, 1974), or Symbolic Interactionism Theory (the process in which communication occurs 

through meaning, language and thought; Hewitt & Shulman, 1979) may contribute towards 

aspects of human-automation interaction, however, these theories do not directly task 

communication and focus on a wider range of aspects within communication such as identity and 

cultural influences. These theories provide cultural, social and more abstract interpretations of 

the design issue, whereas JA is useful for the context of C/HAVs due to its development for 

application in human and machine teamwork domains. 

2.1.5 Summarising theories 

Both distributed situation awareness (DSA; Stanton et al., 2006) and joint activity (JA; Clark, 1996; 

Klein et al., 2004; 2005) provide valuable insights into how interactions can be performed. 

JA promotes “a willingness to invest energy and accommodate to others, rather than 

just performing alone in one’s narrow scope and sub-goals” (Klein et al., 2005, p. 94). Together 

with the DSA philosophy that relates to presenting the right information, at the right time, to the 

right team-member, a mixed theoretical approach can identify useful and need-to-know 

information, but implement it in a way as to not overload the receiver with derelict information 
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that may not be of use. Both DSA and JA promote the philosophy of the ‘economy of effort’, 

minimising costs incurred via communication, whilst ensuring that each agent has the required 

information at the appropriate time. 

DSA and JA have been selected together, as each framework addresses the shortcomings of the 

other. For example, DSA does not provide detailed guidance on how interactions should occur on 

a micro level, rather, DSA outlines major considerations that should be made to optimise roles 

and transmission of information. On the other hand, JA provides more detail as to how both 

humans and automations should communicate and outlines a variety of central themes that 

should be adhered to. JA’s major drawback is that it does not consider how each agent has a 

unique interpretation of the environment, and therefore, will inherently have different 

requirements from a situation awareness perspective. 

This thesis proposes that both JA and DSA can be used to identify what, when and how 

information should be relayed between both driver and automation across a variety of contexts in 

C/HAVs. Their advantage over competing theories within the automation domain is that the 

tenets outlined by JA and DSA are readily attuned for interface design within human-machine 

systems as they directly address how and what information should be transferred to ensure safe 

operation. It follows that for the design of interfaces and interactions, both JA and DSA are well 

equipped for this thesis’ target outcomes. Other such theories that have proven influential for 

improving safety in human-machine teams, such as the Contextual Control Model (CoCoM; 

Hollnagel, 1993), focus on elements of teamwork but fall short of informing what and how 

information should be communicated between agents. The CoCoM for example, focuses on 

strategy and temporal context to understand whether a situation is under control, or whether 

agents are merely reacting to environmental cues. It is a useful tool to categorise and avoid 

control breakdowns, and thereby increase safety, however, both JA and DSA provide insights that 

not only aim to ensure safe operation, but also calibrate trust, workload, usability and 

acceptance. 

With DSA and JA together, the proposed approach outlined in this thesis for dealing with issues 

within C/HAV interaction is to view automation as a co-pilot rather than a tool, a move that a 

number of researchers support (e.g., Klein et al., 2005; Eriksson & Stanton, 2016; Stanton, 2015). 

The capabilities for agents to collaborate, coordinate and execute tasks in line with mutual goals 

and expectations is likely to have a great impact on a number of factors including safety, 

efficiency, and trust.  
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This integration of DSA and JA guides the chapters of this thesis. Chapters refer, where 

appropriate, to the concepts outlined in this section to provide a guideline for C/HAV interaction 

design. 

2.1.6 Future directions 

To begin the process of designing a novel C/HAV interaction design, the next chapter draws on the 

theoretical concepts identified in this chapter to map the domain of C/HAVs using Cognitive Work 

Analysis (CWA; Vicente, 1999). In doing so, future work in the field will understand how values 

identified as being capable improving communication can be implemented into designs, by 

illustrating the physical objects, system goals, and tasks that must be filled by both driver and 

automation. 
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Chapter 3 Cognitive Work Analysis to Improve 

Communication in AV Interactions 

3.1 Introduction 

Bridging the gap between theory and practise can be challenging when starting the design 

process. Stanton et al. (2017) recommend mapping the sociotechnical domain prior to beginning 

investigations to gain a better understanding of the processes at work. This chapter draws on the 

theoretical concepts outlined in chapter 2 to improve communication in C/HAVs and applies them 

using Cognitive Work Analysis (CWA; Vicente, 1999), a method capable of identifying 

constraints and affordances present in a given system to target improvements towards a pre-

defined value. CWA is an effective tool for mapping out complex socio-technical domains and 

explore the roles of agents within a system and is comprised of multiple steps. These steps can be 

selected and combined based on the questions asked and the unique domain under analysis. In 

doing so, an overview of how communication can be improved in C/HAV interaction can be 

developed. CWA was selected as it directly addresses actors within a given domain during the 

Social Organisation and Cooperation Analysis – Contextual Activity Template (SOCA-CAT). The 

SOCA-CAT can provide valuable insights into how agents with different roles can achieve the 

domain’s values and objectives (Vicente, 1999). In this way, it addresses the issue of function 

allocation, an aspect that is of great importance within the field of automation (Fuld, 2000; Idris et 

al., 2016). 

CWA has been applied to automotive issues as a way of tackling design problems with a specific 

outcome (Allison & Stanton, 2018; Birrell et al., 2012; Salmon et al., 2007; Stanton & Allison, 

2020). For HMI designers, the use of CWA can outline the system’s capabilities/constraints to 

ensure that communications can be optimised whilst ensuring the breakdowns and errors are 

prevented. It allows for an informed approach on how the user can engage with such technology 

and can be created considering the values/priorities of the system. For C/HAV interaction design, 

CWA will provide insights into how, what and when automation and driver should communicate. 

The stages of CWA include: 

• Work Domain Analysis – A global exploration of processes, objects and values in a 

domain, and how they are connected. 

• Control Task Analysis – An analysis of the tasks that are required to take place to ensure 

success within the domain. 
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• Strategies Analysis – an analysis of what strategies can be implemented for a task along 

with selection criteria including time pressure, difficulty and risk level. 

• Social Organisation and Cooperation Analysis – The distribution of tasks in the domain to 

agents. 

• Worker Competencies Analysis – To factor in knowledge, rules and skills of workers to 

ensure that capabilities are not exceeded, and to provide a structure for defining training 

and system design requirements. 

For this analysis work domain analysis, control task analysis and social organisation/cooperation 

analysis were selected as these steps map the overall domain, the tasks required to take place, 

and the allocation of function within these tasks. These stages are most appropriate to address 

the research questions in this thesis as they allow for the identification of HMI elements, map out 

the stages of automation , identify tasks to perform to ensure effective communication, and 

assign them to agents in line with the concept of function allocation (Fuld, 2000; Idris et al., 2016). 

3.1.1 Work Domain Analysis 

Work Domain Analysis consists of an Abstraction Hierarchy (AH; see figures 3.1, 3.2 and 3.3) - a 

tool that aims to capture an image of a system, its components, and provide insight into how they 

can be applied to overarching values using a five-tier structure to represent a system independent 

of specific tasks or activities (Jenkins et al., 2009). A series of means-ends connections filter 

through the tiers of the system through the tiers down to the physical components of the system. 

A given node indicates the ‘what’, the connected nodes above indicate ‘why’ the selected node is 

present, and the connected nodes below illustrate ‘how’ the node can be implemented.  

To begin, physical components are identified separately to that of the functional purpose. The 

analyst the identifies how the functional purpose can be measured and specifies these 

measurements as system values. Next, they summarise the physical components (object-related 

processes) into what they can contribute towards system function (e.g. instrument cluster, 

steering wheel, accelerator pedal). The step of connecting the top two and bottom two tiers 

involves identifying purpose-related functions that show how physical components can contribute 

to the overall desired purpose of the system. This allows analysts to understand how designs can 

target certain aspects of the system to achieve the overarching design goal.  

3.1.2 Contextual Activity Template 

Leading on from work-domain analysis, the contextual activity template allows analysts to take 

purpose-related functions, or object-related functions and assess the situations in which these 
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functions can be but typically is not applied (dashed lines; e.g. the driver could be alerted to an 

upcoming handover), and can be applied whilst typically being the case (bow-tie plots; e.g. due to 

safety criticality the driver must be alerted to the handover when it is impending). These figures 

are plotted against situations, or locations that may affect the nature of the work being carried 

out. 

3.1.3 Social and Organisation Cooperation Analysis 

Function allocation is a vital and recurring theme throughout automation literature (Fuld, 2000; 

Idris et al., 2016). Assigning roles to either human or automation correctly ensures that the most 

optimal performance can be achieved from the system. The Social Organisation and Cooperation 

Analysis (SOCA) can be used for the purpose of understanding the roles that both automation 

and driver can be assigned to during the automated cycle. This stage extends the CAT so that each 

stage and each process can be described in relation to which agent is acting at that stage. 

3.2 Development of Analysis 

3.2.1 Participants 

The analysis was developed by the primary researcher (academic researcher, 3 years of HF 

experience, male, aged 26). A subject matter expert, an automotive engineer working directly 

with automation and behaviour (male, aged 46, 12 years’ experience in leading design projects in 

ADAS/Autonomous features), verified this analysis. 

3.2.2 Abstraction Hierarchy  

3.2.2.1 Identifying functional purpose 

The functional purpose for the cognitive work analysis was drawn from the research outcome for 

this thesis outlined in chapter 1, section 1.3.1.1, summarised as: ‘facilitate effective 

communication between driver and automation’. 

3.2.2.2 Identifying design values/priority measures 

The theory from DSA and JA can help inform communication concepts in AV operation. To that 

end, values were drawn from both DSA and JA with the intention of creating a handover interface 

that promotes safe and efficient communication. Within DSA and JA, and additional themes 

added by each are outlined in table 3.1. These themes seemed appropriate and overarching to 
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the outcomes desired through a handover assistant that ensures that the goals of both DSA and 

JA are addressed in harmony with one another.  

Table 3.1. Values/priority measures derived from theory for application to Abstraction Hierarchy 

Value/Priority Measure  Contributory theory  

Maximise Distributed Situation Awareness  DSA 

Optimise Calibration of Trust  JA  

Maximise Coordinated Activity  JA  

Maximise Usability  DSA/JA 

Maximise Efficiency  DSA 

Maximise Safety  DSA/JA 

3.2.3 Identifying physical components 

Physical components were generated by assessing the available tools to manufacturers through 

assessing current level 2 & 3 AV manuals which included: Tesla S-Class (Tesla, 2020) and Audi’s A8 

(Audi, 2019b). 

3.2.4 Identifying purposes and functions 

Object-related purposes link physical objects that perform a similar task. For example, a head-up 

display and an instrument cluster both provide the driver with visual information. Purpose-related 

functions connect object-related purposes with priority measures to bring together the WDA, 

summarising each process in a way that relates to the goals of the analysis. These links were made 

through researcher deliberation, checking manuals where necessary, and confirming with a 

subject-matter expert upon completion. 

3.2.5 Contextual Activity Template/ Social and Organisation Cooperation Analysis 

For the SOCA, purpose-related functions were drawn from the abstraction hierarchy and 

considered against the stages of semi-automated handover. These stages were derived from a 

number of sources including McCall et al.’s (2016) taxonomy of the notification and the event, for 

both driver-to-vehicle handback and vehicle-to-driver handover. Pre-journey situation was 

derived from the ability for drivers to interact with their devices prior to their journey (e.g. for trip 

planning, and customisation purposes). Information stages were added due to the requirement 

for SA transactions to take place, much like that of shift-handover (Adamson et al., 1999; Cohen et 

al., 2012). Finally, the post-handover phase was appended as automation still has capabilities 

even when control is primarily with the driver, this also mirrors that of shift-handover in air-traffic 
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control where shifts stay for a set amount of time to supervise the incoming operator (Federal 

Aviation Administration, 2010; Kontogiannis & Malakis, 2013; Walker et al., 2010).  

3.2.6 Development of analysis 

One full-day meeting was held with the subject matter expert (SME) to verify the output 

generated from the analysis. The SME was briefed on the theory and the rationale behind the 

analysis. Following this, the SME provided their insights into the physical components available in 

automated vehicles and provided their viewpoints on the node-connections that were made in 

the WDA, and how the functions and processes were generated as a result of the analysis. Next, 

the SME provided input into the tasks that were to be carried out during the process of 

automated driving, and how actors may contribute to each stage.  

3.3 Results 

3.3.1 Work Domain Analysis 

Figures 3.1, 3.2 and 3.3 present visual re-renderings of the AH to show nodes that address driver-

automation interaction. For the AH, the functional purpose for addressing automation at this 

stage is to ‘optimise communication between driver and handover assistant’. This specification 

allows a breadth of factors to be addressed in the values and priority measures.   

As a synthesis of both DSA and JA, four values represent the measurable outcomes that should be 

targeted in order to achieve the functional purpose. The abstraction hierarchy includes: ‘maximise 

safety’, ‘maximise efficiency’, ‘maximise clarity’, ‘increase coordinated activity’, ‘optimise 

calibration of trust’ and ‘maximise distributed situation awareness’. Safety, efficiency and 

maximising situation awareness are related to DSA, which outlines that transactions should take 

place between driver and automation to ensure that operation can remain safe after control 

transitions have been performed. Further, DSA suggests that information should be tailored as to 

not be overly saturated with the aim to increase system SA but optimise performance - any 

knowledge that can remain potentially accessible and within automation should be identified. 

Clarity and coordinated activity relate to JA. Establishing an understanding between both driver 

and automation increases clarity about the situation, and ensuring that each agent communicates 

with the other about changes to their own goals, and expected outcomes of the journey and the 

tasks involved ensures that both automation and driver are coordinated with their 

actions. Uncalibrated trust can lead to misuse of disuse of a given system indicating that trust 

should align with system capability (Lee & See, 2004; Walker et al., 2016). 
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The level below outlines purpose-related functions that connect the artefacts available within the 

system with the values that the system aims to address. In this level, nodes such as ‘facilitate 

bidirectional communication’ and ‘communicate function status’ address the aforementioned 

values by promoting interactions between driver and automation with specific actions in 

mind. Below the centre tier are the object-related processes that summarise the individual 

physical objects and artefacts available into how they could contribute to the overall analysis. In 

this analysis, nodes such as ‘provides visual information to the driver’ (e.g. connected to head-

down down, head-up display, centre console) and ‘facilitates trip planning’ that summarises all 

the physical objects that could allow the driver to interact with the vehicle with the purpose of 

customising the functions of the automated vehicle. Finally, the physical objects make up the 

bottom tier identifying components within the system that could have a contribution towards the 

analysis.  

Following the links down from the upper tiers outlines ‘how’ that node can be addressed, 

whereas following links up from a lower tier illustrates ‘why’ that node exists and what it 

can contribute towards. With a complete AH, other analyses can be addressed using the 

outcomes generated from the AH. The following sections outline the contributions that various 

human-machine interface elements can contribute to the overall communication process 

between driver and vehicle. The figures displayed below relate to HMI elements. The full AH 

addresses the entire system and shows how each physical object maps to the overall processes, 

functions and measures of a level 3/4 AV.  

3.3.1.1 Visual Displays 

The physical objects within figure 3.1 represent what can be visually provided to the driver during 

the automation cycle. Following the links upwards, visual modalities addresses every value and 

priority measure specified in this AH. These interfaces together can display relevant pieces of 

information related to safety, state and capability. Of particular interest is the role of the centre 

console. These devices double-up as an input device as well as a visual display (visual information 

can be displayed and interacted with through touch-screen capabilities). This adaptive 

functionality may allow drivers to plan trips, input customisations, and have a record of current 

progress. This particular object can be utilised during automation to make amendments to plans 

and receive instant feedback regarding the situation. Nomadic devices in this analysis indicates a 

device, such as a tablet, which is exterior to the vehicle’s in-built system. This could be a paired 

device or one supplied by the manufacturer to allow for both infotainment and communication 

(e.g. to display an alert).  
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Figure 3.1 WDA output showing connections and nodes for 6 visual display objects 

3.3.2 Vocal & audio communication  

Vocal communication can add an additional control link between driver and vehicle. Figure 3.2 

illustrates the CWA framework for this particular modality. This two-way process allows the driver 

to provide commands or requests to the AV with feedback being presented either visually or 

through audio feedback. Tracing the ‘why’ paths from microphone upwards, it is evident that 

inputs can allow the system to assess the awareness of the driver, as well as serve as a suitable 

way of addressing the full range of values and priority measures outlined in the AH. Vocal 

communication with audio feedback addresses similar factors as visual displays showing that it is 

a suitable way of communicating the concepts outlined by the JA and DSA. 
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Figure 3.2. WDA output showing connections and nodes for audio and vocal communication 

objects  

3.3.3 Physical inputs  

Physical inputs in the form of buttons, scroll-wheels, paddles and dials can provide the driver 

with instant communication in a one-way fashion. Inputs allow drivers to change settings, 

potentially during a journey, so that both driver and vehicle can collaborate as the driving task is 

performed. The analysis showed that inputs have three processes, to allow communication, to 

allow customisation and to facilitate trip planning. In doing so, these inputs address every value 

and priority measure outlined for effective communication during the automated cycle. Figure 3.3 

illustrates the CWA framework for physical inputs. 
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Figure 3.3. WDA output showing connections and nodes for physical inputs 

3.3.4 Contextual Activity Template 

Figure 3.4 displays the contextual activity template (CAT) indicating when a task on the Y-axis 

must occur indicated by bow-tie plots, and might occur, indicated by dashed boxes. Figure 3.4 

also display the Social Organisation and Cooperation Analysis (SOCA), where colours denote 

actors for each particular task. This is outlined in detail within the following section (section 

3.3.5). For this analysis, the identified stages of automated driving (see section 2.2) were used to 

illustrate the dynamic nature of automated driving throughout a journey. The CAT shows the pre-

journey leading into manual driving. Next, control is ‘handed back’ to the vehicle and enters into 

automated driving. When a boundary is met or the driver requests control, the vehicle ‘hands 

over’ control to the driver. Transitions involve three stages, the ‘alert’, ‘information’ and 

‘transition’ stage to ensure that the driver is aware, ready, and has the relevant information 

available to them before the physical and mental transition is made.  

The application of purpose-related functions generated from the AH plotted against the stages of 

automated driving is displayed in figure 3.4. Activity appears to cluster around transition periods 

for the purpose of communication, however, it is important to note many processes can continue 
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to take place at every stage of the automated cycle. Many of the processes can take place during 

the pre-journey, such as collaborating goals, agents directing one-another towards important 

tasks that are required to be handled and communicating future intentions. A great deal of 

customisation can be done at this stage to facilitate the specific requirements of the journey prior 

to manual driving.   

3.3.5 Social Organisation and Cooperation Analysis  

Figure 3.4 is broken down into sub-components to better illustrate which elements of the 

automation is required to act during the automated cycle. For processes such as ‘maintain safe 

control of the vehicle’, it is notable that primary responsibility is with either driver or automation 

based on the availability and status of automated control. This no longer becomes true during 

transitions, as at these times safe operation is shared, as either agent making an error could 

threaten the safe control of the vehicle. For processes that involve vehicle to driver 

communication, this is naturally the role of the automation takes. For others that require both 

agents to contribute to the communication process, shared action is indicated.   

The overall contribution of a communication system is illustrated in green. Multiple paths are 

possible to communicate between driver and vehicle as well as align mutual goals and collaborate 

during the automation cycle. Aside from haptic information, this communication link has the 

opportunity to take place throughout the entire automated cycle. Sensory systems should be 

available throughout the entire cycle, with detection being implemented mandatorily when 

automation is responsible for vehicle control.   

Figure 3.4 serves as a helpful tool in diagnosing and identifying what aspects of the C/HAV system 

is required to act during each stage of the automation cycle. The SOCA-CAT identifies the 

importance for multiple automation systems to be considered and shows how fits in to the overall 

performance of the system. The analysis can serve as a guide for which systems exist in C/HAVs as 

well as the stages that must be performed during a journey. This template will be used for 

designing each stage of the automation cycle within the design sections of this thesis and will also 

serve as a useful discussion point in which designs can be referred to in both the design and 

testing stages of the thesis.  
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Figure 3.4. CAT and SOCA-CAT for optimising communication in level 3 and 4 AVs 
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3.4 Discussion  

This chapter has provided an analysis of components, processes, and function allocation for level 

3/4 AVs through the implementation of Cognitive Work Analysis (Vicente, 1999). The nature of 

automated driving is inherently complex. The roadway environment involves a multitude of 

factors such as weather, visibility, condition of roads, road layout, other road users and 

pedestrians (Paxion et al., 2014). Creating a single communication standard to apply to these 

conditions will be a challenge, however, understanding the components available to 

designers and how they can address the issue of joint activity can serve as a foundation for the 

development of novel prototypes.  

Where other domains have addressed both automation and the transfer of 

control (e.g. Bainbridge, 1983; Idris et al., 2016, Sheridan, 2002), the AV domain is targeted 

primarily at the general public. This factor is note-worthy, as emergent issues involve whether the 

standards of training meet safety requirements, whether users will purchase the vehicle, whether 

the driver feels that automation is working with them for a common benefit, and indeed, whether 

automated system is trustworthy for activation in certain areas. Interaction with AVs, therefore, 

must address effective collaboration in joint activity, the optimisation of trust, usability, and 

ensure that the system’s distributed situation awareness does not degrade to unsafe levels during 

the transfer of control (Clark, 1996; Klein et al., 2004; 2005; Salas et al., 2000; Sheridan, 2002; 

Sorensen & Stanton, 2016). This analysis aimed to converge knowledge on shared control to 

directly account for these factors by implementing CWA, with the goal of providing a roadmap for 

designers and manufacturers alike to understand what is available to them during concept 

generation. As a result, domain constraints have been identified to allow designers and 

manufacturers to identify physical mechanisms in place and denote each of them a role by the AV 

system (including the driver) to achieve optimal communication during the automation cycle.  

The key findings from this analysis are as follows:  

• There are many methods for communicating between vehicle and driver. Amongst these 

methods, there is great variety in visual modalities available to designers, however, 

physical inputs and vocal interaction may facilitate a two-way process for the driver to 

initiate commands.  

• The automated cycle can be broken down into 12 stages with 2 directions, each direction 

including the following stages: control, approach, alert, information and transition  

• The domain can be attributed to 15 purpose-related functions (see figure 3.4)  
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• The domain can be mapped by denoting 5 roles: the driver, trip planning system, sensory 

system, decision system, and communication system.  

• Control responsibility is denoted to either driver or automation dependent on whether 

automation is active, however, an overlap occurs during the transition stage and the 

period following the vehicle-to-driver handover. 

From this analysis, it is clear that there are many options available to AV designers to create a 

clear and effective route for communicating between automation and driver. Designers 

interested in the process should consider which systems should be responsible for 

transmitting safety information (see. Clark et al., 2019a for insights into information 

transmission during AV handover), and which systems can be used to communicate secondary 

information such as trip planning. In doing so, collaborative communication can be achieved, 

and in turn, reduce degradation in system SA when transfers of control 

are performed (Endsley & Kiris, 1995; Stanton et al., 2016).  

When navigating the output of this analysis, it is important to understand what the situation 

is, and whether it requires situational-based considerations - notably, the direction of control, 

which party initiated the exchange, and whether the scenario is that of an emergency or a 

planned handover (Mirnig et al., 2017). These are all important aspects to consider when 

deciding on which modalities should convey information to and from the driver. 

Modalities that are situated closer to the road environment (such as head-up display) may be 

more suitable when the driver’s attention should be paid towards the road (Clark et al., 

2019c), whereas updates or information where driver control is not imminent could be 

displayed on the centre console. Additionally, notifications from audio/vocal feedback could 

be present to allow for quicker delivery of information - research has showed that vocal 

communication is a suitable way of directing a driver’s visual attention towards important 

areas of interest, in turn, addressing an the role of directability found in the joint activity 

framework (Clark et al., 2019a; 2019c).  

Observing the abstraction hierarchy shows that inputs are a means of allowing the system to 

assess safety, perhaps through prompting, questioning or indeed analogous to the so 

called ‘dead-man’s switch’ where inputs indicate that the driver is conscious and potentially 

aware of their surroundings. When the transfer of control is present, these factors are of 

utmost importance, as control transitions when the receiving agent is not prepared can lead 

to great vulnerabilities (Endsley, & Kiris, 2005). In turn, the bi-directional command link 

between automation and driver allows each agent to communicate (in advance or real-time) 

their intentions, observations and capabilities in line with joint activity and increasing 
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system situation awareness through transactions (Klein et al., 2004; 2005; Sorensen & 

Stanton, 2016). Some modalities are instantaneous, whereas others may require additional 

processing time or have additional factors such as the ability to attract attention. Selecting 

physical inputs and/or voice interaction to allow the driver to send messages to the vehicle 

must also consider these factors. These input features are also central to trip planning and 

setting customisations. However, literature suggests that more information is not always 

useful. Overloading drivers by utilising everything available may require attentional resources 

in excess of those available. When testing prototypes, a suitable workload, trust and usability 

analysis (e.g. NASA task load index, Hart & Staveland, 1988; System Usability Scale, Brooke, 

1996; System Acceptance Scale, Van der Laan et al., 1997)  should be performed to ensure 

that drivers engage with the system intuitively, safely, and in a user-friendly fashion.   

This analysis proposes the automation cycle stages outlined in figure 3.4 with the intention of 

allocating functions to different agents. The contextual activity template draws on object-

related functions to define what needs to be, and what can be performed during these 

stages. Unsurprisingly, control functions must be performed throughout – although this role is 

allocated primarily to driver or automation dependent on the stage of the automation cycle. 

Notably, when control is transferred between agents, an overlap occurs that may persist into 

the next stage. An overlap may involve a gradual control transfer, or shared responsibility, 

with the possibility of providing the incoming agent with supervision – a potential mitigation 

to degraded SA, as illustrated by shift-handover practices (Clark et al., 2019b). For the 

purpose of effective communication, the SOCA-CAT shows that four automation agents can 

be allocated to object related processes in a plan-sense-decide-communicate fashion. Aside 

from the decision system, these agents are assigned a role that does not vary over the 

automation cycle. Notably, detecting information from the environment can be done by 

either driver or automation-sensor system throughout the cycle. 

It is noteworthy that this analysis, as with many other human factor’s analyses, are 

susceptible to being biased towards the researcher’s interpretation of the research question 

and domain. Further, although subject matter experts serve as a useful confirmation for work 

carried out by academic researchers, this analysis would be improved by including additional 

experts from a wider range of demographics. 

Going forward from this analysis requires thorough consideration into what is required to 

optimise communication during the automation cycle. This analysis provides six values that 

may help measure the effectiveness of communication: situation awareness, calibrated trust, 

usability, coordinated activity, safety and efficiency. By measuring these variables in 
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prototype tests, a researcher can gauge how well their communication system is 

performing. These values can be addressed by utilising objects and their associated processes 

through the appropriate agent. Prototypes may be formed through a combination of physical 

components that address a wide range of purposes and functions, and only together, will they 

address these values sufficiently. 

3.4.1 Future Directions 

Chapters 2 and 3 provide the foundations for designing a communicative HMI in C/HAVs. This 

initial exploration of the nature of communication within C/HAVs will be applied throughout the 

remaining chapters of this thesis. The CWA featured in this chapter will be applied to the piloting 

stage through the identification of which HMI elements are available for testing (e.g., HUD, 

cluster, speakers), and applied to the design stage to set the scene for participants to design 

around (e.g., the stages of the automation cycle and the modalities that are available; chapter 7). 

Finally, the CWA will inform design discussions in chapter 8 with regards to what needs to happen 

when throughout the cycle of automation, giving the design stage a firm grounding in both 

theoretical and practical aspects of C/HAV interaction.  

To further understand how situation awareness can be raised to counteract vulnerabilities in task 

handover, human teamwork domains can provide insights into the communicative strategies 

required to preserve safe task continuation when safe operation is critical. Chapter 4 represents 

the final chapter in the scoping stage (Clark et al., 2019b). It provides an in-depth overview of shift 

handover in domains such as medicine, aviation and energy manufacturing to provide current and 

future domains requiring the continuation of activity with a range of effective strategies that 

adhere to the principles of Distributed Situation Awareness, before implementing select strategies 

to C/HAV handover. 
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Chapter 4 Review of Handover Tools and Techniques in 

High-Risk Shift-Work Domains 

4.1 Introduction 

So far, chapter 2 has outlined the theoretical foundations for improving communication between 

driver and automation in C/HAVs and chapter 3 has developed on this by linking theory tenets 

with the domain through cognitive work analysis. How solutions can be implemented is becoming 

clearer - a combination of visual and vocal interaction ensures that domain values are met. 

However, the details surrounding handover protocol, the continuation of the working task and 

what should be communicated during critical events remains unidentified. 

As mentioned in chapter 3, is tempting for researchers to replicate the aviation domain when 

implementing novel applications of human-automation interaction. Domains such as commercial 

airlines feature shared control features and transitions much like that of C/HAVs, leading to this 

domain facing many of the same issues as C/HAVs (see., Salmon et al., 2016). The domain is 

undoubtedly influential, however, there are several factors that researchers may overlook that 

make the AV domain unique, suggesting that a range of strategies should be considered and 

tested in C/HAV interaction. There are several factors that make the C/HAV particularly unique:  

• AV operation may not have procedures in place for effective planning – prior to take-off, 

pilots rigorously plan route activities (Federal Aviation Administration, 2017). In C/HAVs, 

drivers may wish to alter goals more dynamically in line with the driver’s plans for the 

journey.  

• Users are the general public – commercial pilots who engage in automated activities are 

those who have typically been recruited by the organisation. As driving is more inclusive, 

and available to the general public, users represent a broader category of skill, 

experience,   

• Automation is marketed as a quality of life service – aviation typically utilises it for ‘safe 

and efficient operation’ by allowing pilots to direct attentional resources to other tasks. In 

driving it is currently marketed as contributing to safe, comfortable, efficient and 

enjoyable personal travel (Khan et al., 2012; Stanton et al., 2001; Ward, 2000), whereby 

drivers can release time to take part in secondary activities (e.g. Fagnant & Kockelman, 

2015) and become more accessible to those who may otherwise not be able to manually 

drive (Alessandrini et al., 2015). Current automation systems can be activated and 

deactivated in line with user desires.  
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• Fewer opportunities for training – currently, the UK government state that there is no 

minimum number of lessons required to pass driving tests (GOV, 2012). Whereas, 1,500 

hours are required to be a fully qualified commercial pilot with an airline (FAA, 2020).  

Domains to be learnt from are not limited to human-automation domains. Wherever continuous 

tasks and human operators are required, effective communication is required to ensure the task 

maintains high performance. This chapter builds on the current work explored in the previous 

chapters by considering a range of strategies currently in use across major high-risk shift work 

domains. They are then summarised using the theory of distributed situation awareness. These 

strategies intend to provide a platform to inform the design of C/HAV interaction, and other 

domains that may require novel techniques for raising situation awareness during handovers. 

4.1.1 The handover of control and responsibility 

In work environments requiring continuous human-to-human activity (for example, air traffic 

control (ATC), healthcare, military, maritime, energy generation and distribution, logistical 

boundaries dictate the need for a handover of control and responsibility between personnel 

(Stanton et al., 2010). Boundaries may include high levels of operator fatigue, an imminent breach 

of operational capabilities or the requirement of a specialist. The handover task creates issues for 

safety, as incidents disproportionally occur directly following handover (e.g., Thomas et al., 2013). 

These incidents are typically attributed to in-adequacies in the transfer of ‘situation awareness’ 

(SA; Stanton et al., 2017b) during the handover period. The challenge that many domains must 

overcome is how outgoing personnel can effectively encourage compatible SA for incoming 

personnel and foster a seamless and safe handover of control and responsibility. This review 

identifies and summarises the handover tools and techniques (HTTs) that high-risk domains 

involving human-human handover employ to achieve better communication during shift-change 

and discusses these HTTs through the lens of Distributed Situation Awareness theory (DSA; 

Stanton et al., 2006). This is with the intention for current practitioners to evaluate their own, 

potentially new domain, and identify which HTTs may be suitable for their domain’s unique 

requirements. 

Throughout the literature, many terms have been used to represent the handover process and 

the variety of steps involved. The terms identified by the reviewers were: handover, handoff, 

takeover, sign-out, shift-change, shift-to-shift report, transition of care, exchange of control, and 

position relief briefing (Andorre and Quéinnec, 1996; Eurocontrol, 2007; Fassert and Bezzina, 

2007; Federal Aviation Administration, 2010; Riesenberg, 2012; U.S. Department of 

Transportation, 1995; Wilkinson & Lardner, 2013). Many of these definitions have their own 

https://www.faa.gov/pilots/training/
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applications to the specific domain in which their used (e.g. transition of care in healthcare 

settings). Given that all of these terms relate to the process of an incoming agent taking 

responsibility/control from an outgoing agent, we use the term ‘handover’ to apply to the 

collection of these terms. 

A number of authors have attempted to create structure for application to the handover task. 

Grusenmeyer’s (1995) phases of shift change outline that the handover occurs over four stages: 

the end of shift, the arrival of the incoming operator, the meeting and the taking of post. Mccall 

et al. (2016) have provided a simpler interpretation of two phases, the ‘notification’ and ‘the 

event’. One common misunderstanding is the distinction between ‘handover’ and ‘takeover’, as 

both have been used interchangeably in the research literature (Walch et al., 2015). Recent 

reviews have clarified that ‘takeover’ refers to the moment of the incoming party regaining 

control, and the outgoing party has relinquished control (Eriksson & Stanton, 2017; Merat and de 

Waard, 2014; Morgan et al., 2016). Following this framework, we define the ‘handover’ as the 

entire process beginning with the ‘notification’ from either party, and ‘takeover’ as the moment 

that control is relinquished. As a result of this review, optional steps during the handover are also 

presented in Fig. 4.1. 

 

 

 

 

 

 

 

 

Figure 4.1. Typical Shift Handover Flowchart 
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Domains typically have a protocol when it comes to the handover. Many make use of unique HTTs 

to guide the handover task. For the purpose of this review, the reviewers define HTTs as 

encompassing communication strategies, handover aids, and any other action/method adopted 

to attempt to improve communication during the handover process. 

4.1.2 Applying distributed situation awareness to the handover task 

During its inception, and its emergence in the literature, situation awareness has had a central 

focus on the individual – the human in which a task is concerned (Endsley, 1995; Stanton et al., 

2006; 2017). The most influential SA model outlines perception, comprehension and projection as 

being the constructs that make up situation awareness. As systems become more complex, this 

approach is becoming limited in its scope, as it does fails to address how information is stored, 

distributed, and can interact with its networked components (Stanton et al., 2006; 2017). 

Due to the complexity of the handover task and the numerous artefacts involved, situation 

awareness should be addressed via a systems approach and view the handover task as a 

collection of transactions in SA between components within a system (Stanton et al., 2006; 2017). 

DSA suggests that to ensure that a system works effectively, a system must acknowledge that 

each individual and component (e.g. interfaces, sensors, and automation) has its own perception 

the situation, and for humans, a unique understanding of the situation viewed through their own 

experience. Therefore, rather than merely share information about the situation, SA should be 

made compatible between components through means of transactions related to the task and 

roles in which individuals experience (Stanton et al., 2006; 2017). DSA implements a cyclical 

approach inspired by the Perceptual Cycle Model (Neisser, 1976; consisting of world, perception 

and schemata) where the system has overall SA that is dynamically changing in line with 

environmental cues – perhaps as a result of actions taken by the components within the system 

(Salas et al., 1992; Stanton et al., 2017). Schemata, as defined by Neisser (1976), comprises both 

genotype and phenotype schemata. These are described as consisting of schemata that are 

already present as a result of previous experiences, and schemata that are dynamically created as 

a response to the activity and interactions, respectively. 

In regards to the handover task, there has been much discussion regarding raising SA. Studies 

typically address the perception of situation elements (e.g. de Carvalho et al., 2012; Durso et al., 

2007; Le Bris et al., 2012). This feature of SA has been discussed in practical settings in the form of 

‘information transfer’ (IT), which relates to the effective sharing of information between groups of 

individuals within and between organisations (see. Borowitz et al., 2008; Bulfone et al., 2012; 
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Stanton et al., 2017; van Wijk et al., 2008). The DSA approach describes IT as providing the 

receiver with ‘transactions’ that can be integrated with their own schemata (Sorensen & Stanton, 

2016). Further, transactions are bidirectional as both the receiver and deliverer become aware of 

each other’s awareness (Salmon et al., 2009; Sorensen & Stanton, 2016). This view focuses on 

each agent building their own SA for application to their own particular tasks and goals, whilst 

relating to their own experience and training. 

As a result of work exploring the role of DSA in team-work, Salmon et al. (2009) outline sixteen 

guidelines (see Table 4.1). 

Table 4.1. Distributed Situation Awareness Design Guidelines 

Guideline No.  Guideline  

1  Clearly define and specify SA requirements  

2  Ensure roles and responsibilities are clearly defined  

3  Design to support compatible SA requirements  

4  Design to support SA transactions  

5  Group information based on links between information elements in DSA 

requirements analysis  

6  Support meta SA through training, procedures and displays  

7  Remove unwanted information  

8  Use customisable/tailored interfaces  

9  Use multiple interlinked systems for multiple roles and goals  

10  Consider the technological capability available and its impact on SA  

11  Ensure that the information presented to users is accurate at all times  

12  Ensure information is presented to users in a timely fashion that and that 

the timeliness of key information is represented  

13  Provide appropriate and explicit communication links  

14  More information is not exclusively better  

15  Use filtering functions  

16  Present SA-related information in an appropriate format  

For an in-depth discussion regarding these guidelines, see Salmon et al. (2009). These guidelines 

provide practitioners with a way of improving system performance, where need-to-know 

information is displayed appropriately for that individual and their role. How well these guidelines 

can be applied to current handover practice is yet to be determined, a recurring issue cited across 

the literature is ‘how much is too much?’ with regards to information exchange (transactions). 

4.1.3 Purpose of the review 

Past reviews in handover protocol have been limited in scope, either by: interpreting strategies 

for their application to a specific field of practice (Lardner, 2006; Lawrence et al., 2008; Morgan et 
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al., 2016; Patterson et al., 2004; Plocher et al., 2011; Riesenberg, 2012; Thomas et al., 2013), 

focusing on a narrow set of studies (Patterson et al., 2004; Raduma-Tomas et al., 2011), exploring 

the domains rather than comparing and contrasting the protocols implemented (Wilkinson & 

Lardner, 2012), or are becoming out-dated (Patterson et al., 2004). Further, no review has yet 

applied the theory-base of DSA (Stanton et al., 2006) to the handover task. This review aims to 

collate, compare and contrast literature regarding the handover tools/techniques (HTTs) used in a 

variety of domains during handover, and discuss them in light of DSA, and summarise them based 

on the design recommendations made by Salmon et al. (2009). 

4.2 Method 

4.2.1 Search methods and source selection 

Many key terms such as ‘handover’, ‘handoff’, and ‘shift change’ relate to radio technology, 

chemistry, biology and physics. Where possible, search terms were filtered to home in on relevant 

handover literature. Sources were searched for with the terms displayed in Table 4.2 using Web 

of Science, Google Scholar and Scopus. The titles of the first 1000 results from each search were 

reviewed, ordered by relevance on Google Scholar, citation count on Web of Science and all 

results from Scopus to ensure that as many key papers were captured as possible. Subsequent 

search terms were then adapted to target specific domains based on keywords found in 

previously identified articles. 

Many industries report their protocol in large organisational reports; therefore, a wealth of 

information regarding an industries practice can be gleaned from a handful of these reports. To 

supplement search, the bibliographies of four key papers and reviews of major domains were 

reviewed, selected for their breadth of knowledge and their relevance to hard-to-access areas 

(i.e., Catchpole et al., 2007; Plocher et al., 2011; Lardner, 1996; Patterson and Woods, 2001). 
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Table 4.2. Syntax used during literature search  

Syntax  Search Tool  Result 
Count  

Action  Unique 
identified 
articles  

Intitle: handover(s) OR "hand over(s)" 
OR handoff(s) OR "hand off(s)" 
OR signout(s) OR "sign out(s)" 
OR signover(s) OR "sign over(s)" NOT 
radio(s) NOT network(s) NOT 
mobile(s) NOT 
wireless AND LANGUAGE:(English)  

Web of Science 
(filtering out 
telecommunication 
related fields)  

1,884  Titles of top 
1000 most 
cited reviewed  

528  

Google Scholar  ~17,200  Titles of top 
1000 most 
relevant 
reviewed  

134  

  
Scopus (filtering out 
telecommunication 
related fields)  

378  All titles 
reviewed  

96  

Intopic: “shift handover”  Web of Science  45  All titles 
reviewed  

9  

Intopic: “shift change” OR “shift 
changes” OR “shift changeover”  

Web of Science  
Filtered for relevant 
handover domains  

129  All titles 
reviewed  

9  

Intopic: handover AND oil  Web of Science  30  All titles 
reviewed  

4  

  Identified from key 
papers  

-  All titles 
reviewed  

19  

In total, 799 sources were identified. The vast majority of sources were related to the healthcare 

domain (698, 87.36%), followed by aviation (40, 5%), energy manufacturing (35, 4.38%) and other 

domains such as military and railroads (7, 0.87%). The remainder of sources were classified as 

being unaffiliated (19, 2.37%). The representation of handover in the domain of healthcare is 

likely due to the importance of patient safety, resulting in higher amounts of research attention 

and funding. Consequently, in some domains, the handover process is more likely to be 

mentioned in papers or books related to human cooperation or the causes of specific accidents 

rather than having articles or books dedicated to the issue. 

All 799 titles, and where necessary, abstracts, were reviewed on their contribution to the 

handover strategy literature in their relevant domain, either by discussing or proposing handover 

strategies to be implemented. 419 sources met this criterion. From these, 376 papers were 

related to healthcare handover. To create a platform for equal representation across domains, 

only medical sources that mentioned handover ‘strategies’ in their abstracts were included in the 

final review. 40 medical sources were carried over to the review, alongside the 43 from the other 

domains totalling 83 sources. The final sources were comprised of a range of source types: 28 
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literature reviews, 19 quantitative studies, 16 qualitative studies, 11 organisational documents, 4 

mixed methods documents, 4 design papers, and 1 discussion paper. 

4.3 Results and discussion 

4.3.1 Overview of handover tools/techniques 

In total, 19 HTTs were identified within the literature. Table 4.3 outlines the frequency at which 

HTTs were discussed, in each domain, as a viable tool in aiding the handover of responsibility. 

Commonalities include the demand for standardisation, vocal communication, and making use of 

technology during handover. However, domains appear to differ in many aspects regarding the 

handover procedure. The healthcare domain focuses on training programmes and the use of 

contextual information (e.g., Anderson et al., 2015; Haig et al., 2006; Iedema et al., 2009; Bost et 

al., 2012), whereas energy manufacturing focuses on the accumulation and review of accurate 

past information (e.g. Adamson et al., 1999). Aviation pays a particular emphasis on clarifying 

control and overlapping responsibility through monitoring the operation of their counter-part 

(e.g. Federal Aviation Administration, 2010). 

During this review, it was found that most HTTs, in some way, have been discussed in an empirical 

framework, whether that be through interpretations of case studies or measurements during 

controlled trials. The most cited HTTs have been assessed using both objective and subjective 

approaches. Other HTTs, such as ‘clarify control’ and ‘contextual handover’, appear to have been 

developed in response to domain constraints or vulnerabilities. Finally, a minority are poorly 

represented in the literature (e.g. guided walkthrough) so appear to have no explicit findings to 

show that they are effective. It is important for domains to validate their approaches to their 

handover tasks to ensure that they are effective for their specific situations. 
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Table 4.3. Authors’ count of sources discussing each HTT as a viable method  

No.  HTT  Healthcare  Aviation  Energy  Military  Maritime  Unaffiliated  Total  

   
[Total number of 
sources]  40  20  17  1  1  4  83  

 1  Standardisation  31  13  7     1  2  54  

 2  Vocal Communication  16  9  9  1  1  2  38  

 3  Use of past information  12  6  14  1  1  1  35  

 4  Training programmes  19  3  5        2  29  

 5  Bidirectional exchange  13  7  8        1  29  

 6  Use of technology  12  7  4  1     1  25  

 7  Face-to-face  10  3  6  1     2  22  

 8  Adaptation  11  3  4        1  19  

 9  
Compatible mental 
model  

7  6  4  1     1  19  

 10  Preparation  5  3  7  1     2  18  

 11  Contextual handover  13  1  1        1  16  

 12  Read-back  8  1           1  10  

 13  Clarify control  2  7           1  10  

 14  3rd parties  7   1           1  8  

 15  Overlap of vigilance  1  6  1         1  8  

 16  Assess handover  3     2           5  

 17  Shared responsibility  4  1          5  

 18  Multiple media        3        1  4  

 19  Walkthrough      1        1  

Note. HTTs are ordered by total number of mentions as a viable HTT across all domains  

4.3.2 Standardising handover protocol (1) 

With two thirds of the sources including some discussion around the standardisation of handover 

protocol, it can be safely concluded that the majority of research attention has been paid towards 

establishing a domain-wide approach to handover protocol. Many authors from across the 

domains agree that a standardised handover protocol reduces the likelihood of critical 

information being omitted (e.g. Adamson et al., 1999; Brazier & Pacitti, 2008; Dawson et al., 2013; 

Norris et al., 2014; Riesenberg et al., 2009a), whilst also ensuring that critical information is not 

subject to any bias or misinterpretation (Gross et al., 2016). By far the most favoured strategy 

towards standardisation is the adaptation of a structured checklist or mnemonic to the specific 

domain/setting in which it is to be applied. Forty-seven of the fifty-two identified sources discuss 

their application.  

It is of no surprise that the content of checklists is vastly different between domains. Domains 

differ on the type of information as well as the content, for example, Patterson et al. (2004) notes 
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that the healthcare domain cannot assess patient status ‘at a glance’ and require a holistic view 

on the patient’s condition. Whereas ATC operators can take advantage of transmitting 

information in a predictable fashion (e.g., air pressure will always be required and either be 

referred to as high/low/min stack; Fassert and Bezzina, 2007).  

An example of the most discussed case of standardisation comes from the medical domain, with 

18 sources discussing SBAR (situation, background, assessment and recommendation) as a viable 

structure for handover. SBAR was designed to ensure the transmission of a mental model, as well 

as reduce cognitive demands during handover meetings (Arora et al., 2008; 2014; Cheung et al., 

2010; Haig et al., 2006; Riesenberg et al., 2009b, 2010). SBAR addresses SA sufficiently, as it gives 

the individual a sense of the previous events and the rationale behind actions to allow for them to 

perform the task effectively following the handover (Haig et al., 2006).  

Previous studies indicate that structuring information during handover has the capability to 

reduce absolute medical errors made (see. Horwitz et al., 2007; Starmer et al., 2014a, 2014b). 

These structures address SA by presenting relevant information at the perceived correct timing 

(Salmon et al., 2009). Many of the structures found for the clinical domain within this review focus 

on a holistic interpretive account of the situation, whereas those used in air traffic control appear 

to be more descriptive. An example comes from the National Air Traffic Services (NATS) in the UK 

who make use of mnemonics such as PRAWNS in the approach environment, outlined below 

(Walker et al., 2010; Wilkinson & Lardner, 2012): 

• P – Pressure (Barometric)  

• R – Runway currently in use  

• A – Area sector information and how they are organised  

• W – Weather conditions 

• N – Non-Standard Priority Information 

• S – Strip data for aircraft status 

The mnemonics within air traffic control typically include information about the current situation 

that will affect future decisions without explicitly transmitting past information or current goals, 

but rely on the operator’s decision-making and schemata to interpret this information. The 

content of these mnemonics are specific, and do not involve the same encompassment of a 

mental model as checklists like SBAR. However, air traffic controllers make use of other HTTs to 

supplement handover, such as monitoring radars prior to and after handover, which will be 

discussed in the relevant section. 
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Energy production and distribution control room operators favour longer and more detailed 

checklists to ensure that physical checks have been complete prior to takeover (Lardner, 2006). In 

this domain, leaving out one detail can lead to disastrous consequences. Examples include that of 

the Buncefield fire incident in 2005 caused in part by a miscommunication of which pipeline was 

filling which tank. This has since been attributed to many deficiencies in shift changeover protocol 

including a lack of handover structure resulting in uncertainty around whether key information 

had been transmitted; in doing so, operators collectively lost SA in relation to the current 

operational status (Brazier & Pacitti, 2008; Gordon, 1998; Wilkinson & Lardner, 2012; 2013; 

Stanton et al., 2010). To avoid incidents such as Buncefield, checklists are used to cover risk 

factors related to handover, and ensure that all information related to previous, current and 

future work has been included (Adamson et al., 1999; Department of the Army, 2007; Lardner, 

2006; Wilkinson & Lardner, 2012; 2013). 

From a DSA perspective, checklists allow domains to identify ‘need to-know’ information and 

ensure that it is delivered at the appropriate time. Unwanted information can be addressed, and 

reduce inefficient information exchange. However, we suggest that problems may arise during 

the implementation stage. For example, SBAR is applied to a range of arguably contrasting 

circumstances across healthcare. A rigid checklist that is generally applied loses the specification 

factor as it may not be tailored to that individual role/task. Providing shift-workers with 

standardised approaches to the handover tasks may ensure that schema, and SA, is compatible 

amongst agents prior to the handover task. Further, it may allow for the domain to implement 

what they believe is necessary information during this time leading to an optimisation in the 

amount of information transferred (Sorensen & Stanton, 2016; Stanton et al., 2006). 

As a final note on this HTT, there is a warning to be made regarding strict overreliance on 

standardisation. Cohen et al. (2012) contest the use of checklists by stating that the 

implementation of a rigid checklist can result in a bias towards one-way transmission of 

information. Further, if a checklist is to be used, it is important that the checklist be tailored for 

the specific domain and sub-domain in question (Staggers & Blaz, 2013) – a poorly constructed 

checklist can result in longer handover times and increase the amount of irrelevant content 

transmitted - in line with the DSA guidelines put forward by Salmon et al. (2009). 
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4.3.3 Vocal communication, face to face and bidirectional exchange of information (HTTs 

2, 5 & 7) 

Throughout the literature, HTTs 2, 5 and 7 were discussed either on their own or as a collective. 

This section will discuss them together as they all relate to exchanges made from one operator to 

another. 

Written information has been described as being insufficient for handover when used as the 

singular stream of IT (Adamson et al., 1999; Brazier & Pacitti, 2008; de Carvalho et al., 2012). 

Research over recent years has focused on the importance of the vocal exchange of information 

during handover. Sources typically distinguish between written and verbal handover, where 

verbal relates to the use of voice rather than text. These sources have been classified as ‘vocal’ in 

our review for clarity. In nursing, it has been suggested that rather than replacing the current 

flexibility of handover with ‘over-rigid standardisation’, vocal communication skills can be 

developed to enhance the handover and is applicable to all nursing situations (Randell et al., 

2011). Further, in space mission-control, it is common for operators to refuse to take control 

unless a vocal update has been given (Patterson & Woods, 2001). 

Research in healthcare settings suggests that vocal communication directs attention towards 

priority information more readily than written information (Chui & Stone, 2012). Other 

suggestions from healthcare, aviation and energy domains suggest that vocal communication 

provides a platform for feedback on how well information is being received (Adamson et al., 1999; 

Federal Aviation Administration, 2010; Parke et al., 2010; Parke and Mishkin, 2005; Walker et al., 

2010). From a DSA perspective, face-to-face and vocal communication provides an explicit avenue 

of communication which allows for immediate two-way feedback to be given, and ensures that 

the shift taking over can receive the information that they require through the use of questioning. 

Such advantages should be taken advantage of, as this provides domains with the support 

required for transactions in SA to take place. 

The healthcare domain mentions face-to-face interaction more so than other domains, likely due 

to the enhanced capability of the environment. Other domains are more likely to conduct tasks at 

a workstation, thereby hindering face-to-face interaction. Hobbs (2008) notes that in aviation 

maintenance face-to-face interaction can be used to transmit non-verbal communication to gain 

additional information using gestures and emphasis (Philibert, 2009). Further, face-to-face 

interaction is less effortful and immediate (Lebie et al., 1995). 

Research also suggests that one-way information transmission is not as effective as two-way 

interaction (Cohen et al., 2012). The role of questioning has been a major focus of handover 
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literature, placing a requirement for the incoming staff member to engage in cooperative 

interaction to facilitate the handover procedure (Drach-Zahavy & Hadid, 2015; Parke and Kanki, 

2008; Rayo et al., 2014). As an example, Parke and Mishkin (2005) illustrate that during NASA’s 

Mars Exploration Rover (MER) mission, featuring the rovers ‘Spirit’ and ‘Opportunity’, three major 

handovers took place. These involved lengthy face-toface meetings involving two-way 

interactions so that questions could be asked. Through asking questions, gaps in the knowledge of 

the incoming operator can be filled, and rather than relying on the transfer of a descriptive 

account, the receiver can create their own mental-model (Bost et al., 2012; Revell & Stanton, 

2012). This is done through the access of additional information that may not have been 

transmitted originally. 

Errors and incidents may occur when a culture of questioning is not permitted (Sutcliffe et al., 

2004; Wachter & Shojania, 2004). Many organisations have written this into their official protocol 

(e.g., Eurocontrol, 2012; Lardner, 2006; The Royal College of Surgeons of England, 2007) noting 

that the handover should be a two-way process, giving the person about to take responsibility an 

opportunity to ask questions. 

4.3.4 Use of past information (3) 

In air traffic control, space-shuttle operations and energy manufacturing control rooms, 

knowledge of what has happened is suggested to be important in the process of raising SA in 

individuals, as this allows operators to understand current and future operation and goals 

(Adamson et al., 1999; Kontogiannis & Malakis, 2013; Patterson & Woods, 2001; Stanton et al., 

2017). Twelve of the fourteen (86%) energy-manufacturing domain sources reviewed in this paper 

discussed reviewing logs, making this their top priority during the handover. 

In energy manufacturing and distribution, the handover of correct and accurate information is 

conducted to avoid scenarios such as the major incidents such as the Buncefield explosion 

mentioned in HTT 1 (see, Wilkinson & Lardner, 2013). Another example of this is the Piper Alpha 

explosion (Lardner, 1996; Paté-Cornell, 1993) that has been partly attributed to the failure to 

transmit information about a removed safety release valve for a condensate pump during shift 

changeover. The next shift encountered an issue with a second condensate pump and made the 

decision to restart the (unbeknownst to them) compromised pump, giving way to the resulting 

explosions that occurred shortly after. Knowledge of such consequences may be why more 

experienced operators are more likely to check previous trends and information when coming 

onto shift (Li et al., 2011). However, relying heavily on personalised logs and notes has been 

criticised as being under-structured, and should include structures to ensure priority information 
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is transmitted (Plocher et al., 2011). If this HTT is to adopted, thought should also be paid to the 

structure and the layout of handover logs, alongside trials to assess their effectiveness. 

The DSA approach favours such an HTT, as it allows for information to reside in the system, 

without relying heavily on one-to-one communication (Stanton et al., 2006). However, this 

approach does not provide an immediate explicit communication, although it may serve as a 

safety net should the incoming shift require information without having to establish 

communications with the previous shift. 

4.3.5 Training programmes (4) 

Errors that occur during handover may be due to insufficient training (Li et al., 2012). When 

implementing a structured handover, providing individuals with the appropriate training has been 

reported to be an effective HTT (Gordon & Findley, 2011; van Sluisveld et al., 2013; Pucher et al., 

2015; Weikert & Johansson, 1999). This has been achieved in a number of ways including giving 

guidance on an implemented structured tool, enhancing communication skills, building trust 

between staff members and taking part in simulations of handover scenarios (Drach-Zahavy & 

Hadid, 2015; Gordon & Findley, 2011; Horwitz et al., 2012; Pucher et al., 2015). Under the DSA 

guidelines providing such training programmes may allow for individual schema to be addressed, 

and ensure that agents are compatible during their transactions (Neisser, 1976; Stanton et al., 

2006). 

Many organisations across domains note the importance of training and practice on handover 

effectiveness (Eurocontrol, 2007; Fassert and Bezzina, 2007; Patterson et al., 2004; Weikert & 

Johansson, 1999). An example of a programme comes from the healthcare domain is the ‘HELiCS 

programme’. This programme makes use of video playback of real-time scenarios so that 

personnel can develop their handover communication through discussion and in-depth analysis 

(Bost et al., 2012; Iedema et al., 2009). 

4.3.6 Use of technology (6) 

The DSA theory base places an emphasis on the use of technology and its role in SA. Information 

residing in displays, sensors and automation is no longer supplementary to humans, but rather 

forms an element of the system as a whole (Stanton et al., 2006). In current day operations, 

technology plays a central role in team communication. Bolstad et al. (2003) explored the ways in 

which SA can be raised during army operations. Their review recommended aspects such as video 

conferencing, file sharing, networked radios and programme sharing to exchange information. All 

reviewed domains make use of technology in the form of either electronic handover tools, 
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electronic logs/health records or video data to handover more effectively (Cheung et al., 2010; 

Hannaford et al., 2013; Parke and Kanki, 2008). 

Literature has repeatedly outlined the importance of designing human-machine interfaces with 

the human operator in mind (Hopkin, 1989; Stanton, 1993). In air traffic control, this has been 

particularly important as the development of technologies such as sensing devices, computer 

assistance, and prediction services, all of which have changed the landscape of how humans 

interact with their work setting over time (see., Nolan, 2010). These interfaces can be optimised 

to foster a smoother handover (Brazier & Pacitti, 2008; Hopkin, 1989). Today’s air traffic 

controllers use radars and electronic flight strips at their workstations to raise situation awareness 

during the handover period (Durso et al., 2007; Kontogiannis & Malakis, 2013; Walker et al., 

2010). 

Lawrence et al. (2008) discussed technological possibilities for coordinating handover in a chaotic 

emergency department involving colour changes of screens 2 h before handover and a blinking 40 

min prior. The use of electronic time tracking allows staff to pre-empt the handover with enough 

time to prepare. Further, studies have explored the benefits of using electronic systems rather 

than paper systems to handover shifts, and they report improvements to the continuity of care, 

likely due to the increased accessibility of information (Cheah et al., 2005; Raptis et al., 2009). 

Allowing for information to be distributed across the system in computer, as well as human 

agents, ensures that the system keeps high SA, without requiring the transmission of unnecessary 

information during handover (Stanton et al., 2006). 

4.3.7 Adaptation of task or setting (8) 

Situational factors, such as the timing and location of the handover, may affect handover. The 

location of handover is deemed as being important due to distractions such as noise or staff 

interruptions posing a threat to the effective transmission of information (Cheung et al., 2010; 

Spooner et al., 2015). In healthcare settings, the location of handover significantly varies between 

institutions (Street et al., 2011). A call to standardise the location for handover has been made 

over the years, as this ensures access to data-systems, be away from distractions and allow 

confidential information to be passed on (Chui & Stone, 2012; Singer & Dean, 2006). Douglas et al. 

(2017) also discuss multitasking in healthcare and include the handover as one of their 

considerations. They draw upon van Rensen et al.’s (2012) findings that conducting vocal 

handover after monitoring equipment had been prepared was more effective and no more time 

consuming than doing both concurrently. 
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The timing of handovers is also important so that individuals are well prepared for the handover 

(Eurocontrol, 2007). In domains such as energy manufacturing, the incoming operator must be 

aware of the upcoming handover so that that no attention-critical events are managed during this 

time. Setting timetables for the handover allows personnel to plan time effectively for tasks such 

as checking records. Further, this allows them to make an early arrival to ensure handover goes 

smoothly (Wilkinson & Lardner, 2012, 2013). A tactical example of adaptation comes from air 

traffic control. By conducting the handover during a low workload period, the deterioration of 

control can be avoided (Durso et al., 2007; Walker et al., 2010). ATC tasks are shifted towards 

achieving short-term goals, whilst putting requests on hold to ensure that the incoming operator 

can handle the issues in their own way (Durso et al., 2007). 

4.3.8 Compatible mental model (9) 

Being able to synchronise goals and establish a narrative has long been regarded as the goal of 

the handover. This is facilitated through understanding how humans process information 

(Grusenmeyer, 1995). A large focus in some of the identified sources is specifically related to how 

raising situation awareness is not done through receiving information alone, but rather being able 

to relate information to schemata, tasks and temporal features of the environment (Stanton et 

al., 2017). A mental model is defined as a mental representation of how the real world operates, 

and can be applied to a given task (Revell & Stanton, 2012). Every individual possesses a mental-

model regardless of if it is accurate or not (Revell & Stanton, 2012), in line with the DSA approach 

of compatible SA between agents (Stanton et al., 2017). Therefore, by assuming that the outgoing 

operator’s mental model of the situation is correct, the goal of the handover is to transfer SA and 

ensure that the incoming party has an adequate mental model of the situation. 

With the popularity of SBAR in healthcare settings, the focus on a shared mental model has been 

successful in the healthcare domain. Cohen et al. (2012) outline that individuals have mental 

models as a summary of the information available to them so they can pass on to the following 

shift. They describe how similar mental models during handover allows for slight differences to 

approaches that may not have been considered previously. LeBaron et al.’s (2016) recent 

exploratory analysis of how Intensive Care Unit (ICU) physicians coordinate their actions by 

communicating a mental image of “where we were, where we are, and where we’re going” (p. 

520). 
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4.3.9 Preparation (10) 

Setting time aside to handover is important to ensure that materials are in place, although in 

areas such as energy distribution, this appears to be commonplace (Stanton & Ashleigh, 2000). 

This is likely due to less pressure on time limits and more detailed information to read through 

(Adamson et al., 1999; Wilkinson & Lardner, 2012; 2013). A period for preparing and reviewing 

handover material was also utilised in the Mars exploration rover handover procedure (Parke, 

2005). 

4.3.10 A contextual handover (11) 

Our review found that domains differ greatly on the likelihood that a specific set of information 

will be required for handover. Domains like air traffic control involve predictable information 

types, whereas in healthcare settings the need to adapt to different patient statuses, needs and 

requirements requires a flexible handover procedure. Due to many sub-domains in healthcare 

settings being present, some researchers have made it clear that a domain-wide standardisation 

may not be possible (Anderson et al., 2015). If handover is overly structured, details regarding the 

patient’s unique condition may be omitted and the capability for medical staff to make up for this 

through use of previous experience may have an impact on the quality of the handover (Staggers 

& Blaz, 2013). 

Patterson (2008) warns against the unintended consequences of standardising a domain-wide 

rigid checklist. In reality, trade-offs have to be made due to external pressures, and staff must use 

their intuition by deviating from the template. Consequently, they may be criticised by authorities 

for any failure that may occur due to their deviation, even if they are fully justified in their 

deviation due to the contextual aspects involved. Therefore, HTTs that are resilient to these 

environmental pressures should be favoured (Drach-Zahavy et al., 2015), as well as HTTs that take 

into account a range of local factors (Bulfone et al., 2012). As an example, the energy production 

domain favours allocating more time to handover if the incoming staff have been absent for a 

longer period of time (Adamson et al., 1999). This approach better ensures that situation 

awareness is raised to the required level based on the current state of the incoming shift. 

4.3.11 Other handover tools and techniques (HTTs 12–19) 

A number of additional HTTs were also identified. These HTTs have been grouped into two distinct 

groups: those related to handover techniques, and those concerned with handover quality. The 

handover techniques are read-back, clarification of control, use of multiple media, and 

walkthroughs. Those concerning handover quality are the presence of a third party, overlap of 
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vigilance, assessments of handover quality and shared responsibility. Each following paragraph in 

this session outlines a given HTT. 

4.3.11.1 Additional techniques 

• The use of read-back involves the receiver repeating back to the sender information that 

they receive. This approach can be used as a way of ensuring the accurate transmission of 

information and correct any errors. This HTT may have an additional benefit, reviewed by 

Macleod et al. (2010), who refer to the improvement of memory simply by saying a word 

aloud. This technique has shown to improve the handover procedure in the healthcare 

domain (Boyd et al., 2014; Brown, 2004; Patterson et al., 2004).  

• In a plane’s cockpit, who is in control of the aircraft can be unclear at times. In these 

scenarios, verifying who has control during handover can be useful. Some crews state 

“you have control” with the person taking control instantly replying “I have control” to 

ensure that both parties are aware of the transition of control (U.S. Department of 

Transportation, 1995).  

• Arora et al. (2008; 2014) describe how a culture of shared responsibility can help manage 

the negative effects of the handover. By working as a team with shared goals and mental 

models, handover can be made more effective compared to doctors treating their 

patients as ‘their own’. Air traffic control also practices this, as both the outgoing and 

incoming operators are tasked with the effective transmission of information (Federal 

Aviation Administration, 2010). 

• The energy-manufacturing domain make use of guided walkthroughs during handover to 

ensure that incoming operators have seen the status of the facility. This is conducted 

alongside a vocal talk-through, and allows the outgoing operator to remind himself or 

herself of all information required for handover and allow incoming operators to see first-

hand the status of their environment (de Carvalho et al., 2012). Handover quality. 

4.3.11.2 Handover Quality 

• Many sectors find that conducting the handover with the presence or monitoring of a 

patient or an authoritative figure can have a positive influence on information transfer. 

Particularly, errors can be corrected and logistics can be better managed (Flink et al., 

2012; Patterson et al., 2004; Tobiano et al., 2013). 

• In ATC, it is common for operators to monitor one-another’s task handling prior and after 

the takeover (Federal Aviation Administration, 2010; Kontogiannis & Malakis, 2013; 

Walker et al., 2010). During the arrival stage of the handover, the incoming operator 

scans the radar to familiarise themselves with the airspace and the strategies taken by the 
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current operator. They achieve this by plugging in his or her headset into a 

communications port to listen to outgoing and incoming transmissions. After the takeover 

of control, the outgoing operator oversees the new operator for a brief period to ensure 

the tasks are being dealt with appropriately (Durso et al., 2007; Walker et al., 2010). 

• Many sources have noted that finding methods to measure the quality of handover is 

important to ensure that current HTTs and factors related to staffing are adequate 

(Brazier & Pacitti, 2008; Lardner, 2006). 

• Multiple media is also used to provide information in a variety of ways helps to 

encompass a range of information types. Sources claim that supplying handover 

information vocally and written information concurrently is a viable method for improving 

handover communication (Brazier & Pacitti, 2008; Lardner, 1996). 

4.3.12 HTTs and the DSA guidelines 

Regarding the HTTs generated in this review, many have been identified as being of importance 

within DSA research (e.g., training programmes, standardised protocol, assessing performance; 

Salmon et al., 2009). From this review, there are notable insights that could be drawn upon. HTTs 

that focus on the availability of accurate information for accurate representations of the situation 

(e.g. standardisation, technology, contextual handover) can be applied to the DSA approach of 

transactions of information regarding the situation when, and where, it is necessary (Stanton et 

al., 2006; 2017). For example, training programs can be utilised to foster suitable schemata for 

better comprehension of these cues, and address an individual’s schema, in line with the 

perceptual cycle model and DSA (Banks et al., 2017; Neisser, 1976; Stanton et al., 2006). 

Techniques such as overlap of vigilance rely on individual SA representations within each 

operating pair, so that if SA is not compatible (perhaps in the form of missing cues or not 

comprehending/projecting the scenario sufficiently), then the outgoing operator has the 

opportunity to correct this if they detect a danger in the current operation. Additionally, 

standardising information to understand what is ‘need-to-know’ may also provide practitioners 

with a way to reduce the amount of unwanted information present, and allow for an efficient 

delivery of information. By extension, following protocol may also allow individuals to know what 

is expected of them, who knows what, and who needs to know what and when. This can be aided 

by the use of technology through addressing a number of guidelines related to the presentation 

of information, and storing information within electronic sources. 

HTTs such as bidirectional exchange and implementing a ‘contextual handover’ may allow for 

shifts to tailor information to their own individual needs/roles. By doing so, unwanted 
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information can be filtered, allowing incoming shifts to retrieve only the information that is 

required.  

Domains have a variety of human-factors analysis techniques (such as Task Analysis; Annett, 2003, 

or Cognitive Work Analysis; Vicente, 1999) to refine their protocol, checklists and training 

programmes to facilitate transactions and improve system performance. It would no doubt be 

beneficial to a domain to implement a combination of HTTs into a handover protocol in order to 

address all the recommendations made by Salmon et al. (2009) for raising DSA. 

4.4 Conclusion 

Nineteen Handover Tools/Techniques (HTTs) were identified in a range of high-risk domains such 

as healthcare, aviation, and energy manufacturing/distribution. Domains differ on their 

approaches to the handover procedure, although many similarities exist. Popular HTTs include the 

use and adaptation of checklists, two-way interaction with questioning, and the use of past 

information. This review has provided a discussion of these HTTs in relation to distributed 

situation awareness (DSA) and provides a unique perspective on the handover task. Many of the 

HTTs identified address DSA in a variety of ways – we propose that to maximise benefits, multiple 

HTTs should be adopted so that guidelines presented by Salmon et al. (2009) can be addressed in 

their entirety. 

4.4.1 Future Directions 

This chapter considers shift handover separately from C/HAV handover to give a thorough 

overview of how handover could occur. An understanding of how strategies can be applied to 

C/HAV handover is still required. Chapter 5 discusses how human-team communication may 

contribute to knowledge of how handover assistants should be designed (Clark et al., 2019b). 

Vocal strategies are tested in a driving simulator by replicating a shift-handover task specifically 

for the driving task.   
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Chapter 5 Replicating Human-Human Communication 

in a Vehicle: A Simulation Study 

5.1 Introduction 

Chapter 4 outlines a wide variety of tools and techniques designed to raise situation awareness in 

human teams within a system where handovers are required (Clark et al., 2019b). To begin to 

apply the strategies to C/HAV handover this chapter explores potential vocal communication 

strategies by replicating human-human handover in a C/HAV simulation. Due to humans being 

capable of dealing with advanced requests, it is assumed that outcomes of this study will help 

inform driver-automation interaction for handover assistants. This assumption is discussed in the 

following section. 

5.1.1 Applying human communication theory to human-machine handover 

There has been much debate over how applicable human-human communication 

(HHC)/computer-mediated communication (CMC) is to applications to human-computer 

interaction (HCI). Several communication researchers suggest that the nature of communication 

for joint activity is similar, regardless of the agents present (e.g. coordination, shared goals, 

resolve breakdowns in communication; Klein et al., 2005). This line of thinking has also been 

discussed in the field of automation (Klein et al., 2004). Bradshaw et al. (2003) second this stand-

point by showing that joint activity via HHC or HCI involve what they call ‘collaborative autonomy’, 

that is, the process of understanding, problem solving, and executing certain tasks. 

Perhaps the largest body of work regarding similarities between HHC and HCI comes from Reeves 

and Nass (1996), who outline their ‘Media Equation’ that illustrates how humans interact with 

technology as if they are real people. For example, it has been shown that factors such as 

cooperation, aggression, courtesy, and trust could play a role in these interactions. Although the 

original work may be out-dated by today’s technological standards, the research inspired a wave 

of investigations regarding how technology can interact with cultural and social mechanisms 

many decades later. The work of Reeves and Nass (1996) highlights that there may be an avenue 

of research available to researchers for implementing human-human communication concepts 

into technology. Interpersonal communication theories such as Common Ground (Clark, 1996) 

and the cooperative principle (Grice, 1975) have given researchers ways of approaching interface 
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design considering how operators give and receive information during coordinated processes (e.g. 

Eriksson & Stanton, 2017c).  

Clark and Brennan (1991) outline the concept of ‘common ground’ (CG) in which language is a 

collaborative process where CG is established through ‘joint activity’ using pre-existing CG. Clark’s 

(1996) hypothesis describes how humans utilise CG as a way of ‘‘minimising effort” during 

collaboration, and that interactions should be made explicit, to ensure that both parties are 

coordinating sufficiently. Even though this theory originates from HHC research, the concept has 

been applied to computer mediated communication, and human computer interaction. CG 

implicates that methods of communication that involve bidirectional interaction and feedback, as 

well as visual references that better establish CG to be useful in communicative processes. 

Similarly, communication is more effective if it aligns with the four maxims outlined by Grice’s 

cooperative principles (1975):  

1.  The Maxim of Quantity – The degree to which information is informative, but not over-

loading 

2.  The Maxim of Quality – The degree at which information is grounded in truth and how well 

it is supported by evidence. 

3. The Maxim of Relation – The degree at which information is relevant to the task/activity 

being conducted. 

4. The Maxim of Manner – How well information is provided in relation to ambiguity, 

obscurity and that information is presented briefly and orderly. 

These maxims have been applied to automation interaction in cockpits and in automotive design 

(Eriksson et al., 2017; Eriksson & Stanton, 2017) and have been proposed as a useful tool in 

automation design. As Grice’s cooperative principles (1975) provide specific guidance for 

information transfer, these maxims will be used to evaluate content within each communication 

strategy. The principles serve as a useful tool for initial stages of interaction design, as content 

and method of communication can be addressed before future chapters begin to refine these 

initial interactions with additional theoretical approaches. However, the maxims are not specific 

in their recommendations, and do not provide the depth required to fully inform this thesis’ 

outcomes. 

Many of these factors have since been applied to vehicle automation (e.g., Bickmore & Cassell, 

2001; Eriksson & Stanton, 2017c). Notable, Klein et al. (2004; 2005) develop Clark’s (1996) 

concepts to be more applicable to modern automated systems showing that human-human 
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communication can be effectively applied to human-machine teams. They show how joint activity 

is the product of a range of factors including common ground, Interpredictbility, communicating 

capacity information and signalling states and phases. Further, to apply the concepts of inter-

personal communication to technological systems, ‘natural voice recognition’ has been proposed 

as an important component in future driver-vehicle coordination (Harvey & Stanton, 2013; Large 

et al., 2017). The use of vocal interaction during handover is typical in a range of high-risk domains 

such as medicine, aviation and energy manufacturing/distribution (Patterson et al., 2004), and has 

been proposed as a method of information transfer in C/HAVs (Bazilinskyy & de Winter, 2015; 

Eriksson, & Stanton, 2017c). This interaction style is supported by the literature surrounding 

capacity limits in working memory, which shows that multiple channels exist to process different 

modalities of information (Baddeley, 1992). Research into the use of multi-media suggests that 

the presentation of vocal cues better compliments visual information than the use of pictorial 

cues, as pictorial cues may contend with other visual cues for attentional resources. This suggests 

that there may be advantages to using audio and vocal communication when compared to visual 

interfaces alone (Bazilinskyy et al., 2018; Gyselinck et al., 2008; Large et al., 2017). 

In C/HAV handover, knowledge of what information should be relayed to the driver, and how this 

should be done, is limited. The handover task has been examined in shift-work domains such as 

healthcare, aviation/air traffic control, and energy manufacturing/distribution. In these domains, 

failure to transmit information effectively during handover can lead to disastrous consequences 

(Patterson et al., 2004; Salmon et al., 2009). Strategies of communication in these domains could 

inform C/HAV handover, as they both involve a human taking control and responsibility for a task 

from another agent; including what information is required, how information is prioritised, and 

how it is delivered (e.g. Adamson et al., 1999; Eurocontrol, 2012; Patterson et al., 2004; 

Riesenberg et al., 2009). We therefore propose that these pre-existing strategies in these domains 

should serve as a basis for testing handover protocol in C/HAVs. 

Handover in these domains is typically conducted between two human shift-workers due to 

changing personnel. Vocal communication is the primary method of information transfer in many 

domains (Patterson et al., 2004). Most notable strategies across the literature are the 

requirement for a structured checklist (e.g. Riesenberg et al., 2009), vocal bi-directional exchange 

(e.g., Rayo et al., 2014), good knowledge of the past (e.g. Adamson et al., 1999), training (e.g., Li 

et al., 2012), and technological aids (Cheung et al., 2010). These strategies allow the person taking 

over to establish their own mental model of the driving environment (Revell & Stanton, 2012; 

Stanton & Young, 2000). All of these methods provide a basis upon which to design handover in 

C/HAVs. 
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5.1.2 Current study, aims and hypotheses 

The aim of this study was to create a handover environment analogous to that of shift-handover. 

In this setting, two drivers can vocally communicate with one another and exchange control of the 

vehicle. In doing so, preferred handover strategies and the types of information that were 

transmitted during handovers were measured. Grice’s (1975) cooperative principles are applied to 

the experimental handover structures to guide discussion. The aims of this research were: To 

assess workload, usability and acceptance concerning tested handover methods 

• To gain a better understanding of drivers’ naturalistic (Angrosino, 2016) and preferred 

information content and method of information transmission during handover. 

• To assess workload, usability and acceptance concerning tested handover methods 

• To gain a clearer understanding of why drivers prefer or require certain types of 

information transfer or interaction style 

• To explore whether handover methods and information transfer has an effect on driving 

performance following the handover. 

To achieve these aims, the following hypotheses were generated: 

1. When able to naturally handover to one-another, with no pre-set structure, information 

transmission will increase after experiencing a set of pre-defined handovers. 

2. When able to naturally handover to another driver with no pre-set structure, information 

content and methods will more likely represent that of the pre-defined conditions after taking 

part in them. 

3. There will be a difference in driver workload (NASA-Task Load Index – NASA-TLX; Hart & 

Staveland, 1988), usability (System Usability Scale - SUS; Brooke, 1996) and acceptance ratings 

(System Acceptance Scale - SAS, van der Laan et al., 1997) in relation to pre-defined conditions 

undertaken. 

4. Drivers’ longitudinal and lateral control will vary following handover, in relation to the 

handover condition undertaken. 

5. There will be individual differences in driver preferences to handover interaction. 
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5.2 Method 

5.2.1 Participants 

The study was granted ethical approval via the University of Southampton’s ethics committee 

(ERGO No. 26691). Participants were recruited through advertisements on the university website 

and advertisements on campus. Forty participants were recruited aged 18–61 (29 M, 11F; mean 

age = 31.1, SD = 10.07) and took part in the study. Participants held full driving licences, and had 

no impairments preventing the operation of the driving simulator. As the end-user will be varied 

in driving experience, no specific driving experience criteria was set. Participants had a mean of 

7169 annual miles, ranged between 0 and 20,000 (SD = 5151 miles). As the experiment required 

two participants, they were paired according to availability and on a first-come-first-serve basis. 

Adverts asked participants if they were willing to be paired with strangers, and this was ensured. 

5.2.2 Experimental Conditions 

In line with literature surrounding handover in high-risk domains (Riesenberg et al., 2009), a 

structured checklist was constructed inspired by two concepts: IPSGA as a driver coaching system 

(Information, Position, Speed, Gear, Acceleration; Stanton et al., 2007) and PRAWNS (Pressure, 

Roles, Airports, Weather, Non-standard information, Strips to display; Walker et al., 2010; 

Wilkinson & Lardner 2013). The design of the checklist featured a half-day discussion with seven 

human factors experts (5M, 2F) all working within the C/HAV domain. These experts were tasked 

with considering the major features of returning to the loop and constructing a checklist like that 

found within domains. The workshop worked on a divergence and convergence approach, by 

suggesting a wide variety of factors, and then converging on six items for inclusion (closely 

replicating the item count within IPSGA and PRAWNS). The resulting checklist served as a starting 

point for testing and future work. The checklist proposed was called ‘HazLanFueSEA’ and 

represents: 

• Controls – Instruction to place hands/feet on wheel 

• Hazards – Information such as close vehicles 

• Lane – Lateral position on the roadway 

• Fuel – Indicated as ‘miles remaining’ 

• Speed – Indicated as ‘miles per hour’ 

• Exit – Information on junction number and distance from junction 

• Action – The action the driver is required to take (e.g. enter left lane and exit) 
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HazLanFueSEA starts with a request for the current driver to place their hands on the wheel and 

their foot on the accelerator prior to receiving the checklist information. 

To explore driver behaviour, attitudes, and the effects on natural handovers, four ‘pre-defined’ 

handovers were tested, inspired by the literature in shift-handover. These conditions were 

implemented using a repeated-measures design: 

• Out-going driver delivering HazLanFueSEA with read-back responses from the incoming 

driver (see Boyd et al., 2014). Referred to in this study as ‘Checklist with Read Back’ 

(CL/RB). 

• Delivering HazLanFueSEA in an interactive conversation-style questioning format 

conducted by the current driver (e.g., Question: what is in the left lane? Answer: an 

approaching red car; Bickmore & Cassell, 2001). Referred to in this study as ‘Checklist with 

Guided Questioning’ (CL/GQ). 

• The questioning of the current drivers’ knowledge and intentions, asking whatever the 

incoming driver feels is necessary. This condition was inspired by common ground theory 

and the presence of a two-way process that can foster the repair process in 

communication. Referred to in this study as ‘Open Questioning’ (OQ) (see Clark & 

Brennan, 1991; Rayo et al., 2014). 

• A timed handover involving no information transfer regarding the driving environment 

(60 s countdown) modelled on an existing handover design revealed by Volvo (Volvo Car 

Group, 2015). Referred to in this study as ‘Timed’ (T). 

Before delivering CL/RB, CL/GQ and OQ, the driver in control of the vehicle initiated the handover 

process by stating to the other driver ‘‘I am ready to handover”. The driver in control awaited an 

acknowledgement prior to delivering the vocal protocol specified in the condition. 

To guide our discussion, conditions were rated in relation to Grice’s (1975) maxims of effective 

communication (Table 5.1). Cohen’s kappa was run to determine whether there was agreement 

between two researchers ratings in regards to how well the conditions address Grice’s 

cooperative principles. There was moderate agreement between the two researchers’ ratings (k = 

.464, p = .019). 
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Table 5.1. Authors’ ratings of pre-defined vocal structures in relation to Grice’s (1975) Maxims 

  CL/RB  CL/GQ  OQ  Timed  

Quantity  3(?)  3(?)  4  -  

Quality  3  5  3  -  

Relation  3  3  5  -  

Manner  5  4  3  5  

Note. Ratings range from 1 to 5. (?) Indicates an uncertainty, particularly whether there is too 
much/too little information being delivered due to individual preferences.  

• Quantity – The checklist conditions provide a lot of information, but still run the risk of 

over-providing information. Whereas open questions is dependent on whether or not the 

driver asks for information. But to them, they will get a subjective optimum quantity of 

information. 

• Quality – CL/GQ encourages the search for a driver’s own evidence. CL/RB and OQ may be 

in part dependent on faith, but information is still in the environment/on the cluster. 

• Relation – Checklist items are assumed to be relevant to the task, but this is yet to be 

confirmed. Whereas open questions meets this maxim by only providing what the driver 

desires. 

• Manner – The CL/RB condition is the most structured and orderly, followed by CL/GQ. 

Open questions may be less prescriptive and result in confusion as to the original question 

asked. 

It is worth noting that the timed condition does not deliver any explicit scenario information, 

so ratings for Timer are not provided for the first three maxims. However, the structure is 

orderly so scores highly on the maxim of Manner. 

5.2.3 Design 

These pre-defined conditions were counterbalanced across participants using a balanced Latin 

square where conditions occurred at different times, and were preceded and followed by a 

different condition in each combination (see Figure 5.1). Ten participants took part in each 

combination. 
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1  A  B  C  D  

2  B  D  A  C  

3  D  C  B  A  

4  C  A  D  B  

Figure 5.1. A balanced Latin-square showing the counterbalancing of pre-defined conditions  

To test whether naturalistic information content and transmission methods were influenced by 

the participation in predefined handovers, two ‘free-form’ handover conditions were conducted 

before and after taking part in the four pre-defined conditions, following an ABA design (where A 

denotes a freeform handover condition, and B denotes the four pre-defined handover 

interactions). In the ‘free-form’ conditions, participants could engage in the handover however 

they wished, and were not given any indication as to what information to transmit, or how to 

transmit it, so that emergent themes from ‘free-form’ handovers can be compared to pre-defined 

handovers experienced, and gauge whether they had an influence on ‘free-form’ handover 

interactions. After the experiment, participants filled out a short questionnaire asking them to 

provide their thoughts on the pre-defined conditions, and give any of their own recommendations 

for future handover design. 

The independent variable was handover condition. The dependent variables were lateral and 

longitudinal inputs, information vocally transmitted and method of transmission (applicable only 

to unstructured conditions and open questions), subjective workload, acceptance and usability. 

5.2.4 Apparatus 

The study was conducted in the Southampton University Driving Simulator (SUDS). The simulator 

has a fixed base and 135 degree field of view. The simulator is designed to create a safe 

environment from which to analyse driving behaviour that does not incur the adverse effects of 

distraction on the road, yet still aims to create a naturalistic environment. Validity comparisons 

between simulator and real-world environments show that a simulated environment can produce 

strong positive correlations in driver behaviour (e.g., Eriksson et al., 2017). However, limitations 

such as reduced risk perception have been demonstrated in such environments (Underwood et 

al., 2011). The simulator was modified so that the Land Rover Discovery could support two 

steering wheels, two displays, and 2 sets of control inputs. The steering wheels had the capability 

of taking control of the vehicle through the click of a button on the device taking control (see Fig. 

5.2). 
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Figure 5.2 Driving simulator set-up to simulate handover between two drivers 

STISIM Drive was used to create a freeway environment modelled on the M24, junction 5–7, in 

the United Kingdom. Assuming an average speed of 60 mph, the constructed route environment 

was looped two and a half times during a single scenario. This was to ensure that the condition 

ran for enough time for six complete handovers to take place with enough time for the driving 

environment to change prior to the next handover (10–12 min). To balance traffic density, traffic 

speed and headway, traffic was set at 52/57/62 miles per hour in the left, middle and right lane 

respectively. This allowed cars to be placed closer to one another without their reactive behaviour 

being triggered (i.e. when there is less than a three second headway to an obstacle) which would 

result in them braking and causing congestion. Cars were then placed within a minimum of 300 

feet in front of one another to clear this headway-time. They were then varied randomly up to 

600 feet. Traffic was generated after 1000 feet to ensure the participant could match their speed 

before its appearance. 

5.2.5 Procedure 

After reading the information sheet outlining risks such as motion sickness, the participant 

provided their informed consent. Following this, participants were given an introduction to the 

procedure and how to operate the driving simulator. This included an introduction to the visual 

display and the button they were required to press when taking control. A trial was then 

conducted consisting of five minutes of motorway driving (2 and a half each) to allow participants 

to get familiar with controls and the environment. No vocal handovers were conducted and 

control was switched when the experimenter instructed. 

Participants were then shown how to fill out the three questionnaires following each condition, 

the NASA-TLX, the SUS, and the SAS. When participants were ready, experimental blocks began. 

The study design was a repeated measures design, with each pair taking part in each handover 

procedure. There were six handover conditions. The first and last conditions were always natural, 



Chapter 5 

66 

where participants were allowed to handover to one another as they wished, with the four 

predefined conditions being conducted in the specific counter-balance order for that pairing. 

Participants were given an example script of how the condition would take place, and a cue card 

was attached to the steering wheel to remind them of the current condition (see appendix A for 

cue cards for each condition). Participants were asked to simulate a motorway junction exit of 

junction 7, where the action was to move into the left lane exit. Each condition consisted of six 

handovers (3 in either the role of automation or driver) and took approximately 10 min to 

complete. Each handover consisted of participants transferring control to one another, initiated 

by the person currently in control of the vehicle. Each moment a handover was to be performed 

was dictated by the experimenter tapping the participant’s shoulder. Handovers were spaced 

approximately one minute apart, although variance at the experimenter’s discretion was 

conducted to avoid prediction. 36 handovers were conducted throughout the entire experiment. 

The entire procedure took between 1.5 and 2 h to complete depending on speed of questionnaire 

completion. Participants were given short breaks between conditions whenever they felt they 

needed them. 

Once the experimental blocks had been complete, participants filled out a questionnaire where 

they were able to provide feedback on the experimental conditions, and provide their suggestions 

for future handover design. They were then debriefed, paid £10 to cover travel expenses and 

thanked for their time. 

5.2.6 Method of Analysis 

Transcripts were coded according to the information vocally transmitted, and method of delivery 

during handover. For each participant the percentage of handovers (out of six) involving the 

transmission of each information type, and each method of transmission, was calculated for each 

pair. A t-test was conducted to analyse whether information transfer increased from before to 

after taking part in the pre-defined handover conditions. The same percentage calculation was 

used for the ‘open questioning’ condition to measure what information was transmitted during 

this condition. 

As questionnaire results were generated from a repeated-measures design, the analyses 

undertaken were Friedman tests with Bonferroni-corrected Wilcoxon post-hoc analyses (six 

comparisons; a = .0083). The longitudinal velocity data represented a parabola pattern, therefore 

this data was analysed using a linear regression with a quadratic term to test intercept, slope and 

shape. Finally, to give a good indication of the extent at which drivers veered and corrected 

themselves following handover, lateral velocity data were averaged across five seconds following 
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the handover and analysed using a Friedman test followed with Wilcoxon post-hoc analyses (six 

comparisons; a = .0083). 

5.3 Results 

5.3.1 ‘Free-form’ conditions 

Fig. 5.3 shows the mean percentage of handovers for all participants that involved information 

transfer before and after experiencing the four pre-defined conditions. The percentage sharply 

increases, indicating a higher likelihood of information transfer during the second ‘free-form’ 

condition. A t-test indicated a significant difference (t (19) = 5.8, p < .001).  

 

Figure 5.3 Mean percentage of handovers involving information transmission, before and after 

pre-defined conditions 

Information transmitted during handover greatly increased across all categories except for 

information types: ‘adapt action’, ‘advice giving’ and ‘road layout’, which decreased in usage 

slightly during the second ‘free-form’ condition (see Fig. 5.4). The most common information 

themes to appear in the first ‘free-form’ condition were speed, other vehicles and vehicle 

position. There were also occurrences of instructing one another to change speed/position (adapt 

action) prior to handing over. Information types with no bar present either before or after pre-

defined conditions represent zero instances of the transmission of this information type over all 

experiments. 
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Figure 5.4 Natural conditions – mean percentage of handovers including information transmission 

for each information type before and after pre-defined conditions.  

In the second ‘free-form’ condition, the most common information types were those transmitted 

during the pre-defined condition. There were many new information types transmitted that were 

unrelated to the pre-defined conditions such as weather/road conditions, traffic information, 

instruction giving, and asking about/challenging intentions. Drivers transmitted a mean of 0.39 

(SD = 0.95) information types before pre-defined conditions, increasing to 1.6 (SD = 1.67) after the 

predefined conditions. These information types were grouped based on prevalence, and 

represent four distinct groupings (Fig. 5.4). 

There was a great shift in methods used before and after the pre-defined conditions, these 

methods are defined in Table 5.2. 
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Table 5.2 Definitions of handover methods conducted during ‘free-form’ handover conditions 

Handover Method  Definition  

Hybrid  The use of two or more of the following handover methods combined in 

a single handover  

Simple Exchange  Handovers that consisted only of a notification and a confirmation, with 

no information transmission.  

Monologue  Handovers that consisted of a steam of information being delivered 

from the current driver, with no response being asked for from the 

incoming driver, like that of CL/RB or CL/GQ.  

Open Questioning  Handovers that involved an interaction on the basis of questioning the 

current driver about what they know about the driving environment  

Timed  The use of a countdown conducted by the current driver to indicate a 

timeframe for receiving control. Deployed with or without information 

transfer.  

Guided Questions  The use of interactive questioning, where the current driver quizzes the 

incoming driver regarding the driving environment.  

Read Back  Handovers that use a repeat-back method to demonstrate that 

information is being received.  

Before the pre-defined conditions, the majority of handovers consisted of a simple exchange, 

representing only a handover notification and a confirmation with no information transmission. 

Following the pre-defined conditions, participants adapted their strategies through either 

combining methods or staying with a single handover method. Fig. 5.5 shows the mean 

percentage of handovers using a particular handover method, both before and after pre-defined 

conditions. 

 

Figure 5.5 Natural conditions – mean percentage of handovers conducted using handover method 

before and after pre-defined conditions 
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It shows the percentage of handovers that involved method hybridization, increasing from 4% to 

25%. Simple exchange decreased from 85% to 30%. All other methods, with the exclusion of read-

back, which did not get used in either ‘freeform’ conditions (represented by the absence of bars in 

the bar chart), increased in usage. The most common method was open questions, although this 

method was commonly hybridised with other methods. One method, that was not used in the 

pre-defined conditions is categorised as ‘monologue’ and represents the one-way delivery of 

information in a single packet of speech. Further, when CL/GQ was utilised it typically only 

included information regarding hands/feet on control inputs. Simple exchange remained one of 

the most common methods of handover, and also reflects the percentage of handovers that did 

not involve information transfer (see Fig. 5.5). 

5.3.2 Use of Open Questioning 

During the open questioning condition, drivers seemed to interact in a different manner. 

Questions revolved around immediate threats, speed and future action, with a specific focus on 

what will come up ahead such as traffic, route information, and whether there any upcoming 

landmarks such as petrol stations or speed cameras. Participants transmitted a mean of 2.05 (SD = 

1.27) information types per handover interaction. Information types transmitted during this 

condition are displayed in Fig. 5.6. 

 

Figure 5.6 Mean percentage of handovers including information transmission for each 

information type before and after pre-defined conditions. Greyed bars indicate 

information transmitted in HazLanFueSEA. 
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5.3.3 Nasa-tlx, sus, & sas 

The assumption of normality was violated for multiple combinations of condition/dependent 

variable, therefore nonparametric tests were conducted. Four values were missing due to 

participant error. As there were so few missing values it seemed unnecessary to remove cases in 

full, therefore these values were imputed using the Expectation Maximization method (Borman, 

2004). Descriptive statistics are displayed in Fig. 5.7. 

 

Figure 5.7 Boxplots to show results from NASA-Task Load Index (panel A), Systen Usability Scale 

(panel B), System Acceptance Scale - Usability (panel C) and System Acceptance Scale 

- Satisfying (panel D) between the four pre-defined handover condition. 
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Four Friedman Tests were conducted for each dependent variable: NASA Task Load Index scores, 

System Usability Scale scores, and scores from the two sub-scales of the System Acceptance Scale. 

These were analysed using handover condition as the within-subject variable with four levels: 

Read back, CL/GQ, Open Questions and Timed. A main effect of handover condition was found for 

all dependent variables tested (p < .05). Results are displayed in Table 5.3.  

Table 5.3 Results from the four Friedman Tests analysing mean differences in NASA-TLX, SUS, and 

the AS subscales between handover conditions. * = p < .05 

Source   df   χ²  p   

NASA-TLX   3  34.64   .001*   

SUS   3  26.01   .001*  

AS-Usability   3   11.37   .01*   

AS-Satisfying   3  24.14   .001*  

Table 5.4 displays post-hoc pairwise comparisons for questionnaire responses. Significant 

differences vary based on measure, although typically, these comparisons can largely be grouped 

into Read back and CL/GQ receiving similar mean ratings, as well as Open Questions and Timed. 

Differences were greater in the NASA-TLX and SUS, whereas the AS Usefulness scale showed few 

significant differences during post-hoc analyses. 

Table 5.4. Post hoc analyses - Wilcoxon Signed Rank tests analysing differences in scores for the 

NASA-TLX, SUS, and the AS subscales between each handover condition. 

Pairing  NASA-TLX  SUS   SAS-Use  SAS-Satis  

  Z  Sig.    r  Z  Sig.  r  Z  Sig.  r  Z  Sig.  r   

CL/RB - CL/GQ   -1.08  .28   -0.17  -1.97  .049  -0.31  -1.78  .074  -0.28  -2.21  .027  -0.35   

CL/RB - OQ  -3.94  .001*   -0.62  -3.93  .001*  -0.62  -2.97  .003*  -0.47  -4.08  .001*  -0.65   

CL/RB - T   -4.03  .001*   -0.64  -4.46  .001*  -0.71  -1.12  .263  -0.18  -3.23  .001*  -0.51   

CL/GQ - OQ   -4.41  .001*   -0.70  -2.87  .004*  -0.45  -2.01  .044  -0.32  -3.30  .001*  -0.52   

CL/GQ – T  -4.20  .001*   -0.66  -3.28  .001*  -0.52  -.13  .900  -0.02  -2.04  .041  -0.32   

OQ - T  -.24  .807   -0.04  -.11  .912  -0.02  -2.28  .023  -0.36  -1.68  .093  -0.27   

Note α = .0083, * indicates significance (p < .0083)  

5.3.4 Change in speed following handover 

Fig. 5.8 displays mean speeds following handover over the first five seconds of taking control. All 

conditions showed a parabola effect where speed decreased in the first two seconds following 
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handover with speed steadily increasing from between two- and four-seconds following 

handover. 

 

Figure 5.8 Line graph showing the change in vehicle longitudinal speed post-handover 

Table 5.5 shows the output for a linear regression using the stepwise enter method. As the data 

appear to be non-linear, speed as a function of time did not show an effect. However, adding the 

condition intercept and the quadratic terms both improved the model (p < .001) showing that 

conditions significantly differ in their overall speeds. The model of best fit as a result of linear 

regression stepwise analysis was “Speed ~ Time + Cond Intercept + Quadratic Term”. 

Table 5.5. Table to show models fitted to changes in speed following handover and their 

associated inferential statistics 

Model  df   F   p   SST  Δr2 
  

Speed ~ Time    1, 2278   -    .077  -  .0009  

Speed ~ Time + Cond Intercept  1, 2277   65.87   .001*  9  .0006  

Speed ~ Time + Cond Intercept + Quadratic 
Term  

1, 2276  748004  .001*  98070  .997  

Speed ~ Time * Cond Intercept + Quadratic 
Term  

1, 2275  1.66  .2  0  .997  

Speed ~ Time * Cond Intercept + Quadratic 
Term * Cond  

1, 2274  0.25  .62  0  .997  

Note. Cond = Condition  
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5.3.5 Lateral velocity following handover 

Mean lateral velocity was generated by taking the first five seconds following handover, 

calculating the square root of squares, and averaging across the time-period, illustrated by the 

following equation: 𝜈𝐴𝑏𝑠𝐿𝑎𝑡 = √𝜈𝐿𝑎𝑡2 Boxplots for lateral velocity are shown in Fig. 5.9.  

 

Figure 5.9 Mean lateral velocity over five seconds following the handover of control 

A Friedman Test was run to explore whether handover condition had an effect 

on mean lateral velocity five seconds after handing over control. The test indicated that there was 

a main effect of handover condition on mean lateral velocity [χ²(3)= 8.2, p = .042]. Post-

hoc Wilcoxon Signed-rank tests with Bonferroni corrections (α = .0083) revealed a significant 

difference between CL/GQ paired with CL/RB [r = -0.59, Z = -3.24, p = .001], and OQ [r = -0.49, Z = 

-2.71, p = .001]. All other comparisons did not show significant differences (p > .0083). An 

illustration of how this relates to time is displayed in figure 5.10. 
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Figure 5.10. Line graph showing lateral velocity over five seconds following the handover of 

control split across handover conditions. 

5.3.6 Qualitative Feedback 

To explore why drivers preferred certain strategies to others, qualitative feedback was received 

regarding the pre-defined conditions. Positive and negative feedback related to the pre-defined 

conditions are summarised by the themes outlined in Table 5.6. 

Table 5.6 Themes generated from qualitative questionnaire responses with regards to the four 

pre-defined conditions 

  Themes  CL/RB  CL/GQ  OQ  T  

Positive themes  Safety  9  8  6  -  

  Efficiency  3  2  3  6  

  Personalization  -  -  10  -  

  Self-paced  -  -  -  3  

Negative themes  Inefficient  8  8  3  -  

  Frustrating  9  5  3  -  

  Unsafe  -  -  -  8  

  Stressful  -  -  -  7  

  Unnecessary  6  -  -  -  

  High Workload  -  -  2  -  
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Participants generally acknowledged that CL/RB, CL/GQ and OQ played a role in safety (e.g. 

Participant 6 - ‘‘Repeating back is useful, as you become aware of the situation”). Some 

participants felt that the timed condition allowed for efficiency (e.g. Participant 39 – ‘‘The timed 

condition was simple and quick”, although some felt the same about the other conditions. The 

highest number of responses in a given condition was the personalization of open questioning, 

allowing contextual information to be relayed that the driver though to be most useful (e.g. 

Participant 18 - ‘‘Being able to question was good as I found out what I needed to know”). 

However, a few found benefits in being able to conduct the handover alone using the timed 

condition without being dictated to (e.g. participant 15 – ‘‘Timed made me feel confident that I 

could assess the situation for myself”). 

Negative feedback reflected themes measured in the questionnaires. Most comments related to 

CL/RB and CL/GQ were concerned with the verification method rather than the information the 

system was providing. For example, many participants found CL/RB to be frustrating, inefficient 

and unnecessary (e.g. Participant 7 - ‘‘Repeating back was annoying and time consuming”), 

however many of these comments were also made for CL/GQ and OQ (e.g. participant 4 - 

‘‘questions took too much mental toll, took a while to learn and get used to, and were most 

annoying”). The timed condition received no feedback regarding inefficiency or frustration, 

instead, participants found it stressful and largely unsafe (e.g. participant 19 – ‘‘The timed one 

was easy, but I felt pressure to take over quickly so I don’t always check all the info”). 

5.4 Discussion 

The aims of this research were to explore how vocal communication during handover can be 

applied to C/HAVs. Two drivers handed control between one another in a driving simulator 

equipped with two steering wheels and two sets of control inputs. In particular, this study 

explored naturalistic and emergent handover vocal communication methods (Angrosino, 2016; 

Eriksson & Stanton, 2017c), and the information types transmitted during ‘free-form’ conditions. 

This study found that information transmission increased, and vocal communication methods and 

information transmitted differed greatly from before to after experiencing a set of pre-defined 

conditions inspired by shift-handover literature. Pre-defined conditions consisted of a checklist 

with read back (Boyd et al., 2014), a checklist with conversation-style questioning (adapted from: 

Bickmore & Cassell, 2001), open questioning of current driver (adapted from: Rayo et al., 2014), 

and a timed handover with a countdown. Differences in vehicle control between pre-defined 

conditions were also found, and qualitative feedback provided insights into drivers’ preferred 

handover protocols. 
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Overall, the percentage of ‘free-form’ handovers involving information transfer increased 

dramatically after experiencing the pre-defined conditions. The reasons for this change may 

include drawing inspiration from the pre-defined conditions, as well as learning effects. 

Regardless of the contributors to this change, this highlights areas for consideration, such as the 

use of training programmes, which reflects a current method undertaken in shift-handover (e.g. Li 

et al., 2012). 

Due to interactions featuring primarily vocal information, Grice’s (1975) Maxims could provide 

valuable insight in how to interpret these findings. In this section, each maxim is discussed in 

relation to the interactions that took place, and the feedback provided by participants regarding 

each condition. 

• Quantity – In the CL/RB and CL/GQ condition, participants found that the communication 

method was inefficient, thereby violating the maxim of quantity. It appears that 

participants did not feel as if it was necessary to verify information transfer for each 

individual piece of information transmitted (not overloading; concise delivery of 

information). For the OQ condition, participants felt that the level of personalization was 

a positive aspect, indicating that they prefer to dictate the amount of information 

provided themselves. 

• Quality – It was thought that the requirement to check information visually in the CL/GQ 

condition would be beneficial to drivers. However, our findings do not provide any insight 

into whether drivers felt that the truthfulness of either condition was greater than 

another. 

• Relation – In this study, the maxim of relation and quantity appear to be closely linked. 

Information deemed to exceed the optimum quantity could also be assumed to be 

unnecessary for the task. The procedure involved in the CL/RB conditions was deemed as 

unnecessary for several drivers, as well as scoring low on the acceptance/usability scales. 

Whereas the comments regarding the high degree of personalization offered by OQ, and 

the ability to ask questions that are contextual indicates that OQ addresses this maxim 

sufficiently. Open questioning of the current driver was the most common method 

observed, although this was likely to occur in conjunction with other methods. This shows 

that, when available, drivers naturally interact with the automated system to provide 

them information that they feel is necessary. These findings support the usage of a two-

way interaction system, much like that of shift-handover in other domains (e.g., Cheung 

et al., 2010; Patterson & Woods, 2001). 

• Manner – Subjective questionnaire ratings show that CL/RB and CL/GQ conditions may 

not be the preferred way of communicating with an automated system. Rather, 
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participants would more likely establish whether transmission was successful following 

the complete delivery of information (the strategy of Monologue; Fig. 5.5, Section 3.1), or 

favour nonverbal exchanges (i.e. Simple Exchange; Fig. 5.5, Section 3.1). The timed 

condition may indeed meet the maxim of manner, as this condition may be viewed as 

simplistic and concise. 

Differences in the information types transmitted in the two ‘free-form’ conditions could also 

provide insights into what information participants would like to receive from vocal 

communication with automation. Before taking part in the predefined conditions, the most 

common information types were speed, other road vehicles, position on road, as well as requests 

being made between both participants to adjust their driving behaviour prior to handover. Firstly, 

these findings confirm the intuitive nature of our checklist, as speed, other vehicles and lane 

position are featured in HazLanFueSEA, and the inspirations for its development (Walker et al., 

2010; Stanton et al., 2007). These information types remained in the top four most transmitted 

types after the pre-defined conditions were conducted. Drivers’ willingness to interact in this 

format provides further evidence towards the effectiveness of using checklists in the handover 

task, at least as a training tool (Riesenberg et al., 2009; Walker et al., 2010). 

All but one information type increased after taking part in the pre-defined conditions, showing an 

increase in the diversity of information transmitted. Interestingly, information typically revolved 

around HazLanFueSEA, with additional information types including traffic/route information and 

weather conditions. These novel information types should be considered for future checklist 

design (Riesenburg et al., 2009; Walker et al., 2010). The least common information type from 

HazLanFue-SEA was the action element. One interpretation of this is that moving to the left lane is 

implicit knowledge, and so in our scenario this would not be an information type necessarily 

worth transmitting but may be more relevant in other contexts. 

Findings related to longitudinal behaviour post-handover show that there is no difference in 

velocity change as a result of handover method. Conversely, mean lateral velocity over time, 

following handover, seemed to be a lot higher in the CL/GQ condition. Explanations for this 

include the requirement for the driver to pay attention to the environment to answer questions, 

whereas the CL/RB, OQ and T conditions did not require the driver to actively search the driving 

environment. The effects of handover interactions and visual behaviour could be a consideration 

during future experiments. 

From a design perspective, a balance should be struck between the system being usable, and the 

system being safe. Participants reported that the HazLanFueSEA conditions were safe due to the 

wealth of information being transmitted. However, drivers generally prefer open questioning due 
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to its flexibility in providing information the driver wants to know as well as allowing the system 

to acknowledge that the user is engaged. This supports a handover design inspired by two-way 

communication (e.g., Cheung et al., 2010; Patterson & Woods, 2001). This may have its own set-

backs, as a potential issue for designers could be that OQ does not deliver need-to-know 

information unless asked for. Further, as 30% of handovers were that of simple exchange, to 

increase safety, dynamic interfaces could be used to compensate for the reduced interactions 

that take place in this condition. In doing so, drivers that prefer not to engage in vocal 

communication can receive handover assistance through another medium (e.g. Tonnis, Lange, & 

Klinker, 2007; Walch et al., 2015). Finally, attention should be paid towards how the system 

confirms the driver’s SA. That is, if legal or safety concerns invoke attention in this form of 

handover design (de Carvalho et al., 2012). 

One of the key findings of this study is the diverse nature of drivers’ preferences. During 

experiments, drivers either preferred to interact vocally in great depth or handover with limited 

amount of information transfer. Usage of information types were diverse with many information 

types being utilised by only a few drivers. To that end, the results from this study point towards 

the need for personalization and integrate the features that drivers find to be most useful across 

all conditions (see. Bonnett, 2001; Small et al., 2011; Weld et al., 2003). 

There have been a number of suggestions for HMI’s to provide a platform for information relay 

during handover, as well as providing information to the driver during automated driving, 

representing the approach of combined performance of driver and automation (Merat & Lee, 

2012). To our knowledge, how vocal interaction with can be integrated with visual cues in regards 

to handover is yet to be considered in detail. Many of these streams have been considered in 

isolation, for example, handover assistants (Walch et al., 2015), vocal feedback (Eriksson & 

Stanton, 2017c; Stanton, & Edworthy, 1999), and haptic feedback (Petermeijer et al., 2017a; 

2017b). In line with Malleable Attentional Resource Theory (MART) the attentional resources of a 

human is finite and variable across certain tasks (Wickens, 1991; Young & Stanton, 2002; 2004), 

therefore designs should be tested that combine already tested concepts in handover design so 

that a single effective handover protocol can be formulated and tested. 

5.5 Conclusions 

This study explored the use of vocal communication as a tool for handover HMI design in level 

three and level four vehicles (Large et al., 2017; Stanton & Edworthy, 1999). How this technology 

can be applied is currently not known. This study addressed the application of vocal 

communication in the handover task in the context of level 3 and level 4 vehicles by conducting 
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handovers in a range of ‘free-form’ and pre-defined conditions in a dual-controlled driving 

simulation between two human drivers. 

Naturalistic and emergent themes from driver communication indicate an openness to 

information transfer, including the use of a checklist and interactive questioning. Due to the 

changing handover behaviour from before to after experiencing structured conditions, these 

results provide evidence for the potential effectiveness of training programmes to encourage 

effective vocal handover styles. Being able to ask questions of the automation was also the most 

utilised in free-form conditions and was rated the most usable, accepted and least mentally 

demanding process. If constraints allow for such designs, this approach may be fruitful in future 

design. 

Qualitative feedback and questionnaire data indicate the requirement for further examination of 

SA verification methods, as well as the requirement to explore the potential for personalization 

suited to driver preferences. Results also indicate that HMI designs should have the capacity to 

provide contextual information that is tailored to the environment. However, if a system must 

ensure information transfer has occurred, more exploration into driver to vehicle feedback is 

required as participants in this study demonstrated frustration to conditions such as read-back. 

Overall, drivers desire an efficient, safe and usable handover assistant. We propose that further 

research should determine whether the methods and information types generated by this 

experiment do indeed raise SA prior to handover, and how personalization can be applied to 

handover HMI design. 

As a result of this experiment, the following should be considered in future vocal handover 

assistant designs:  

• A usable and efficient way to confirm information transfer so that drivers do not become 

frustrated with handover Interactions.   

• The delivery of crucial and concise information, so that drivers receive the information 

they require without unnecessary information being received. 

• A degree of personalization to facilitate individual differences/preferences. 

• A way for drivers to gain up-to-date contextual information on demand. 

5.5.1 Future Directions 

This chapter proposes that communication within human-teams can be learnt from in order to 

design communicative handover assistants in C/HAVs. An experiment tested four vocal strategies 

in handing over control, with variability in how situation awareness is raised. Findings suggest that   
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questioning the automation prior to handover (analogous to that of clinical teams) may be the 

most usable and acceptable methods for communicating information.  A large proportion of 

handover research suggests that multi-modal cues are important in alerting and communicating 

with the driver. With an understanding of how and what should be vocally communicated during 

handover. Chapter 6 explores how visual displays may be used in conjunction with vocal guidance 

and explore which displays are more effective in addressing.
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Chapter 6 Directability and Eye-Gaze: Exploring 

Interactions between Vocal Cues and the use of Visual 

Displays 

6.1 Introduction 

So far, C/HAV interaction strategies that feature flexible and contextual handover communication 

seem to be more effective in addressing target outcomes. Now, with a good understanding of 

domain values, physical properties and potential applications to the domain, this chapter turns 

attention towards how visual information can supplement vocal communication for developing 

collaboration between driver and vehicle throughout the automation cycle.  Before entering the 

design stage of this thesis, this chapter builds on chapter 5 (Clark et al., 2019b) by analysing data 

from a driving simulation featuring a handover assist prototype developed by the HI:DAVe 

project. The data extracted and displayed in this chapter focuses on how the driver perceives 

visual information during the handover whilst engaging with vocal interaction. With a 

combination of visual, vocal and physical input modalities, a handover assist will be maximised in 

dealing with domain values, as outlined by the cognitive work analysis chapter (chapter 3). The 

outcomes of this chapter will allow for prototypes to present visual information to the most 

effective visual modality. For C/HAV handover, this could include directing the driver towards 

information such as hazards in the environment, the status of the vehicle, directing the driver 

towards upcoming events or actions. As highlighted in chapter 2, automation assistants designed 

in this way may go some way to alleviate the vulnerabilities that arise during the transfer of 

control. These assistants provide the driver with information and guidance as to what is going on 

in the environment, what is expected of them, and when/how transitions will take place. Previous 

research also indicates that vocal interaction style may have a desired effect on driver visual gaze 

behaviour (Clark et al., 2018). 

6.1.1 Visual gaze and automated driving 

This study was concerned with the ability for vocal interfaces to raise the awareness of a driver 

during automated driving via vocal interaction with the vehicle. Intuitively, access to visual 

information during the driving task is crucial to optimal driving performance (Owsley & McGwin, 

2010). Eye movements have also been proposed as a way of measuring situation awareness and 

predicting task performance (de Winter et al., 2018). It follows that driver eye movements during 
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automated driving should be considered when assessing various human-machine interface (HMI) 

implementation. The study was concerned with a number of additional factors that may influence 

visual gaze during AV interactions. Visual behaviour during the driving task appears to differ based 

on a handful of demographics: (1) Gender effects show that female drivers may conduct greater 

amounts of visual search during driving tasks than their male counterparts (Yan et al., 2016). (2) 

Older drivers may experience a deterioration in visual-motor coordination (Sun et al., 2016).  

Another variable that may affect takeover performance is the duration of time out-of-the-loop 

(TOOTL). TOOTL can result in slower reactions, and changes in gaze behaviour (Feldhütter et al., 

2017), so including it as a variable within this study was necessary to understand how this could 

affect task performance. Finally, expecting a handover may allow for more efficient visual search 

during transitions, leading to greater attention towards the road environment (Merat et al., 

2014). Therefore, for planned handover, such as the task implemented in this study, visual gaze 

durations towards areas of interest such as road-ahead may be higher than that of unexpected 

transitions. Not only is the handover task itself of importance, but the time following the takeover 

(where the system remains vulnerable) requires attention. This study has a secondary objective of 

analysing eye-gaze directly following handover to understand how visual interfaces are utilised 

during this period. 

To understand how visual information streams should be utilised for the purpose of handover 

transactions, this study implemented a handover task in a highway environment to (1) analyse 

how well vocal cues can guide visual gaze during handover and (2) understand the factors that 

may affect how, and to what extent, drivers rely on different visual displays during the C/HAV 

handover process, and moments after control is regained, by recording visual gaze behaviour. This 

was achieved by asking drivers questions regarding the driving scenario in an attempt to direct 

their gaze towards areas of importance (e.g. where hazards are, the status of the vehicle). By 

asking questions, drivers were able to feedback their responses and allow for the system to make 

a judgement of whether they are aware of their surroundings, therefore acting as a confirmation 

that they’ve processed the information and are aware of it. Gaze behaviour was tested for group 

differences for five variables – age, gender, TOOTL, and car type owned. 

6.2 Method 

6.2.1 Participants 

The quality of eye-tracking data is inherently dependent on individual differences, and can result 

in systematic and variable error. This has been well documented, and is a notable concern for eye-
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trackers that are not head-mounted (Aaltonen et al., 1998, p. 135; Hornof & Halverson, 2002). 

Participants that appeared to be poorly calibrated (more than or equal to 50% unaffiliated area of 

interest categorisation; i.e., not detected by eye-tracker or gaze was recorded for areas such as 

vehicle frame due to poor calibration) were excluded from the analysis. Of the original sixty-five 

participants, thirty were included in the analysis. During experimentation, there were no 

instances of simulator sickness, and one drop-out was incurred due to personal health concerns. 

Participants (N = 30) were recruited through a third party in collaboration with Jaguar Land Rover 

(Ethics Number: ERGO Number – 41761.A3). Drivers were categorised by Jaguar Land Rover’s 

marketing team as being drivers of mainstream (e.g., Ford, Toyota, Fiat) or premium (e.g., 

Mercedes, BMW, Rolls Royce) vehicles. The breakdown of demographics and vehicle type driven 

is displayed in Table 6.1. 

Drivers mean years spent driving was 23.8 years (SD = 14.2), and approximate annual mileage was 

12,111 miles (SD = 5688). Recruitment exclusion criteria included: irregular drivers (less than once 

per week), less than two years driving experience, conflict of interest either with their own or a 

close family member’s occupation/activity, susceptible to motion sickness, and pregnancy.  

Table 6.1 Demographic Spread of Drivers 

  Mainstream   
(e.g., Ford Fiesta)  

Premium   
(e.g., BMW F Series)  

  

Age  18-34  35-56  57-82  18-34  35-56  57-82  Totals  

Male  5  3  1  2  6  2  19  

Female  2  4  3  0  1  1  11  

Totals  7  7  4  2  7  3  30  

Note. N = 30; premium vehicle drivers made up 40% of the sample  

6.2.2 Design 

This study has three research questions: 

• How well does vocal interaction guide visual gaze during handover? 

• How are visual interfaces utilised differently for handover and manual driving on an 

individual basis? 

• How are visual interfaces utilised differently for handover and manual driving as a 

function of TOOTL, gender, age and current car ownership? 

To address these questions, participants took part in four repeated measures driving ‘trials’, each 

consisting of three handbacks (driver to vehicle), and three handovers (vehicle to driver). For each 

participant, half of trials were defined as being a ‘shorter’ TOOTL consisting of one minute of 
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automated control (three minutes in total for each short trial). The other half of trials were 

defined as being a ‘longer’ TOOTL consisting of 10 min of automated control (30 min in total for 

each long trial). The entire experiment took no longer than two hours 40 min to complete. To 

navigate when handovers took place, the experiment recorded time elapsed, availability of 

automation, current HMI state, and information regarding what stage the driver is at within the 

handover process. The independent variables collected included:  Whether the condition was set 

to short TOOTL or long TOOTL – repeated measures – two driving trials per condition 

• Demographic information from questionnaires: gender, age of driver and current vehicle 

model driven – between groups measure. 

• The area in which visual gaze was categorised: road ahead, head-up display, instrument 

cluster, and central console. 

• The proportion of vocal questions relating to each area (road ahead, head-up display, 

instrument cluster, and central console) during handover. 

The dependent variables of interest were:  

• Total gaze duration (how long participants spent looking at certain areas) towards four 

pre-allocated areas for categorising gaze coordinates: road ahead, head-up display, 

instrument cluster, and central console (see Fig. 6.1. For illustration). A recording of the 

coordinates of gaze at a 20 Hz resolution categorised each 20th of a second into one of 

the four areas of interest, giving a total gaze time for each of the four areas for each 

participant. This was measured on two occasions, the time taken between notification 

and handover (varying between participants due to individual behaviour), and the 60 s of 

manual driving following the takeover. Gaze coordinates allowed the categorisation of 

gaze-time for each participant towards the four areas of interest. 

As each participant took part in four trials (two shorter periods and two longer periods of TOOTL), 

participants were counterbalanced to experience TOOTL in various orders (SSLL, LLSS, SLSL, LSLS 

where S = shorter and L = longer). These were balanced across age and gender to ensure that 

each demographic experienced a similar number of orders throughout data collection. 

Vocal interaction for the handover process was inspired by previous work into non-critical 

handover interactions (Clark et al., 2018a, 2018b). The automated assistant asked the driver to 

answer a range of questions to ensure that awareness had been raised. This study implemented 

this method by asking the driver a set of questions before control was handed over to them. 

Drivers reported back vocally to the vehicle answers the questions asked. Correct responses were 

logged, and the question was repeated if incorrect before moving on to the next question. Table 
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6.2 displays the questions asked, and the relevant visual HMI component in which answers 

resided. Questions were randomly selected and defaulted to five questions, however, following 

each trial, participants could raise or lower the amount of questions asked to between 1 and 10. 

Table 6.2 List of potential questions asked during handover protocol and their associated visual 

display 

Question #  Question Vocally Presented  Associated Visual Display  

1  What colour is the vehicle in front?   Road View  

2  What type of vehicle is in front?   Road View  

3  Are you on a corner?  Road View  

4  Do you see a corner?  Road View  

5  What is the weather like?  Road View  

6  What lane are you in?  Road View  

7  What speed are you going at?  Head-up Display / Instrument Cluster  

8  What is your EV range?   Instrument Cluster  

9  What is your fuel range?  Instrument Cluster  

10  What time is it?   Instrument Cluster  

To understand how well vocal interaction guides visual attention this study aimed to correlate the 

area where the question relates to real-time visual gaze. 

6.2.3 Apparatus 

STISIM drive software was used to simulate a typical UK motorway environment. The simulator 

was built similar to that of the Range Rover Evoque, equipped with a single front-view screen, 

with separate wing mirrors and an augmented display for rear-view. In automated-vehicle tasks, 

multi-modal cues have been established as being beneficial for driver awareness and driver-

automation interaction (Borojeni et al., 2016; Petermeijer et al., 2017a; 2017b; Politis et al., 

2015). To that end, the simulator was equipped with a variety of HMI elements. Visually, the 

driver was presented with a digitalised instrument cluster (size approximately in line with that of 

the Range Rover Evoque), center console (18-in., 16:9, installed in the direct center of the vehicle) 

and a head-up display. 
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Figure 6.1  Example of vehicle in (top) and out (bottom) of automated mode  

The vehicle was also equipped with vocal and audio information streams, ambient lighting to 

indicate driving mode (orange for manual, blue for automated; see Fig. 6.1), and a vibrating seat 

that was initiated when a handover was expected, and when control was safely transferred to the 

driver. 

Eye tracking was conducted using two BASLER acA640 – 100gm cameras tasked with measuring 

head-position and eye trajectory (plotted on three axes). Eye-gazes were computed using SMART 

Eye software (version 7.0) using a construction of a 3D mesh representing the simulator 

environment and the associated information displays (see Figs. 6.2 and 6.3). 

 

Figure 6.2 Eye-tracking interface and areas of interests used for analysis 
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Figure 6.3 In-vehicle depiction of areas-of-interest used for analysis 

The driving environment was designed to replicate a three-lane stretch of road with no bends. 16 

regular road vehicles (i.e., cars, not vehicles like lorries) were generated to surround the vehicle 

being driven, speeding up and slowing down in-line with the main vehicle. This created a traffic 

‘bubble’ in which the participant was part of, so long as they stayed in the middle lane. Weather 

was set to dry and sunny. 

6.2.4 Procedure 

On arrival to the laboratory, participants were given a brief verbal introduction to the study and 

safety aspects. They then read the information sheet and signed a consent and attendance form. 

Following this, participants completed a demographic questionnaire capturing age, gender, and 

driving experience both generally and with automated features. Participants were then guided 

into the driving simulator where they adjusted seat and steering wheel positioning. Drivers were 

then introduced to the controls and information displays including the: cluster information, the 

head-up display, the central console, audio and verbal interaction, vibrating seat, and ambient 

lighting. Drivers were then introduced to what will happen in the experiment outlining how and 

when transitions were expected. 

Drivers took part in a shorter TOOTL condition (7 min in total) to become familiar with the 

vehicle’s controls and how to interact with the system. Drivers were then instructed that there 

were four trials in total, potentially taking up to 35 min to complete, and that breaks are 

encouraged prior to each trial. When the participant was satisfied that any remaining questions 

were addressed, the trials began. 
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For each trial, participants started in the hard shoulder of a motorway and were instructed to 

drive off into the middle lane, and keep to the local speed limit (70 mph). After a minute, the 

system vocalised to the driver that automation was available, and presented the driver with a 

tone and visual wording/icon accordingly. Participants passed control to the vehicle by pressing 

two flashing green buttons with their thumbs on the steering wheel. Once activated, the black 

lighting of the displays and the orange ambient lighting transitioned to white displays/blue 

lighting. Vocal indications were given throughout such as: ‘the car has control’. 

During automated control, to simulate a secondary task the driver played Tetris on a Window’s 

tablet, they were told that score was being recorded. The secondary task was implemented to 

ensure that driver’s attention was directed away from the driving task during automated control 

to measure how drivers raise awareness during the control transition process. A visual indicator 

counting down the time left in automation (from one minute or ten minutes depending on 

condition) was displayed on all three screens by default. At five, two, and one minute before 

manual control was expected, an audio tone and a vocalized alert was given to the driver 

notifying them of time remaining. When the countdown reached zero, the seat vibrated in co-

occurrence with an audio and vocal alert. The handover icon animated the requirement to 

resume driving position. At this stage, the vehicle vocalised questions, and displayed them on 

each display. Questions asked the driver about vehicle status (e.g., fuel left, speed), or the driving 

environment (e.g., what colour is the vehicle in front). Each answer was delivered vocally, and was 

categorised as being either correct or incorrect by the researcher. Once the car was satisfied that 

more than half of questions were correctly answered, the vehicle indicated to the driver to take 

control of the vehicle by vocally and visually communicating with the driver. Should questions 

come below the 50% threshold, an additional warning was given to the driver, but the handover 

was still initiated. After pressing the two green buttons the driver was now in control, audio, 

vocal, visual alerts and ambient lighting (now orange) were given and the vibrating seat pulsed 

one last time to confirm the handover. This process represented one control cycle, and was 

performed three times for each condition (12 for entire experimental session) before being asked 

to pull over to the hard shoulder and bring the vehicle to a stop. 

Once four trials had been complete, the driver left the vehicle and took part in a final debrief 

questionnaire where they were able to report their preferences and opinions about the handover 

procedures they had experienced. They were then thanked for their time, notified of payment, 

and advised not to drive for another 20 min. 
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6.2.5 Method of Analysis 

The following analyses were conducted to assess the nature of both handover and post-handover 

visual gaze behaviour: 

• Repeated measures ANOVA testing differences in total gaze durations during the vehicle-

to-driver handover process between four primary visual streams (road, cluster, head-up 

display and center console) 

• A Pearson’s correlation between the visual streams that were vocally prompted to, and 

actual visual gaze duration, testing for how well vocal interaction guides visual search. 

• How demographic and situational factors affected gaze durations – Gender, age, type of 

vehicle the driver owns and TOOTL. 

• Analysis of the above for post-handover (manual driving) visual gaze durations (with no 

vocal guidance provided). 

6.3 Results  

Gaze data were analysed using R-Studio v.0.99.902. Bar plots were generated using the ggplot2 

package. Post-experiment data processing involved trimming the data to isolate the time between 

the handover alert, and the resumption of control from the driver. The four primary visual 

information streams were used for analysis (road, instrument cluster, head-up display, center 

console). Frequencies of counts (one fiftieth of a second) were transformed into a mean time for 

a single handover in seconds for each participant, and mapped to the associated area of interest. 

The data were analysed by testing for overall differences in area of interest gaze-times, and then 

with the addition of explanatory variables such as gender, age, class of car owned and TOOTL. 

6.3.1 Handover process visual gaze durations 

6.3.1.1 Overall visual gaze duration 

 Fig. 6.4 displays overall differences in total gaze duration between each area of interest, 

displaying mean seconds for each area. Overall handover time varied based on a number of 

factors: how many questions participants selected to answer during the handover period after the 

first trial (default 5, could be changed to 1–10), and how long drivers took to respond with correct 

answers to vocal prompts. Finally, gaze-times that were unaffiliated to an area of interest were 

excluded from the plots and analysis. A repeated measures ANOVA found that there was a main 

effect of area on gaze duration, F(3, 124) = 72.64, p < .001, ηp² = 0.69. Pairwise t-tests corrected 
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with the Holm-Bonferroni method showed that there was a significant difference in mean-gaze 

duration for all comparisons of areas of interest (p < .001). 

 

Figure 6.4 Overall mean total gaze duration from the notification to the takeover of control 

displayed. Error bars represent confidence (95%) intervals. Line-plot indicates the 

expected gaze-time in relation to vocal prompts. *** indicates p < .001. 

Based on the distribution of where answers resided within the visual streams, total gaze duration 

was tested for a correlation with the percentage of questions that were implemented during 

handover protocol across the entire study. These distributions were as follows: Road view – 60%, 

Instrument Cluster – 35%, Head-up Display – 5%, Center Console – 0%. There was a significant 

Pearson’s correlation between vocal guidance and associated gaze durations towards the 

assigned visual stream (r = 0.71, p < .001).  

Fig. 6.5 displays visual gaze times as a stacked bar-plot representing each individual who took part 

in the trials. The stacked bar plot reveals four distinct features of individual gaze behaviour. (1) 

Overall, drivers appeared to gaze at the road as their main form of visual information source, 

varying little amongst drivers. (2) There was a consistent trend for greater gaze towards the 

instrument cluster for supplementary information. This seemed to vary little across participants. 

(3) The HUD was utilised by most participants, but gaze-times varied greatly across the sample. (4) 

The central console played a minor role in handover gaze behaviour, varying little across the 
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sample. Fig. 6.6 illustrates these differences as an expression of percentage for each individual 

participant rather than the absolute value. 

 

Figure 6.5 Handover total gaze duration in seconds towards areas of interest displayed across 

participant number 

 

Figure 6.6 Handover gaze duration displayed as percentage towards areas of interest displayed 

across participant number 

6.3.2 Demographics and behavioural factors  

It was hypothesised that demographical factors such as gender, age and class of vehicle owned 

would have an effect on gaze-behaviour during handover. Mixed-effects ANOVAs found no 

significant main effect for each variable (gender, age, vehicle-type owned and time out-of-the-
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loop; F(1, 115) = 0.44, p > .05, ηp² = 0.01; F(2, 114) = 1.33, p > .05, ηp² = 0.026; F (1, 115) = 1.02, 

p > .05, ηp² = 0.0003; F(1, 235) = 2.18, p > .05, ηp² = 0.003 respectively. Fig. 6.7 shows the effect 

of these factors on handover gaze behaviour. The spread of gaze time in these figures show the 

variability in gaze behaviour within groups - no clear differences arise for every category during 

analysis. 

 

Figure 6.7 Handover gaze times displayed for each demographic recorded (age, gender, out-of-

the-loop condition and car-type owned 

As demographic differences such as gender are typically low. A post-hoc G-power analysis 

suggests that with effect sizes as low as 0.44, a minimum sample size recommended is within the 

region of 70 drivers. 
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6.3.3 Post-handover (manual driving) visual gaze durations 

Fig 6.8 displays data from 60 s of manual driving following the handover process. It appeared that 

drivers were primarily gazing at the road with supplementary interface information coming from 

the head-up display and instrument cluster. A repeated measures ANOVA showed that there was 

a significant main effect of area on gaze-duration, F(3, 116) = 207, p < .001, ηp² = 0.84. Post-hoc 

pairwise t-tests corrected using the Bonferroni Holm method showed that there was a significant 

difference between every comparison of area (p < .001) except for the head-up display paired 

with the center console (p > .05). 

 

Figure 6.8  Overall post- handover mean gaze-times displayed with confidence (95%) intervals. 

*** indicates p < .001. 

Analogous to that of Figs. 6.9 and 6.10, the stacked barplots in Figs. 6.5 and 6.6 show overall 

visual gaze towards the four main areas of interest during manual driving for each participant. The 

data reveal noticeable trends (1) Overall, drivers are headsup, focusing on the road environments 

(2) There was a greater reliance on head-up displays for information when compared to visual 

gaze behaviour during handover interactions (3) similar to the handover, the instrument cluster 

remained one of the most relied on visual information displays. (4) Much like the handover data, 

the central console played a minor role in handover gaze behaviour, varying little across the 
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sample. Fig. 6.10 illustrates these differences as an expression of percentage rather than absolute 

value. These percentages illustrate how these proportions vary between drivers. 

 

Figure 6.9. Post-handover (manual) gaze-time in seconds towards areas of interest displayed 

across participant number 

 

Figure 6.10. Post-handover (manual) gaze-time in percentage towards areas of interest displayed 

across participant number 

For demographic differences, mixed-effects ANOVAs found no significant main effect for most 

variables (age, vehicle-type owned and TOOTL, F(2, 114) = 0.52, p > .05, ηp² = 0.009; F(1, 115) = 

0.21, p > .05, ηp² = 0.002; F(1, 235) = 0.32, p > .05, ηp² = 0.001, respectively). A Mixed-effects 

ANOVA for gender differences was significant, F(1, 115) = 7.05, p < .01, ηp²  = 0.06, showing that 

males and females differed significantly. Fig. 6.11 shows the effect of these factors on handover 
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gaze behaviour, indicating once again, that there is a great amount of variability within groups, 

resulting in less prevalent group differences. 

 

Figure 6.11 Post-handover (manual) gaze times displayed for each demographic recorded (age, 

gender, out-of-the-loop condition, car-type owned and whether drivers selected high 

or low amounts of visual information to be displayed on interfaces. 

6.4 Discussion 

The present study explored the nature of visual gaze durations towards differing visual 

information streams during handovers from a conditionally/highly automated vehicle (C/HAV) to 

the driver, and manual driving following these handovers. 

Overall, during the experiment drivers relied significantly on the road environment as their 

primary source of visual information, indicating that although HMIs are important for the 
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handover process (Eriksson & Stanton, 2018; Walch et al., 2015), it must not be forgotten that the 

real-time road environment is where drivers will look to gain accurate and detailed information. It 

follows that if the driver is to focus on the road environment, handover assistants could be 

implemented in a way to guide or supplement visual gaze towards important cues, rather than 

rely on head-down displays alone (e.g., Tesla, 2018). This could be implemented in tandem with 

vocal interaction (Clark et al., 2018; Eriksson & Stanton, 2017b; Large et al., 2017), or via more 

explicit head-up displays indicating road hazards through augmented reality (Eriksson et al., 

2019). 

Perhaps the most salient finding from this experiment was the high correlation between audio 

guidance towards areas of interest and visual gaze behaviour. This indicates that vocal guidance 

could serve as a robust tool in guiding drivers’ attention to relevant pieces of information for the 

purpose of transactions in situation awareness (Sorensen & Stanton, 2016), advancing on 

previous findings in eye-gaze behaviour during handover interactions (Clark et al., 2018b) 

indicating that designing vocal interactions to promote visual guidance should be considered by 

automotive designers and manufacturers alike. 

During handover interactions the instrument cluster, a short distance below the road view, was 

the visual HMI component that had the statistically significant longest gaze duration out of all 

visual streams, for the purpose of handover interaction. Instrument clusters are more populous 

amongst road-vehicle models than both head-up displays and central consoles, which are more 

likely to be found in prestige vehicles. The Technology Acceptance Model (TAM3; Venkatesh & 

Bala, 2008) provides a way of being able to explore these findings in light of how users uptake 

new types of technology. The TAM3 outlines a combination of user, system, device relevance, 

perceptions and social interactions that lead to the use or disuse of technology. Within the model, 

experience with other devices can act as a barrier to uptake, for example if the user finds that the 

current technology is easier to use due to experience, even if it is less optimal. It follows that 

drivers may have interacted with the instrument cluster as this is a component that they are more 

familiar with compared to the other visual displays. This may lead to an increased perceived 

usefulness, and in turn, intention to use. The cluster display also requires less physical effort to 

glance at if the driver is in a standard driving position, therefore may be preferred over the centre 

console. 

The TAM3 may also explain why there was a great amount of individual difference in the gaze 

duration towards the head-up display during handover and manual interactions. It may be that 

those with current HUD technology in their vehicles are more likely to use this visual information 

stream as their experience may interact with their perceived usefulness and intention to use. In 
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this experiment, the head-up display was limited to a small subsection, just above the view of the 

steering wheel. It was not addressed whether an entire screen augmentation would better guide 

a driver’s search for visual information. 

One recurrent finding during this experiment was the low reliance on the central console 

compared to the other visual streams made available. The role of the central console in HMI 

design is contentious, as it is possible to display a lot of information on these screens, such as 

those found within infotainment systems in current level 3/4 models and concept designs (e.g., 

Tesla S Class, Audi A8; Tesla, 2018; Audi, 2019a), but little is known about their practical 

affordances. The nature of the central console during handover interactions has not yet been 

established, although our findings show that the role for handover information on this particular 

display may not be as important as those that are found within the road environment or screens 

closer to this area. 

For post-handover manual driving, drivers’ attention for the most part was heads-up. Minor 

glances towards each displays were made, with some drivers opting to rely on the head-up display 

for supplementary information. 

It was hypothesised that certain demographics of drivers may have differing gaze duration 

behaviour when it comes to the handover task (Feldhütter et al., 2017; Sun et al., 2016; Yan et al., 

2016). Our findings show that, visual gaze towards visual displays did not differ with respect to 

demographics such as gender, age, and whether the driver drove a premium or mainstream 

vehicle. These findings extend to other such variables such as time out-of-the-loop and how much 

information was kept on visual displays. However, there was a significant effect for gender on the 

reliance on head-up-displays, indicating that males may favour this visual stream for manual 

driving more so than females. Previous findings show that visual behaviour regarding scan paths 

and vigilance are variables that differ (Feldhütter et al., 2017; Sun et al., 2016; Yan et al., 2016), 

however, our findings indicate that this may not extend to which visual streams drivers utilise 

during handover interactions. It follows that perhaps providing a default option for drivers that 

covers road-based guidance, and cluster information, as well as high amounts of HUD 

customizability (due to the high within subjects variance in gaze duration), might be the best 

approach to cater for a broad range of driver characteristics. 

This experiment contributes towards how the role of directability (Clark, 1996; Klein et al., 2004; 

2005) can be implemented as a method of vehicle-to-driver communication. Based on these 

findings, directing attention towards relevant visual information, as well as focusing on head-up 

appear to be valid as a way of implementing this approach. It follows that, based on our road gaze 

time duration findings, guiding the driver to important areas within the environment may allow 
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for drivers to raise their own SA during transactions (Sorensen & Stanton, 2016; Stanton et al., 

2006; Stanton et al., 2017). This brings into question the direction of current handover assistants 

are taking, as many implement a center-console approach targeting interactions during TOOTL 

(e.g., Tesla S- Class; Tesla, 2018; 2020). Our findings suggest that relying on such interfaces may 

be appropriate during automated periods, although a shift of focus towards head-up methods 

may be more suitable during SA transactions during handover. 

Additionally, the variation in eye-gaze behaviour between drivers (see Figs. 6.5, 6.6, 6.9 and 6.10) 

shows the requirement for these transactions to be customizable. Manufacturers should remain 

focused on raising SA for safety, but appropriately implement concepts such as directability to do 

so. In other words, as seen by these findings, designs should ensure that handover assistants are 

utilised by the driver in a way that they feel is accessible and suits their schema requirements 

(Neisser, 1976; Stanton et al., 2006). 

6.4.1 Conclusions 

This experiment measured driver eye-gazes during handover and manual interactions in a level 

three automated vehicle motorway simulation. Eye gaze durations showed that vocal guidance 

may serve as an effective tool in guiding visual attention. Further, great variability in the 

utilisation of visual information streams suggests the requirement for customization. Finally, 

particularly during manual driving following handover, drivers gazed minimally at the centre 

console - suggesting that current AV designs are not addressing the unique requirements of 

handover interaction and how these visual streams are utilised when coming back into the loop. 

These findings show how the concept of directability can be implemented into AVs as a means of 

facilitating situation awareness transactions. Further work should address the ways in which 

head-up augmentations can be used to guide visual awareness and explore which vocal cues may 

be most suitable in raising SA during control transitions. 

6.4.2 Future Directions 

So far, this thesis has scoped communication theory, the current state of C/HAV HMI, domain 

constraints, shift-handover practices, how vocal communication can be implemented in human-

automation interaction, and how visual information can supplement vocal information. The next 

stage in the thesis is to design a testable prototype for C/HAV interaction. Chapter 7 recruits 

drivers belonging to different skill groups, and conducts focus groups, asking users what they 

suggest for C/HAV interaction during a journey. The chapter brings the thesis one step closer to a 
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design outcome and demonstrates how user-participation can be conducted for human factors 

design. 
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Chapter 7 Participatory Workshops for Designing 

Interactions in Automated Vehicles 

7.1 Introduction 

This chapter, along with chapter 8, draws together all previous chapters to generate and design a 

prototype that addresses the concepts outlined in previous chapters. So far, the following tenets 

can be assumed: 

• Interaction should consider the entire control cycle, not just handover (chapter 3 – 

cognitive work analysis). 

• Information transfer should be bidirectional, situation-specific, and give the user control 

of what information is displayed relayed (chapters 4 and 5). 

• Allowing the driver to ask questions during the journey appears to be an effective SA 

raising strategy (chapters 4 and 5). 

• Automation should communicate its current state, intentions and perceptions (chapters 2 

and 3) 

• Vocal and visual communication together can serve as effective modalities for driver-

automation interaction (chapters 3 and 6). 

This chapter presents findings from participatory workshops where the user-group (i.e. drivers) 

are brought together into groups to discuss potential solutions to C/HAV interaction. These focus 

groups are performed for each skill group, as each skill group will hold different requirements for 

raising situation awareness. 

7.1.1 Driver Skill in C/HAVs 

Distributed situation awareness refers to Neisser’s Perceptual Cycle Model (Neisser, 1976) to 

provide insights into how individual agents integrate with their environment, both perceptually 

and behaviourally. The model outlines that individuals make use of ‘schemata’ – mental templates 

constructed from experience that are accessed to interpret environmental cues and 

guides appropriate behavioural responses. In driving tasks, the idea of every driver possessing 

unique schemata as a result of past experiential and behavioural events raises an interesting 

question - How do drivers of differing skill view the handover task in C/HAVs? To begin answering 

this question, it is necessary to evaluate previous research on driver skill and behaviour.  
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The relationship between the ability to raise individual SA and driver skill shows that advanced 

driver training may improve driver situation awareness (Walker et al., 2009). Walker et al. found 

that advanced driver training may improve working memory capabilities that result in the 

improvement of driver situation awareness (Walker et al., 2009). Advanced drivers have also been 

found to pay closer attention to environmental feedback (Bainbridge, 1978; Stanton et al., 

2007). This addresses Neisser’s Perceptual Cycle Model (Neisser, 1976) as driver behaviour 

(attention) is guided by driver schemata (as a result of experience) and become more sensitive to 

environmental cues. For this reason, it could be predicted that advanced drivers may not require 

comprehensive handover assistants, as they are more capable of processing environmental 

information and raise their own individual SA without the need for complimentary interfaces. This 

is further illustrated by findings presented by Young and Stanton who found that there was an 

effect of driver skill on the issue of workload in automated driving (Young & Stanton, 

2002a). Young and Stanton (2002a; 2002b; 2007) summarise their findings with reference to the 

Malleable Attentional Resources Theory as an illustration of the inverse relationship between 

driver skill and mental workload (Gopher & Kimchi, 1989). As skill increases in the driving task, so 

does automacity. However, automacity can lead to a greater level of complacency (Charlton & 

Starkey, 2011). For this reason, advanced drivers may in part be more capable of performing but 

may not rely on assistance systems in the process. Further, research into new drivers and hazard 

perception shows a range of differences to their more experienced counterparts such as less 

efficient gaze behaviour, less vigilant regarding their mirrors, and focus closer to the front of the 

vehicle (Quimby et al., 1986). It may be that drivers of less experience will benefit from handover 

awareness assist more-so due to their attentional shortcomings as learners. 

Driver experience, and driver age, are inherently correlated. Arguably, with age comes changes in 

the way the driving task is performed, and studies looking into driver skill are inevitably be 

confounded by this variable; a factor recognised across driving research (e.g., Evans, 2004). In 

controlled experiments exploring takeover performance and age Körber et al. (2016) found little 

differences in behavioural performance when drivers were asked to take control with and without 

a secondary task. Morgan et al. (2016) argue that most handover studies have focused on mainly 

middle-aged and high-mileage drivers. As interaction with automation is dependent on driver 

skill (Young & Stanton, 2007a) it’s important to consider the future of C/HAV operation for the 

range of driver skill groups. In the current state, C/HAVs will be implemented in vehicles with high 

prestige. However, over time, C/HAVs will become more accessible to a wide range of drivers with 

differing skills and experience. It may be that advanced drivers, equipped with their experience, 

will be more comfortable taking control from a C/HAV as they are familiar with the nature of the 

roadway, however, a learner would have had less exposure such events. 
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7.1.2 Current study and research questions  

Participatory design is an approach to a design-problem that seeks to include the end-user in the 

design process, thus addressing their needs and concerns at the beginning of the design 

lifecycle (Sanders, 2003). It stems from the philosophy that users have valuable insights that can 

lead to creative concepts when given the chance to share their ideas (Sanders, 2003). The 

challenge arises for designers to take user-experience and participatory designs and implement 

them with practical, realistic and balanced approach (Spinuzzi, 2011). A good illustration of 

this concept is the implementation of customisation and personalisation in designs (Bonett, 2001; 

Brennan & Adelman, 2008). Customisation, by definition, allows users to individually tailor 

preferences/requirements to their own individual needs (The Oxford English Dictionary, 2018a), 

but should lie within scope of design specifications and legislature. On the other hand, 

personalisation relates to the profiling and creation of a design that can be applied to a target 

group (The Oxford English Dictionary, 2018b). Both approaches appear to have individual merit, 

however, understanding how both can be implemented requires a sufficient amount of 

knowledge about user needs and requirements (Spinuzzi, 2011).  

The domain of C/HAV handover lends itself to the participatory design approach due to the 

availability of a range of demographics available to researchers as drivers are part of the general 

public. This study implements the participatory design approach by asking groups of drivers to 

discuss and design a C/HAV handover/handback assistant. The following research question was 

central to discussions: how do drivers of different skill categories view solutions to the 

handover and handback problem in C/HAVs?  

7.2 Method 

7.2.1 Participants  

Ethical approval was gained via the University of Southampton ethics panel [ERGO II No. 

40182]. Drivers were recruited across three separate categories as defined by Young and 

Stanton (2007): 1) learner drivers – currently having lessons, 2) intermediate drivers – drivers who 

have held a full-licence for over 1 year and 3) advanced drivers – have completed an advanced 

driving course under the Institute of Advanced Motorists (IAM; 2016) or The Royal Society for the 

Prevention of Accidents (RoSPA; 2018). Due to availability and population demographics, 

balancing age and gender was challenging (e.g., learner drivers more likely to be young, advanced 

drivers likely to be older males). These confounding variables are well noted across driving 

research (Evans, 2004).  
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Focus groups consisted of between five and seven participants, conforming with size of focus 

groups outlined by Krueger and Casey (2002; 2015) Participant data is displayed in tables 7.1 and 

7.2 displaying demographics and driving experience.  

Table 7.1 Participant demographics 

Skill Category N Gender (M/F) Mean Age 

Learner 7 4/3 26.1 (SD = 6.4) 

Intermediate 6 1/5 52.6 (SD = 16.8) 

Advanced 5 3/2 63.3 (SD = 7.2) 

 

Table 7.2 Participant Driving Experience 

Skill 
Category  

Mean Annual 
Mileage  

Mean Years Held 
Licence  

Mean learner 
hours  

Mean years as 
advanced driver  

Learner  -  -  52.6 (SD = 39.7)  -  

Intermediate  6500 (SD = 3500)  32 (SD = 15.6)  -  -  

Advanced  12600 (SD = 2191)  47 (SD = 9.4)  -  18.3 (SD = 10.6)  

7.2.2 Design  

Focus groups lasted approximately one and a half hours in line with common-practice (e.g., HSE, 

2003). Driver skill was implemented as a between-group, three-level independent-

variable categorised into groups of learner, intermediate and advanced drivers. Additional 

variables measured from the sessions were: age, gender, annual mileage, years holding licence 

(and where applicable, hours of lessons and years of holding advanced qualification). Dependent 

variables from this study were the output from audio data and collective written design 

suggestions using post-it notes on a pre-designed template.  

7.2.3 Procedure  

Participants were recruited either via the University of Southampton’s internal web-page 

(targeting learners/intermediates), through driving schools/instructors (targeting learners), or 

through contacting IAM or RoSPA (targeting advanced). Prior to taking part in the focus group, 

each participant filled out a demographics questionnaire. A introduction was given by the first 

author to inform participants of the current state of C/HAVs, the challenges faced by designers 

(i.e. situation awareness, usability and trust), and the interface elements that are available to 

designers in current C/HAVs such as head-up and head-down displays, vocal assistants, audio 

cues, haptic feedback, and inputs. Following this, groups were then introduced to one of three 

storyboard scenarios. In scenario 1, participants were asked to discuss and generate design 
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concepts related to one-hour OOTL. Scenario 2 followed a similar story line with the change to 10-

minutes. Scenario 3 represented a general scenario with no time constraints asking what 

participants would like from the hand-back procedure (interfaces prior to activating automation).  

Participants discussed their thoughts in relation to their driving experiences and a range of factors 

that they could consider. These factors were drawn from the cognitive work analysis within 

chapter 3 representing the different modalities available (e.g., audio, visual), the types of visual 

displays (e.g., head-up/head-down display), and timings from the SOCA-CAT. This framework was 

presented to the group in the form of a diagram representing stages and swim-lanes (see fig 7.3 

for template structure). They were asked to generate information types and how they’re 

delivered as a group, using their collective experiences and wrote onto a blank swim-lane diagram 

placed in the centre of the room. The facilitator’s role during discussions was to ensure that 

timings were met and write up the group’s ideas on post-it notes as well as prompt participants as 

to what information stream they desired each process to be allocated to, if not already specified.  

7.2.4 Method of Analysis 

The data from this study were derived from demographic information, design concepts, and audio 

recordings. For each suggestion that the group agreed upon (as derived from audio recordings 

and written task), a schematic was digitally generated for each group as outlined in their written 

design concepts. A thematic analysis of transcripts was conducted to determine what aspects of 

handover protocol each group focussed on during discussions - attributions made by two analysts 

of a random selection of suggestions (comprising 40% of total suggestions) agreed on 83.3% 

of statement-theme parings, exceeding the widely accepted minimum requirement for 

agreement (McHugh, 2012).  

7.3 Results 

Figure 7.1 displays the frequency of design suggestions made by drivers during focus 

groups regarding the handover (driver to vehicle) in relation to five main themes. Themes were 

generated by the grouping of each suggestion (Learner = 18, Intermediate = 14, Advanced = 16):  

• Alert – Any suggestion made that relates to the driver being made aware that a handover 

is required (e.g. audio tone and flashing light on dashboard).  

• Check Arousal – Any suggestion made that relates to the vehicle assessing the physical 

and/or cognitive arousal of the driver, whether that be through requests to actively 

respond, or implicit methods such as built in eye-tracking.  
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• Choreography – Any suggestion made that relates to timings, coordination, or clarity of 

the handover process. Examples include the state of automation, and the time left until 

handover is expected.  

• Aid Awareness – Any suggestion made that indicates a requirement for the vehicle to feed 

information to the driver related to the past, present or future state of the driving 

scenario. Examples include hazards, and route planning information.  

• Transition – Any suggestion made that relates to the physical aspect of taking over control 

of the vehicle (e.g. taking control of pedals before steering wheel).  

 

Figure 7.1 Summary of themes generated from focus group transcripts, split across skill groups 
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Figure 7.2 Frequency of suggestions comparing the themes ‘aid awareness’ and ‘transition’ 

between driver skill groups 

The stacked bar plot (figure 7.1) shows that discussions in the learner group focused more-so on 

alerts and awareness assist, whereas as driver experience increased, a shift away from awareness 

assist towards designing better, and smoother ways of transitioning control was observed – this is 

better presented in figure 7.2. To understand these differences better, each group’s final designs 

and comments are discussed in detail in the following sections.  

7.3.1 Learner handover design 

Figure 7.3 displays the design schematic created by the learner drivers’ group. Overall, this group 

preferred visual interfaces to guide handover interactions. Starting with a vibrating seat “3 to 5 

minutes before takeover was expected”, notifications would steadily increase as the takeover 

time drew nearer. Vocal and audio notifications (e.g., polite tone or vocal instruction) would 

reduce radio volume and interacted with electronic devices that may be in use (e.g., smartphone). 

The group thought it would be important for the alerts and timings to be specific to the secondary 

task that was being performed (e.g., emailing, reading, and conversing). From here, the driver 

provides an input (e.g., squeezable portion of the wheel or sensors on the wheel) to verify they 

are aware that they are required to take control.  

During the information stage, the group thought it would be important to receive real-time 

information about where they were, and what the situation was like up ahead. GPS info was 

expected to be displayed on a centre console, with augmented traffic information on the HUD. 

Customisable vocal output was also desired at this stage. Concurrently, the group wanted 
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information such as current gear and current speed displayed on the HUD, and any dangerous 

weather information to be displayed both on the HDD and HUD. From here, drivers wanted a way 

to raise awareness of what was around them through the use of surround cameras, and blind spot 

indicators. Finally, prior to the takeover process, the group requested a way to reset driving 

position (seat and wheel position) to that of driving rather than secondary task, however, in a 

level 3 vehicle this may not be feasible due to the potential for an emergency takeover.  

To take control, the learner focus group wanted an input in button form, due to its reliance, and a 

clear signal that control is now in the hands of the driver. Further, this group requested that 

automation would oversee their driving performance following handover. Throughout both 

automated and manual control, drivers requested that the HDD showed when it was in 

automated mode, a clear colour tint of the display (e.g., amber for manual, green for automated). 

Finally, whilst in automated mode, this group requested there to be a timer present on the HUD 

indicating when driver control was expected, and a manual over-ride capability.  

For shorter journeys, the group found it to be important to customise the amount of time that is 

given for alerts to be given. It was widely thought that for a 10 minute automation period, 1 

minute was sufficient to be alerted, raise SA, and regain control. In regards to interfaces, the 

group decided that a lot can change in 10 minutes and kept the same design as the 1-hour out-of-

the-loop scenario.  
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Figure 7.3. Handover design from the learner driver group. Lanes indicate modality, nodes 
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applies throughout 
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7.3.2 Intermediate handover design 

Figure 7.4 displays the design schematic created by the intermediate drivers’ group. Overall, this 

group preferred visual interfaces in tandem with a vocal interface to guide handover 

interactions. The group discussed how they want the vehicle to have a typical cluster (speedo, 

RPM, fuel, engine temperature). Starting with the radio volume being lowered, the group 

requested a ‘non-threatening’ jingle or tone to be presented, that increased in intensity over 

time. Next, they wanted information on the HDD, HUD and on vocal to notify them of how long 

they have left, customised to 5 or 10 minutes prior to takeover. In tandem, the group requested 

distance left until takeover was expected, alongside any route, journey and traffic information 

displayed both on the HDD and vocally.  

For the information stage, the group decided on having the different input options to either 

override (directly to takeover control), or receive awareness information. At this stage, if the 

driver has yet to respond, the seatbelt will pulse and the seat vibrates. The group then requested: 

a) upcoming traffic or queues at the junction to be displayed both on the HUD and vocally 

b) Concurrently, drivers wanted fuel state and potential refill stations to be displayed should it be 

of importance c) the vehicle highlights other vehicles and hazards on the HUD that the driver can 

cancel should they wish d) weather and road condition information to be displayed on the HDD as 

well as ambient lighting to match (e.g., green for good conditions and red for 

dangerous conditions).   

To takeover, the group felt it necessary to have a countdown on both the HDD, HUD and vocal 

interfaces in a 300/200/100 yard fashion. At this point, the group felt it necessary to have two 

inputs on the steering wheel that are activated at the same time to avoid accidental deactivation 

of autopilot. This, as well as pedal input and gaze detection to show that the driver is ready to 

take control of the vehicle.   

During the entire process, the intermediate focus group requested a way of asking the vehicle to 

repeat the last piece of information, as well as a way of overriding automation and taking control 

instantly. Further, to make sure the handover does not surprise drivers, the group requested the 

ability to be able to input new directions or plans to the vehicle whilst it is in automated 

mode. Finally, customisation was important for this group, specifically in relation to confounding 

factors such as children in the car interfering with vocal assistants, this group also requested 

a customisation system for which modalities are used, as well as being tailored to those who have 

particular accessibility requirements.  
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The intermediate group believed it to be unimportant to have any awareness assist or dangerous 

weather and road conditions displayed to them for shorter journeys. They suggested a 2 minute 

warning for ten minutes in automation – potentially calculated based on percentage of total 

automation time, which is vocally communicated once and is then followed by a HUD countdown 

display in time.   
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Figure 7.4. Handover design from the intermediate driver group. Lanes indicate modality, nodes 

indicate type of information. Vertically connected/adjacent nodes indicate 

concurrent presentation. Y-axis indicates time. Dotted boxes indicate that the node 



Chapter 7 

114 

7.3.3 Advanced handover design 

Figure 7.5 displays the design schematic created by the advanced drivers’ group. Overall, this 

group preferred smooth transitions of control with little information displayed with regards to 

awareness assist. Starting with a ‘quiet sound’ that increases in intensity as time goes on, 

alongside a flashing light to show that the car expects a takeover soon. If no response is given, the 

seat would vibrate. To respond to automation, this group preferred to vocally communicate that 

they are ready.   

For the information stage, the advanced group wanted ice information displayed on the HUD and 

communicated vocally, as well as vocal indication as to current location and upcoming situation 

(junction). At this stage, this group requested blind-spot indicators to be active. Next, opt-

in customised awareness assist (e.g., HUD/vocal) was suggested, but not forced upon the driver.   

To make the transition, this group suggested that the driver could drive the vehicle for a specific 

amount of time, without actually having control, once this was done for a set amount of time, the 

vehicle would know that the driver knows what they are doing and would transition control with a 

vocal countdown (i.e., 1 mile, ½ mile, 3, 2, 1).   

Just like the other groups, the advanced driver group made it clear that they would like a manual 

override in the form of dual-inputs, as well as customisable profiles for handover assist suited to 

the driver and the secondary task to be performed.   

There was little comment by the advanced driver focus group as to how they’d change the 

handover process given the amount of time out of automation. However, they made it clear that 

they require an instant takeover input and that the process should not be ‘too long’.   
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Figure 7.5. Handover design from the advanced driver group. Lanes indicate modality, nodes indicate type 

of information. Vertically connected/adjacent nodes indicate concurrent presentation. Y-axis 

indicates time. Dotted boxes indicate that the node applies throughout the entire handover 

procedure. 

7.3.4 Handback Designs 

7.3.4.1 Learner Group 

Figure 7.6 displays the handback designs outlining how groups approached the action of 

transferring control back to automated driving when it is 

available. Generally, handback designs considered driver trust with the automated 

system and the physical action of transferring control. Groups differed in their approaches. The 

learner group preferred to have a universal audio tone displayed, and the amount of time of 

automation available displayed in the HUD. Concurrently, they requested pages in a HDD console 

to show route info, the awareness the car has of the environment and the car’s future actions so 

that ‘faith’ can be built up prior to activation. Next, a green indicator is to be displayed on the 
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HDD indicating a safe transition, and finally, symbols and colours are to be displayed across HDD 

and HUD to show the transition of control to automation as well as the slackening of controls.   

7.3.4.2 Intermediate Group 

The intermediate group suggested a more interactive handback design involving a range of driver 

inputs. To begin, this group desired physical road signs indicating that automation can be safely 

activated within a certain region. In the vehicle they wanted the amount of time that automation 

can be active to be displayed on the HDD alongside colours/symbols on the HUD indicating that 

automation is available. The group made it clear that they wanted automation to support an opt-

in approach. Following this, this group requested for the HDD to display information showing that 

the vehicle knew where it was and what it was going to do in the future (e.g., turn-off/handover). 

Concurrently, on the HUD, visual indicators that the vehicle is aware off, and processing the 

movements of other vehicles, as well as weather conditions, were requested. Before giving 

control, this group requested the option to confirm destination and junction through vocal 

interaction with the vehicle (input and feedback). Following the input of taking control, this group 

requested a countdown before control is handed back, and feedback through vibrations if the 

automation is not able to be activated. When control is given to automation, this group wanted 

communication to continue through the use of button inputs.   

7.3.4.3 Advanced Group 

The advanced group favoured a simple approach to the handback – a clear indication of whether 

it’s safe to activate represented using a traffic light system (representing sensors and 

infrastructure status), on the HDD and HUD. They requested for the transition to 

automated control to be staged starting with pedals, and then the steering wheel, 

to gradually build trust. Finally, a change in colour across the HDD indicates that automation is 

now in control.   
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Figure 7.6. Handback designs for each driver group. Lanes indicate modality, nodes indicate type 

of information. Vertically connected/adjacent nodes indicate concurrent 

presentation. Y-axis indicates group. 
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7.4 Discussion 

This study explored how drivers of differing experiences envisaged handover assistants with the 

intention of promoting safety, whilst being usable, and calibrated to suitable levels of trust. This 

was done through the use of focus groups to explore in detail how drivers viewed the issue of 

handover whilst being out of the loop for differing periods of time (1 hour vs 10 minutes) as well 

as how control should be handed back to automation.   

7.4.1 Comparison of groups’ handover designs 

As the intermediate and advanced group were similar in mean age (52.5 and 63.3 respectively), 

comparisons can be made more easily between focus group designs. Overall, the advanced driver 

group expressed less reliance on the HMI for awareness and strategic planning and focused more 

on the transition itself. By way of contrast, learner and intermediate drivers expressed a 

preference for HDD, HUD and vocal interactions to raise awareness and guide the handover. 

As driver SA has been shown to be related to advanced driver training (Stanton et al., 2006; 

Walker et al., 2009) it seems plausible that advanced drivers expressed a greater willingness to 

detect and process environmental cues themselves (Stanton et al., 2006; Bainbridge, 

1978) without the assist of a handover HMI (e.g., “Keeping my eye on the road at a certain 

time… so if I need information, it’d have to be projected onto a windscreen - but I’m not sure I 

need all of that information”, advanced group, participant 2, lines 239-242).  

As automacity and workload are related to driver skill (Young & Stanton, 2007a) learner and 

intermediate drivers may be more reliant on multiple streams of information such as concurrent 

displays for handover notifications when compared to their advanced counterparts (learners – 

traffic/location data on HDD, HUD and vocal; intermediates – notification and route data 

displayed on HDD, HUD and vocal; e.g., “maybe you have something… you feel something, then 

you see something and then you hear something”; learner group, participant 5, Lines 22-25). This 

is supported by research showing a reduction in perceived mental workload, and greater user 

preference with the presentation of multimodal feedback (Oviatt, 1997; Vitense et al., 2003). This 

finding also supports previously proposed handover HMIs and the effectiveness of multimodal 

vehicle-initiated takeover requests (Walch et al., 2017; Petermeijer et al., 2017a; 2017b; Politis et 

al., 2014). 

Perhaps the most discussed topic across all groups was the need for customisation; a topic 

previously explored by Bazilinskyy and his colleagues (Bazilinskyy & de Winter, 2015; Bazilinskyy 

et al., 2015). The concept of customisation in this study centred primarily on the modality in 

which information is displayed to the driver (e.g., “Well, I know I’ve got two kids in the back, and 
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they’re going to be singing or something,… So vocal things aren’t going to cut it today”; 

intermediate group, participant 4, lines 600-602), but also how much time in advance 

drivers were alerted for the purpose of concluding secondary tasks or TOOTL (e.g., “I know I’m 

waiting on an important email, no matter what time you wake me up, I’m going to have to 

somehow finish it, and slam down my laptop, so I want 2 miles notice, not one”; advanced group, 

participant 3, lines 315-317; “you’re going to Romsey (from Southampton) you set the timer to 1 

minute, and if you go to Newcastle you set it to 3 to 5 minutes”; learner group, participant 5, lines 

340-343). However, recommendation of what default, safety-critical settings should be was 

communicated by the advanced group (e.g., “Well, then the default state needs to be 

safety”; participant 4, advanced group, lines 453-454). Solutions across the groups involved being 

able to make changes to the handover protocol prior to setting off for a journey in the form of a 

system that allows for pre-set and customisable profiles (e.g., “Well, maybe there should be 

different modes. One that has the voice, one that has haptics, and then one where it 

has haptics and lights, and written stuff”; learner group, participant 6, lines 126-127).   

All groups requested a way for the transition to require more than one input to avoid accidental 

deactivation, for example, the intermediate group suggested two sensors on the steering wheel in 

concurrence with detection of pedal inputs before automation can be deactivated. All groups 

requested information about where they were and what was coming up, either in the form of 

HUD augmentation coming up to junction, or as a regular sat-nav implemented on the console.   

7.4.2 Changes when shorter time out-of-the-loop 

There has been little research regarding time out-of-the-loop (TOOTL) and the changes to be 

made regarding its effect on handover performance from automation to human 

operator. Typically, the energy production domain favours allocating more time to handover if the 

incoming staff have been absent for a longer period of time (Adamson, Lardner, & Miller, 1999; 

Lewis & Swaim, 1988). There is a clear need in this domain to commit more resources to the 

handover task when TOOTL is higher. This study explored this concept in the automated 

vehicle handover task, and asked what drivers may want to change in a handover HMI in the 

scenario of 10 minutes vs 1 hour.   

Most of the discussion regarding TOOTL in both the learner and the intermediate group 

surrounded the amount of time prior to the takeover that alerts were given. Learners requested 

shorter journeys to give a one minute warning (e.g., “I think the timings could be shorter, if it’s 

only 10 minutes you don’t need a 3 minute warning”; learner group, participant 3, line 

327) whereas intermediates preferred a more sophisticated system that calculates a percentage 



Chapter 7 

120 

of the TOOTL for the amount of time given prior to takeover (e.g., “Percentage based on time 

overall for planned automation”; intermediate group, participant 3, line 551). The learner group 

kept their information streams the same, whereas intermediates stated that it wasn’t important 

to have either awareness assist or information about weather/road conditions (e.g., “No no, I 

don’t think you’d need it” - in response to question about awareness assist; intermediate group, 

participant 1, line 510). It may be that learners, with less skill, have a greater need for 

awareness assist, which is supported by research showing a decreased ability to detect 

hazards (Mayhew & Simpson, 1995; Quimby et al., 1986). Advanced drivers made no changes to 

their interface design, however, as their design for the 1-hour scenario was relatively brief, this is 

unsurprising given their previously stated views on awareness assist.  

7.4.3 Comparison of groups’ handback designs 

Each group requested a way of visualising the state of automation and its capabilities. Learner 

drivers suggested that the car presented its proposed future intentions, intermediates suggested 

a HUD that showed that the car could detect other vehicles, and the advanced group favoured a 

simpler design consisting of a traffic light system on how risky it is to activate automation given 

current infrastructure and road condition. This kind of information could enable drivers to 

calibrate trust with automation so that they can assess whether they can rely on automation prior 

to activation, a concept well reported across research into how operators use automation (Lee & 

See, 2004; Walker et al., 2016). Both the learner and advanced group requested a mode-change 

either on the HDD or HUD for clear awareness that the automation is in control, which addresses 

the problem of mode-error that may come-about through interactions with automation (Sarter & 

Woods, 1992; 1995; Stanton et al., 2011). 

Intermediate drivers requested more strategic information prior to handback such as a 

confirmation of destination and junction, a display to show how long the system can be 

automated for, and other cues such as road-signals to show that automation can be activated.   

7.4.4 Relevance to DSA and JA 

Although participants were not directly asked to design around DSA and JA, discussing these 

findings in relation to these theories will provide value for the remaining chapters. By 

revisiting Salmon et al.’s recommendations in light of DSA (Salmon et al., 2009), a number 

of comments reflected a need to tailor interactions to drivers. Quotes such as “you don’t want it 

to say too much to you, you know like a voicemail message, it takes forever to get the information 

you need” (intermediate group, participant 5, line 149-150) indicate a need for information to be 
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well tailored and efficiently delivered to the driver during transactions. Another example 

of addressing the DSA recommendations is the use of customisable interactions – a recurring 

theme throughout all focus groups.   

Differences across groups provide an indication the driver schemata varies across skill groups, and 

each require a tailored approach to C/HAV handover and handback. Examples include the 

expression of favour towards HUDs and HDDs during handover assist in both learner and 

intermediate drivers when compared to advanced drivers. As illustrated in previous research, 

advanced drivers may possess schemata that allow them to raise their own SA more readily than 

that of their less experienced counterparts (Bainbridge, 1978; Walker et al., 2009). 

As a final example of an insight of applications of DSA in C/HAV interactions, many drivers across 

skill groups requested a handback display that presents the driver with the performance, 

awareness, and the future plans of the automated system to be present prior to the driver 

relinquishing control. Access to information such as this, at this particular time, indicates how 

both driver and automation can possess different, but compatible, SA which is then 

communicated at a specific time-point to facilitate decision making of drivers – i.e. whether to 

activate automation (Sorensen & Stanton, 2016; Stanton et al., 2007).  

These focus groups indicate that DSA, when applied to C/HAV handover/handback, seems 

to address a number of drivers’ recommendations for design – this may be in part due to its ability 

to address safety, efficiency, and tailored designs towards individual requirements and the level 

of skill (Salmon et al., 2009). 

From the perspective of JA, aspects of the handover interactions provided in this chapter relate to 

JA’s core concepts (Klein et al., 2004; 2005). For example, much of the focus of the handover 

interactions provided is on ‘what am I expected to do?’ - related to timings and actions in the 

future. This addresses the JA concept of directability, an important aspect to ensuring that human 

and machine teams work effectively together. Examples include ensuring that alerts are given in a 

timely manner and directing the driver to the correct inputs when expecting to transfer control. 

During handback, all groups provided a recommendation related to the capacity of the vehicle, 

and whether it was safe to activate automation under current circumstances. For example, the 

learner group requested communication related to what the vehicle is going to do within the next 

one minute, and to indicate when it is fully safe to transfer control. The intermediate group 

requested a visual indication of what the vehicle can see, so that they can ensure that the vehicle 

is detecting both vehicle and weather appropriately before transferring control. Finally, the 

advanced group requested a traffic light system, indicating when activating automation was either 



Chapter 7 

122 

risky or completely safe. Each of these suggestions address the vehicles ability to perform its given 

role, and by communicating such information, the driver can make better decisions regarding safe 

operation of the vehicle. 

Confirmations and on-the-fly changes to route plans indicate the requirement to reach shared-

goals and expectancies. Whilst the HUD and HDD serve as coordination devices, aligning actions in 

real-time. Together, these design recommendations address the concepts of JA. Going forward, 

ensuring that these specific recommendations are prioritised in design is important, as these 

recommendations are likely to be effective in coordinating activity between driver and 

automation. 

7.4.5 Limitations 

As a focus group study, the designs presented represent the approaches taken between groups, 

which may vary between individual groups regardless of driver-experience category. As an 

example, the learner group preferred to list out multiple ideas and then debate them, whereas 

the intermediate group agreed on each element prior to moving on to the next stage. Further, the 

amount of disagreement varied from group to group, with advanced drivers showing the most 

disagreement regarding individual solutions, this lead to variation in the groups’ abilities to 

converge on an agreed solution. In response to disagreements, the groups decided on methods 

of customisation.  

A further limitation to note is that the scenarios found within this study are focused on UK 

roadways, and participants recruited for the study were living within the UK for study or work. It 

follows that the designs, responses and recommendations made by participants may be more 

aligned to environments found within the UK (e.g., weather conditions, road layout, distance 

between junctions, hazards, national law and the behaviour of other road users). Further work 

will be required to gain a better understanding of what different users from various nations across 

the world require for AV interaction. 

Finally, each skill group only featured one focus group worth of data. The sample, therefore, may 

limit potential applicability of these findings as they appear in this study. However, these 

recommendations can still serve as a guide and discussion-point for further developments, 

particularly towards how different individuals exhibit different needs during C/HAV interaction. 
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7.4.6 Conclusion 

This study explored how drivers of differing skill levels approached the handover problem through 

the use of handover HMIs. HMI solutions for the automation-to-driver transition of control from 

three focus groups (learner, intermediate and advanced drivers) were 

presented. Additionally, amendments for shorter time out-of-the-loop, and three solutions for 

the driver-to-automation transition of control were outlined. As predicted, advanced drivers show 

a preference for limited information in awareness-assist interfaces, and generally preferred not to 

rely on HDDs and HUDs for transitions, whereas learner and intermediate drivers 

requested more information to guide them through the handover using multi-modal approaches. 

It is worth noting that advanced drivers may be exhibiting more complacency when 

recommending lower levels of driver assistance (Charlton & Starkey, 2011). For this reason, 

advanced drivers may in part be more capable of performing but may not rely on assistance 

systems in the process. Therefore, care must be taken to ensure that ‘need-to-know’ information 

is delivered to all drivers of varying skill, leaving non-essential information to be customisable. 

Customisation of handover protocol was a common theme throughout the discussions involving 

changes to alert times, and changes to modalities for the display of information. Innovative 

designs for handover and handback were created including surround cameras and augmented 

traffic situation (learner group), sophisticated timing systems (intermediate group) and ghosting 

control of the vehicle prior to handover (advanced group). When addressing the handback, 

factors such as calibrating trust (Lee & See, 2004; Walker et al., 2016) could be assisted by 

providing the driver detailed information about automation performance and intentions.  

This study provides researchers and designers with ideas for the transition of control in non-

critical scenarios, as well as an appreciation of how this may differ with greater driving 

experience. Implementing designs to accommodate for new insights into distributed 

situation awareness shows that tailoring the handover towards individual requirements in the 

driving task is of great importance (Salmon et al., 2009). Further, as drivers of differing skill vary 

based on attentional resources (Young & Stanton, 2007a), and capability to develop and maintain 

SA (Walker et al., 2009), it is important to address this factor when considering handover HMI 

designs. Further work should explore the role of customisation for application to C/HAV design – 

however, care must be paid as to what information remains safety-

critical information during transitions of control and responsibility.   
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7.4.7 Future Directions 

This chapter presented issues in C/HAV interaction to users of varying skill-level. The next chapter 

develops designs by factoring in all previous chapters, including the results from the participatory 

design workshops.  
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Chapter 8 Designing Automated Vehicle Interactions 

using Design with Intent 

8.1 Introduction 

To give structure to the design process, this chapter culminates all previous chapters by 

presenting previous findings to a group of human-factors experts, and conducting a workshop 

centred around a human factors group design technique – design with intent (DwI; Lockton & 

Stanton, 2010; Lockton et al., 2010). Many methods are available to practitioners to analyse the 

domain under analysis and generate design guidelines that are both in line with theory and 

address practical concerns (Stanton et al., 2017a), however, methods that are broad and 

efficiently generate design solutions are few and underrepresented in the literature. The Design 

with Intent toolkit (Lockton & Stanton, 2010; Lockton et al., 2010; Lockton, 2015), a concept 

generation tool, is amongst these underrepresented methods. Its inception in 2010 saw great 

traction in human factors research (376 google scholar citations at time of writing). Although 

influential, its application is rarely reported, consequently potential insights into the power and 

scope of the tool remains largely unseen.  

8.1.1 Introduction to Design with Intent 

The DwI philosophy postulates that desired behaviours can be encouraged through design, and 

that any given system design can benefit from interdisciplinary design methods (i.e. not 

necessarily domain specific methods), which is largely beneficial to new domains with little 

accumulated knowledge (Lockton & Stanton, 2010; Lockton et al., 2010). The DwI toolkit compiles 

101 design considerations for guiding human behaviour, broken down into eight lenses – each 

addressing a different ‘worldview’ expressed across a variety of domains. Each card presents the 

individual with a consideration such as from the cognitive lens - “Habits - Can you make it easy for 

a new behaviour to become habitual, by building it in to an existing routine?”. Individuals record 

their responses, with the given problem and solution in mind. For example, a car manufacturer 

may wish to place their headlight switches closer to the ignition to encourage automacity when 

switching off lights before leaving the vehicle (see figure 8.1 for example). 
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Figure 8.1. Example card found in the DwI toolkit 

Without prompts like these, designers may overlook opportunities for safety critical behaviours to 

become managed and guided. Although typically conducted as a group, there is no strict way of 

applying the toolkit. The authors indicate that the toolkit is not a prescriptive method and serves 

to guide discussion rather than dictate it. It follows that designers from a variety of domains can 

adapt the toolkit around their specific requirements and roles. 

8.1.2 Design with Intent for in-vehicle interface design 

An application of DwI for improving in-vehicle display interfaces comes from Allison and Stanton 

(2020). Allison and Stanton (2020) utilised the DwI toolkit to facilitate creativity in relation to 

displays that communicate fuel use, cost and emissions to reduce driver carbon footprint. 

Categorised into HMI modality and theme, the authors present 138 design suggestions related to 

human interaction and the promotion of fuel-efficiency. Through a process of exclusion, design 

suggestions were reduced to a total of 14. These were then rated by participants to gauge user 

likelihood to use the design specification. Allison and Stanton (2020) demonstrate the 

effectiveness of DwI by clearly and succinctly summarising workshop findings their application 

using quantitative and qualitative methods. 

The task of optimising interactions between driver and automation in level 3 and 4 AVs can be 

achieved through considering interface design, alongside temporal aspects of the AV domain such 

as pre-journey, manual driving, transfers of control and automated driving. By focusing on the 

design goal – an automated driving assistant that collaborates with the driver – issues such as 

mode errors and coordination issues could be better prevented as well as improving SA (e.g., 

Ackerman et al., 2017; Flemisch et al., 2012; Klein et al., 2004; 2005).  
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This is thought to be achieved through concepts such as being able to inter-predict one another’s 

actions, be aware of system capacity, and direct one another towards actions and areas of 

interest. This thesis postulates that this should occur throughout the automated cycle in order to 

better align goals and expectancies so that system performance is improved throughout the 

journey. To generate concepts related to these values, DwI can aid in putting these values to 

practice by suggesting novel approaches towards communication, either through explicit displays 

or through wider means such as vehicle decision making, culture, and education. 

8.1.3 Current Application 

This DwI workshop brought together a group of human factors experts to consider the problem of 

human-automation communication in level 3 and 4 automation. The goal of the workshop was to 

consider each of the 101 cards and discuss potential solutions or ideas related to the card to 

design an automated assistant that guides transitions of control, relays capacity, situation 

information, and aims to improve clarity, usability and optimise trust. Participants were given an 

overview of the preceding chapters to help guide discussion and centre recommendations around 

pre-existing findings within this body of work. The handover of control was framed as a major 

concern of level 3 and 4 AVs, but the assistant was to be considered throughout the automation 

cycle. We present themes and a design solution generated from this workshop to illustrate: 1. 

When considering the 101 prompts from the DwI toolkit, what are deemed to be the most 

important considerations for human factors experts towards shared control AVs. 2. To provide an 

example method for utilising the DwI toolkit for prototype inspiration within a safety critical 

domain. 

The process for conducting the workshop, therefore, was a divergent stage and a convergent 

stage. During the divergent stage, participants went through each card and generated design 

suggestions in line to how the card could address the findings and domain outline of the thesis. 

Once complete, the convergent stage drew together recurring and similar suggestions into a 

single example design to demonstrate how a coordinative automation assistant could manifest 

itself physically. 
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Figure 8.2. DwI Workshop outline – divergent and convergent stages and their outcomes 

8.2 Method 

8.2.1 Participants 

Ethical approval was granted via the University of Southampton ethics panel [ERGO II No. 47643]. 

Five participants (2F, 3M) were recruited through internal communications at the university. All 

five participants were experts in Human Factors with experience of working in automobile 

domains (2 of which were automated vehicle researchers). Participants had been researchers in 

Human Factors for a mean of 12.4 years (range of 4 to 34 years). 

8.2.2 Design 

The design-with-intent workshop lasted a full day, with five hours allocated to generate design 

suggestions for each of the 101 workshop cards. This involved each participant writing comments 

for one fifth of the cards dealt out (approximately 20 cards) and feeding back their ideas to the 

rest of the group. When presenting back to the group, other members were able to provide 

additional ideas following discussions. These comments formed the basis for thematic analysis. 

8.2.3 Materials 

A presentation on level 3 and 4 AVs and the current state of the domain was delivered to the 

workshop. The presentation focused on the theoretical frameworks outlined in chapter 2, the 

current state of AVs and the work completed previously. The 101 DwI cards were used for idea 

generation and discussion. To aid in discussion surrounding the optimisation of communication, 

the abstraction hierarchy presented in chapter 3 from the cognitive work analysis (Rasmussen et 

al., 1990; Vicente, 1999) provided the group with an idea of what values effective communication 
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aimed to address, and the physical objects that are available to designers in this domain (e.g. 

head-up displays, vibrating seats, lights on steering wheel etc.). The SOCA-CAT allowed the 

experts to see what tasks were required to be performed throughout the automation cycle, and 

which agent was responsible (e.g., navigation, who’s in control and when etc.). An overview of 

previous work and findings was also given, alongside copies of figures from previous studies to 

align participants with the objectives and previous work outlined within the thesis. How 

interactions took place and what was to be communicated during interaction with the system 

were completely open for participants to decide. 

8.2.4 Procedure 

Due to the niche nature of the target sample, participants were recruited internally and 

opportunistically. Participants arrived at 9am on the day of the workshop. They were welcomed, 

briefed, asked to read the information sheet and sign the consent form to indicate that they are 

content with the day’s activities, anonymity, confidentiality and data-protection. Following this, a 

safety brief was conducted as well as a brief introduction to the researcher and an introduction to 

the field of research was delivered by the lead-researcher.  

The presentation lasted for thirty minutes and involved several aspects of automated driving such 

as: the levels of automation (specifically level three and four automation, in which this research 

considers), the drawbacks of these levels, an introduction to joint activity and distributed 

situation awareness in which the tenets outlined in sections 2.1.4.1 and 2.1.4.2 were described in 

detail, a broad overview of previous notable findings, the CWA, the findings from previous 

chapters, and what yet needs to be developed. The presentation was supplemented with 

printouts of notable figures throughout this thesis and a list of tenets from both JA and DSA. 

These printouts remained present during all stages of the design workshop to allow participants 

to refer to them during the task. 

The work-domain analysis and the SOCA-CAT was central to the discussions that took part in this 

workshop. These, along with figures from previous chapters outlining experimental findings were 

given to the group prior to the session and were guided through the content during the 

presentation. They were then introduced to their design problem: ‘to consider how to optimise 

interaction between driver and automation where transfers of control are to be expected’. To aid 

in this task, the outcome of a previously constructed cognitive work analysis output shows why 

effective communication is important – notably, to improve usability (Barón & Green, 2006; 

Nwiabu & Adeyanju, 2012; Ponsa et al., 2009; Schieben et al., 2011), situation awareness (Stanton 

& Young, 2000; Heikoop et al., 2016), efficiency, trust (Lee & See, 2004; Walker et al., 2016), 
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coordinated activity (Bradshaw et al., 2009; Klein et al., 2004; 2005), safety (Brandenburg & 

Skottke, 2014; Merat & Jamson, 2009; Eriksson & Stanton, 2017b) and optimise workload (de 

Winter et al., 2014; Young & Stanton, 2002b). Using the CWA findings from chapter 3, participants 

were introduced to what is available to human-machine interface designers for the purpose of 

facilitating interaction, such as centre consoles, head-up displays and vocal communication. 

With an understanding of the field and the questions that are required to be addressed, 

participants were then individually dealt out a selection of cards (randomised) from the Design 

with Intent pack (5 participants – approximately 20 cards each). Individually, participants wrote 

on post-it notes on their cards in a way in which they believe the card could contribute to an 

optimal interaction between driver and automation – keeping the design values in mind 

throughout. Upon completing their individual cards, participants presented their card to the 

group along with their thoughts surrounding their suggestions. Other members of the group then 

added additional post-it notes to these cards as discussions unfolded. Following this, the 

participants were thanked for their time, and then debriefed. 

8.2.5 Method of Analysis 

The data from this workshop comes directly from the comments related to each of the 101 cards. 

These comments were categorised using thematic analysis. The thematic analysis considered the 

topic that the comment referenced. Where communication was concerned, this was sub-

categorised to allow for a thorough exploration of the issues that were deemed important during 

the workshop. 

8.3 Results 

This section provides an insight into the theme categories for level 3/4 AV interaction that HF 

experts commented on, along with example comments from the workshop. 

8.3.1 Themes generated during divergent stage 

Table 8.1 shows the themes and distribution across comments. The x-axis indicates the theme 

denoted to each comment, and the y-axis indicates the frequency at which comments were coded 

under each theme. Communication was the most discussed element regarding interaction design. 

Next were implementing boundaries towards how the AV should operate and comments related 

to the social aspect of automated driving (e.g., interacting with the community, connected 

vehicles). Finally, four themes were rarely referenced, including learning materials for AV 

operation, how the vehicle should behave under certain conditions, how the physical layout of 
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the vehicle should operate, and how the interaction should be customisable. Each theme is 

discussed in detail in the following sections. 

Table 8.1. Frequency of suggestions within the themes generated and their respective lenses 

 Architectural Cognitive Errorproofing Interaction Ludic Machiavellian Perceptual Security 

Behaviour 1 0 1 0 0 3 2 1 

Communication 13 10 5 12 5 5 14 8 

Customisation 1 1 2 1 1 0 0 0 

Implement 
Boundary 7 1 7 0 0 4 1 4 

Learning 1 3 0 1 2 2 0 1 

Physical 4 2 1 0 0 1 0 0 

Social 0 4 0 2 5 3 2 3 

8.3.1.1 Communication 

Communication made up nearly half of comments made during the session (50.7%). The theme 

communication relates to any comment reflecting the nature of the human-machine interface, 

how the vehicle should communicate with the driver, and how situation awareness should be 

raised during transitions.  

Due to the breadth and complexity of this theme, this theme was broken down into six sub-

themes to better navigate comments made. Figure 8.4 and Table 8.1 outline these subthemes by 

outlining their frequencies, descriptions and example quotes to illustrate each sub-theme. 

 

Figure 8.3. Barchart showing themes generated from thematically analysing DwI comments, and 

their associated frequency of comments. 
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Figure 8.4. Barchart showing themes generated from thematically analysing DwI comments, and 

their associated frequency of comments. 

Table 8.2. Sub-themes for the theme ‘communication’ along with descriptions and example 

comments for each sub-theme 

Sub-theme Description Example comment 

Coordination Collaboration of timings, states and 
guidance towards what is expected 
during the automated cycle. 

“Checklist or sequence "have control”, 
"take control", "control accepted", "OK". 
Protocol for info transfer like aviation”. 
Perceptual lens – Implied Sequence. 

Awareness The raising of situation awareness 
within the system. Either through HMI 
displays or communication that 
relates to the environment (e.g. 
hazards). 

“Radar based damage trajectory for 
manoeuvres”. Security lens – threat to 
property. 

Coaxing The concept of invoking a pre-
conceived behaviour for the driver to 
perform. For the most part, this 
relates to engaging with the system 
rather than ignoring it 

“Driving manual in automation zone gets 
lots of requests for automation”. 
Machiavellian – Poison Pill. 
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Connectivity The personification of an automated 
driving assistant or improving the ease 
of accessibility with AV interaction. 

Personas for the automated system; 
Cognitive – Emotional Engagement” or 
“Level 5 - taxi – Level 4 - guardian angel 
– Level 3 – driving instructor – Level 2 
backseat driver with human controls - 
extension of persona idea”. Perceptual – 
Metaphors 

Alerting Direct commands such as notifications 
and alerts – typically to avert potential 
unawareness of the driver 

“Warn if driver inattention is detected - 
automation watching over driver when 
they are driving manually and warns 
them if error is detected. Errorproofing – 
Conditional Warnings 

Capacity The automated vehicle’s or driver’s 
ability to handle a current or 
upcoming situation. This may involve 
relaying performance metrics as 
automation behaves, or notifications 
of potential uncertainty in whether 
the agent can handle the task it is 
expected to perform 

“Emphasise limits or capability of 
automation -> what it can or can't do -> 
educate drivers on limits”. Cognitive – 
Scarcity or “Traffic light indication of 
increasing readiness of automation to 
take control”. Interaction - Partial 
Completion” 

8.3.1.2 Boundaries 

Returning to figure 8.3, the second most discussed theme was the use of boundaries (14% of 

comments). This involves the strict implementation of rules or the blocking of control functions 

under certain conditions. These conditions may include driver unreadiness, situational constraints 

such as terrain, or amount of driver experience. This is illustrated by the following quote: “Manual 

driving only operates when driver is in correct position; Errorproofing – Matched Affordances”. 

These comments indicate a condition that may be breached and the boundaries that the system 

implements in these situations. These conditions may relate to driver condition, but also 

automation capability, as illustrated by the following quote: “Automation only available in places 

that work; Security – Where you are”. 

8.3.1.3 Social 

Linking the driver to the social domain was deemed important by HF experts (11% of comments). 

Comments relating to the ‘social’ theme encompassed legal recommendations (e.g., “Driver 

should always have ultimate responsibility; Perceptual – Watermarking”) or connect the driver to 

the social environment (e.g., “Customisation sharing - for different road conditions e.g. genius 

play tests - different events different environments; Ludic – Make it a meme). The social theme 

suggests that automated driving behaviours can be encouraged through the use of peer-feedback, 

or social coercion. 
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8.3.1.4 Learning 

Education and learning how a system operate features in the ‘learning’ theme (5.8% of 

comments). Experts commented on how skill will develop over time with continued use, and with 

it, conditions can change. This may be through bottom-up approaches to learning (e.g. “Make 

automation availability consistent - road condition, road type, traffic. So users learn pairings; 

Cognitive – Habit), or through top-down methods such as training programs or introductory 

materials (e.g., “Video's/animation of polite role model users. Accessed via centre console 

operational at the setup stage; Ludic - Storytelling”. 

8.3.1.5 Behaviour 

How a vehicle or driver behaves at a certain time was another aspect of interaction according to 

HF experts (5.2% of comments). Here, there were no specific messages relayed between either 

party, merely, they would act in a certain way under certain conditions. Comments typically 

related to vehicle behaviour (e.g., “Form of steering wheel changes based on automation 

readiness/control and human sensors - ‘normal’ steering wheel only when completely ready for 

driver control”; Perceptual – Perceived Affordances), or decision making (e.g., “car drops itself 

down levels of automation (however, could cause mode confusion)”; Architectural – Segmentation 

and Spacing). 

8.3.1.6 Physical 

Physical properties, particularly prior to handover, makes up the ‘physical’ theme (4.7% of 

comments). Physical properties involved control elements such as button inputs (e.g., “Button to 

give control to human based on steering wheel - 2 buttons”; Architectural – Positioning). Other 

comments related to the body positioning and seat configuration when a handover is to be 

expected (e.g., “Manual driving only operates when driver is in correct position”; Errorproofing – 

Matched Affordances). 

8.3.1.7 Customisation 

The final theme for comments during the divergence stage of the DWI workshop involved the 

presence of customisable functions in AV interaction (3.5% of comments). Comments related 

either to automatic setting changes decided by the AV (e.g., “auto customise options/functions 

for different contexts and environments”; Errorproofing – Choice Editing), or through driver-

initiated customisation (e.g., “Amount of control e.g. lane keeping - little or full support - 

implement dials”; Errorproofing – Portions). 
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8.3.2 Solution generated for convergent stage 

Following the divergent stage, in which comments were provided for each of the 101 cards in the 

DwI toolkit, experts took part in the convergent stage, where concepts home in on a single 

response to the factors that were considered prior. The group created an automated assistant 

named ‘Steeri’, who coordinated with the driver depending on context and stage of the 

automation cycle. In the event of planned or unplanned handovers, Steeri provides the driver 

with real-time assistance to navigate plans, alerts, and monitor driver awareness. The context of 

automated driving, and the capacity that automation has was an important aspect of this design. 

Steeri communicates with the driver through an augmented head-up display and vocal 

interaction. Steeri raises the awareness of the driver through real-time hazard identification and 

notifications for transitions of control.  Depending on current operational capacity, Steeri would 

change his features (through the medium of fashion; i.e. a captain’s hat when in control. This 

design makes use of many levels of automation, suggesting that vehicles could feature level 1, 2, 3 

and 4 capabilities. Here, the driver could have one feature automated (e.g., lane keeping) 

whereas, if all functions are automated, Steeri can communicate to the driver when he needs to 

be monitored in case of a potential dropout. State would be primarily communicated through a 

state bar with a vehicle indicating current automation state. Steeri features trip-planning and 

navigation capabilities, with the driver having the option of requesting Steeri to ‘take me to work’. 

A summary of the components found within the convergent solution is presented in full in table 

8.2, along with the related themes from the analysis in table 8.3. 

 

Figure 8.5. Convergent solution following the divergent stage 
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Table 8.3. Features of divergent solution, description and associated themes 

Design component Description Associated 

Theme/Sub-Theme 

Adapts to performance 

capacity 

Automation transitions between modes 

dependent on situational constraints 

Boundaries, Behaviour, 

Capacity, Coaxing 

Two-way dialogue Vocal cues and alerts coordinate actions and 

allow the driver to interact with Steeri to raise 

situation awareness 

Alerting, Coordination, 

Awareness, 

Connectivity 

Anthropomorphic 

assistant 

Driving state and situation is communicated 

through an assistant that represents a co-pilot 

Connectivity 

Icon indications for mode Steeri changes image based on mode and 

situation 

Alerting, Awareness, 

Coordination, Learning 

Augmented situation 

information on HUD 

Driver can access situation information close 

to the road environment 

Awareness 

Bar indicating state A sliding bar allows the driver to see where on 

the scale the current driving setting is 

Awareness, 

Coordination, Capacity 

Psychophysical sensors Sensors can detect whether the driver is able 

to drive 

Awareness, Capacity, 

Coaxing 

8.4 Discussion 

The Design with Intent toolkit serves as an idea generation tool for product or system designers to 

consider the complexity of human interaction (Lockton & Stanton, 2010; Lockton et al., 2010). 

This work demonstrates that although DwI originated from product design, it can be readily 

adopted to deal with new safety critical domains where guidance is limited. By utilising 101 cross-

domain considerations this study provides a demonstration of how DwI can be used to identify 

potential implementations of technology in the target domain of level 3 and 4 AVs and provides 

an example design solution as a result of this workshop. DwI is well adapted towards novel 

concept design inspiration in newly developing domains (Lockton & Stanton, 2010; Lockton et al., 

2010), however, published use of DwI is lacking and its use in safety critical domains is largely 

undocumented. 

8.4.1 Overview of findings 

Through the medium of thematic analysis, DwI output is presented as a summary of themes 

related to AV interaction design. With each theme are an associated number of suggestions for 
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design that the researcher can utilise for formulating design solutions. In this study, participants 

were tasked with converging on a single solution related to aspects covered throughout the 

workshop. 

Participants generated a design solution that was not only well aligned with the themes identified 

in the workshop comments (indicating that participants were influenced by the prompts given 

during the divergence stage), but also a design solution that merges together a vast number of 

previously researched concerns in level 3 and 4 AVs. Experts suggested the use of a personified 

virtual assistant who can communicate emotional cues and engage with the user in dialogue. This, 

in tandem with coordinative communication (i.e. state displays and guidance through transitions 

of control), awareness communication, alerts, and careful planning go a long way towards 

addressing the sub-themes identified within the theme ‘communication’. The automated 

assistant, due to its personification, could connect the driver with automation by communicating 

feelings such as happiness, worry, or inactivity in certain situations – in line with previous work in 

AV interaction. Not only this, but an automated system could increase safety by determining 

where and when automation can function, and whether to handover control to a driver in certain 

states of unawareness – addressing the theme ‘boundaries’. If this system were able to guide and 

teach the driver and eventually allow them to adapt settings as skill improved, then the solution 

would address two additional themes – ‘learning’ and ‘customisation’. The system could monitor 

driver readiness in terms of physical position and include features that reduces mode error or 

physical errors such as slips – addressing the ‘physical’ theme. This design goes some way towards 

addressing the issues of increased automation capabilities such as mode confusion, degraded 

situation awareness and agent coordination (de Winter et al., 2014; Endsley & Kiris, 1995; 

Eriksson & Stanton, 2017; Sarter & Woods, 1992; 1995; Sorensen & Stanton, 2016; Stanton et al., 

2017). 

This design solution is just one example of taking the first steps into designing a user interaction in 

a safety-critical domain. It is apparent that many of the features found within the convergent 

solution relate to the comments made during the stage prior. Going forward, researchers with 

output like this may wish to create a prototype that resembles the convergent solution(s) from 

the design workshop and test them against current designs. 

8.4.2 Applications to future AVs 

Understandably, in this study, human factors experts identified solutions focused on 

communication concepts such as HMI displays to address AV interaction. The sub-themes 

identified for the theme ‘communication’ fall in line with previous research, notably where 
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interfaces explicitly communicate state, performance and capacity information to improve AV 

interaction (Beller et al., 2013; Klein et al., 2004; 2005; Lee & See, 2004). A similar concern was 

directed towards with the states of awareness within the system and make an array of 

suggestions towards raising situation awareness though transactions of information (Ackerman et 

al., 2017; Endsley & Kiris, 1995; Sorensen & Stanton, 2016; Stanton et al., 2017b). Further, the 

role of function allocation (Fuld, 2000; Idris et al., 2016) in this study was largely centred around 

an AVs capability to work in a given environment, or lock-out a driver who is not deemed aware or 

capable of taking control of the driving task. At the time of writing, current AV designs from 

manufacturers do not integrate communication features such as these in great detail (Audi, 

2019a; Cadillac, 2020; Tesla, 2018; 2020). 

These findings show that is becoming increasingly evident that to address the various issues with 

shared control AVs, automated assistant must strike a balance between addressing all concerns 

and not overloading the individual with redundant information that either masks important 

information, or overloads mental capacity (Brickman et al., 2000). DwI goes some way to alleviate 

these issues, as considerations are made concurrently with a view on a converging design 

solution. 

8.4.3 Relevance to DSA and JA 

Experts within this workshop were guided by the chapters outlined previously in thesis. They were 

introduced to DSA, JA and the CWA presented in chapter 3 as part of their orientation 

presentation (inspired by: Stanton et al., 2006; 2017; Salmon et al., 2009; Klein et al., 2004; 2005). 

Further, these materials were made available to experts during the divergence and convergence 

stages. In particular, the theoretical frameworks of both DSA and JA, along with the CWA from 

chapter 3 provided experts with foundation upon which designs could be based upon. This 

information, along with the experience that experts brought to the design process was structured 

in a way so that automation designs could optimise communication throughout the automation 

cycle. 

The design outcome generated by the workshop appears to be well aligned with these theoretical 

frameworks. Steeri represents an automation assistant that can relay messages in real-time and 

plan for activities in the future. With such capabilities present in automated vehicles, 

communication can progress flexibly and at the pace of each agent using vocal communication as 

the primary method of interaction. Table 8.4 associates Steeri’s design components with the 

associated principles of both DSA and JA (Stanton et al., 2006; 2017; Klein et al., 2004; 2005).  
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Table 8.4. Design components and associated theoretical principles outlined in sections 2.1.4.1 

and 2.1.4.2 – derived from Salmon et al. (2009); Klein et al. (2004; 2005) 

Table 8.4 serves as a discussion point regarding the design output. Steeri has multiple states that 

allows the automated vehicle to perform at different levels by taking on varying degrees of 

automation in regards to current capacity. This ensures that the AV is operating safely and is 

communicated to the driver via a head-up display. Next, by allowing Steeri to engage in a two-way 

dialogue, transactions are supported by both human and automation having the ability to access 

information related to their own mental models. In particular, this two-way communication 

supports SA by allowing both agents to adapt to the current context of the road environment. An 

anthropomorphic element for Steeri coupled with the two-way vocal interaction outlined within 

the design will allow drivers to seamlessly build common ground, whilst being able to access 

information regarding capacity in a more direct and understandable way. Anthropomorphism has 

also been found to be beneficial to calibrating trust in AVs indicating that this approach may be 

beneficial (Waytz et al., 2014), a feature that Steeri possesses. 

Design component Associated DSA Principle Associated JA Principle 

Adapts to performance capacity - Capacity 

Two-way dialogue Supports Transactions, 

Customisable, Explicit 

Communication Link, Facilitates 

SA. 

- 

Anthropomorphic assistant Supports Transactions, Explicit 

Communication Link, Facilitates 

SA 

Common Ground, Capacity 

Icon indications for mode Facilitates SA Phases, Capacity, 

Coordination Devices, 

Mutual Predictability 

Augmented situation information 

on HUD 

Supports Transactions, Explicit 

Communication Link, Facilitates 

SA 

Mutual Predictability 

Bar indicating state Supports Transactions, Explicit 

Communication Link, Facilitates 

SA 

Phases, Capacity, 

Coordination Devices, 

Mutual Predictability 

Psychophysical sensors - Capacity, Mutual 

Predictability 
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The visual displays featured within this design allows the driver to access information regarding 

how well the vehicle is performing under certain constraints. By being able to monitor the 

situation in this way, the driver is better able to predict the vehicles future behaviour and adapt 

their actions accordingly. This approach therefore facilitates situation awareness and provides an 

explicit communication link due to the augmented display residing within the driver’s 

environmental view. A state bar would allow drivers to quickly gain information regarding the 

capacity and status of the vehicle which would in-turn allow for better system SA. Finally, 

physiological sensors would allow for the vehicle to directly address the capacity of the driver 

prior to transitions of control, therefore allowing the vehicle to intervene appropriately. 

Going forward, this design appears to address the core concepts of both DSA and JA and would 

therefore be appropriate for testing. This design, however, does not address the handover 

information transfer and physical collaboration in a detailed manner, but rather focuses on global 

approaches to driver-automation interaction. Therefore, previous work from user design 

workshops and experimental testing will be integrated with this design within chapter 9 to create 

a complete prototype that can be tested in comparison with current automated vehicle HMI. 

8.4.4 DwI and the future 

This study shows the benefits that the DwI toolkit has for the developing safety critical domain of 

level 3 and 4 AVs. Individually, themes generated in this paper relate to issues that have faced 

automation since its inception. However, due to the nature of controlled experiments, research 

into level 3 and 4 AV interface design typically addresses issues in isolation with little insight into 

how features should be integrated. In this study we provide examples of rich qualitative data and 

a design solution from the use of DwI that can aid in the prototyping process. DwI’s versatility 

may reside in its ability to pull together multiple considerations across multiple domains from 

many years of research. Not only does this mean the tool is flexible to the target domain, but also 

detailed in its scope. Going forward, it is important to document the methods in which DwI is 

applied to certain domains.  

8.4.5 Conclusion 

Design with Intent (DwI) is a versatile method for generating design solutions for the purpose of 

addressing human interaction. Its creators state that it can be used across domains, in a way that 

researchers feel to be appropriate. This flexibility makes it ideal for kickstarting the prototype 

stage of a newly developing domain. We provide in depth results from a DwI workshop involving 

five human factors experts, with the design problem of creating an automated assistant in shared 
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control automated vehicles. Our analysis identifies a wide range of themes that were deemed to 

be important during the workshop and presents a solution as a result of the 101 considerations 

made during the workshop. The final design from this workshop collates factors such as 

communicating state, awareness, capacity and performance, as well as guiding the driver through 

transitions, upcoming events whilst making sure to connect with the driver through personified 

interfaces. Our findings show that in a short period of time (one workshop session lasting 7 hours) 

experts can identify high priority themes, provide suggestions, and converge on a design solution 

that can be adapted for further testing, and demonstrates that future designers in high-risk 

domains should consider the role of DwI in opening discussion and providing practitioners with a 

bridge between domain analyses and practical solutions. 

8.4.6 Future Directions 

Chapter 8 provides design recommendations and an example handover assistant to address the 

appropriate outcomes of a collaborative handover assistant. All previous chapters contribute to 

the design process. Chapter 9 finalises the thesis by presenting a handover assistant that falls in 

line with previous findings – making use of two-way interaction, vocal and visual communication, 

allocation of tasks, and ensuring that communication is collaborative and occurs throughout the 

automation cycle. Chapter 9 tests prototypes, to validate the design using rigorous testing 

methods, and presents findings on how the novel handover assistant improves interaction 

between driver and automation. 
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Chapter 9 Validation and Testing of Final Interaction 

Design Concepts for Automated Vehicles 

9.1 Introduction 

To bring together the findings from this thesis and show how the design recommendations from 

previous chapters contribute towards positive outcomes in human-automation interaction, this 

chapter presents the development of an automation assistant prototype and presents findings 

from a validation study conducted in a driving simulator. The prototype presented in this chapter 

represents the culmination of all preceding chapters. The following sections provide a summary of 

research in handover assistants, a summary of the design process found within this thesis thus-

far, a description of the proposed prototype, and the technical development of the automated 

assistant prototype. 

9.1.1 Summary of Automation Assistants 

In chapter 2, an introduction to C/HAV assistants outlining the key endeavours of the C/HAV 

research community over recent years. This section provides a recap of key literature and 

discusses the main contributions for improving human-automation interaction from this thesis. 

As stated in chapter 2, areas that have been explored in C/HAV interaction include SA (Merat & 

Jamson, 2009; Stanton, et al., 1997), event notifications (Bazilinkskyy & de Winter, 2015), time to 

takeover (Eriksson & Stanton, 2017a; Gold et al., 2017; Young & Stanton, 2007b; Zeeb et al., 

2015), effect of demographics on performance (Körber et al., 2016), effect of traffic density (Gold 

et al., 2016), effect on driver behaviour (Merat et al., 2014; Naujoks et al., 2014a; 2014b) and 

distractions (Mok et al., 2015). Direct interface solutions have explored: 1) alerts informing of 

situation and takeover time (Walch et al., 2015), 2) exploring multimodal alerts and the effect of 

direction on takeover performance (Petermeijer et al., 2017a; 2017b; Walch et al., 2017), 

3) ambient and contextual cues to facilitate takeover (Borojeni et al., 2016), 4) Graded takeover 

request in ‘soft takeover request’ scenarios (Forster et al., 2016), and 5) communicating urgency 

information (Politis et al., 2015). Although many of these behavioural measures have for the most 

part been confirmed and accepted amongst AV HMI designers, there is currently a gap in how 

information regarding the situation and environment should be communicated to the driver prior 

to them regaining control. Further, providing a solution that draw together multiple 

considerations that directly addresses system situation awareness and many other target 

outcomes is yet to be provided. 
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The research outlined above explore singular outcomes and design issues that contribute to safe 

C/HAV operation. However, the majority of previous research does not consider these individual 

elements as part of an overall automation interaction throughout a journey in a real-world driving 

environment.  

As outlined throughout the thesis, positive outcomes for C/HAV interactions can be summarised 

with the following requirements for a C/HAV digital assistant: 

- Regaining situation awareness lost due to the driver being ‘out-of-the-loop’ during 

automation. 

- Identifying and communicating safety critical information related to the event and the 

actions that are required to be performed. 

- Communicating mode of driving and capability to operate safely. 

- Guiding the driver towards physical objects required to safely operate vehicle. 

- Ensuring optimal usability for the driver. 

- Calibrating trust to prevent misuse and disuse. 

To address this multi-faceted design issue, research into the safe implementation of automation 

suggests that automated agents are required to adhere to cooperative principles – summarised by 

Klein et al.’s (2004; 2005) articles, extending Clark’s (1996) pivotal contributions regarding the use 

of language and grounding for effective cooperation. Klein et al. (2004; 2005) outline the 

requirement for interfaces to communicate intentions, capacity to perform, phases and 

coordinate actions. In doing so, they posit that breakdowns in communication are less likely to 

occur. Many of these concepts have been replicated in C/HAVs such as keeping the driver in the 

loop regarding the performance and decisions of automation (Seppelt & Lee, 2019). Of most 

relevance is the work of Walch et al. (2017), Beller et al. (2013) and Verberne et al. (2012) who 

explore the design of cooperative interfaces for C/HAVs by applying the work of Klein et al. (2004; 

2005). Their interface solutions bring together Klein et al.’s actionable concepts by demonstrating 

value in the application of performance information, capacity information and convening on 

shared goals. 

More recently, Naujouks et al. (2019) summaries previous research in C/HAV interfaces by 

providing 20 principles that C/HAV interfaces should be adhered to in order to address safety 

concerns. These principles cover accidental mode changes, mode, state, interface position, 

grouping elements, time management, display characteristics, urgency, driver arousal, 

multimodality, directability and consequences. Each principle outlines how major features of 

previous research in C/HAV interfaces should be implemented as part of the overall human-

automation interaction to improve outcomes in C/HAVs. This thesis has addressed many of these 
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factors, particularly how to communicate mode, state, and how to construct interfaces. Although 

some (e.g., driver arousal) are not addressed here. This is largely due to a focus on interaction and 

interface solutions, although the integration of psychophysical sensors to detect driver awareness 

is plausible. 

The original contributions of this thesis and the C/HAV interaction presented and validated within 

this chapter is comprised of a demonstration of how user interaction can draw on concepts in 

bidirectional vocal exchange for raising situation awareness, whilst identifying and communicating 

essential information regarding the situation and vehicle state. The design is grounded in the 

theoretical concepts of distributed situation awareness and joint activity and can adapt to 

multiple situations (i.e., flexible information transference for both emergency and non-emergency 

handover events). The validation stage of this chapter tests the performance of this novel 

interface with regards to the major factors identified previously in the thesis: preferences, vehicle 

control, usability, trust, communication, workload and acceptance. The following sections outline 

how the thesis has contributed to this final design, and how this design was physically 

constructed. 

9.1.2 Summary of the Design Process 

Table 9.1 summarises the previous chapters’ main contributions towards the final design. 

Throughout this thesis the automated assistant design timeline followed a detailed process of 

scoping, piloting, convergence, and testing. First, theory and current state of handover assistants 

were scoped (chapter 2). This chapter outlined theory from both JA and DSA suggesting that a 

combination of these theoretical frameworks was necessary to address the cooperative nature of 

human-automation interaction whilst acknowledging the distributed nature of roles, agent 

capacity and situation awareness. Next, the AV domain was analysed using cognitive work analysis 

to outline domain constraints, identify tasks and assign functions for C/HAV interaction (chapter 

3), drawing on the theories outlined in chapter 2. The resulting analysis showed how JA and DSA 

can be applied to communication within C/HAVs. Chapter 4 reviewed literature in human shift-

handover in order to generate possible strategies for interaction to take place in C/HAVs, and 

evaluated these strategies using the principles of DSA (chapter 4; Clark et al., 2019b). Four of 

these handover strategies were selected to be tested in a human-human handover pilot test, 

showing that questioning the outgoing driver was an effective strategy in communicating 

situation awareness information (chapter 5; Clark et al., 2019b). Building on these vocal 

interfaces, the addition of visual interfaces was then considered to ascertain which displays were 

more effective to display information. This study found that displays residing closer to the driver 

view were more relied on by drivers (chapter 6; Clark et al., 2019c), and provided insights into the 
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role of directability (outlined within the theoretical framework of JA). Using materials from 

previous chapters such as the CWA, experimental findings and a description of the underpinning 

theory, the design process was then initiated by conducting design workshops with users and 

experts to generate potential solutions to improve C/HAV interaction (chapters 7 and 8). 

Participants in these design workshops considered outcomes from previous chapters, linking the 

theoretical design recommendations throughout the thesis to a practical solution. Chapter 8 in 

particular represents the combination of all previous findings, as these were the focus of the 

workshop when drafting the prototype concept. Chapter 9 takes the design from concept to 

physical prototype and then validates the prototype by analysing performance and subjective 

measures with users in a driving simulation. 

Table 9.1. Contributory findings to final design and their associated chapters 

9.1.3 Overview of Final Handover Assistant Design 

Chapter 8 provides many elements that human factors experts have proposed as being capable of 

communicating the informational concepts explored throughout the thesis. This initial design was 

used as the foundation for the development of the final prototype within this chapter. Alterations 

Contributory Finding Associated 
Chapters 

Implementation 

Is a Multi-Modal Interface† 2,3,8 Utilising HUD, cluster, audio and vocal information 

Provides State Information*† 2,3,8 HUD indicator and state-light 

Provides Capacity 
Information*† 

2,3,8 Communicates to driver if dropout is expected 

Adheres to Distribution of 
Situation Awareness† 

2,3,4 Raises situation awareness prior to driver taking control 

Provides Structure in Protocol† 4,8 Control transfer steps and progression are consistent 

Communicates Vocally† 3,4,5,8 Assistant communicates to driver in full sentences  

Provides Contextual 
Information† 

4,5,8 User can query vehicle to provide information that suits context 

Features Bidirectional 
Communication* 

4,5,8 Assistant initiates a dialogue to aid in raising situation awareness. 

Allows Users to Question to 
Raise SA*† 

4,5,8 Assistant initiates a dialogue to aid in raising situation awareness. 

Display Visual Information 
close to road view† 

3,6,8 Information displayed throughout journey is presented via HUD 
and cluster 

Communicates What Action is 
Required* 

7,8 Messages are communicated in a “event/action” format to 
quickly inform the driver of what and why needs to be performed 

Note. * = in-line with joint activity. † = in-line with distributed situation awareness 
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to the initial design were necessary to ensure practicality, technical feasibility and to ensure that 

all major concepts outlined in previous chapters were present.  

Experts from chapter 8’s design-with-intent workshops created a blueprint for an automated 

assistant named ‘Steeri’ – an anthropomorphic vocal assistant that was able to communicate 

intentions, expectations and information to the driver during all stages of a journey. Steeri could 

answer questions vocally to guide the driver through the automation cycle and raise situation 

awareness. Virtual assistants like this have been found to be an effective tool in interfacing with 

users to ensure that users can navigate virtual environments and provide users with an adaptive 

and flexible interaction (Chérif & Lemoine, 2019; Cho, 2018; Parke et al., 2010). Steeri 

communicated to the driver via vocal and visual streams throughout the automation cycle and 

presented the driver with emotional faces based on the situation. Steeri was able to vocally 

communicate in full sentences to make sure that the situation was clearly communicated and 

ensured that ‘capacity to perform’ was made clear.  

Steeri’s features aim to improve human-automation interaction by optimising trust, usability, and 

adhere to cooperative principles. To achieve this, Steeri’s design encompasses many of the design 

recommendations generated throughout this thesis, summarised in table 9.1. Steeri’s design 

allowed for the driver to know what is to be expected, and whether a handover is necessary (an 

extension of Verberne et al.’s (2012) findings in communicating capacity information in AVs). 

Adhering to concepts outlined by joint activity and distributed situation awareness, the 

interaction focused on alerting the driver, communicating state, communicating capacity, 

outlining future events, guiding the driver to what is required for physical transition and allowed 

for a period of time for user-querying. The following section outlines the process of going from 

design concept to prototype, as well as providing supporting literature where necessary. 

9.1.4 The development of Steeri 

Steeri was designed and implemented using Visual Studio v16.1. Visual studio mediated visual, 

auditory and physical interaction. Figure 9.1 outlines Steeri’s functions and interface elements at 

each stage of a journey. Lanes indicate what is happening and the displays that are shown at each 

time. For the HUD, letters are given in relation to the icons presented in the following sections 

(figures 9.2, 9.3 and 9.4). 
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Figure 9.1. Final design flowchart for Steeri outlining modalities (lane), events and information 

displayed during each control stage 
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9.1.4.1 Visual information - Head-up Display 

The first step towards implementing Steeri in a vehicle was to generate the visual aspects of the 

display. In line with findings from chapter 6 and chapter 8 suggesting that displays closer to the 

driver’s front-view is an effective strategy to communicate visual information during control 

handovers (Clark et al., 2019c), a head-up display (HUD) was chosen as the main visual modality. 

The HUD consisted of a banner at the bottom of the windscreen (see figure 9.4 and 9.5 for 

examples). Visual elements of the HUD were rendered in Inkscape v1.0 to represent a female 

face, in-line with current leading technology (e.g., Cortana, Alexa, Siri). As the demographic of the 

virtual assistant was not controlled for in this experiment, this design decision was made on basis 

of familiarity and current market trends. This should not be received as being mandatory, rather, 

factory-ready handover assistants should be customisable to represent variations of race and 

gender to suit driver preferences and ameliorate the reinforcement of bias.  

Steeri featured four facial states – happy, assisting, concerned, panicked and questioning 

(presented in figure 9.1). In-line with previous research, the presentation of faces such as these 

may have positive effects on subjective preference and in some cases, improve task performance 

(Bass & Pak et al., 2012). Steeri’s facial expressions were presented at varying stages of the 

journey either to indicate that automation is safely operational, information is being given, 

automation requires supervision, automation requires driver intervention, or opening a dialogue 

with the driver to ask questions. When action was required by the driver, icons representing the 

input required from the driver replaced the face icons in to guide the driver towards correct 

physical operation. These are also presented in figure 9.1, representing: ‘driver-in-control’, 

‘activate automation mode’ and ‘activate manual mode’. 

 

Figure 9.2. HUD Icons displayed on the left – Steeri emotional faces and physical input requests 
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These face icons communicate intentions and capacity information, as well as provide the driver 

with information regarding expected actions and vehicle state. To aid in the communication of 

vehicle state, these icons were accompanied by a ‘state-bar’ to show which agent was in control 

at the current stage of the journey. The concept was drawn from the design in chapter 8 and 

simplified to include three control states, and the situations that can be replicated in a driving 

simulation: manual, supervised and automated. The blue vehicle moved up and down the state 

bar to indicate the respective state. Arrows were added to this state-bar to enhance the clarity of 

intentions and future actions/events. Figure 9.3 shows the state bar during manual, supervision 

and automated mode, as well as the slides showing upcoming transitions to automation or 

manual mode. 

 

Figure 9.3. Image of the 5 instances for the HUD state bar, displayed in the centre of the display 

The final element of the head-up display was the addition of information icons when the 

handover assistant raised situation awareness of the driver. The use of a head-up display to raise 

situation awareness was first discussed in chapter 6 as an effective way of transmitting visual 

information, due to being situated close to the driver’s default direction of gaze during the driving 

task. Chapter 8’s workshop findings also suggested this as a way of transmitting visual situation 

awareness information. These icons were solely presented to the driver in non-critical handover 

situations and when the driver requested the respective information. The information types were 

sourced from chapter 5’s findings – the most frequently requested information types during 
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human-human handover in an automated vehicle (Clark et al., 2019b), these were: Hazards, lane, 

exit distance/time, and weather. 

 

Figure 9.4. Situation awareness icons displayed to right of HUD during situation awareness raising 

Combinations of the icons presented in figures 9.2, 9.3 and 9.4 formed 19 different potential 

slides that could be presented to the driver during the journey, considering different urgency 

handover events. An example of a combined HUD slide is presented in figure 9.4, and an example 

of what these slides look like from the driver view is provided in figure 9.5 (See appendix B. for a 

full visual list of HUD slides). 
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Figure 9.6. Example of an HUD slide in vehicle, augmented into the driving scenario. Slide shows 

Steeri prompting driver to ask her questions. 

9.1.4.2 Visual information – State Light 

A ‘state-light’ was presented to the driver to reiterate the current state of the vehicle. The state-

light is a feature found in current AV HMIs as a way of providing the driver with a quick indication 

of mode. This state light formed the ‘control’ comparison for experimental validation of Steeri. 

The state-light was also included as part of Steeri’s design to test how developments of current 

technology can improve human-automation interaction. Colours were replicated from the Cadillac 

Super Cruise (2020) with the addition of amber and magenta to communicate emergency and 

non-emergency handover situations, respectively. These colours are displayed in figure 9.7. The 

state light was implemented into the vehicle via an Arduino Uno, interfaced with Visual Studio to 

display colours in-line with the HUD banners outlined above. 

Figure 9.5. Example HUD slide displaying what could be shown prior to transfer of control: an 

emotional assistant (left), state and future state (middle) and information asked for 

(right; potential hazards). 
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Figure 9.7. State-light colours during each stage 

9.1.4.3 Vocal and audio interfaces 

Previous research indicates benefits of vocal interfaces over manual counterparts (Barón & Green, 

2006). In support of this, chapter 8’s workshop output shows Steeri being capable of having a 

bidirectional vocal dialogue with the driver in order to coordinate actions and make requests. 

Chapters 4 and 5 indicate that questioning the automation is an effective vocal strategy in raising 

situation awareness. For technology, this concept is known as ‘user querying’, a method for users 

to request information in real-time, and has previously been demonstrated as an effective tool for 

user interaction (Lugano 2017). User querying has the benefit of providing information to the 

driver in response to what they require and can adapt to the current context, something a 

prescriptive method (such as a checklist) may be capable of addressing. This technique is common 

in shift-handover settings (chapter 4; Clark et al., 2019a) and was found to be promising for 

C/HAV handover in chapter 5 with the related condition improving a wide range of human-

machine interaction metrics (Clark et al., 2019b).  

Developing the vocal interaction for Steeri involved creating vocal messages that communicated 

information related to each stage of the journey. A single vocal message was presented to the 

driver each time the head-up display banner changed. Steeri started each sentence with the event 

and then the action (e.g., “You are required to take control soon, get yourself ready”). In doing so, 

drivers were made aware of the situation and what they were required to do following this event. 

Prior to non-emergency handover, Steeri initiated a dialogue to allow drivers to query the 

automated assistant regarding the situation. Questions could relate to the past, current, or future 

situation, but were not restricted to any particular topic. Drivers could ask as many questions as 

they liked prior to handover, and received answers via vocal prompts and the respecive HUD slide 

was displayed (if available for that question). Once ready to take control, the driver vocally stated 

https://www.researchgate.net/profile/Giuseppe_Lugano2
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“I am ready to take control”, at which point, the automated assistant asked the driver to take 

control. This confirmation is essential for coordinating actions 

Vocal interaction was coordinated via a ‘Wizard of Oz’ interface controlled by the lead reseracher. 

For raising situation awareness, the program consisted of pre-set responses (such as ‘watch out 

for the vehicle to your left’) that were selected by the experimenter when a question was asked. A 

miscellaneous box also allowed the experimenter to answer questions that may divert from the 

pre-set answers. Pre-set answers on the Wizard-of-Oz interface were designed to represent the 

most popular questions from previous studies (Clark et al., 2018). 

Additional to the vocal interfaces, when notified of the requirement to takeover control vocal 

prompts were presented alongside a single beep. When the automation dropped out, two beeps 

were presented to the driver. 

9.1.4.4 Transferring control 

When required, drivers transferred control by pressing the end of an indicator stalk. Left for 

automation, right for manual. These were labelled ‘A’ and ‘M’ to guide the driver. When 

emergency handovers occurred, the experimenter deactivated automation from the control 

room. 

9.2 Method  

9.2.1 Participants 

Participants were recruited through internal communications at the University of Southampton 

and on the university’s website. The only requirements were to be above 18 years old and hold a 

full UK driving licence. Forty-six participants were recruited aged 22 to 75 (mean = 42.17, SD = 

15.9). Of which, 17 identified as female, 28 identified as male and 1 identified as non-binary. 

Drivers had a mean of 22.9 years of driving experience (SD = 16.3), and a mean of 8926 annual 

mileage (SD = 5596). Ethical approval was given by the University of Southampton Ethics 

committee (ERGO No. 52008). 

9.2.2 Experimental Conditions 

Three display conditions were tested, each representing a different coordination level of Steeri. 

Table 9.1 outlines the entire automation cycle that takes place in a cyclical manner during each 

trial, along with vocal communication for both routine and emergency handovers. Table 9.2 

shows the conditions that were tested  - a control condition consisting of a representation of a 
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current level 2/3 vehicle interface (Cadillac Supercruise; Cadillac, 2020); handover assistant 

named ‘Steeri’ providing more detailed head-up and vocal coordination, and thirdly, an extension 

of the Steeri condition with the addition of a voice recognition system that allows for transactions 

of situation awareness prior to a non-emergency handover (in which figure 9.1 outlines). All five 

components, and by extension the interfaces displayed in table 9.2, are illustrated in the following 

sections. 

Table 9.2. Components of Steeri and inclusion within each testable condition 

In the control condition, a single beep was presented when attention was required (upcoming 

handover) and two beeps for emergency ‘take control now’ states. The pink, orange and red lights 

were accompanied with brief vocal prompts such as “supervise” to help distinguish what the 

situation was. 

Steeri conditions (with and without bi-directional interaction) kept beeps but extended the 

control’s audio cues by providing more detailed vocal information in line with ‘coordinated 

activity’ theory-base. This was centred around an emotional assistant that transmitted different 

vocal prompts related to the situation such as “You are required to take control soon, please get 

yourself ready”. This was presented along with head-up display elements to ensure multi-modal 

communication of important information. 

As situation awareness raising had a large effect on how people viewed the handover process 

(Clark et al., 2019a), a separate condition was performed where user-querying was removed, 

however, all other interface elements remained present. The control condition was adapted from 

the Cadillac Super cruise (Cadillac, 2020), modified to distinguish between the two types of 

handover - critical and non-critical. Full details of interface elements and condition specifics are 

outlined in section 9.2.2. It was hypothesised that Steeri, due to its careful and iterative HF design 

with both users and experts, would improve vehicle control following handover, usability, 

acceptance, effective communication, optimise trust, optimise workload. 

Interface Component Control Steeri Steeri w/ 
Interaction 

1. State Light    

2. Basic Auditory Cues    

3. Coordinative Auditory Cues    

4. Head-Up Display    

5. Situation Awareness Raising    
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9.2.3 Design 

The experimental design consisted of three within-group trials, each consisting of one of the 

interfaces in a counterbalanced ABC design (control, steeri, steeri with SA). In each trial, four 

vehicle-to-driver handovers were performed – two being non-emergency handovers and two 

being emergency handovers separated by 2-5 minutes of automated driving (2, 3, 4 and 5 minutes 

randomly assigned).  Trials were counterbalanced systematically across the sample by participant 

number.  

The independent variables were interaction condition and type of handover (non-emergency and 

emergency). Dependent variables were steering wheel angle, speed, subjective workload, trust, 

effective communication, acceptance, usability and interface rank.  

9.2.4 Apparatus 

The Southampton University Driving Simulator (SUDS) was used to simulate a highway 

environment. The simulator consists of a fixed base and a 135-degree front field view, with rear 

view and wing-mirror displays. The validity of testing driving behaviour in driving simulators 

appears to be high, with behavioural measures in the simulator correlating highly with real-world 

measures (e.g. Eriksson et al., 2017). 

The simulation was modelled in SCANeR studio (ver. 1.9), simulating a three-lane highway with 

moderate traffic density with overtaking turned off for non-human drivers (to allow for better 

trial comparisons). The scenario featured minimal bends in the road to ensure that steering wheel 

inputs were valid during transfers in control. A head-up display was projected onto the main 

screen display using visual studio, augmented features of the display were implemented using a 

black fill for projection. Arduino Uno’s were used to sync displays with the state light, and an 

external joystick to activate and deactivate automation from the control room. 

9.2.5 Procedure 

Participants received an information sheet outlining their right to confidentiality, anonymity and 

right to withdraw, on agreement they signed a consent form. Following this, they were given a 

brief introduction to level 3 and 4 automated vehicles and talked through the experiment. When 

ready, participants were guided through the controls of the simulator, and then ensured that they 

had the right seat and mirror adjustments. Participants were then guided through the basic 

elements of the handover procedure such as what the state lights represent, what an emergency 

and non-emergency handover would consist of.  
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Vehicle interaction was mediated via a Wizard-of-Oz interface following the flow-diagram in figure 

9.1 (and the assigned HUD slides outlined in appendix B), allowing the researcher to initiate the 

next-stage of interaction (programmed in Visual Studio), and repeat messages where necessary. 

The researcher listened out for vocal responses and monitored driver engagement prior to 

moving onto the next stage.  

Participants were asked to stay in the middle-lane and to not overtake other vehicles. Participants 

practised driving down the highway and transferring control between themselves and the vehicle. 

Once comfortable with the experiment, participants were introduced to their first of three 

interfaces. Interface orders were counterbalanced across participants.  

Three trials were then conducted, one for each interface. Each trial was identical, except for 

changes to the handover interface and randomisations in timings and the order of emergency and 

non-emergency handovers. Each trial lasted for approximately 20 minutes. Participants started 

stationary surrounded by traffic on a standard 3-lane highway. They then started driving, bringing 

up the speed to 70 miles per hour. Manual driving consisted of 1 minute and did not have a 

corresponding state-light. After which, the vehicle notified the driver that automation was 

available. Notifications varied based on which interface was present outlined in section 2.2, 

although every trial displayed a blue pulsing light. Participants then pressed the automation 

button on the end of the left stalk and were instructed to wait for the car to communicate that it 

is safe to relinquish control inputs. When safely automated, audio notifications were presented, 

and a green light indicated that automation was active – cues and head-up display information 

varied by trial. Participants then took part in a secondary activity – a book or their smartphone 

brought by themselves. 

Time between handovers varied of 2, 3, 4 or 5 minutes, with a 25% chance of each. Four 

handovers were performed, 2 emergency handovers and 2 non-emergency handovers. An 

emergency handover consisted of a supervision stage, where drivers were asked to put down 

their secondary task and look out to the road, this was communicated through a beep, audio cue, 

and an amber light –again, cues and head-up display information varied by trial. After 1 to 10 

seconds (randomly timed) automation then dropped out, presenting emergency audio cues 

dependent on the interface condition, two beeps also accompanied these cues and a flashing red 

light was also displayed at this time. Drivers at this point were expected to take control of the 

inputs without the need to click the manual button. After four seconds, interfaces returned to 

their regular manual-driving display. 

Non-emergency handovers consisted of a notification that control is required and displayed a 

pulsing purple light. In the ‘steeri with interaction’ trial, following this notification, another 
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prompt was made asking the driver if they had any questions. During this period, the researcher 

was able to communicate to the driver via pre-set messages (Speed, Lane, Weather, Exit 

distance/time) and was able to respond to any question that the driver asked the automated 

system by using a text-to-speech link from the control room. Once drivers were satisfied with the 

questions asked, the driver notified the automation that they were ready to take control and then 

the driver was prompted to press the manual control button.  

Handovers and manual driving repeated until 2 of each handover type were complete (four in 

total), and then the trial was ceased. At the end of each trial, participants were asked to fill out 

questionnaires related to acceptance, usability, trust, effective communication and workload. At 

the end of all three trials, participants were briefly interviewed as to which one was their 

favourite, and why. They were asked to rank interfaces and provide any suggestions for 

improvement. Following this, they were thanked, debriefed, and paid £10 for their travel costs. 

9.2.6 Method of Analysis 

Speed was analysed as a function of time using a linear regression for both non-emergency and 

emergency handovers with interface-type specified as a predictor variable. Absolute steering 

wheel input was used to ensure that both left and right inputs were treated the same to 

represent steering control. For each participant, in each trial, for both emergency and non-

emergency handovers, a mean steering-wheel input value was calculated. These were then 

analysed using a repeated measures ANOVA with both interface-type and handover-type 

specified as predictor variables. Subjective measures (interface preferences, workload, trust, 

communication, acceptance and usability) were all analysed using Friedman tests with Holm-

Bonferroni corrected t-tests. 

9.3 Results 

9.3.1 Vehicle Control Measures 

For each interface condition, and each handover type (routine and emergency), the change in 

speed and steering behaviour was analysed. It was found that upon takeover, speed typically 

dropped by a small amount (approximately 1 mile per hour) with a dip at two seconds following 

handover to a return to the speed of automation after four seconds. Drivers were not uniform in 

their speed change behaviour. Standard deviations were plotted against time to illustrate the 

increase in spread in speed across participants. Linear regression analyses showed a strong effect 

of time on deviation from automation speed for both routine, F(1,238) = 575, t = 23.98, p < .001, R 
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= .71, and emergency handovers, F(1,238) = 1055, t = 32.49, p < .001, R² = .82, indicating that 

human driver’s speed increased in variance within participants as time progressed from the 

handover. Figures 9.8 and 9.9 show vehicle speed, speed standard deviation and mean lateral 

velocity for 4 seconds following the driver regaining control of the vehicle for each interface  

condition.  

Figure 9.8. Four linegraphs to show true speed (left) and associated standard deviations (right) for 

routine (top) and emergency (bottom) handovers. 

Figure 9.9. Boxplots to show mean steering wheel inputs (absolute values) for routine and 

emergency handovers between each interface condition. 
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Steering wheel inputs were analysed post-handover to detect any vehicle control deficiencies 

across emergency and routine conditions, as well as between interface conditions. A repeated 

measures ANOVA, analysing for an interaction between condition and handover type found that 

there a was a significant, although small, main effect of ‘interface condition’ on mean steering 

wheel input, F(2,224) = 3.93, p < .05, ηp² = .034,  and no main effect of handover type on steering 

wheel input (F(1,224) = 1.86, p > .05, ηp² = .008). Further, there was no interaction between 

interface condition and handover type. Tukey’s post-hoc tests found that mean control steering 

wheel input was statistically greater than both the Steeri condition and the Steeri with Interaction 

condition indicating a potential reduction in control when vocal/head-up interfaces were not 

present. 

9.3.2 Subjective Measures 

 Upon completion of the trial, participants ranked their favourite, intermediate and least favourite 

designs. The majority of participants (38 out of 46) ranked the control condition as their least 

favourite. 29 of the 46 ranked steeri with the addition of situation awareness as their favourite, 

with the majority of participants (31 out of 46) ranking steeri with no situation awareness as their 

intermediate option. Attributing ranks as being ordinal, a Friedman test showed a significant 

effect of design on ranks allocated. A post-hoc pairwise Wilcoxon test showed that these 

differences were present between control + ‘Steeri’ and control + ‘Steeri with Interaction’ 

conditions (p < .001). 

Questionnaire data show improvements of Steeri being present across a wide range of measures. 

Figure 9.11 show boxplots of ratings across acceptance, usability, workload (NASA TLX) and 

effective communication measures. Friedman tests showed a significant main effect of design on 

the subjective ratings of acceptance, Chi(2) = 11.96, p < .01, trust, Chi(2) =  8.74, p < .05, usability, 

Figure 9.10. Bar charts to show frequencies for each rank of preference for each interface condition 
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chi(2) = 7.99, p < .05, workload, chi(2) = 6.37, p < .05, and effective communication, chi(2) = 21.06, 

p < .001. Post-hoc tests are displayed in table 9.3. 

  Table 9.3. Significance values for each pairwise comparison for each subjective dependent 

variable. Alpha corrections = Bonferroni-Holm 

Finally, a two-way dependent samples ANOVA found that individuals with a higher propensity to 

trust were more likely to trust the automated vehicle in all interface conditions, F(1,119) = 22.267, 

p < .001. However, there was no interaction found between propensity to trust and interface 

condition, F(1,119) = 0.035 p > .05. A Pearson’s correlation showed propensity to trust and 

trusting AV interfaces were mildly correlated (r = .39, p < .001). 

 Acceptance Trust Usability Workload Effective 
Communication 

 Control Steeri Control Steeri Control Steeri Control Steeri Control Steeri 

Control - .02* - .01* - .54 - .05* - .01* 

Steeri w/ Inter .01* .1 .01* .6 . 54 .23 .04* .46 .01* .01* 

Figure 9.11.Boxplots to show subjective ratings for acceptance, trust, usability, workload and 

effective communication for each interface condition 
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9.4 Discussion 

This study aimed to culminate outcomes explored by a wide range of studies evaluating 

interaction between driver and automation in level 3 and 4 automated vehicles. The interfaces 

tested here include a current level 3 automated vehicle design, and a novel interface designed 

using a HF design lifecycle aimed at improving a wide range of human-machine interaction 

outcomes.  

The prototype automation assistant was developed as a culmination of previous chapters within 

this thesis, representing a novel approach to human-automation interaction - one that focuses on 

addressing driver awareness requirements and capacity to perform via two-way vocal interaction. 

The interaction design displayed real-time head-up display information to coordinate actions to 

communicate system expectations to the driver and guided the driver through the steps required 

for handover whilst giving them the opportunity to gain more information prior to handover. This 

approach is unique as a fully designed handover assistant that can adapt to both emergency and 

non-emergency handover situations featuring context-specific information transfer has yet to be 

developed and tested in this domain. 

9.4.1 Overview of findings   

By bringing together multiple aspects that are thought to improve specific outcomes of system 

performance such as distributed situation awareness (Stanton et al., 2006; 2017) , effective 

communication (Clark, 1996; Klein et al., 2004; 2005) and shift-handover in human teams (Clark et 

al., 2019b), the developed automation assistant demonstrates that an all-round, cooperative 

automated assistant with situation awareness raising capabilities can improve operational safety, 

acceptance, trust, workload and communication. Further, users greatly prefer the novel interface 

compared to a current leading manufacturer design, indicating that there is room for 

manufacturers to improve user-centred design in their next-generation automobiles. Usability 

was the only dependent variable not to display effects across interface conditions, explained 

either because of a ceiling effect of the usability measure as medians across all conditions are very 

close to the maximum score, or in line with a previous study on levels of interaction in level 3/4 

automated vehicles, less interaction does not necessarily result in lower ratings in usability. 

Findings also suggest that situation awareness information, if presented in the right way, can be 

added without detracting from user-experience – an issue encountered by Clark et al. (2019a) as 

part of vocal communication trials. Comparisons between the presence and absence of user-

querying prior to non-emergency handovers in this novel interface shows to have no effect on 

vehicle control and subjective outcomes except for ratings in effective communication. This is 
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likely due to bi-directional factor of this interface, as the interface actively listens to the driver 

during the journey. This is promising, as chapter 5 demonstrated that the addition of situation 

awareness assistants could have negative effects on desired outcomes such as usability and 

acceptance (see section 5.3.3 – checklist conditions). It follows that interaction should be 

considered from multiple perspectives, whilst addressing user requirements and suggestions 

throughout the design process.  

This study shows that user-querying is an effective tool in level 3 and 4 automated vehicles, 

supporting the findings of chapter 5, particularly as a way of raising situation awareness in future 

vehicles. This finding provides further evidence for the effectiveness of the approaches explored 

by human-machine interaction researchers previously (Chérif & Lemoine, 2019; Cho, 2018; Parke 

et al., 2010). Realistically, this approach will have to be balanced with safety concerns, as 

automated interfaces may need to display safety-critical information as a default and provide 

additional information should the driver require it. Users preferred user-querying to be present 

when asked to rate their preferred interface, but user feedback indicated this was partly due to 

reducing boredom and countering fatigue effects. 

9.4.2 Relevance to theory 

In this thesis, the combination of DSA and JA (Klein et al., 2004; 2005; Stanton et al., 2006; 2017) 

has shown to be beneficial for human-automation interaction. In particular, these frameworks 

have been influential in identifying appropriate methods for raising situation awareness and 

giving both automation and driver opportunities to evaluate the state, phase and capacity of the 

system results. User-querying synergises with DSA nicely, as the user can access information that 

they may need for their own ‘human’ mental-model that the AV may not readily identify. By 

providing multi-modal awareness information, by facilitating transactions in SA through dialogue, 

whilst adhering to their roles as both driver and automated assistant, the results provided in this 

chapter demonstrates that DSA is a suitable framework for the AV domain. DSA provides the 

‘how’ whereas JA provides the ‘what’. Communicating state, phases, agent capacity, goals and 

utilising coordination devices has shown to be effective. For example, providing the driver with 

uncertainty information (extension of Verberne et al.’s (2012) work on uncertainty information in 

AVs) has been further reaffirmed. By providing the driver with upcoming state, actions and 

providing readily accessible information regarding this (e.g., HUD on mode and facial icons), a 

well-rounded automated assistant solution can be developed. 

Notably, neither this study nor this thesis has attempted to provide a granular investigation into 

which individual tenets of each theoretical approach improves outcomes, nor does it address each 
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tenet equally. For example, the tenets of ‘agreement to collaborate’ and ‘common ground’ are 

perhaps the least explored in this interaction. It is assumed, from an experimental perspective, 

that both agents are working together to perform the task. In real world environments, this may 

not be the case. A driver of a C/HAV may not fully understand the benefits and drawbacks of 

automation, or fully understand how the vehicle functions, and so may fight the AV for control 

throughout the automation cycle. Common ground, as a further example, builds over time. 

However, in this study, the use of confirmations (e.g., “you are now in control”) allow 

communication to be grounded, and a clearer understanding of what has occurred is achieved. 

The role of DSA and JA in C/HAV interaction is explored further in chapter 10. 

The anthropomorphic nature of Steeri, although not a central concern of this thesis, provides a 

platform for users to interact with in a natural manner. This design feature was a natural solution 

to the foundational work presented to human factors experts in chapter 8. However, neither the 

chapter nor the thesis has directly compared the presence and absence of an anthropomorphic 

automation assistant. Regardless, the feedback for Steeri is greatly positive with participants 

indicating that Steeri was more trustworthy and better at communicating with them compared to 

the control condition. These findings may support recent research showing that 

anthropomorphism in AVs is beneficial for user interaction (Waytz et al., 2014). Chapter 9’s 

findings may be partly attributable to the anthropomorphic nature of Steeri, however, this effect 

remains unmeasured in this thesis.  

Aside from DSA and JA, aspects of this interaction that may be of interest for further research 

include the role of boredom (perhaps objectively measured as low workload) and fatigue in 

relation to interfaces that promote more interaction compared to those that require less human 

participation. It follows that interfaces that require human communication at regular intervals 

could contribute to aspects of workload in line with Malleable Attentional Resource Theory 

(MART; Young and Stanton 2002a; 2002b; 2007) – the premise that underload can lead to a 

reduction in attentional capacity throughout a task. 

9.4.3 Relevance to CWA 

During the design process, the automated assistant was tailored towards the cognitive work 

analysis presented in chapter 3. Firstly, the final prototype addresses the main factors outlined in 

chapter 3’s CWA abstraction hierarchy. In particular, the solution provides a way of interacting via 

visual, vocal, audio and haptic modalities, each addressing the key physical objects identified 

within the AH (figures 3.1, 3.2 and 3.3). By addressing these modalities, each of the values and 
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priorities identified outlined from DSA and JA have been addressed. These are outlined in table 

9.4. 

Table 9.4. CWA purpose related functions and associated design characteristics 

Table 9.4 shows that the primary purpose-related functions of the CWA are directly addressed by 

features within Steeri’s design. Through a combination of multiple modalities, two-way 

interaction, the ability to direct the other agent and focus on the ability of each agent allows for 

the functional purpose – to facilitate effective communication – can be achieved. 

9.4.4 Relevance to human-human strategies 

The strategies identified in chapter 5 (shift-handover strategy literature review) show that an 

overly structured approach to handover is at risk of omitting contextual factors involved in high-

risk domain environments (Anderson et al., 2015; Bulfone et al., 2012; Cohen et al., 2012; Drach-

Zahavy et al., 2015; Staggers & Blaz, 2013). The main strategies include vocal communication, 

bidirectional exchange, use of technology, adaptation, compatible mental model, contextual 

handover and clarifying control (Clark et al., 2019b). Steeri provides a solution to this by providing 

pre-set information categories for drivers to access whilst enabling the driver to access contextual 

information as they see fit. The ability for both agents to send messages to the other vocally 

allows for immediate and efficient communication as well as allowing both agents to challenge 

the other during the automated cycle. As Steeri out-performs current human-automation 

interaction (the control condition) in the findings of chapter 9, the results presented in this 

chapter indicates that learning from human-human teams may be beneficial for informing 

human-automation communication. As technology develops towards more anthropomorphic and 

voice recognition capabilities, these findings may become more relevant with time. 

Purpose-Related Functions Design Characteristics 

Provides Information to Driver Accessible information via HUD, HDD, Vocal 

interaction, Audio messages and State-light 

Creates Communication Link Two-way interaction via vocal communication 

with visual and audio feedback. Physical 

buttons provide control transfer inputs. 

Facilitates control transition communication Pre-set information transfer prior to handover 

Adapts communication to driver requirements Flexible user-interaction via user querying 

Assesses System Safety Capacity information and user-querying  
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9.4.5 Limitations 

User querying in this study was coordinated via vocal interaction from both parties. Applying this 

to a manufactured vehicle may require further attention, as this simulation did not capture the in-

vehicle acoustics of a real-life environment. Further, drivers took part in this simulation with no 

passengers or music. With these factors present, user querying in this way may need to be 

considered via another interface modality. User querying as a way of raising situation awareness 

has some drawbacks including user input may not be understood, user input may not be possible 

to address, and user priority not necessarily correlating with actual priority with regards to 

operational safety. However, users are provided with control over what information they want to 

receive, when information is requested, and can access contextual information related to the 

environment (questions asked may need to be different for different weather conditions, traffic 

states, and driver capability). Further, the user having control improves acceptance, meaning that 

they are more likely to use automated features as a result. The design presented here is discussed 

further in chapter 10 with regards to how it addresses thesis outcomes. 

9.4.6 Conclusion 

This chapter represents the primary practical outcome for this thesis: a situationally sensitive, 

bidirectionally communicative and awareness focused automation assistant. The core concepts 

for modern human-automation interaction with automated vehicles were tested together in an 

experimental paradigm comparing current level 3 AV HMI with the generated prototype named 

‘Steeri’. The chapter’s findings have shown that there are multiple benefits to implementing the 

approach outlined within this thesis including higher user preference, better acceptance, 

optimised workload, increased trust, and better communication. The validation presented in this 

chapter culminates all previous work and confirms that designers can make use of these HMI 

strategies to improve performance in C/HAVs. The next chapter concludes the findings of previous 

chapters to summarise design recommendations and discuss them in-line with the thesis’ 

research outcomes and hypotheses. 
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Chapter 10 Conclusions 

10.1 Introduction 

Although cooperative interfaces have been explored previously in C/HAVs, this thesis provides a 

new and promising perspective in how cooperative communication can be approached in the 

domain of automated vehicles. The aim of this thesis was to design a novel interaction in 

automated vehicles with a view of addressing the vulnerabilities introduced by semi-automated 

vehicles such as the deterioration of situation awareness, reductions in safe control of the vehicle 

and uncalibrated trust, whilst addressing workload, usability and acceptance. The thesis applies 

the theoretical concepts of joint activity, which have been shown to be effective in automation 

design and applied following the theory of distributed situation awareness, a modern approach to 

addressing situation awareness where agents’ roles and responsibilities vary. This was achieved 

through following a four-step approach: scope, pilot, design and test.  

The following sections provide a summary of key findings, an evaluation of the method, and 

provide implications for future research and manufacturing activities in the domain. 

10.2 Summary of findings 

10.2.1 Research Outcomes 

The chapters found within this thesis collectively address four research outcomes related to 

interactions in AVs: one primary outcome and three secondary outcomes. Findings are 

summarised within the following sections with regards to their associated outcome. 

10.2.1.1 Primary Outcome - To provide an HMI design solution that improves coordination 

between driver and automation in level 3 and level 4 AVs during all phases of a 

journey. 

Each chapter within this thesis provides recommendations for improving communication in 

C/HAV assistants. Chapter 3 identifies situation awareness, trust, safety, efficiency, usability and 

acceptance as being key to ensuring that communication is effective. Through these values, many 

findings within this thesis contribute to this outcome. Most notably, the use of bidirectional 

communication (primarily via a vocal stream) was a major recurrent theme that formed the core 

handover communication in the final design. Chapter 2 describes how both parties should 

communicate intentions, status and phases, whilst providing transactions in situation awareness 
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when the counterparty requires them. Chapter 5 demonstrates the effectiveness of this vocal 

method in a driving simulator with two human drivers, and chapter 9 validates this method in a 

driving simulator within an HMI prototype. Whilst developing concepts of effective 

communication (Clark, 1996; Klein et al., 2004; 2005) and developing an interaction addressing 

the presence of distributed situation awareness (Stanton et al., 2006; 2017), the vocal interaction 

featured in this thesis contributes towards optimised communication and serves as a promising 

foundation for implementing vocal interaction in automated assistants. 

The final design presented in chapter 9 features many additional concepts featured within 

previous chapters such as a coordinative head-up display (inspired by chapter 6’s eye-tracking 

findings) that communicates the phase, state and capacity information. The practical aspects of 

the design were generated through recommendations provided by users and experts in chapters 

7 and 8.  

Previous work in C/HAV interaction fails to address the breadth of the domain within singular 

studies. Alone, the findings discussed in this section are influential, but they are not all provided 

as original contributions within this thesis. Rather, this thesis’ main contribution is a sequence of 

steps for developing new HMI, an interaction solution that features fully integrated concepts, and 

a way of addresses multiple design values in C/HAV interaction, validated via controlled 

experimentation. The final design is presented in detail within section 9.2.2, with additional 

materials available in appendix B. 

10.2.1.2 Secondary Outcome 1 – Provide insight into how communicative concepts and 

distributed situation awareness can be applied to level 3 and 4 AV HMI design. 

The chapters within this thesis contribute unique findings on how communicative concepts can be 

applied to C/HAVs. Chapter 6 addresses the role of directability, a key concept of joint activity 

(Klein et al., 2004; 2005), within C/HAV interaction. It provides a case for the use of vocal 

communication to guide the driver’s gaze towards key areas of interest. Chapter 9 demonstrates 

that communicating state, capacity and phase coordination through vocal and visual displays may 

contribute to a wide range of positive outcomes for interaction. For DSA, of great value are the 

findings in chapter 4, identifying and discussing 19 handover strategies in shift handover and how 

well they address the tenets of distributed situation awareness. Not only can these strategies 

improve situation awareness in AVs, but they can be applied to any domain that requires the 

continuity of tasks from one agent to another. These findings show that vocal communication and 

bidirectional feedback, due to their immediate and mutual nature, adhere to DSA principles and 

allow agents to access information that they require in real-time. The thesis contributes to further 
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discussion in the role of coordinated activity in human-machine teams and provides examples of 

how they can be applied within HMIs to improve interaction.  

10.2.1.3 Secondary Outcome 2 – Demonstrate how a four-step approach to human factors 

design can be used to address multiple domain values. 

In summary, this thesis followed four steps to develop a design solution for the vulnerabilities 

introduced by C/HAVs – scope, pilot, design and test. Scoping allowed for key theoretical concepts 

and the current state of the domain to set the foundations for the design stage. During this stage 

a domain and social analysis identified the structure and phases present in C/HAV operation. A 

review of handover strategies in shiftwork allowed for potential solutions to be drawn from other 

domains. Piloting these strategies and exploring the effectiveness of vocal and visual displays in 

coordinating activities in C/HAVs allowed for the thesis to identify what concepts should be taken 

to the design stage. In the design stage, these concepts were refined and discussed with users and 

experts using well-cited methodological techniques. Finally, testing allowed for a potential 

solution to be experimentally compared to current AV HMI.  

The thesis, arranged in this way, provides research phases and examples of how a designer could 

approach novel design generation that considers the target user and addresses theoretical and 

practical issues within the domain. The final design’s positive outcomes presented in chapter 9 

demonstrates the success of this four-step method. 

10.2.1.4 Secondary Outcome 3 – Provide findings that show how driver demographics may 

affect driver requirements for C/HAV interactions. 

The main findings presented in this thesis are supplemented by additional findings on how 

interaction varies between different user groups and demographics. Chapter 6 provides an 

investigation into visual gaze and finds no convincing difference in visual gaze behavior during the 

handover task between age groups, gender, time out-of-the-loop and car ownership. Chapter 7 

explores in more detail the difference in requirements between learner, intermediate and 

advanced drivers. These findings indicate that learner and intermediate drivers prefer multi-

modal interfaces that guide the driver through the states and actions required during the journey. 

Advanced drivers, however, prefer less information to be displayed and prefer more autonomy on 

how the automation performs.   
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10.3 Evaluation of the research approach 

This thesis uses a variety of methods that are well documented in human factors (Stanton et al., 

2017a). Cognitive work analysis (CWA; Vicente, 1999) is a well cited method of mapping a domain 

and provides researchers and designers with a foundation in domain structure, activities, training 

requirements and social organisation. For C/HAVs, the social and cooperation analysis is 

particularly useful, as function allocation is regarded as being crucial for operational safety where 

automation is present (Fuld, 2000). The review process in chapter 4 followed a thorough 

approach of systematically reviewing literature, using a range of search terms. This chapter 

outlines the criteria required for review and considers 799 research items. As a result of this 

method, the strategies identified are well represented in a range of domains. Systematic reviews 

constructed in this way are effective at retrieving and appraising current literature around a 

specific topic, like that found in chapter 4 (Møller & Myles, 2016).  

Three driving simulations were conducted in this thesis, although driving simulations are not fully 

representative of the complex and dynamic nature of real-world environments, human 

performance in driving simulations have been found to correlate highly with real-world driving 

tasks (Eriksson et al., 2017). Evaluations of driving performance involves a combination of 

behavioural (lateral and longitudinal control), visual gaze (Clark et al., 2019c), and subjective 

measures of workload (NASA-TLX; Hart & Staveland, 1988), usability (System Usability Scale; 

Brooke, 1996), acceptance (System Acceptance Scale, van der Laan et al., 1997), trust (Yamagishi 

& Yamagishi, 1994), and effective communication (Blake Group, 2020). 

Qualitative findings are presented in chapter 5 regarding driver perceptions of vocal strategies. 

The mixed method approach in this chapter provides findings that are both statistically evaluated, 

with the addition of rich data illustrating the user experience. This method is beneficial in other 

domains such as healthcare (Östlund et al., 2011), and provides valuable findings for developing 

designs in-line with driver requirements. The metrics selected in these experiments provide 

statistical breadth and ensure that design values identified in chapter 3 are measured in-line with 

the functional purpose.  

The design stage features participatory workshops with target users and design-with intent 

(Lockton & Stanton, 2010) workshops with human factors experts. Participatory workshops are 

regarded as essential in human-factors design (Sanders, 2003), and chapter 7 presents detailed 

design recommendations that supports the benefit of this approach. In chapter 8, design with 

intent was used to generate recommendations in line with 101 design considerations. DwI is well 

cited, however applications of this method to target domains are not currently well documented. 
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It is hoped that this thesis demonstrates how DwI is influential in bridging preliminary findings and 

design recommendations to testable and fully integrated prototypes.  

As a whole, this thesis showcases a broad range of methods in each stage of scoping, piloting, 

designing and testing. This thesis provides researchers and manufacturers with example methods 

for progressing through their design pathway. At each stage, methods and metrics can be 

replaced in line with the purpose of the research and design. For example, during the scoping 

stage a researcher may find it more appropriate to use a method such as Hierarchical Task 

Analysis in order to gain insight into the target domain. For experimental work, a researcher may 

opt for on-road studies to ensure ecological validity or rely on qualitative research for more 

richness in their data. Approaches vary, and trade-offs are necessary. For further discussion on 

human factors methods, Stanton et al. (2017a) provide an in-depth outline for sociotechnical 

analysis and methods of analysis for developing solutions in human factors, irrespective of the 

target domain. 

10.4 Implications of research 

10.4.1 Notable Practical Contributions 

This thesis consists of a thorough investigation into a breadth of issues in C/HAV interaction. The 

chapters within this thesis contribute individually and collectively towards literature in interaction 

development and testing. This thesis’ primary outcome is practical in nature - the development of 

a fully integrated, C/HAV interaction design that aims to ameliorate vulnerabilities introduced by 

the transfer of control. Practical outcomes are numerous throughout the thesis for the C/HAV 

domain and other domains involving handover. Practical solutions are provided in all chapters, 

with many concepts remaining undiscussed and explored due to constraints in resources. Nine 

notable contributions are outlined in table 10.1 and discussed in turn. 
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Table 10.1. Notable Contributions of the Thesis 

Notable Contribution Chapter Number(s) 

Optimise outcomes in response to tradeoffs 5, 6, 9 

Allow drivers to access information 2, 4, 5, 8, 9 

Integrate vocal communication 2, 3, 4, 5, 6, 7, 8, 9 

Prioritise visual displays close to road view 6, 9 

Communicate event and action required 2, 5, 9 

Consider interaction at all stages of journey 3, 7, 8, 9 

Allow driver to customise interaction 5, 8 

Informing driver training requirements 2, 3, 4, 5, 6, 7, 8, 9 

Application of human-team strategies 4, 5, 6, 9 

10.4.1.1 Optimise outcomes in response to tradeoffs 

Previous research into AV interaction fails to acknowledge the complexity of the tasks being 

performed in AV operation. Due to traditional approaches to experimental procedures and 

hypothesis testing, previous research into optimising interaction is at a risk of being reductionist, 

as studies typically address improvements in relation to a single outcome. Currently, the research 

community in C/HAVs is at risk of promoting design solutions that may be beneficial in one 

regard, but when integrated into a final product with additional features, may negatively impact 

other important interaction outcomes. Results from the first experimental paradigm within this 

thesis (chapter 5, human-human handover in an AV) showed that some interaction designs may 

improve safety, but in turn could detract from usability. Lessons learnt early on in this thesis 

shows that multiple outcomes must be addresses, as having low usability may result in the system 

not being used at all. Chapter 5 showed that presenting minimal amounts of information to the 

driver inferred benefits such as a reduction in frustration, and a decrease in handover time.  

Chapter 5 concludes that prescriptive methods were a contributory factor to a decrease in 

acceptance and usability, whereas a flexible, user-querying method provided an optimised 

solution to the dependent variables measured. If alternative solutions had not being tested, 

researchers could have assumed that this decrease in acceptance and usability is solely 

attributable to the increase in situational information being received. By testing differing design 

concepts, this type 1 error could be avoided. 
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Future research into C/HAV interaction should measure interacting variables to capture the ‘big-

picture’ to understand which trade-offs should be made and provide solutions that can improve 

safety, as well as improving ratings such as acceptance and usability. Multiple designs should be 

tested, as the variation in interaction styles trialled throughout the thesis allowed for findings to 

indicate the most influential design solution.  

This thesis succeeds in demonstrating how a rigorous and step-wise approach to interaction 

design can lead to improvements in a broad range of outcomes as chapter 9’s data shows that as 

long as design drawbacks are identified early-on in the design lifecycle, there is enough resources 

available to steer the design procedure down the right path. Something that human factors 

specialists have noted for many years. 

10.4.1.2 Allow drivers to access information  

As previous automation domains have faced similar challenges to that of the AV domain, it is 

tempting for researchers in automation to draw on prescriptive methods found in domains such 

as aviation. Issues arise with this analogy, for example: drivers are not trained to a similar 

standard, procedures are not as easily instilled in the general public as they are a work-force, and 

purchasing/uptake of C/HAVs will be directly related to the user experience. Further, other high-

risk domains challenge this approach and identify contextual information to be of paramount 

importance when conducting shift-handovers. Access to contextual information includes any 

information that may be atypical for the average situation and may not be included in prescriptive 

methods. For C/HAVs this could include roadworks, future weather conditions, unidentifiable 

vehicle faults, emergency procedures of the current roadway, amongst many other situational 

states. 

Having the driver in control of what information was given to them, requested in real-time, was 

found to be beneficial during testing stages and shows that they can access is deemed as 

preferable and more adaptable to the situation. The dynamic interaction between driver and 

vehicle improved many outcomes, whilst providing the driver with information that they deemed 

to be important at that given moment. Standardised information could still be implemented to 

instil a learning effect especially if information is essential in all scenarios (e.g., hazards). However, 

more work is required regarding what and how essential information should be combined. 

10.4.1.3 Integrate vocal communication 

Vocal communication is immediate and can be conducted whilst attending to manual tasks. Such 

communication allows for the driver to interact with the vehicle whilst performing secondary 

tasks (e.g., reading a book) or, depending on local regulations, whilst manually driving the vehicle. 
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Vocal communication was found to be beneficial to those in shift-work domains and C/HAV 

operation alike. Vocal interfaces have been explored in great detail for use in AVs (e.g., ), 

however, this thesis demonstrates the modality’s capability for managing high-risk situations in 

C/HAV operation. 

10.4.1.4 Prioritise visual displays close to road view 

Mainstream methods of information display in current C/HAVs feature a centre console to 

conduct and manage tasks. Having such information in this area may mean that users are not 

directing attention towards the area naturally, as their attention is likely going to be paid towards 

the road environment ahead. It follows that drivers in chapter 6 utilised displays closer to the 

road view to receive situation information, compared to the centre console. Research going 

forward should explore how augmented displays and head-up displays can communicate critical 

information. 

10.4.1.5 Communicate event and action required 

Throughout the thesis (e.g. chapters 5, 7 and 9), users expressed their desire for the vehicle to 

express ‘why’ a handover is required. Alerts such as singular beeps or tones are vague and can 

instill worry in the driver, even if the situation is benign. It follows that for all events that may 

occur, the vehicle is able to relay quickly and effectively the reasons behind the interaction 

occurring, and the expectations the vehicle has for the driver. These concepts are explored in 

detail in chapter 2, as joint activity indicates that directability plays a role in coordinating activity. 

Alerts and notifications can make use of this format as the basis of message 

10.4.1.6 Consider interaction at all stages of journey 

Previous research not only present reductionist views on C/HAV interaction with regards to 

experimental variables, but research also typically explores vulnerabilities and information 

transfer during the handover. As is demonstrated in chapter 4, other domains appreciate the role 

that pre- and post-handover activities have with task performance. This thesis provides solutions 

to C/HAV interaction at each stage of the journey and advises future research to also consider 

temporal factors. 

10.4.1.7 Allow driver to customize interaction 

Customisation was found to be a recommended strategy within the experimental findings, user 

workshops and the expert workshop within this thesis. Data show that experiences, preferences 

and suitability for specific demographic traits can all be addressed by integrating an interaction 

design that can be modified to include certain features. In chapter 7, the idea of customising for 
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specific journeys was introduced. An example is a journey made with children passengers, so that 

more appropriate communication modalities can be selected if required. This form of 

customisation could also benefit those with hearing and other-such sensory difficulties. Another 

form of customisation is the tailoring of information displayed during handover interaction. For 

example, one user may not find fuel to be important, whereas another may prefer it to be 

delivered prior to taking back control. In this way, a user schemata and experience can be 

addressed with the information that the user requires via customisable features. 

10.4.1.8 Informing driver training requirements 

Collectively, the chapters within this thesis lead to the importance of extending the current 

taxonomy of the automated cycle to include ‘awareness’ and feature more driver-focused 

terminology to inform driver requirements during training. For those learning to drive for the first 

time, it could be important to understand how C/HAVs could operate in the future, particularly if 

a mix of both emergency and non-emergency handovers are required. A proposed approach to 

this is ‘the three A’s’: 

 Attention – Ensure that all secondary tasks are set aside including discussions with other 

passengers, interaction with devices or other objects. 

 Awareness – Eyes out on the road, address hazards and vehicle state – e.g., weather, speed, 

other vehicles. 

 Action – Assume a comfortable position, ensure contact with all control inputs (accelerator 

and steering wheel) and initiate the transfer of control when ready.  

The three A’s could be adapted to address both emergency and non-emergency handover events. 

The role of time constraints may require the awareness stage to be shortened or delayed as quick 

action may be safety critical.  

10.4.1.9 Learning from human teams 

This thesis represents one of the most thorough investigations into how modern technological 

capabilities can be designed with natural communication in-mind. The theoretical and practical 

underpinnings of this research is that of human-shift work. Steeri was informed primarily by 

research into how handover is conducted within domains such as healthcare by integrating 

strategies such as questioning, a two-way dialogue and vocal communication. This design 

outcome indicates that automation capabilities in pre-existing or new domains could learn from 

human-teams when informing their interaction design process. 
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10.4.2 Notable Theoretical Contributions 

This thesis demonstrates that the theory of Distributed Situation Awareness and Joint Activity can 

be successfully applied to C/HAV interaction design together. Distributed Situation Awareness – 

the premise that situation awareness is distributed across agents and element in a system 

(Stanton et al., 2006; 2017) – is used to explore and design how human-automation interaction 

should take place in AVs. DSA’s scope does not include specific guidance as to what should be 

communicated during C/HAV interaction. Joint activity was selected to guide the content of 

communication due to its task-centred approach to human-machine interaction (Klein et al., 

2004; 2005). JA focuses on communicative concepts that give agents a better understanding of 

how their counterpart is performing, and a model for collaborating effectively during shared 

tasks. This thesis provides valuable contributions towards progressing the theoretical framework 

of JA into a distributed form, whilst showing that SA is a collaborative process, that builds over 

time. Notable theoretical advances are outlined below: 

10.4.2.1 User-querying – addressing SA requirements and grounded communication 

The use of bidirectional communication has multiple purposes. Within shift-work handover 

ensuring that both agents can send messages ensures that information can be challenged, 

reaffirmed or corrected (Drach-Zahavy & Hadid, 2015; Parke and Kanki, 2008; Rayo et al., 2014). 

This form of communication also addresses the issue of humans and machines perceiving the 

situation differently. DSA states that SA should factor in the difference in processing capabilities 

between humans and machines (Stanton et al., 2006; 2017). However, it is difficult for a human or 

machine to understand the SA requirements of their counterpart. Bidirectional communication in 

this way allows each agent to access information that they may require from the other agent to 

raise their own perception of the situation. 

10.4.2.2 New insights into a virtual co-pilot 

The findings within this thesis provide further evidence that designing automation to be a co-pilot, 

rather than a tool, is beneficial for user interaction (extension of Eriksson & Stanton, 2017c; Walch 

et al., 2017). Following a scripted approach appears detract from user-experience. Whereas 

allowing drivers to interact with the vehicle more freely improves interaction in a variety of ways 

(Clark et al., 2019a). The communication of state, capacity and phase information has been shown 

to provide positive outcomes for human-automation interaction in AVs, whilst the use of two-way 

interaction allows both driver and automation to relay information and address 

misunderstandings in real-time. As such, the concepts outlined by Klein et al. (2004; 2005) and the 

work of Clark (1996) have been verified to be beneficial to AV design, and remains a promising 
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line of enquiry for automation researchers interested in applying the concepts of human-human 

communication to automated systems.  

10.4.2.3 Supporting transactions in SA 

In line with distributed situation awareness (Stanton et al., 2006; 2017), this thesis contributes 

towards how transactions (Sorensen & Stanton, 2016) should be performed in human-automation 

systems. A mix of providing the user with essential information (such as a notification or warning) 

and providing a user querying service could solve the “how much is enough” situation that many 

HMI designers encounter. The user can be provided with safety critical information, and can then 

access further information should they deem it to be necessary. In this way, the user remains in 

control of a proportion of the information they receive, although designers can integrate safety 

information should this be required. It remains a challenge in understanding what is essential 

information. However, trials such as that conducted in chapter 5 could indicate what drivers 

naturally require during the shift handover and developing designs around methods tailored to 

addressing safety concerns (such as cognitive work analysis and design with intent) this 

information could be readily obtained. 

10.4.2.4 Demonstrating the Perceptual Cycle Model in action 

The perceptual cycle model, introduced in chapter 4 and discussed in chapter 7, represents the 

cycle of world (real-time environmental state), action (the decisions and behaviours exhibited by 

the system) and schemata (the mental models used to comprehend perception information), each 

directing and modifying one another in a cyclical fashion (Banks et al., 2018; Neisser, 1976; Plant 

& Stanton, 2012; 2013; Revell et al., 2020). As environmental states change, actions are made 

informed by schemata, and schemata are developed in turn. This cycle represents the 

foundational aspects of DSA as each agent within a system has their own schemata (especially 

between human and machine agents) and perception of the environmental state therefore 

leading to non-comparable forms of situation awareness between agents (Stanton et al., 2006; 

2017). 

This thesis presents findings that show that improving the link between world and action can have 

benefits for interactions in C/HAVs. Providing a way of raising situation awareness and guiding the 

driver towards appropriate actions features greatly in Steeri’s design. Further, the ability for the 

driver to access information via user-querying allows the driver to address their own schemata to 

gain a better awareness of the situation. Chapter 7 shows how users with varying experience may 

interact differently with C/HAVs. Therefore, this thesis provides further evidence that the PCM 

and DSA are effective models for approaching the issue of interaction with C/HAVs. 
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10.4.2.5 The role of Malleable Attentional Resources Theory in C/HAVs 

Malleable Attentional Resources Theory (MART), the premise that attentional resources 

synchronise with workload, suggests that workload should be optimised, not reduced (Young and 

Stanton 2002a; 2002b; 2007). In this thesis, multiple instances of boredom and frustration were 

reported for both checklist conditions tested in chapter 5 and the control condition in chapter 9. A 

dialogue-based system that allows the driver to interact with the AV may allow the driver to keep 

up higher levels of attentional capacity due to an increased requirement to interact. It follows 

that drivers may develop greater levels of situation awareness and feel more integrated with the 

system. MART in this way could provide insights into these findings and be an effective tool in 

optimising driver interaction. 

10.4.3 Notable Methodological Contributions 

This thesis provides a methodological framework for developing human factors designs in new 

domains. The process of scope, pilot, design and test has provided the design outcome with a 

solid theoretical and practical foundation and ensures that multiple outcomes and avenues are 

considered, whilst addressing user requirements throughout. Further contributions are presented 

for potential applications of cognitive work analysis, driving simulations, participatory workshops 

and the ‘design with intent’ method of design generation. For driving simulations – measurable 

outcomes are showcased for measuring the quality of interactions between driver and 

automation in C/HAVs. Figure 10.1 outlines the final outcomes for each chapter, and how they 

relate to the final design’s development. 
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Figure 10.1 and the chapters as a collective can provide a useful resource for the design lifecycle 

for C/HAV interaction and may also inform human-interaction design in other domains. The 

approach is particularly influential as it covers a broad range of issues facing human-automation 

interaction. These stages can be implemented into new and current domains to factor in theory, 

current practise, learn from other domains, stepwise testing of concepts and contributions of 

both users and experts in the design process. This approach to human-automation interaction 

allows the designer to gain rich data and broad recommendations that can be refined into a single 

concept.  

10.5 Future work 

10.5.1 The balance of priority and supplementary situation awareness information  

The findings presented in chapters 5 and 7 show the range of information types prioritised and 

requested by drivers. Due to the thesis following the thread of user-querying (and therefore 

greater ability to meet user requirements whilst also providing access to context-related scenario 

Figure 10.1. Redrawing of figure 1.1 to present general approach and research framework for the 

design process 
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information), identifying what information the user should be given mandatorily, from a safety 

perspective, has not been directly measured. In chapter 4, it was noted that protocols and 

checklists were featured amongst safety critical domains to instil structure in agent expectations 

and the reception of safety information – although applying this method to the driving domain 

appeared to have a reduction in usability and drivers rated the interaction as largely unnecessary. 

This may be a unique challenge for the AV domain, as automation is currently regarded as a luxury 

feature rather than a safety feature. It follows that low usability, acceptance or trust could lead to 

the user deactivating the feature. Therefore, pursuing knowledge on the trade-offs between legal 

requirements, operational safety and user requirements are of utmost importance to allow level 3 

and 4 automated vehicles to be safely implemented onto public roads.  

10.5.2 Vocal communication in real-world settings 

This thesis does not directly explore the technical challenges of applying vocal-user interfaces to 

automated driving. Additional challenges are introduced when passengers, complicated road 

scenarios, vibrations and traffic noises are introduced. For safe operation, these interfaces require 

features, such as fallback inputs, in case voice is not recognised and the level of control given by 

vocal interaction should be considered. For example, controlling safety critical tasks (such as 

overtaking) should be allocated to inputs that are accurate, and should inaccuracies occur in vocal 

coordination that confirmations are acquired. Use of language is also complex. Questions may not 

be specific, may be ambiguous, and the range of varying voice artefacts (for example dialects) 

make interaction potentially difficult. This thesis provides promising findings for the future use of 

vocal and visual interfaces, although the pace at which it can be applied is in line with 

technological developments and addressing these design problems. 

10.5.3 Validation of concept on-road 

This thesis’ findings are limited by their simulated nature. Focus groups, experiments and 

literature searches focus on real-world implications; however, real-world settings can involve 

many different variables, scenarios and road-layouts that may make human-automation 

interaction a lot more challenging. The research approach of this thesis attempts to create an 

adaptable tool for C/HAV interaction to ameliorate these effects, however, this has not been 

directly addressed in the thesis’ methodological approach. Further research will be required to 

factor in the complexity of real-world scenarios and test designs on-road before progressing them 

for manufacture. 
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10.5.4 A thorough investigation into how AV interaction differs between nations 

Due to studies within this thesis being tailored towards UK roadways, and participants living 

within the UK, the findings and recommendations within this thesis may be tailored towards a UK 

road environment. As is with any major manufacturer, sales will be expected to be global. 

National laws, cultural values, road-user behaviour, road environments and hazards (e.g., vehicle 

type, weather, road layout) will be broad and varied amongst various cultures. It follows that an 

understanding of local requirements for C/HAV interaction, particularly for the purpose of raising 

situation awareness, will be of paramount importance before rolling out vehicles in certain 

environments. The interaction style proposed in this thesis does provide flexibility for various 

contexts, however, nations will be required to identify protocol, training and manufacturing 

requirements prior to vehicle roll-out. A collaborative body of work would allow for 

manufacturers to implement these requirements pre-emptively and allow the global community 

to tackle these shared engineering problems collaboratively. 

10.5.5 A thorough investigation into demographic variables 

Within nations, a population varies greatly. Demographics are an important aspect for any 

human-interaction design as they can drastically affect user requirements and the operability of 

the system. To ensure that the concepts and designs outlined within this thesis are influential 

within the public domain, trials must continue to address factors such as gender, age, 

socioeconomic background and technological literacy. 

10.5.6 The role of gender in virtual assistants 

A recent U.N. report found that virtual assistants are at risk of enhancing gender stereotypes, with 

many companies implementing female assistants as a result of their user testing (West et al., 

2019). Research has shown that gender can interact with the nature of communication (i.e., what 

is being communicated) to influence how ‘preferred’ the voice is to the listener (Alesich & Rigby, 

2017). However, the concept of gender within virtual assistants should not be treated with 

complacency, as stereotypes and bias could be further imbedded into our daily lives. Female 

voices as a default could reinforce aspects such as subservience (Nass et al., 1997). As virtual 

assistants become more commonplace, these design decisions could have great societal 

consequences (Nass et al., 1997). To that end, solutions should be developed and a responsibility 

from manufacturers must be adopted to accommodate for these factors. Allowing the user to 

select a gender option may be a good start, even better would be the option for a non-binary 

assistant. The implementation of non-binary assistants is in the early stages of development. As 
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the technology develops further work will be required to understand how users interact with 

these design concepts in the years to come. 

10.5.7 C/HAV interaction for driver training and testing 

Section 10.1.4.8 addresses the potential for this thesis’ findings to inform training needs for 

C/HAVs. The proposed ‘three A’s’ – attention, awareness and action only go a short distance 

towards understanding how driver training and testing can safely implement C/HAV operation. As 

AV technology progresses and becomes more widespread, understanding how to operate AV 

technology amongst other road vehicles in a wide range of situations. Teaching drivers to be 

aware of their surroundings and engage with technology correctly will have to be explored in 

future research, particularly when vehicles require both emergency and non-emergency 

handovers. 

10.5.8 The standardisation of AV technology 

As with many other safety features in a vehicle, the standardisation of AV technology should 

include how a human interacts with the AV. As an example, physical actions for the transfer of 

control may have a direct impact on the safety of the vehicle operation. It follows that a thorough 

investigation into the most appropriate approaches to C/HAV interaction and how they can be 

standardised across vehicles will not only better align user mental-models but also ensure that 

uptake and operation of C/HAVs is accessible to a wide range of users. 

10.5.9 Applying concepts to other domains 

Finally, this research intends to directly address C/HAV operation, however, due to its multi-

domain approach the findings within this thesis are not exclusive to the C/HAV domain. Exploring 

how DSA, JA and the concepts introduced in this thesis can be applied to pre-existing and future 

technology will be beneficial to researchers and manufacturers. 

10.6 Closing remarks 

Individually, and collectively, chapters within this thesis provide a design pathway and a design 

solution for interaction in next generation automated vehicles. The future of automated vehicles 

remains uncertain. It is therefore hoped that the work presented in this thesis influences all levels 

of automation interaction and can be applied to other safety-critical domains to bring more clarity 

to new technological developments in this domain.  
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Appendix A Cue cards for vocal procedure - chapter 5 

Checklist Readback: 

Checklist Guided Questions: 

 

 

 

 

1.  Place your hands on the wheel - (readback: My hands are on the wheel) 
 
2.  Place your foot on the accelerator - (readback: My foot is on the accelerator) 
 
3.  There is a car lane 1/2/3 - (readback: There is a car lane 1/2/3) 
 
4.  You are in lane 1/2/3 - (readback: I am in lane 1/2/3) 
 
5.  You have 150 miles of fuel left - (readback: I have 150 miles of fuel left) 
 
6.  You are travelling at X mph - (readback: I am travelling at X mph) 
 
7.  Your exit is junction 14 in 5 miles - (readback: My exit is junction 14 in 5 miles) 
 
8.  Move into the left hand lane and exit at the next junction - (readback: Move into the left 
hand lane and exit at the next junction) 
 
9.  Please take control of the vehicle - (readback: I have control of the vehicle) 

1.  Are your hands on the wheel? - Respond 
 
2.  Is your foot on the accelerator? - Respond 
 
3.  What is on your left/right? - Respond 
 
4.  Which lane are you in? - Respond 
 
5.  How much fuel do you have? - Respond “200 miles of fuel” 
 
6.  What is your speed? - Respond 
 
7.  Which exit do you need to take? - Respond “Junction 4” 
 
8.  Which lane do you need to move into? – Respond “left lane” 
 
9.  Please take control of the vehicle  
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Open Questions: 

 

 

 

Timed: 

 

D: [Ask any questions you may have about the past, the current environment, 

and intentions of current driver] 

A: [Respond accordingly, if unsure or not known, provide any answer you wish] 

A: You are now required to take control in the next 60 seconds. [Begin to countdown 

from 60 to zero]. 

D: [Don’t say anything, take control when ready] 
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Appendix B HUD slides for final design solution 
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