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Abstract
Conditionally and highly automated vehicles will require drivers to take control as a result of a non-emergency, such as a 
geographical, terrain, capability or design boundary. It is anticipated that these events will provide the driver with a sufficient 
amount of time to prepare themselves for the transition of control. This study explores conditionally and highly automated 
vehicle transitions of control by asking how drivers of differing skill levels (learner, intermediate and advanced) approach the 
task of designing an interface responsible for making transitions safer, more usable and more efficient. Three focus groups 
generated detailed designs for vehicle-to-driver transitions in an 1-h and a 10-min “out-of-the-loop” scenarios and transi-
tions from driver to vehicle. Results show great variation in the approaches taken by each skill group (e.g., the reliance on 
visual interfaces for awareness assist and viewpoints on issues such as multimodal displays). Customization was a common 
theme throughout, with drivers desiring the option to adjust alert timings and modalities in which information is displayed. 
This paper presents these designs along with a detailed comparison of group designs and implements distributed situation 
awareness theory to discuss findings and draw conclusions.
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Abbreviations
C/HAV  Conditionally and highly automated vehicle
DSA  Distributed situation awareness
HDD  Head-down display
HMI  Human–machine interface
HUD  Head-up display
OOTL  Out-of-the-loop
SA  Situation awareness

1 Introduction

1.1  Levels of Automation

In automobile technology, the levels of automation [1] rep-
resent separate avenues that manufacturers can pursue in 
an attempt 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 the SAE [1], “level 5” automation (full-automation) 
involves the removal of driving inputs, so that a physically 
present human is not required 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. 
Alternatively, conditionally and highly automated vehicles 
(C/HAVs) [2] could be on our roads sooner (Levels 3 and 4) 
[1]—that is, automation that either expects or may have the 
option (respectively) to handover control to the driver when 
approaching a geographical, terrain, capability or design 
boundary (level 3) or on request by the driver (level 3 and 
4). This may be more feasible for manufacturers, as there is 
greater ability to apply automation selectively to less com-
plex and more predictable scenarios, such as highway driv-
ing [3]. C/HAVs, however, come with their own challenges 
and risks that are to be addressed as they require human 
engagement as well as transitions of control and responsibil-
ity to achieve adequate driving performance [1].
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Many automotive manufacturers are currently establish-
ing their approaches to C/HAVs. With the release of Audi’s 
current A8 model, it is now possible to have a driver relin-
quish control and strategic planning of the vehicle in traffic 
jam scenarios, allowing the driver to take part in secondary 
tasks (depending on legal frameworks within the region) 
[4]. This trajectory requires designers and manufacturers 
alike to consider transitions from secondary tasks back to 
the dynamic driving task.

1.2  Handover Problem

In high-risk domains such as medicine, air traffic control 
and energy generation and distribution, the “handover” rep-
resents vulnerability and poses risk to a system’s operation, 
typically due to inadequate communication of information 
and intentions [5–7]. C/HAVs represent the vanguard of full-
automation, and much is yet to be understood regarding tran-
sitions to and from manual control in these vehicles. In their 
comprehensive review, Morgan et al. [8] outlined the current 
state of research in semi-automated handover alongside the 
human factors issues presented, such as a reduction in situa-
tion awareness (SA) due to being “out-of-the-loop” (OOTL) 
[9], poor calibration in trust—that is, seeking to design a 
system that provides information that represents the automa-
tion’s true ability, thereby not facilitating misuse or disuse 
[10–13] and feelings such as frustration from a user perspec-
tive [14]. It has also been noted that issues such as mode 
error (mistaking that automation is either active or inactive) 
should be taken into account in automation human–machine 
interface (HMI) design—these factors may lead to implica-
tions related to safety, usability and the acceptance of auto-
mated vehicles [15, 16].

1.3  Distributed Situation Awareness and C/HAVs

Reductions in SA are well cited as a contributing factor 
toward incidents in many domains [9, 17–20], including 
those with automation capabilities. SA has developed greatly 
since its inception; the original description of SA proposed 
by Endsley [21] stated that SA represents the accurate per-
ception, comprehension and projection of situational ele-
ments. However, many researchers and practitioners are now 
favoring a distributed cognition approach to the concept of 
SA—distributed situation awareness (DSA) [22, 23]. This is 
due to the recognition of complex socio-technical systems 
consisting of both human and non-human agents, each inter-
acting with different perceptions and interpretations of the 
environment. From this perspective, it is the entire system 
that either gains or loses SA. This approach is beneficial as 
it acknowledges variation in individual “schemata” and role 
expectations that each agent brings to the task and dem-
onstrates how information does not have to reside equally 

among every individual, as this information can be accessed 
when required in environmental artefacts, a concept that tra-
ditional models do not address.

For C/HAVs, the DSA approach may be particularly ben-
eficial 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, feedback and poten-
tially 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 capa-
bilities and role, fostering what is known as “compat-
ible SA” through “transactions” [24]. 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 [25].

For C/HAV handover, regaining control from an auto-
mated system may lead to degraded driver performance as a 
result of deskilling or incompatible SA [22, 23, 26]. While 
automation is active, the driver is separated from the driving 
task; thus, emphasis should be placed on the interactions 
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. 
[27] provided a number of recommendations when imple-
menting DSA theory to a given system. For C/HAV hando-
ver, the following are deemed to be particularly pertinent 
and worthy of further discussion:

(1) SA requirements should be clearly specified as a result 
of careful analysis.

(2) C/HAVs should be designed to support SA transactions.
(3) Unwanted information should be removed.
(4) Interfaces should be customizable.
(5) C/HAVs should provide appropriate and explicit com-

munication links.
(6) C/HAVs should use procedures to facilitate DSA.

1.4  Driver Skill in C/HAVs

DSA refers to Neisser’s perceptual cycle model [28] to pro-
vide insights into how individual agents integrate with their 
environment, both perceptually and behaviorally. The model 
outlines that individuals make use of “schemata”—mental 
templates constructed from past experience that are accessed 
to interpret environmental cues and guides appropriate 
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behavioral responses. In driving tasks, the idea of every 
driver possessing unique schemata as a result of past experi-
ential and behavioral 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 behavior.

The relationship between the ability to raise individual 
SA and driver skill shows that advanced driver training may 
improve driver situation awareness [29]. Walker et al. [25] 
found that advanced driver training may improve working 
memory capabilities that result in the improvement in driver 
situation awareness. Advanced drivers have also been found 
to pay closer attention to environmental feedback [25, 30]. 
This addresses Neisser’s perceptual cycle model [28] as 
driver behavior is guided by driver schemata (as a result of 
experience) and becomes 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 infor-
mation 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 [31, 32]. Young and Stanton [32] 
summarized their findings with reference to the malleable 
attentional resources theory [31–33] as an illustration of the 
inverse relationship between driver skill and mental work-
load [34]. As skill increases in the driving task, so does 
automaticity. Further, research into new drivers and hazard 
perception shows a range of differences to their more experi-
enced counterparts such as less-efficient gaze behavior, less 
vigilance regarding their mirrors and closer focus on the 
front of the vehicle [35, 36]. It may be that drivers of less 
experience will benefit from handover awareness assist more 
due to their attentional shortcomings as learners.

Advanced driver courses are intensive and typically occur 
over a number of days. Training involves understanding why 
accidents occur, managing risks, understanding how human 
factors affect performance and improving observations, 
which is finalized with a test.

Driver experience and driver age are inherently corre-
lated. Arguably, with age come changes in the way the driv-
ing task is performed, and studies looking into driver skill 
are inevitably confounded by this variable, a factor recog-
nized across driving research [37]. In controlled experiments 
exploring takeover performance and age, Körber et al. [38] 
found little differences in behavioral performance when driv-
ers were asked to take control with and without a secondary 
task. Morgan et al. [8] argued that most handover studies 
focused on mainly middle-aged and high-mileage drivers. 
As interaction with automation is dependent on driver skill 
[33], it is important to consider the future of C/HAV opera-
tion 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 experi-
ence. 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 to such 
events.

1.5  Current State of Handover Assistants

C/HAVs differ from their predecessors in their potential 
for allowing drivers to take their eyes/mind off the road. 
This study directly addresses this, and the implications they 
ensue (see Sect. 1.2) by exploring how “handover assistants” 
could aid in the transition of control. In their comprehensive 
review in transition interfaces, Mirnig et al. [39] outlined 
the current state of transition interfaces in regard to a cat-
egorization framework. The authors identified contributory 
work across academia and industry. Notable design speci-
fications from this review include: (1) alerts informing of 
situation and takeover time [40], (2) implementing bimodal 
(auditory and visual) takeover requests [41], (3) exploring 
multimodal alerts and the effect of direction on takeover per-
formance [42], (4) ambient and contextual cues to facilitate 
takeover [43], (5) graded takeover request in “soft takeover 
request” scenarios [44] and (6) multimodal alerts in relation 
to urgency [45].

As an example, Naujoks et al. [46] provided a proto-
type 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 (middle 
panel) with banners colored in orange, with a wheel indi-
cating how much time remains for takeover to occur, and 
imminent (right panel) with banners colored in red and a 
more urgent message. Their interface recommendation fol-
lows concept-related cooperative perception technology 
[47], which involves interfaces feeding real-time, event-
critical information to the driver to improve safety following 
a takeover request.

1.6  Case for Extended Handover Preparation 
in a Non‑Emergency

Emergency takeover scenarios do not typically give the 
driver a time allowance to raise SA as a result of “OOTL 
performance.” Conversely, when boundaries, such as geo-
graphical or design capabilities (e.g., road works, exiting 
junction on motorway to urban area), are predictable, time is 
likely to be more readily available. As Patterson and Woods 
stated, the handover is a time when the incoming operator 
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must raise SA and have a complete mental model of the situ-
ation and anything that has changed [48].

1.7  Current Study and Research Questions

The authors propose that experimental iterations, while 
important, limit the scope and potential of targeting user 
requirements in a timely fashion. It is therefore deemed 
necessary to consider other rigorous research methods that 
target the core of usability principles. 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 life cycle [49]. It 
stems from the philosophy that users have valuable insights 
that can lead to creative concepts when given the chance to 
share their ideas [49]. The challenge arises for designers to 
take user experience and participatory designs and imple-
ment them with practical, realistic and balanced approach 
[50]. A good illustration of this concept is the implementa-
tion of customization and personalization in designs [51, 
52]. Customization, by definition, allows users to individu-
ally tailor preferences/requirements to their own individual 
needs [53] but should lie within scope of design specifi-
cations and legislature. On the other hand, personalization 
relates to the profiling and creation of a design that can be 
applied to a target group [54]. 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 [50].

Although qualitative in nature, participatory design focus 
groups allow quick insight into user requirements [55] and 
provide high quantities of rich information suitable for fast-
paced fields such as automotive automation. The domain 
of C/HAV handover lends itself to the participatory design 
approach due to the availability of a range of demograph-
ics available to researchers as drivers are part of the gen-
eral public. This study implements the participatory design 
approach by asking groups of drivers to discuss and design 
a C/HAV handover and handback assistant. The following 
research question is central to discussions: how do drivers 
of different skill categories view solutions to the handover 
and handback problem in C/HAVs?

2  Method

2.1  Participants

Ethical approval was gained via the University of South-
ampton ethics panel (ERGO II No. 40182). Drivers were 
recruited across three separate categories as defined by 
Young and Stanton [33]: (1) learner drivers—currently hav-
ing lessons, (2) intermediate drivers—drivers who have held 

a full-license for over 1 year and (3) advanced drivers—hav-
ing completed an advanced driving course under the Institute 
of Advanced Motorists (IAM) [56] or the Royal Society for 
the Prevention of Accidents (RoSPA) [57].

Due to availability and population demographics, balanc-
ing 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 [37].

Focus groups consisted of between five and seven par-
ticipants, conforming to the size of focus groups outlined 
by Krueger and Casey [58, 59]. Participant data are dis-
played in Tables 1 and 2 showing demographics and driving 
experience.

2.2  Design

Focus groups lasted approximately one and a half hours in 
line with common practice [60]. Driver skill was imple-
mented as a between-group, three-level independent vari-
able categorized into groups of learner, intermediate and 
advanced drivers. Additional variables measured from the 
sessions were: age, gender, annual mileage, years holding 
license (and where applicable, hours of lessons and years 
of holding advanced qualification). Dependent variables 
from this study were the output from audio data and col-
lective written design suggestions using post-it notes on a 
pre-designed template.

2.3  Procedure

Participants were recruited either via the University of 
Southampton’s internal web-page (targeting learners/inter-
mediates), through driving schools/instructors (targeting 
learners) or through both the Institute of Advanced Motor-
ists [56] and the Royal Society with the Prevention of Acci-
dents groups [57] (targeting advanced). Prior to taking part 
in the focus group, each participant filled out a demographic 
questionnaire. An introduction was given by the primary 
researcher 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 

Table 1  Participant demographics

Skill category Number 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)
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were then given three storyboard scenarios, which were then 
addressed in sequence.

In scenario 1, participants were asked to discuss and 
generate design concepts related to being 1-h OOTL. The 
scenario described a driver manually driving through an 
urban environment and joining a highway. Upon joining the 
highway, automation was activated, and the driver took part 
in a range of secondary tasks such as emailing and playing 
games on a tablet. After 1 h, the driver was expected to take 
control of the vehicle. Participants were at this time asked to 
discuss how they would want to be alerted, how information 
should be presented and how they desired the handover to 
take place. Scenario 2 followed an identical structure, with 
the change of 1-h OOTL to 10-min OOTL. Scenario 3 asked 
participants to think about the event in the last two scenarios 
where the driver joined the highway and automation was 
available. They were asked how the interfaces should com-
municate with them that automation was available and how 
they desired automation to be activated at this time.

Participants discussed their thoughts in relation to their 
driving experiences and a range of factors that they could 
consider including modalities (e.g., audio, visual), types of 
displays (e.g., head-up/head-down display), and timings, and 
were asked to generate information types and how they’re 
delivered as a group, using their collective experiences con-
currently, in the center 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.

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 writ-
ten design concepts. A thematic analysis of transcripts was 
conducted to determine what aspects of handover protocol 
each group focused 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 [61].

3  Results

Figure  1 displays the frequency of design suggestions 
made by drivers during focus groups regarding the hand-
over (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 through requests to actively respond, 
or implicit methods such as built in eye tracking.

• Choreography Any suggestion made that relates to tim-
ings, 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 

Table 2  Participant driving 
experience

Skill category Mean annual mileage Mean years held license Mean learner hours Mean years as 
advanced driver

Learner – – 52.6 (SD = 39.7) –
Intermediate 6500 (SD = 3500) 32 (SD = 15.6) – –
Advanced 12,600 (SD = 2191) 47 (SD = 9.4) – 18.3 (SD = 10.6)

Fig. 1  Frequency of suggestions comparing the themes “aid aware-
ness” and “transition” among driver skill groups
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driving scenario. Examples include hazards and route 
planning information.

• Transition Any suggestion made that relates to the physi-
cal aspect of taking over control of the vehicle (e.g., tak-
ing control of pedals before steering wheel).

Figure 1 shows that discussions in the learner group 
focused more on alerts and awareness assist, whereas as 
driver experience increased, a shift away from awareness 
assists toward designing better and smoother ways of tran-
sitioning control were observed. To understand these differ-
ences better, each group’s final designs and comments are 
discussed in detail in the following sections.

3.1  Learner Handover Design

Figure 2 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 min 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 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 center console, 
with augmented traffic information on the head-up display 
(HUD). Customizable vocal output was also desired at this 
stage. Concurrently, the group wanted information such as 
current gear and current speed displayed on the HUD, and 
any dangerous weather information to be displayed both on 
the head-down display (HDD) and HUD. From here, driv-
ers 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; how-
ever, 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 per-
formance following handover. Throughout both automated 
and manual control, drivers requested that the HDD, when 
it was in automated mode, showed a clear color tint of the 

display (e.g., amber for manual, green for automated). 
Finally, while in automated mode, this group requested there 
to be a timer presented on the HUD indicating when driver 
control was expected, and a manual override capability.

For shorter journeys, the group found it to be important 
to customize the amount of time that is given for alerts to 
be given. It was widely thought that for a 10-min automa-
tion period, 1 min was sufficient to be alerted, raise SA and 
regain control. In regards to interfaces, the group decided 
that a lot can change in 10 min and kept the same design as 
the 1-h OOTL scenario.

3.2  Intermediate Handover Design

Figure 3 displays the design schematic created by the inter-
mediate drivers’ group. Overall, this group preferred visual 
interfaces in tandem with a vocal interface to guide hando-
ver 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 displayed on the HDD, HUD and 
vocally to notify them of how long they have left, custom-
ized to 5 or 10 min prior to takeover. In tandem, the group 
requested distance left until takeover was expected, along-
side 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 take-
over 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: (1) upcoming 
traffic or queues at the junction to be displayed both on the 
HUD and vocally, (2) fuel state and potential refill stations 
to be displayed should it be of importance, (3) other vehicles 
and hazards to be highlighted on the HUD that the driver can 
cancel should they wish and (4) 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 count-
down 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 
are designed 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 auto-
mation and taking control instantly. Further, to make sure 
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the handover does not surprise drivers, the group requested 
the ability to be able to input new directions or plans to 
the vehicle while it is in automated mode. Finally, cus-
tomization was important for this group, specifically, in 
relation to confounding factors such as children in the car 
interfering with vocal assistants, this group requested a 
customization system for which modalities are used, and 
it is tailored to those who have particular accessibility 
requirements.

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-min warning for 10 min in automa-
tion—potentially calculated based on percentage of total 
automation time, which is vocally communicated once and 
is then followed by an HUD countdown display in time.

3.3  Advanced Handover Design

Figure  4 displays the design schematic created by the 
advanced drivers’ group. Overall, this group preferred 
smooth transitions of control with little information dis-
played with regard 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 
the message 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 
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customized awareness assist (e.g., HUD/vocal) was sug-
gested 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 transfer control with 
a vocal countdown (i.e., 1 mile, 1/2 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 customizable 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.”

3.4  Handback Designs

Figure  5 displays the handback designs outlining how 
groups approached the action of transferring control back 
to automated driving. Generally, handback designs consid-
ered driver trust with the automated system and the physi-
cal action of transferring control. Groups differed in their 
approaches.

3.4.1  Learner Group

The learner group preferred to have a universal audio tone 
and the amount of time of automation available displayed 
in the HUD. Concurrently, they requested pages in an 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 HDD indicating a safe transition. 
Finally, symbols and colors are to be displayed across HDD 
and HUD to show the transition of control to automation as 
well as the slackening of controls.

3.4.2  Intermediate Group

The intermediate group suggested a more interactive hand-
back design involving a range of driver inputs. To begin, this 
group desired physical road signs indicating that automa-
tion 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 colors and 
symbols on the HUD indicating that automation is available. 
The group made it clear that they wanted automation to sup-
port 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 and handover). Concurrently, on the HUD, 
visual indicators that the vehicle is aware of, 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 vibra-
tions if the automation is not able to be activated. When 
control is given to automation, this group wanted communi-
cation to continue through the use of button inputs.

3.4.3  Advanced Group

The advanced group favored a simple approach to the hand-
back, a clear indication of whether it’s safe to activate rep-
resented by 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 with the steering wheel, to gradually 
build trust. Finally, a change in color across the HDD indi-
cates that automation is now in control.

4  Discussion

This study explored how drivers of differing experiences 
envisaged handover assistants with the intention of promot-
ing safety while 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 
while being out-of-the-loop for differing periods of time (1 h 
vs. 10 min) as well as how control should be handed back 
to automation.

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. Over-
all, 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 [22, 29], it seems plausible that 
advanced drivers expressed a greater willingness to detect 
and process environmental cues themselves [22, 30] 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 
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be projected onto a windscreen—but I’m not sure I need all 
of that information;” advanced group, participant 2).

As automaticity and workload are related to driver skill 
[33], 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 and 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). This is supported by research showing a reduction in 
perceived mental workload and greater user preference with 
the presentation of multimodal feedback [62, 63]. This find-
ing also supports previously proposed handover HMIs and 
the effectiveness of multimodal vehicle-initiated takeover 
requests [41, 42, 45].

Perhaps the most discussed topic across all groups was 
the need for customization, a topic previously explored by 
Bazilinskyy and his colleagues [64, 65]. The concept of cus-
tomization in this study centered 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 they’re going to 
be singing or something,… So vocal things aren’t going to 
cut it today”; intermediate group, participant 4), but also 
on how much time in advance drivers were alerted for the 
purpose of concluding secondary tasks or time OOTL (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 fin-
ish it, and slam down my laptop, so I want 2 miles notice, 
not one”; advanced group, participant 3; “you’re going to 
Romsey (from Southampton) you set the timer to 1 min, 
and if you go to Newcastle you set it to 3 to 5 min”; learner 
group, participant 5). However, recommendation of what 
default, safety–critical settings should be communicated 
by the advanced group (e.g., “Well, then the default state 
needs to be safety”; participant 4, advanced group). Solu-
tions 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 customizable 
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).

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 com-
ing up to junction, or as a regular sat-nav implemented on 
the console.

4.2  Changes Following Shorter Time OOTL

There has been little research regarding time OOTL and the 
changes to be made regarding its effect on handover perfor-
mance from automation to human operator. Typically, the 
energy production domain favors allocating more time to 
handover if the incoming staff has been absent for a longer 
period of time [66, 67]. There is a clear need in this domain 
to commit more resources to the handover task when time 
OOTL 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 min 
versus 1 h.

Most of the discussion regarding time OOTL 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 1-min warning (e.g., “I 
think the timings could be shorter, if it’s only 10 min you 
don’t need a 3 min warning”; learner group, participant 3), 
whereas intermediates preferred a more sophisticated sys-
tem that calculates a percentage of the time OOTL for the 
amount of time given prior to takeover (e.g., “Percentage 
based on time overall for planned automation”; intermediate 
group, participant 3). The learner group kept their informa-
tion streams the same, whereas intermediates stated that it 
wasn’t important to have either awareness assist or informa-
tion about weather/road conditions (e.g., “No no, I don’t 
think you’d need it”—in response to question about aware-
ness assist; intermediate group, participant 1). 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 [35, 36]. Advanced drivers made no 
changes to their interface design; however, as their design 
for the 1-h scenario was relatively brief, this is unsurprising 
given their previously stated views on awareness assist.

4.3  Comparison of Groups’ Handback Designs

Each group requested a way of visualizing the state of auto-
mation and its capabilities. Learner drivers suggested that 
the car presented its proposed future intentions, intermedi-
ates suggested an HUD that showed that the car could detect 
other vehicles, and the advanced group favored 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 driv-
ers 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 [12, 13]. 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 
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addresses the problem of mode error that may come about 
through interactions with automation [15–17].

Intermediate drivers requested more strategic informa-
tion 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.

4.4  DSA and C/HAV Handover and Handback

Revisiting Salmon et al.’s recommendations in light of DSA 
[27], a number of comments reflected a need to tailor inter-
actions 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) indicate a need for information to be 
well tailored and efficiently delivered to the driver during 
transactions. Another example of addressing the DSA rec-
ommendations is the use of customizable interactions—a 
recurring theme throughout all focus groups.

Differences across groups provide an indication that 
driver schemata vary across skill groups, and each requires a 
tailored approach to C/HAV handover and handback. Exam-
ples include the expression of favor toward HUDs and HDDs 
during handover assist in both learner and intermediate driv-
ers 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 their 
less experienced counterparts [25, 29].

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 prior to the driver relinquishing control. 
Access to information such as this, at this particular time, 
indicates how both driver and automation can possess dif-
ferent, but compatible, SA which is then communicated at a 
specific time point to facilitate decision making of drivers—
i.e., whether to activate automation [25, 30].

These focus groups indicate that DSA, when applied to 
C/HAV handover and 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 toward individual requirements and the level of skill 
[27].

4.5  Application and Future Development

The designs generated in these focus groups serve as con-
ceptual inspiration for future designs that want to address 
driver needs and requirements, while ensuring a high 
level of usability. As automation in any field is complex, 

multi-layered and ever-changing, it must be noted that 
these designs were generated away from specific techni-
cal or legal guidelines. It is therefore advised to implement 
parts of these handover concepts as suited to research and 
design requirements to adapt to the user and the technical 
framework in which it is to be applied to. However, the 
designs merit is found within the innovative design pro-
cess that drivers with a range of experiences have taken 
part in.

To build upon and verify the proposed driver-generated 
designs (or select elements of these designs), simulator or 
track and road testing should be performed. The authors 
recommend reading Clark, Stanton and Revell’s [2] assess-
ment of vocal handover strategies which measured:

• Time to takeover.
• Behavioral metrics (lateral/longitudinal control).
• Workload.
• System usability.
• System acceptance.

Further considerations could also be made such as:

(1) System trust assessments [68].
(2) SA (e.g., via eye tracking) [69].

As the field of automotive automation progresses, 
proposed concepts in this study should be applied and 
assessed in accordance with designers’ current technical 
and legal framework.

4.6  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 inter-
mediate 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 show-
ing the most disagreement regarding individual solutions, 
this leads to variation in the groups’ abilities to converge 
on an agreed solution. In response to disagreements, the 
groups decided on methods of customization.

5  Conclusions

This study explored how drivers of differing skill levels 
approached the handover problem through the use of hand-
over HMIs. HMI solutions for the automation-to-driver 
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transition of control from three focus groups (learner, 
intermediate and advanced drivers) were presented. Addi-
tionally, 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 
showed a preference for limited information in aware-
ness-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 multimodal approaches.

Customization 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 hand-
back were created including surround cameras and aug-
mented 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 
[12, 13] 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 sce-
narios, 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 toward indi-
vidual requirements in the driving task is of great impor-
tance [27]. Further, as drivers of differing skill vary based 
on attentional resources [33] and capability to develop and 
maintain SA [29], it is important to address this factor 
when considering handover HMI designs. Further work 
should explore the role of customization for application 
to C/HAV design—however, care must be paid as to what 
information remains safety–critical during transitions of 
control and responsibility.
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