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Visualisation and Interaction for Remote Driving
Promoting Situation Awareness and Mitigating Cognitive Load for Remote
Operators

Julia Flising
Ellen Widerstrand

Department of Computer Science and Engineering
Chalmers University of Technology and University of Gothenburg

Abstract

As the world scrutinises its transportation network in the glaring light of climate
change, remotely operated vehicles are emerging as an attractive solution to the
problem. Boasting better safety, reliability and sustainability for the future, stan-
dardised freight trucks may be the pioneering project of its time. However, the
operator of a remotely operated truck faces a unique set of challenges that needs
addressing not only for their well-being but that of each stakeholder, from pedestri-
ans to industry actors. In this Interaction Design Master Thesis the aim has been
twofold: to investigate what key interface factors may be used to enhance the op-
erator’s situation awareness when in demanding driving situations, and to examine
what interface elements serve to mitigate cognitive load for the operator.

This Research Through Design project has employed frameworks from Human-
Centred Design (HCD) and IDEQ’s 3i Model of Design Thinking to tackle the
challenge through a user-focused process of two separate prototype usability tests.
Each prototype was created from a foundation of formative research featuring meth-
ods ranging from literature reviews to expert interviews. The nal product of this
thesis work is a set of guidelines set to inform academia and industry actors alike of
best-practice recommendations for the design of a remote operating interface. An
iterative design process was carried out to ensure their good quality. These guide-
lines present ways in which to ensure the interface remains operator-supportive by
tackling identi ed issues within automation, situation awareness and interaction
design.

Keywords: Interaction design, remote operations, cognitive load, situation aware-
ness, research through design, graphical user interface.
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1

Introduction

According to data from the International Institute for Sustainable Development,
emissions in transportation account for around 64% of global oil consumption and
23% of the world’s energy-related carbon monoxide emissions (Mead, 2021). Among
the recommendations for continued electri cation of the mobility sector, govern-
ments and organisations are urged to consider the implementation of structural
changes to the transit system to reduce the negative environmental impact (Mead,
2021). This vision and intent are shared with industry actors such as Einride, a
Swedish transport company specialised in the digitisation, electri cation and au-
tomation of standardised freight eets (Einride, n.d.-b).

While there has been a signi cant movement within the industry towards the de-
velopment of fully autonomous vehicles run via Al, other projects have put their
focus on unmanned vehicles operated through remote driving, also referred to as
remote operation (Liu et al., 2017a). These solutions are argued to be more reliable
and e ective than a fully autonomous system when dealing with complex situations
(Ackerman, 2015). Einride’s invention, the Einride Pod, is the company’s response
to the sustainability challenge, employing a remote operation capability on top of
implemented self-driving technology to achieve safer and cleaner transportation op-
tions (Einride, n.d.-a).

The remote driving concept may host signi cant potential in terms of e ciency,
but it also comes with its own set of challenges. The human driver uses primarily
four senses when driving: visual, aural, haptic and vestibular systems (Gnatzig et al.,
2013). Remote operation places signi cant limitations on these kinds of inputs by
physically displacing the driver from the vehicle, instantiating a need for conscious,
human-centred design to ensure the safety and well-being of relevant stakehold-
ers (Gnatzig et al., 2013). Due to the feedback modality of the human-computer
interaction being largely limited to the visual modality, e orts to keep the vehicle
operator in the loop instantiate a great need for the application of Interaction Design
methods to ensure safe and e ective cooperation between system and user (Endsley
and Jones, 2014). One of the ways in which Interaction Design may in uence the
problem space is through the application of graphical user interface (GUI) elements.
This factor may, on its own, prevent signi cant cognitive fatigue via excessive visual
excise on the operator.

Situation awareness is another important factor in this work. Already heavily used
in elds such as medicine, air tra c control and other automated systems, the con-
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1. Introduction

cept provides crucial principles and insights into designing for enhanced decision
making and performance (Endsley and Jones, 2014).

1.1 Context

Hosseini et al. mention that the main challenge of remotely operating a vehicle in
urban areas is the lateral control of that vehicle (Hosseini et al., 2016). Lateral
control is, according to Hosseini et al., manoeuvres such as overtaking where the
operator requires more information than just the camera feed to be able to operate
the vehicle robustly and precisely. The aural and visual systems provide the driver
with their primary source of time- and position-based prediction, making these sys-
tems especially important for navigating tra c (Gnatzig et al., 2013). Furthermore,
Gnatzig et al. have pointed to a lack of situation awareness producing the e ect of a
non-realistic driving feeling, causing the operator to behave di erently compared to
when operating the vehicle from directly inside of it (Gnatzig et al., 2013). This cre-
ates a potentially hazardous situation where the operator may behave unpredictably,
too late, or in error due to their misunderstanding of the information presented to
them on the GUI. This may also have consequences for secondary stakeholders such
as pedestrians or motorists.

1.2 Design Problem

This Research through Design project will tackle the challenge of investigating and
curating best-practice guidelines for developing GUIs within the remote operation
sector. By incorporating principles of graphical interface design, cognitive science
and human-centred design, this work seeks to address primarily visual challenges
faced by remote operators in their interaction with the system.

Formative research will direct the development of several iterations of prototypes
and design guidelines. The rst iteration of guidelines will be put to the test by
providing a theoretical foundation for comparative usability testing of two di erent
prototype solutions. The following iteration will draw upon the learnings and results
of the previous round to synthesise the second iteration of guidelines and prototypes.
Evaluation of these prototypes and subsequent analysis of the results will help shape
best-practice design guidelines. These guidelines will subsequently be put through
a nal evaluation with the purpose of ensuring their good quality and applicability.
Due to the combination of theoretical and practical work involved, this thesis will
seek to produce and test iterated design solutions with characteristics of low visual
excise to counter a challenging and busy working environment. The goal will be to
produce guidelines that support the creation of a comprehensive, continuous and
safe interface solution that bene ts all stakeholders.



1. Introduction

1.3 Research Problem

Trucks with autonomous capabilities in combination with remote driving provide a
more 0 ce-like work experience, but its physically-removed nature is not without
its range of issues. Assessing and addressing a given tra ¢ complication requires
considerable cognitive reorientation on behalf of the operator, potentially instantiat-
ing heavy cognitive load due to the amount of visual information displayed (Sweller
et al., 1998). The visual excise on its own runs the risk of fatiguing the operator and
preventing them from reacting to critical tra c situations in time (Cooper et al.,
2014). The visualisation of the operator’s cabin features overlapping screens and
views of considerable size and thus serves to exasperate existing situation awareness
issues inherent to the remote driving setup.

Two research questions were identi ed for closer study, the rst of which sought
to investigate what principles within the eld of Interaction Design may be applied
to best support the operator’s formation and maintenance of their mental model of
situation awareness. The other looked to point out ways in which one might design
with the speci ¢ purpose of reducing the cognitive load placed on the same remote
operator.

RQ1: What are key interface factors for enhancing the operator’s situation
awareness in demanding driving situations?

RQ2: What factors of given interface elements serve to reduce the cognitive
load as a part of the interaction between operator and truck in a remote driv-
ing setup?

Both research questions look to employ design paradigms with the goal of providing
a more human-centred and e ective operator experience. Though each question
presents a slightly di erent focus, this outlook remains a common factor between
the two. RQ1 questions how proper interaction design may enhance the operator’s
awareness of situational elements, such as the surrounding tra c, and reduce the
risk of user errors, such as the misinterpretation of system messages. An example
of a demanding driving situation, as posited in RQ1, would include contexts where
one or several actions are required of the operator for the Pod to be able to safely
and e ectively continue working toward its established objective. RQ2 primarily
investigates design measures which prevent information overload and other potential
consequences of overbearing cognitive load.

1.4 Delimitations

The scope of this work mainly concerns the perception and interpretation of output
from a remote operation interface to the operator and the implications this has for
interaction. This work will not consider the very relevant options of aural and haptic
feedback as a feedback modality, primarily due to technical constraints. Neither the
chair nor physical instruments used in the evaluations could add haptic feedback,

3



1. Introduction

making it hard to evaluate its use. The feedback of the remote operating station
and how the GUI conveys information will be considered based on how well it strikes
a balance between sustaining a high amount of situation awareness with minimal
adverse e ects on the operator and their continued performance. This work will not
investigate AR or VR as a system solution.

While also relevant to the mission of developing a more human-centred remote op-
erator experience, this thesis will not make recommendations regarding hardware
options or operator input devices. This is because designing for the visual modality
falls more within the thesis authors’ expertise. Furthermore, while the design focus
remains within the said visual realm, e orts will not be made to develop unique
iconography as this will not be su cient for a thesis work in interaction design. Any
icons created and added to the interface will strictly ful | the purpose of demon-
strating a functionality or evaluating a standing design principle. They will not have
gone through any sort of evaluation regarding their suitability in terms of commu-
nication or industry standards.

It also bears mentioning that this work speci cally will be investigating the remote
operation of freight trucks and their unique situational context featuring tasks such
as cargo loading, driving and vehicle maintenance. While inspiration will be drawn
from multiple sources, including simulators and other remote operation systems,
recommendations made as a part of this work will be mainly suited to remotely
operated trucks. This work will thus not be looking into developing design advice
for maritime operations, manufacturing or mining, even though the result might
also be useful for such situations.



2

Background

This chapter covers relevant background regarding the thesis. The rst section
expounds upon the di erent stakeholders for this thesis, ranging from industry actors
to academia. The last section discusses state of the art solutions within remote
operations or related elds.

2.1 Stakeholders

As the most directly a ected party of the remote operation issue, one of the pri-
mary stakeholders within this project are the operators themselves. They are at the
centre of the remote operation shift and will ultimately be held responsible for any
accidents that occur.

The practical de nition of a remote operator is still in a certain state of ux as
technological progress is made in the eld, making it rather di cult to clearly out-
line the profession as a user group. At this current time, a class ‘C’ driver’s licence
is required by Einride for operating a Pod on public roads, but some exceptions do
apply (Gr ndahl, 2022). The Swedish Transport Agency requires drivers to have a
class ‘C’ licence to be able to drive heavy trucks Transportstyrelsen, 2021a. Cur-
rently, there is not a licence speci cally for remote operations and this licence is,
therefore, considered to be the best suiting due to the type of vehicle. As this still is
a new concept it is likely that the regulations will change, which might allow people
without this licence to operate a Pod or similar vehicles.

2.1.1 Einride

The thesis is done in collaboration with the company Einride and they, therefore,
constitute a signi cant stakeholder. Einride helps their customers in scaling their
operations and o ers bene ts from digital, electric and autonomous technology (Ein-
ride, n.d.-b). As part of their vision of working toward sustainable and intelligent
solutions within standardised freight, the company has created an electric and au-
tonomous truck, called Pod, that operates on public roads (see Figure 2.1) (Einride,
n.d.-a). It currently operates on SAE level 4 with its monitored autonomous drive
(MAD) mode and wide array of automated systems, though the implications of
this will be explained further in section 3.5 (Einride, n.d.-a). The Pod currently
requires limited regulatory oversight and can be controlled from the Einride Remote
Operating Station. The station could eventually allow operators to simultaneously
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2. Background

oversee and control several Pods, which would create a new type of work environment
for the operators compared to the environment of truckers on the roads (Einride,
2021b). The goal is that this new type of environment should make it possible for
few operators to operate as many Pods as possible.

Pl

Figure 2.1: The Einride Pod (Einride, 2021a).

Einride is aware of the fact that the interface of the remote operating station can
be perceived as cluttered and overwhelming. As they do not have the resources to
improve the interface themselves, they hope that this thesis can give them guidelines
on how to best improve it. Einride is, therefore, an important stakeholder in their
capacity as the owner of the original interface and product in question, as well as
through their role as our client.

2.1.2 Secondary Stakeholders

There are several groups of people, including pedestrians and other tra c partici-
pants, that occupy the role of secondary stakeholders. Their presence will require
the operator to be responsive, such as in the case of a pedestrian crossing the street,
and they will also be directly a ected if the system would fail. A system failure
could potentially be very dangerous for these people as they are situated close to
the Pod. If many accidents would occur with the Pod or other types of autonomous
vehicles, they would likely be less well-received by the public and require stricter
regulations - potentially reducing their value as a transport option.

2.1.3 Academia

This work seeks to formulate, develop and evaluate principles from a range of aca-
demic elds in the e ort to provide an answer to the given research questions. As
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2. Background

automation and other sectors progress in the development of remotely operated solu-
tions, it will be in the interest of academia to keep abreast with the situation, paying
attention to how this phenomenon may di er between application areas. The nd-
ings of this work will serve to inform researchers and students about how teachings
from established elds measure up in the cutting-edge context of remote operations.
Stakeholders from academia naturally include Chalmers University of Technology
as they are the academic partner of this thesis work. However, stakeholders from
academia also consist of any academic (institution or individual) looking to learn
more about these given topics.

2.1.4 Interaction Designers

Beyond the theoretical, this work also provides practical learnings relevant to the

eld of interaction design and its practitioners. Similarly to the interest of academia,
keeping an eye on design solutions applied to the ever-expanding context of human-
centred design and human-automation interaction presents a teachable moment for
any interaction designer. The solutions and principles part of this work will inform
how well current practice ts with the given use case and may serve as relevant
insight for designers looking to tackle similar design problems or use contexts moving
forward.

2.2 State of the Art

There are di erent setups for operating services and vehicles by way of remote oper-
ation. This section will describe current state of the art solutions by presenting three
setups developed within di erent elds of emergency response, maritime simulation
and remote trucking.

2.2.1 Rescue Service Emergency Response Centre

Organization et al. describes that a physical location where resources and informa-
tion are coordinated during incidents is called an emergency operation centre (EOC)
Organization et al., 2015. The purpose of an EOC is, according to Organization et
al., to be a central part of incident management by having highly trained experts
coordinate the response to an emergency. Organization et al. further describes that
each coordinator has a workstation with a computer, displays and a telephone. The
coordination done at an EOC is similar to the operations performed by a remote
operator. Both have the responsibility of controlling what happens at a di erent
location and they need to consider many di erent types of information from the
interface viewed on a number of screens in front of them.

Bergstrand and Landgren have studied the eld of emergency response to explore
how live videos broadcast from mobile phones can be used to improve situation
awareness between actors in command centre settings and accident sites (Bergstrand
and Landgren, 2009). An application, called Liveresponse, was designed by Bergstrand
and Landgren to explore the potential bene ts of using video to better communicate
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2. Background

when working remote. Response actors on site of an incident use cameras on mobile
phones to capture clips from the incident. The device is activated by a hardware
switch and the video is started and later stopped by pressing a button (Bergstrand
and Landgren, 2011). The video clips are available to watch in the command centre
just a few seconds later. The web application, used in the command centre, shows
not only the videos shot at the incident (see Figure 2.2) but also dynamic map ser-
vices (see Figure 2.3), along with tra c congestion data and live videos from tra c¢
surveillance cameras (Bergstrand and Landgren, 2009).

-y
=)
W B
[ ol \ e | =3
: - 2% =
TS o
{ [ p—
Gl m e

Figure 2.2: Screenshot from a video Figure 2.3: The interface of the web
taken at the scene of an accident application (Bergstrand and Landgren,
(Bergstrand and Landgren, 2011). 2011).

Bergstrand and Landgren let professional responders use the application in over 200
incidents over ten months and collected data on its usage (Bergstrand and Land-
gren, 2011). The data was later analysed to nd out how the videos were used in
the di erent locations, i.e. on-site and in the command centre, and how this a ected
the communication between the di erent actors. It was found that the broadcasted
videos typically were quite short with a mean time of just under a minute. A rea-
son for the short videos was, according to an incident commander interviewed by
Bergstrand and Landgren, that broadcasting takes time away from doing other im-
portant activities. Some responders gave verbal comments while Iming and the
importance of those comments was emphasised by the command centre operators.
It was also pointed out that shorter clips along with verbal comments are bene cial
since it better highlights important aspects of the situation at hand.

According to Bergstrand and Landgren, video broadcasting adds visual understand-
ing to a commander’s report which can be di cult to express verbally (Bergstrand
and Landgren, 2011). The video is both broadcasted and stored, making it possible
to view the clips when there is time and also rewatch them several times. Bergstrand
and Landgren mentioned that video conferencing, which is a common type of work-
place video communication, is centred around people. Visual reporting, on the other
hand, is object-focused and the possibility of repeatedly viewing videos encourages
re ection.

It was concluded by Bergstrand and Landgren that video content is valuable for
sensemaking (Bergstrand and Landgren, 2011). People who are not geographically
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2. Background

present bene t, according to Bergstrand and Landgren, from viewing short clips of
the situation as it gives them better insights into the situation which can help them
in their ongoing work.

Another suggested way of incorporating video to improve emergency response is, as
proposed by Al-Khafajiy et al., to use an application called Smart Hospital Emer-
gency System (SHES) (Al-Khafajiy et al., 2019). Al-Khafajiy et al. describe that
SHES aims to provide faster response time by allowing patients to attach media and
their location through their smartphone when requesting an ambulance. The infor-
mation entered by the patient can then be sent directly to the emergency responders
which can help them form an early understanding of the situation and better prepare
for treatment of the patient. Al-Khafajiy et al. further describe that the app also
allows for video communication between the patient and the emergency operator
which adds visual communication to the conventional method of phone calls.

2.2.2 Full Mission Bridge Simulator

Chalmers has nine maritime simulators, used for education and research in shipping,
located in a simulator centre at Lindholmen in Gothenburg (Chalmers University
of Technology, 2021a). One of the simulators is a full mission bridge simulator,
seen in Figure 2.4, that allows complete simulations of operations that would be
performed on real ships (Chalmers University of Technology, 2021b). Operations
can be carried out in di erent environments and weather conditions. Ice can for
example be simulated to practice operating in cold conditions where ice is present
(Aylward et al., 2021).

Figure 2.4: The Full Mission Bridge Simulator at Chalmers.

The Full Mission Bridge Simulator is very similar to the bridge on a real ship,
both considering its aesthetics and functionality. The inside of the bridge is almost
identical to a real ship, but the major di erence is what is seen outside the windows.
A representation of the surroundings is used for the simulator. The representation
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is projected onto a curved projector screen located a few meters from where the
windows are located on the bridge. Some of the other maritime simulators used a
set of at screens put together to form one big screen instead of a projector screen.
A simulator with several smaller screens put together can be seen in Figure 2.5
and the screen used for the Full Mission Bridge Simulator can be seen in 2.6. One
signi cant di erence between the two screen setups is that the former has big black
lines between the smaller screens which divides the image. The projector, on the
other hand, shows one smooth image, which gives it a more realistic look.

Figure 2.5: A simulator where several Figure 2.6: The projector screen for the
smaller screens are put together to form full bridge simulator.
one big.

Just as for a real ship, the simulator requires at least two operators where one is
the captain, and has the main responsibility of operating the ship, and one is the
helmsman, who mainly is responsible for communication and the radar (Olsson and
Jansson, 2006). There are many screens and di erent sets of steering equipment,
which can make it hard to operate by yourself. There are many aspects to consider
when operating a ship and di erent functionality is, therefore, used to aid the op-
erators. Sound is, for example, used to notify the operators that actions need to be
taken in di erent situations. One such situation is, for example, that the ship has
entered shallow water.

2.2.3 Remote Trucking Operations

Phantom Auto is a company that o ers teleoperation safety technology that enables
remote driving of di erent types of logistics vehicles such as pallet jacks and trucks
(Phantom Auto, n.d.). Phantom Auto describe that their platform can be used
to assist autonomous vehicles by remotely handling edge cases that are di cult to
handle autonomously. They further describe that it can also be used for distanced
driver training which means that it enables real-time telepresence for supervisors
when new drivers are training.

One company that has partnered with Phantom Auto to create remotely operated
trucks is ITS ConGlobal (ITS ConGlobal, 2020). ITS ConGlobal is an integrated
intermodal service provider that operates at over 120 locations in North America
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(ITS ConGlobal, n.d.). Moving freight by more than one type of transportation is
called intermodal shipping and it is often more cost-e ective and sustainable com-
pared to long-haul trucking (YYeager, 2020). The cargo to be shipped is loaded into
intermodal containers, which eases the move between di erent types of transporta-
tion.

ITS ConGlobal has several types of vehicles involved in their operations, but ITS
ConGlobal describe that it is speci cally yard trucks they currently have integrated
with Phantom Auto’s technology (ITS ConGlobal, 2021). ITS ConGlobal describe
that they started remotely operating trucks within the AllianceTexas Mobility Inno-
vation Zone (MIZ) in November 2021. The MIZ is, according to ITS ConGlobal, a
unique landscape that covers 27,000 acres and includes a full-ecosystem environment
that can be used to test the latest technologies. ITS ConGlobal’s container depot
is also located in AllianceTexas, making it convenient for them to use. According
to them, they mainly use the MIZ as a proving ground where they test remote op-
erations and train using distance drivers. They further state that distanced driver
training has been especially bene cial during the COVID-19 pandemic as it limits
the need for physical interaction.
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Theory

In the following sections, the theoretical background of the thesis is presented. These
sections are organised according to the main elds of study as identi ed by forma-
tive research, ordered not according to relevance but rather to facilitate a linear
exploration of the problem space.

3.1 Graphical User Interface

Sharp et al. describe that the rst type of graphical user interface (GUI) was called
WIMP as it consisted of windows, icons, menus and a pointing device (Sharp et al.,
2019). Even though the design of the rst generations of WIMP interfaces was boxy,
the core of WIMP interfaces is quite similar to today’s GUIs, according to Sharp et
al. One major di erence is, however, how the user interacts with the interface. The
user interacted with WIMP interfaces using mouse and keyboard, but users today
can interact with interfaces in many di erent ways, including touch. Similar prin-
ciples and studies within the eld of GUIs are thus directly relevant to the scope of
this thesis. Interaction Design makes ample use of its learnings when working with
problem spaces such as ight control towers or control rooms for nuclear facilities,
looking to nd the right setup to suit user needs.

There are more ways in which graphical user interfaces have evolved since the WIMP
interfaces. Sharp et al. mention that there now is a much bigger selection of di erent
types of icons and menus (Sharp et al., 2019). Audio can be incorporated for both
icons and menus, icons can be animated in 3D and menus can be icon-based to be
able to t on a smaller screen.

3.1.1 Flow

When users interact with a product, the goal is for them to be productive and
stay in the right mindset (Cooper et al., 2014). When someone is very focused on
an assignment, they can lose track of their surroundings. The state one reaches
when wholeheartedly focusing on an activity is called ow according to Cooper
et al. This state is something that should be promoted as it often makes users
more productive and less aware of distractions and may be achieved through the
attentive addition of elements such as the call-to-action. A call-to-action is an
interactive element typically aimed at inducing people into taking certain actions
(Tubik, 2018). Things that disturb the users’ ow should, however, be avoided as
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much as possible according to Cooper et al. Modeless feedback is, as described by
Cooper et al., one way of avoiding the use of dialog windows, i.e. a regular disruptor
of user ow. Modeless feedback avoids this by displaying in-depth visual information
in the main view of an interface (Cooper et al., 2014).

3.1.2 Excise

Cooper et al. describe that a user who interacts with an interface typically does so
because they have a goal that they want to achieve and to be able to achieve it,
the user has to do some work (Cooper et al., 2014). That tasks involved in said
work can, according to Cooper et al., be categorised as either goal-directed or ex-
cise. A goal-directed task is, as described by Cooper et al., something that directly
brings the user closer to the goal while an excise task does not directly contribute
to reaching the user’s goal. Excise tasks are something the user has to do that is
unnecessary or ine cient and should, therefore, be eliminated wherever possible.
If excise is eliminated, users become more productive and will most likely have a
better user experience as every step takes them closer to the goal.

Cooper et al. describe that excise can be divided into four types: navigational,
skeuomorphic, modal and stylistic excise (Cooper et al., 2014). Actions the user
has to do to get to a di erent part of the interface or locate functionality are rarely
aligned with their goals and can be classi ed as navigational excise according to
Cooper et al. Furthermore, Cooper et al. also describe that skeuomorphic excise is
when mechanical representations are used in the interface. Mechanical systems are
intended to be operated by hand and it is often harder to interact with a digital
representation of a mechanical system. Elements in the interface should, therefore,
not mimic something physical according to Cooper et al.

The third type of excise that Cooper et al. mentions is modal excise and it refers
to interruptions that break a user’s ow such as a modal error message or con r-
mation dialogue (Cooper et al., 2014). The user’s ow should, according to Cooper
et al., never be interrupted without a good reason. The authors also mention that
users should be able to make the changes they want to without having to ask for
permission. Another thing to consider regarding modal excise, as mentioned by the
authors, is that input should be allowed wherever output is shown. This means
that a user should be able to modify options, if they are changeable, where they are
displayed.

Visual style should make information and interface behaviour clear to the user and
if the user instead has to decode the information shown on the screen, it is classi ed
as stylistic excise (Cooper et al., 2014). There are many di erent ways to eliminate
excise and one way that Cooper et al. mention is to properly map controls to func-
tions. It should be clear to the user what and how a control a ects an object. Poor
mapping both stops the user’s ow and increases the user’s cognitive load.
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3.2 Information Visualisation

Spence describes information visualisation as the activity of appropriately represent-
ing data to help the user form a mental model of said data (Spence, 2014). Fekete et
al. mentions many bene ts of using information visualisation (Fekete et al., 2008).
These bene ts comprise of mainly cognitive aspects and the core of them is that
visual representations can aid the processing and analysis of data and also aid mem-
ory. Other bene ts that Fekete et al. mentions include reducing the user’s search for
di erent types of information and making it easier to identify and recognise patterns.

Fekete et al. describes that vision is the sense that has the largest bandwidth ac-
cording to Information Theory and the visual modality is, therefore, the most suited
for transferring information to the brain (Fekete et al., 2008). How a user perceives
features and shapes can, according to Fekete et al., be divided into two main psycho-
logical theories called preattentive processing theory and the Gestalt theory. The

rst one, preattentive processing theory, focuses on pattern recognition and describes
what visual features a user perceives rapidly. An important aspect of information vi-
sualisation is to choose a visual encoding that can be done preattentive for the most
interesting parts of the data. Visual features that are possible to preattentive pro-
cess include colour, orientation, width and length of lines, curvature and many more.

The second theory, Gestalt theory, focuses more on the whole visualisation rather
than its details (Fekete et al., 2008). A user’s understanding of visualisations is
based on a set of principles. One of these principles is proximity, which describes
that users perceptually group things that are located close to each other. Users often
tend to also group similar items which is stated by the principle similarity. Another
principle, closure, describes that a closed contour typically is perceived as an object.
The list of principles described by Fekete et al. continues and the principles are also
an important aspect to consider in information visualisation.

3.2.1 Norman’s Action Cycle

How a user interacts with something can, in information visualisation, be described
using Norman’s Action cycle (Spence, 2014). Norman’s Action Cycle, seen in Figure
3.1, consists of two gulfs: the Gulf of Execution and the Gulf of Evaluation. A user
has a goal that they want to achieve and to be able to achieve that goal, they have
to change the world. The world in this case can be anything from a door to a
computer.
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Figure 3.1: Norman’s Action Cycle (Hooijdonk, 2022).

The Gulf of Execution comes rst in the cycle and it re ects the gap between what a
user perceives is possible to do and what interaction possibilities the world actually
has (Spence, 2014). The Gulf of Execution consists of the three steps formulating
an intention, formulating an action plan and execution according to Spence. Once
the action plan has been executed, a change will often (but not always) occur in the
world and the cycle continues to the Gulf of Evaluation. The Gulf of Evaluation
starts with perception, moves on to interpretation and ends with evaluation.

3.3 Cognition

Cognition refers to a wide range of mental processes involved in the acquisition, stor-
age, manipulation and retrieval of information - all divided across di erent functions
that underpin many daily activities (Riesberg, 2016). Examples of these include pro-
cesses such as memory, perception, reasoning and executive control (Riesberg, 2016).
These processes are highly relevant for the development, maintenance and evalua-
tions of an operator’s understanding of a given remote operated problem space, such
as a ight control room (Endsley and Jones, 2014). The simplicity of labels such
as reasoning belies the complexity of each process, as they are all engaged in higher
cognitive function (Riesberg, 2016). Furthermore, there are a plethora of proposed
models attempting to best describe the workings of even a single process such as
memory, further hinting at the complicatedness of de ning mental processes (Ries-
berg, 2016). Starting with memory, this section will cover components and processes
relevant for designing an interface that supports an operator’s cognitive state and
workings.
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3.3.1 Memory

Memory as a function wears many hats in human cognition, supporting not only
the short-term workspace of attention and reasoning but also the long-term storage
of information and past experiences (Baddeley et al., 2015). The main di erence
between the two comes down to properties regarding the acquisition, storage and
retrieval of information; working memory is limited in size whereas long-term mem-
ory is enormous. The acquisition of information into working memory involves a
much simpler process than incorporating it for the long term, and working memory
storage is much more fragile and prone to decay than that of long-term memory
(Riesberg, 2016). As our understanding of memory evolved so did the models de-
picting its various functions, even to the point of which researchers argue whether
short-term memory and working memory are equivalent concepts (Riesberg, 2016).
This work takes the stance that the two are indeed interchangeable and will use
working memory to refer to the short-term memory system.

Working memory is the workspace where a limited amount of information is stored
temporarily, requiring active e ort to maintain and is used to create and update
mental models and projections for the future (Endsley and Jones, 2014). Origi-
nally described without the episodic bu er, this updated model of working memory
was proposed by Baddeley in 2000. Baddeley et al. describes working memory as
comprised of three parts: the phonological loop, the visuospatial sketchpad and the
central executive (Baddeley et al., 2015). The model containing the three parts can
be seen in Figure 3.2.

Figure 3.2: Baddeley multicomponent model of working memory (Baddeley et al.,
2015).

In short, the phonological loop is a model of verbal short-term memory, the visu-
ospatial sketchpad represents visual and spatial information while the episodic bu er
allows for the various subcomponents to interact with long-term memory (Baddeley
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et al., 2015). The central executive of working memory has two separate modes of
attentional control: the automatic and the supervisory attentional system (SAS)
(Baddeley et al., 2015). The automatic mode maintains the responsibility of tasks
that are based on existing habits and skills, requiring little conscious awareness
whereas the SAS is triggered by novel situations requiring the formation or alter-
ation of strategies (Baddeley et al., 2015).

Long-term memory is, according to Baddeley et al., the system with the capac-
ity to store information over long periods of time (Baddeley et al., 2015). Baddeley
et al. further describe that it typically is divided into explicit (declarative) or implicit
(nondeclarative) memory, as seen in Figure 3.3. Explicit memory refers to memories
open to intentional retrieval of either personal events (called episodic memory) or
words and knowledge (known as semantic memory) (Squire et al., 1993). Implicit
memory instead refers to information in long-term memory retrieved via the perfor-
mance of actions rather than conscious recall or recognition, an example of which
would be learned skills such as biking or driving (Squire et al., 1993).

Figure 3.3: Components of long-term memory (Squire et al., 1993).

3.3.2 Mental Models and Schema

Long-term memory structures, known as schema and mental models, play a signi -
cant role in improving situation awareness (Endsley and Jones, 2014). Schemas are
well-integrated chunks of knowledge about the world that are stored in semantic
memory in the form of either scripts (the knowledge of events and their conse-
guences) or frames (knowledge structures containing xed structural information)
(Baddeley et al., 2015). They can be said to be the prototypical stage of a men-
tal model, allowing people to rapidly classify and understand information perceived
similarly to shortcuts (Endsley and Jones, 2014). Mental models are de ned as
mechanisms by which humans can generate descriptions of a system’s purpose and
form, explanations of its functioning and observed system states as well as predic-
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tions of future states (Rouse and Morris, 1986). They are complex structures used to
model the behaviour of systems, be they related to aviation, automation or medicine
(Endsley and Jones, 2014). These models help people understand what information
should be attended to at a given time and help Il in the blanks of a procedure
should any information be missing (Endsley and Jones, 2014).

One signi cant advantage of mental models and schemas is, according to Ends-
ley and Jones, that the situation for a given event does not need to be exactly
like the previous one for it to be recognised as a match (Endsley and Jones, 2014).
Endsley and Jones state that it instead may be formed outside of direct personal
experience, such as through reading, and each factor establishes them as relevant
tools for enhancing situation awareness. There is a mismatching issue within the
domain of this use case where the implementation models of technological systems
do not match the mental model of its users, potentially causing usability issues and
reduced performance (Cooper et al., 2014).

3.3.3 Attention and Cognitive Load

Despite every e ort, there are limits to human cognition, making the maintenance
of ideal awareness and understanding of the environment an impossible task (Ries-
berg, 2016). Counter-intuitive cognitive phenomenons such as change blindness (the
observer’s inability to detect changes in scenes they are actively observing) makes
evident that perception is, in fact, an active process (Riesberg, 2016). Apart from
mental models and schemas, human cognition is equipped with tools such as se-
lective attention to help us parse our environment and direct our attention more
purposefully (Riesberg, 2016).

Selective attention is the taking possession of one of what appears to be several
possible objects or trains of thought, implying the withdrawal from some matter to
attend to another (James, 1890). In short, it is a tool for maintaining a reasonable
amount of cognitive load (Riesberg, 2016). Sweller et al. describe that cognitive load
refers to the number of resources used in working memory and may come in three
di erent forms: (1) intrinsic cognitive load, (2) extraneous cognitive load and (3)
germane cognitive load (Sweller et al., 1998). Intrinsic cognitive load is, according
to Sweller et al., the e ort associated with a speci ¢ topic and its inherent level of
di culty while extraneous cognitive load refers to the way information is presented
to a learner. Finally, germane cognitive load refers to the e ort put into creating a
schema, a permanent store of knowledge (Sweller et al., 1998). Since these types of
loads share a pool of resources, a task that may be considered di cult (high intrinsic
and germane cognitive load) should present information in a manner that reduces
extraneous cognitive load according to Sweller et al.

3.4 Situation Awareness

Situation awareness (SA) is a user’s awareness of information around them and the
understanding of what this information means for the present and future (Endsley
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and Jones, 2014). However, due to natural limits of human cognition, said awareness
is often de ned and delineated in terms of what information is important for a goal
at a given time (Endsley and Jones, 2014). Strongly associated with principles in
user-centred design, situation awareness and its themes make frequent appearances
in human-centred design literature (HCD) and works within the eld of human-
computer interaction (HCI) (Endsley and Jones, 2014). SA has been subject to
many attempted de nitions ranging from the continuous extraction of environmen-
tal information, and integration of this information with previous knowledge to form
a coherent mental picture, and the use of that picture in directing future perception
and anticipating future event (Dominguez, 1994) to externally directed conscious-
ness (Smith and Hancock, 1995). The most prominent of these, however, is of SA
as the perception of the elements in the environment within a volume of time and
space, the comprehension of their meaning, and the projection of their status in the
near future (Endsley, 1995). This is the working de nition for the scope of this
thesis.

Figure 3.4: The three-level model of situation awareness (Endsley and Jones,
2014).

Complementary to this working de nition is the three-level model of situation aware-
ness (see Figure 3.4). The model posits the idea of SA acquisition and maintenance
as being in uenced by three elements; individual, task and systemic factors (Ends-
ley, 1995). Examples of individual factors include practical experience, training and
workload, while task and systemic factors may be represented by complexity and in-
terface design respectively, as described by Endsley. The SA itself is, as the name of
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the model suggests, divided into three levels described by Endsley (Endsley, 1995).
Endsley describes that Level 1 SA involves perceiving the status and dynamics of
task-related elements in the surrounding environment. Level 2 SA, according to
Endsley, has the decision-maker form a holistic picture of the environment as they
comprehend the signi cance of objects and events around them. Endsley further
describes that Level 3 SA involves the creation of mental models forecasting the fu-
ture states of the system and elements in the environment by combining knowledge
from both preceding levels.

Mental models facilitate the achievement of each level of SA in di erent ways;
through directing attention to critical elements in the environment (Level 1), inte-
grating said elements to grasp their meaning (Level 2) and generating future states
(Level 3) (Salmon et al., 2008). Furthermore, time plays a signi cant role in how
operators in various elds Iter information in a given task environment (Endsley
and Jones, 2014). Not only spatial factors make the time a signi cant contributor
to the SA process, but also temporal ones, such as how soon a given element will
come to a ect their goals (Endsley and Jones, 2014).

3.4.1 Human Error

Reason mention that the human error problem may be approached in one out of
two commonly cited ways: the person approach and the system approach (Reason,
2000). Reason state that the person approach focuses on the errors of individuals
and blames them for inattention or moral weakness. The system approach instead
concentrates on the conditions under which individuals work and attempts to build
defences against errors and their adverse e ects according to Reason.

Within the eld of HCD, errors in the use of products or services are referred to
as use errors as opposed to human errors - the principle stating that errors arise
from a mismatch between human capabilities and the designed system (1SO, 2019).
This perspective argues that proper design is the best way of mitigating errors in-
stead of blaming humans for making mistakes during interaction and use (Reason,
2000). The Swiss cheese model of system accidents is commonly used to illustrate
how an accident trajectory may bypass defences and safeguards used to prevent
such an outcome (Reason, 2000). Furthermore, Reason describes that this model
illustrates how the defensive layers inherent to high technology systems, such as
those at Einride, are not intact and may eventually lead to a loss (see Figure 3.5).
In reality, such systems feature many holes that individually will not instantiate a
bad outcome, but that together may temporarily align to admit the trajectory of an
accident opportunity to pass through (Reason, 2000).
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Figure 3.5: Swiss Cheese Model of System Accidents (Baerkahn, 2020).

According to Reason, the holes in the defences arise either through active failures
(unsafe acts committed by people in direct contact with the system) or latent condi-
tions (arising from decisions made by management, designers and procedure writers)
(Reason, 2000). Reason also describes that active failures may come in the form of
slips, mistakes, lapses and procedural violations and are di cult to predict in their
speci ¢ form. Latent failures may, according to Reason, take the form of error pro-
voking conditions such as time pressure, understa ng, fatigue and other factors that
eventually tear long-lasting holes in the defences. These weak points may include
things such as unworkable procedures, design de ciencies and untrustworthy indi-
cators (Reason, 2000). Reason further describes that elements may be inactive for
years before combining with active failures to generate an opportunity for accidents
(Reason, 2000).

3.4.2 Use Errors and Situation Awareness

Good situation awareness is di cult to design for as its success is based on features
of the human information processing system and complex domains (Reason, 2000).
A complex domain is described by Reason as an environment full of opportunities
for latent conditions to arise, conditions that may in turn combine with operator
lapses to create a bad outcome (Reason, 2000). A range of eight factors have been
identi ed as the most common enemies of SA: (1) attentional tunnelling, (2) reg-
uisite memory traps, (3) workload, anxiety, fatigue and other stressors (WAFQOS),
(4) data overload, (5) misplaced salience, (6) complexity creep, (7) errant mental
models and (8) out-of-the-loop syndrome (Endsley and Jones, 2014). Proper un-
derstanding of these issues will help identify potential holes in the defence of the
remote operations use case and give insight into ways of providing support using the
system approach to the human error problem.

To summarise each e ect described by Endsley and Jones; attentional tunnelling
is a phenomenon where the user xates on one set of information to the exclusion
of others (Endsley and Jones, 2014). Endsley and Jones state that this presents
an obvious issue where other information sources in the environment remain unat-
tended for too long and hinder the maintenance of an accurate mental model of
the use situation. Requisite memory traps occur when users rely too heavily on
limited short-term memory, presenting a complication in the form of memory decay
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or bottlenecking of the memory cache according to Endsley and Jones. They fur-
ther describe that WAFOS illustrates the e ect of mental and physical fatigue on
SA by co-opting parts of working memory and thus limiting the user’s capacity for
processing and holding information in memory. Similarly, they describe that data
overload occurs when the intake of necessary information outpaces the ability to
meet that need by the user’s sensory and cognitive system. Distractions can, ac-
cording to Endsley and Jones, be caused when the user’s attention is drawn to less
important or irrelevant information. These e ects are all problematic since there is
a need for many features of the situation to occupy memory and be combined with
new insights to update the user’s model of SA (Endsley and Jones, 2014). Such
similar tasks will draw on similar cognitive resources and thus increase the chance
of them running out completely (Riesberg, 2016).

The complexity creep e ect has, according to Endsley and Jones, more to do with
mental models than the limitations to cognitive resources, but remains related to it
since systems with too many features make the formation of mental models di cult
(Endsley and Jones, 2014). They state that the errant mental models’ e ect implies
that the user deploys the wrong mental model for interpreting incoming informa-
tion, leading to misunderstandings, mode errors and representational errors that
are especially insidious in automated systems. Mode errors could be the erroneous
perception that the vehicle is in fully-automatic mode when it is in remote driv-
ing mode. Related to this, representational errors occur, according to Endsley and
Jones, as the user fails to realise they are using the wrong mental model. They state
that the user has a tendency to explain away con icting information rather than
reevaluate their mental model. Out-of-the-loop syndrome is another SA issue with
close ties to automation. This e ect occurs when automaticity actively undermines
SA by taking the operator out of the loop, keeping them ignorant of system perfor-
mance as well as the state of the elements the system is supposed to be controlling
(Endsley and Jones, 2014). Thus this constitutes an important issue in the present
case study.

3.5 Automation

E ectiveness in sociotechnical systems, such as remote operations, depends on the
cooperation between autonomous systems and humans, necessitating the design of
automated solutions as collaborative systems (Behymer and Flach, 2016). It has
been observed in most work domains that human capacities are a limitation and a
crucial factor for the system’s ultimate success since all automated systems even-
tually will run into problems they have not prepared solutions or procedures for
(Behymer and Flach, 2016). As part of this growing eld, vehicle automation is
emerging as an innovative technology with signi cant potential of increasing tra c
safety and e ectiveness within the freight tra c sector (Wang et al., 2021). The
bene ts of automated vehicles (AVs) are numerous, ranging from enabling more
e cient demand-responsive transit and accessibility to said transit by also increas-
ing service frequencies and service hours at lower operating costs (Wu et al., 2021).
Furthermore, secondary stakeholders such as pedestrians and bicyclists are provided
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with a safer tra ¢ environment by AVs eliminating potentially careless and reckless
human driving behaviours (Wu et al., 2021).

A common way of classifying the performance of motor vehicle driving automation
systems is to interpret them using the SAE Levels of Driving Automation. Published
by SAE International, each of these levels are de ned according to the properties and
degree of automation in a given system, ranging from no driving automation (Level
0) to full driving automation (Level 5)(SAE International, 2021). As previously
mentioned, the system being designed for, the Pod, is of SAE level 4 (Einride, n.d.-
a). This implies that the Pod ful Is the following criteria (SAE International, 2021):

1. The human is not driving when the automatic driving features are engaged.
2. Said automated features do not require the human to take over driving.

3. The features can only drive under speci ¢ conditions and only when all of
them are met.

4. May include features such as a steering wheel or pedals.

3.5.1 Approaches to Automation

Human-machine collaborations already hold the potential to outperform solutions
by only humans or computers in domains such as meteorology and medicine, but
simply pairing the best computer with the best human operator will not necessarily
achieve the best performance (Behymer and Flach, 2016). The unfortunate fact is
that system developers often focus on increasing the abilities and capacities of the
autonomous agent as opposed to developing solutions for an operator-supportive
interface with human agents (Behymer and Flach, 2016). This line of thinking goes
well in hand with the prosthesis approach to automation, where the goal is to design
to compensate for, or overcome, human limitations (Behymer and Flach, 2016). This
approach, however, is awed in that autonomous systems have their own limitations
that the human element actively mitigates. In high-reliability organisations, such as
the military, human variability and ability for operational adaptability is considered
to be one of the system’s most important safeguards (Reason, 2000). High-reliability
organisations are typically de ned as operations that experience fewer adverse events
than expected, especially considering the hazardous conditions they deal with (Rea-
son, 2000).

On the other side of the proverbial coin is the collaborative systems approach, one
that strives to bridge the Gulfs of Execution and Evaluation by empathising the
salience of clarity of constraints, domain states and displays to the human-machine
team (Behymer and Flach, 2016). The size of the Gulf of Execution depends on
how e ective the human-machine team’s actions are in terms of them achieving
their goal, while the Gulf of Evaluation is sized depending on the team’s ability to
observe, perceive and understand the state of the world in terms of their intentions
(Behymer and Flach, 2016).
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3.5.2 Human-Automation Interaction

Human-automation interaction (HAI) is, according to Sheridan and Parasuraman,
a novel kind of relationship between humans and autonomous systems which places
the human agent in a supervisory role relative to the machine (Sheridan and Para-
suraman, 2005). The typical process of an automated large-scale system involves
four stages, described by Sheridan and Parasuraman, that may be designed to op-
erate autonomously to a varying degree. They state that the four stages are: (1)
the acquisition of information, (2) the analysis of that information, (3) the decision
about what actions to take based on said information and (4) the implementation
of that action. Much of the existing understanding of HAI stems from accident
research, according to Sheridan and Parasuraman. Three prevalent causes of bad
outcomes have been identi ed from this: insu cient feedback on system states, a
misunderstanding or lack of understanding of automation (often attributed to mis-
matching mental models of operation) and an overreliance on automation (Sheridan
and Parasuraman, 2005).

Other key behavioural issues that have remained unattended within HAI are the
concerns surrounding complacency and satis cing the achievements of task goals
(Kaber, 2018). Complacency is the lack of suspicion of system states in the pres-
ence of limited awareness of operational modes and knowledge of more e cient
methods of operation (Kaber, 2018). The user tendency of satis cing leans on the
good enough heuristic where operators accept the most accessible solution at the
expense of e ciency (Kaber, 2018).

One way of facing these issues is to pay attention to user interface design and inves-
tigate ways of developing representations that enhance the human and automated
system’s ability to respond to unanticipated variability in a creative and complexity-
robust manner (Behymer and Flach, 2016). The Skills, Rules, Knowledge (SRK)
framework de nes three ways in which people represent symbols and signs and the
subsequent ways in which this serves to distinguish three levels of human perfor-
mance (Behymer and Flach, 2016). Skill-based behaviour is characterised by being
highly practised with virtually no conscious monitoring and is typically initiated by
some speci ¢ event (Embrey, 2005). Rules-based behaviour features intermediate
levels of conscious control as it mainly pertains to applying learned solutions when
speci ¢ conditions are at play (Embrey, 2005). Finally, knowledge-based behaviour
has high conscious control as it typically occurs in novel situations where no pro-
cedure exists and signi cant mental e ort is needed to assess the situation at hand
(Embrey, 2005). Insight into these levels of human performance provides a funda-
mental understanding of the mental modes a remote operator deals with at di erent
levels of experience and under varying circumstances.

3.5.3 Situation Awareness in Autonomous Solutions

The need for situation awareness often increases with the addition of automation to
a system, as the operator needs to maintain SA over basic system information as well
as information from the new automated one (Endsley and Jones, 2014). Operators
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need to maintain high levels of SA regarding the functioning of both the automation
and underlying system parameters necessary for answering those more fundamen-
tal questions (Endsley and Jones, 2014). The loss of SA in human operators has
been observed to happen through three main mechanisms (Endsley and Kiris, 1995):

1. Changes in vigilance and complacency associated with monitoring.

2. Assumption of a passive role instead of an active role in processing information
for controlling the system.

3. Changes in the quality or form of feedback provided to the human operator.

Complacency in monitoring has been connected to operators’ subjective con dence
in the system’s reliability (Wiegmann et al., 2010) as well as their sense of self-
e cacy in performing the tasks without autonomous support (Prinzel and Pope,
2000). However, the tendency to attribute unwarranted levels of trust seems to
di er from operator to operator in accordance with their predisposition, the per-
ceived characteristics of the system and their understanding of the system’s actual
functioning (Endsley and Jones, 2014). Furthermore, the complacency problem has
been found to be less of a visual problem and more of a matter of attention, as the
superimposition of task-relevant information has yet to resolve the issue (Metzger
and Parasuraman, 2001a).

When it comes to the assumption of passive versus active roles in the HAI-loop, most
of the SA loss could be attributed to how information was internalised and stored
when monitoring the performance of the automation as opposed to the human oper-
ator carrying it out themselves (Endsley and Jones, 2014). A passive role has been
observed to cause a signi cant decline in SA in air tra c¢ controllers with aircraft
they simply monitored as compared to those that they actively controlled (Met-
zger and Parasuraman, 2001b). The feedback mechanism raises concerns regarding
the user interface of a given autonomous system. Lacking appropriate feedback,
operators have no idea whether their requests have been received or implemented,
directly causing them to be out-of-the-loop (Norman, 1990). The use of a multitude
of screens of information that may be called up via menus may engender poor feed-
back quality by obscuring key data from view or misunderstanding its importance
within increased complexity (Endsley and Jones, 2014). Some systems may also
have issues with salience and visual hierarchy to support the operator’s sense of SA
(Endsley and Robertson, 2000).

Another approach relevant to the case study at hand is adaptive automation (AA).
AA recognises that there are times when human operators need to assume control,
and looks to exploit this opportunity by allocating system control to the operator
at periodic intervals to combat complacency and improve human monitoring per-
formance (Rouse, 1988). The transfer of control need not be time-based but could
also be determined by other factors (Scerbo, 1996):

The occurrence of critical events.
Detection of human performance below a certain criterion level.
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Use of psychophysiological monitoring to detect losses of arousal or other cues
of poor performance (such as loss of consciousness).
The use of models of human performance to predict the best times to intervene.

An alternative take on the automation problem is to have another look at the four
stages of automated large-scaled systems (Sheridan and Parasuraman, 2005). Au-
tomation is signi cantly helpful in the implementation of tasks as opposed to in the
purpose of generating solutions and action plans, where there is instead an observ-
able decline in performance (Kaber and Endsley, 2004). Overall, human agents have
less di culty with autonomous systems purposed for information gathering and ac-
tion initiation as compared with those systems that involve higher-level cognitive
functions (Endsley and Jones, 2014).
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Methodology

This chapter covers the frameworks and methodologies considered in the thesis work.
The rst section will comment on the nature of the problem space at hand while
the second, Frameworks, describes frameworks considered for use in the design pro-
cess. The following section, Methodologies, proceeds to mention the methodologies
contemplated during each step of the process. The following chapter, Process, will
then present how these methodologies and frameworks were applied in this thesis.

4.1 W.icked Problems

Problems that initially can be di cult to describe or understand are, according to
Plattner et al., referred to as wicked problems (Plattner et al., 2010). Plattner et
al. describe that these problems instead tend to become more understandable and
easier to describe as one gets closer to a solution. They also describe that this is a
common type of problem that design teams face.

Rittel and Webber list ten criteria that characterise wicked problems (Rittel and
Webber, 1973). One such criterion is that a solution never is true or false, but
rather good or bad. The judgement of a solution’s validity is often heavily impacted
by stakeholders di ering opinions which can make it hard to de ne which solution
is best (Ritchey, 2013). Another criterion that Rittel and Webber mention is that
every wicked problem is unique, making it impossible to achieve a type of solution
that ts all problems. Rittel and Webber describe that wicked problems di er from,
for example, mathematical problems where many problems are similar and there
often is clear which techniques to use for each type of problem. They further de-
scribe that even if problems seem similar, there is almost always something that
distinguishes them and greatly impacts the solution.

4.2 Frameworks

Overarching frameworks that can provide structure to the design process are the
Research through Design (RtD) approach, the Human-Centred Design approach
(HCD) and the 3i Model of Design Thinking. The three frameworks are all described
in further detail in this section.
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4.2.1 Research through Design

Research through Design (RtD) is a framework that conducts research through meth-
ods, practices and processes of the design eld to generate new knowledge - viewing
design inquiry as distinct from scienti ¢ inquiry (Zimmerman and Forlizzi, 2014).
Drawing on the re ective practice of continuously reinterpreting a given problem
space through a process of critiquing artefacts proposed as being solutions, RtD
asks researchers to speculate on what could and should be (Zimmerman and Forl-
izzi, 2014). Four proposed evaluation criteria may, according to Zimmerman et al.,
be used to determine the quality of RtD work within the eld of interaction design
and HCI: process, invention, relevance and extensibility (Zimmerman et al., 2007).
Zimmerman et al. describe that process refers to the need for interaction designers
to maintain methodological rigour and appropriate documentation so that their pro-
cess can be reproduced. The next criterion, invention, argues that designers must
demonstrate that their creation, addressing a speci c situation, is an unexplored in-
tegration of di erent subject matters, as described by Zimmerman et al. The third
criterion mentioned by Zimmerman et al., relevance, refers to a need for interaction
designers to articulate the preferred state for their design attempts and why the
community should also consider this state to be desirable (Zimmerman et al., 2007).
Finally, the extensibility criterion is de ned by Zimmerman et al. as the ability
to base new research on the contributions. This indicates that the documentation
must be written in a way that allows others to bene t from the knowledge obtained
from the research work. Adhering to these criteria ensures a design process that
is re ective and produces new and valuable knowledge in forms ranging from novel
perspectives to new methods (Zimmerman and Forlizzi, 2014).

4.2.2 Human-Centred Design

Another design framework is human-centred design (HCD) which is described by
Giacomin as one out of three major design paradigms of design (Giacomin, 2014).
Giacomin characterises HCD as an approach to systems design and development
that aims to make interactive systems more usable by focusing on the use of the
system and applying human factors, ergonomics and usability knowledge to the pro-
cess. HCD as a eld is especially concerned with incorporating user perspectives
into the development process of both technical and functional requirements, having
identi ed a set of key principles to be followed (Maguire, 2001):

The active involvement of users and clear understanding of user and task
requirements.

An appropriate allocation of function between user and system.

Iteration of design solutions.

Multi-disciplinary design teams.

HCD refers to the term human-centred quality as a collective phrase for the intended
outcomes of interaction with a product or system, de ned by its adherence to re-
quirements for usability, accessibility, user experience and avoidance of harm (see
Figure 4.1) (1SO, 2019). Usability is the extent to which a product can be used by
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speci ¢ users to achieve their goals with e ectiveness, e ciency and satisfaction in
a speci ed context or use (ISO, 2019). Accessibility refers to designing for a wider
target group and adhering to prescribed code requirements for use by people with
disabilities (Story, 1998a). User experience is a term used in several ways within the

eld of human-computer interaction (HCI) but may generally be described as a con-
cerning itself with a holistic view of the user’s interaction with interactive products
(Bargas-Avila and Hornb k, 2011). Harm of use entails the avoidance of negative
consequences for health, safety, nances or the environment that can result from
product usage (ISO, 2019).

Figure 4.1: The interrelationship between components of HCD’s human-centred
quality and summarisation of each component’s outcome (1SO, 2019).

4.2.3 3i Model of Design Thinking

The nal framework described in this section is the 3i Model of Design Thinking. The
3i model involves three core activities: Inspiration, Ideation and Implementation,
continuously moving through thought processes in both convergence and divergence
stages, as seen in Figure 4.2 (Chung, 2016). Each of these phases features its own
suggested methods and procedures. Inspiration is a highly formative part of the
design process, focusing on divergent and expansive thinking as the designer inform
themselves of the context they are designing for (IDEO, 2015). Ideation follows,
featuring both convergent and divergent procedures as the project scope is narrowed
and more speci ¢ questions are asked as the designer explores the opportunity in
front of them and how exactly they plan to tackle it (Chung, 2016). This phase
is one of iterative switches between convergent and divergent design methods to
ensure a human-centred solution (IDEO, 2015). Finally, Implementation converges
the focus on a solution, questioning factors such as performance, sustainability and
feasibility (Chung, 2016). The 3i Model of Design Thinking promotes repeated
cycles of convergent and divergent design thinking, with the iteration of proposed
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solutions being heralded as central to the eld of HCD itself (IDEO, 2015).

Figure 4.2: The 3i model of design thinking (IDEO.org, n.d.).

As mentioned previously, the eld of human-centred design is especially focused on
the incorporation and attention to user perspectives in the development process,
but the iteration of design solutions is another principle held in the highest regard
(Maguire, 2001). These two topics of attending user perspective and iterative design
work are not unrelated, as an iterative process places received user feedback critical
to the evolution of a given solution (IDEO, 2015). An iterative process ensures
the design process is nimble, responsive and allows for the exploration of a wider
range of ideas before narrowing in on a nalised concept (IDEO, 2015). The second
activity in the 3i model of design thinking, Ideation, is typically an iterative process
where the solutions continuously are tested and re ned (IDEO, 2015).

4.3 Methodologies

This section describes the methodologies considered during the thesis work and is
structured according to the three phases of the 3i Model; Inspiration, Ideation and
Implementation. It is structured in such a way due to the fact that the 3i Model
0 ers the most clear structure out of the three considered frameworks. The methods
are all mentioned in the phase where they were considered to be applied.

4.3.1 Inspiration

As previously mentioned, the Inspiration stage is characterised by divergent thinking
and the exploration of the use context (Chung, 2016). As they move through this
phase, designers seek a broad view of their chosen eld of research and thus draw
on convergent methods to give better context to their design problem (IDEO, n.d.).
An important component in this phase involves state of the art research, looking
into current solutions to not only identify the theoretical foundation for the discus-
sion but also to clarify the work’s focus and de ne the relevance of given research
questions. Methods for state of the art research may include observational studies,
literature reviews and study visits, to name a few. A literature review can be likened
to the secondary research activity as suggested by IDEO in that it involves designers
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getting themselves immersed and up to speed in modern innovations and ndings
currently published (IDEO, 2015). A more practical approach to this is the study
visit, which can be likened to the more established method of eld trips. The eld
trip is an ethnographic method that involves travelling to a location to speak di-
rectly to local stakeholders, gaining the opportunity of getting insight into rsthand
experiences within the given environment (Eden et al., 2019). Investigating current
paradigms and principles in relevant elds combined with practical solutions is one
way of building an understanding of the relevant context.

Another informative method for the Inspiration phase is the semi-structured inter-
view. The interview is a core method within the eld of HCD as it allows direct input
and knowledge from a given target group, such as experts or future users (IDEO,
2015). The expert interview is useful in that key insights and history of the context
and innovations may be provided expediently, but the selection of relevant experts of
varying perspectives is crucial (IDEO, 2015). A semi-structured interview features
a relatively open framework of open-ended questions or topical trajectories that al-
low for focused, conversational, two-way communication for good-quality qualitative
data (Sharp et al., 2019). This method works especially well when combined with
the secondary research of a literature study, providing facts and gures to the more
subjective data of the interview (IDEO, 2015).

4.3.2 ldeation

The Ideation phase is, as mentioned previously, one of both convergent and diver-
gent design thinking (Chung, 2016). Generally considered the most creative phase
in the design process, this phase looks to interpret the information learned in the
more immediate scope of a project. One way of accomplishing this is to analyse

ndings from formative studies such as interviews, mining the feedback for topics
and themes via thematic analysis and a nity diagramming. Thematic analysis is,
as described by Braun and Clarke, a widely used method for analysing qualitative
data to identify and report patterns within said data (Braun and Clarke, 2006).
Braun and Clarke further describe that organising and describing the data set in
detail maps out themes that capture important aspects of the data in relation to
the research question. One incarnation of thematic analysis is a nity diagramming
which, according to Hanington and Martin, is used to externalise and meaningfully
cluster observations such as interview insights. They further describe that either a
deductive or inductive approach can be used to perform the coding and analysis of
data. The inductive approach is described by Hanington and Martin as the creation
of categories and code during analysis, resulting in the themes being derived from
the data. The deductive method is instead described by Hanington and Martin as
a top-down approach where the data is analysed with established themes in mind.
Hanington and Martin describe that analysis methods such as these can help keep
designers grounded in data as suggested solutions begin development.

Following the convergent section, there is a shift back to divergence as idea genera-
tion and the development of suggested solutions begin (IDEO, 2015). One method
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that can be used to promote conversations between designers and to explore dif-
ferent designs is, according to Hartson and Pyla., sketching (Hartson and Pyla.,
2012). Sketching is, as described by Hartson and Pyla., both quick and inexpensive
which makes it suited for the early stages of exploration. When a sketch portraying
a design has been created, prototypes are typically used in the next step to con-
cretise the designs and use them for testing. Prototypes are especially useful as
mediums for communication in di erent stages of the design process: during evalu-
ation with stakeholders, in ideation work between designers or as a way of exploring
solution ideas in implementation-related inquiries (Sharp et al., 2019). Furthermore,
prototyping in itself encourages re ection in design, incentivising the iteration re-
consideration of di erent layouts and interface characteristics (Sharp et al., 2019).

Hartson and Pyla. mention that there are many di erent types of prototypes one
can use and that they have di erent levels of interactivity (Hartson and Pyla., 2012).
Most prototypes rely on interaction from the user to show di erent states, but an-
other way to bring a prototype to life can be to use video animations according
to Hartson and Pyla. Hartson and Pyla. further describe that videos typically can
show the ow of an application better than static prototypes while still being able
to keep a lower delity to encourage feedback and discussion.

The Wizard of Oz (WOz) method is another method that can be used to keep
a lower delity while simulating system responses of a prototype so that it appears
to be more functional than it actually is (Hanington and Martin, 2019). Dow et al.
describe that the WOz method is used during user evaluations where an operator,
often referred to as wizard, simulates parts of the interaction with the interface (Dow
et al., 2005). They mention that this allows the users to explore the interface and
decide which path they want to take, avoiding the user to follow a prede ned ow
and missing potentially crucial feedback.

A good way to re ne the designs is to use usability testing to get feedback on
them (IDEO, 2015). Usability testing is, as mentioned by Sharp et al., an impor-
tant part of assessing digital products and the controlled settings enable designers
to control in uences that may impact a user’s performance (Sharp et al., 2019).
Sharp et al. describe that the goal of a test is to evaluate whether intended users
can achieve the tasks for which the design solution is designed. The goal is also to
evaluate whether users are satis ed with their experience - often employing data col-
lection in the form of video recordings, logged keystrokes, movements and responses.

One type of user testing is A/B testing which is a method used to compare two
versions of the same design to see which one performs statistically better against
some form of predetermined goal (Hanington and Martin, 2019). A large user group
is typically involved where half of the group gets to use one version while the other
half gets to try the other version (Kaufmann et al., 2014). This means that each
user is shown only one of the versions and the performance of them can then be
compared to determine which version is advantageous.
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Another method for user testing that also is focused on comparing di erent ver-
sions of a design is comparative usability testing (Ross, 2017). Anderson describes
that comparative usability testing is used to compare di erent design solutions based
on how e cient and e ective they are (Anderson, 2021). Two or more designs that
allow the users to complete the same task are produced according to Anderson. He
describes that these designs then are tested by users who complete the tasks and
compare the di erent design solutions. Based on observations made during the tests
and feedback received from the users, it can be determined which design, or parts
of the designs, work better for the users.

In conjunction with data being logged, participants may be asked what they are
doing and think out loud - a method called the Think Aloud technique which com-
plements the quantitative data of the recordings and action logs with qualitative
data (Sharp et al., 2019). The Think Aloud technique serves to get more direct
insight into the user’s way of thinking, how they plan their actions and how they
understand the interface (Sharp et al., 2019).

While user re ection is key for providing feedback in an iterative design process,
said re ection may disrupt the ow of events if held immediately in the moment
(Chong et al., 2015). As observed in feedback studies, immediate re ection has the
bene t of being una ected by memory decay but nevertheless distracts users from
carrying out their main task (Chong et al., 2015). Thus, allowing users to engage
in delayed re ection may serve to help them maintain focus on the here and now
and provide more thought-through feedback as they are removed from the context
of interruption.

4.3.3 Implementation

Implementation is a phase of convergence where solutions are elected and realised.
As previously mentioned, this activity poses questions in regard to the performance,
sustainability and feasibility of suggested solutions (Chung, 2016). It employs con-
vergent processes to better understand how to bring solutions into the real world,
ensuring success by keeping those for whom the solution is intended close at hand
and involved (IDEO, 2015). Other activities and principles related to the Imple-
mentation phase have, within the scope of the work, already largely been covered by
the Ideation section. Prototyping and the iteration of solutions are the key tools by
which stakeholders and target users are kept within the feedback loop and ensure
the previously mentioned success.

The Implementation phase often includes activities not strictly considered a part of
design work but instead a part of project management and goal setting within the
design process (IDEO, 2015). This may include the development of action plans for
funding and the execution of resource assessments but may also feature more thesis-
relevant activities such as the forming of partnerships (IDEO, 2015). The latter
can be implemented through the involvement of fellow student designers as part of
the evaluation work within this phase. Evaluations at this stage can, for example,
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feature di erent interviewing methods such as unstructured and semi-structured
interviews. As mentioned previously, semi-structured interviews provide focused
two-way communication for good quality qualitative data (Sharp et al., 2019). Un-
structured interviews, on the other hand, lack any kind of predetermined categories
for either questions or answers as a way of avoiding any sort of limitation to the
eld of inquiry and seeks to expose the researcher to unanticipated themes, all to
better understand the interviewees’ perspectives (Zhang and Wildemuth, 2009).

An alternative method that can be used for evaluations at this stage is the AGREE
Il framework. AGREE I is an instrument intended to provide a framework for the
assessment of the quality of guidelines, for the provision of methodological strategy
for the development of guidelines and for the guidance on what information should
be reported in guidelines and how this is done (AGREE Next Steps Consortium,
2017).
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This chapter will expound on the practical application of the previously listed meth-
ods, ordered according to the phase of the design process in which they were carried
out. The chapter also features comments on the bene ts and relevancy each chosen
method provided to the thesis work itself, giving more speci c insight into the con-
tribution of each. The three frameworks Research through Design, Human-Centred
Design and 3i Model of Design Thinking were all applied to the design work con-
ducted for this thesis. The section is structured in the order of phases included in
the 3i Model of Design Thinking to better illustrate the order in which they were
carried out and the types of design thinking involved at a given time. This work
employed a systematic approach to the human error problem in accordance with the
intention to develop an operator-supportive design solution.

5.1 Inspiration

This section will document the methods employed as a part of the highly divergent

rst phase of the 3i Model of Design Thinking, Inspiration. The listed methods
provided the thesis work with formative research insights that carried over into,
transformed and informed subsequent design process iterations.

5.1.1 Literature Review

To ensure that the project work is based on current and robust academic informa-
tion, getting familiarised with the relevant topics at hand is a critical part of the
Research through Design process. The literature review served to inform the up-
coming design work by outlining the current state of the art in relevant elds and
outlining opportunities for future work in which this thesis project might delve into.
Before the literary search began, a selection of major research elds was outlined
as being of special interest to the project. While the speci ¢ theoretical outline
went through some revision as the Inspiration phase ran its course, these ve ma-
jor topics remained consistent: Graphical User Interface, Information Visualisation,
Cognition, Situation Awareness and Automation. This set of academic elds then
served as keywords in the search for relevant literature, alongside other Itering
conditions such as the age of the article and peer-reviewed status. The principal
contribution of the literature review came in the form of it narrowing down the
scope of the proposed research questions to ensure their relevancy and speci city
within the broader eld of chosen design paradigms. This was achieved as the review

37



5. Process

informed the design team of State of the Art academic ndings and ensured that
the stated research questions did not seek to investigate already covered topics and
solutions.

5.1.2 Study Visit

As previously mentioned, investigating state of the art solutions within elds such as
remote operation and automation may serve to immerse designers and researchers
in the context they will be investigating. This enhances not only understanding of
the physical context but also the implications it has for users’ ability to carry out
mental tasks within the speci ¢ environment. Topics such as these are crucial when
designing for situation awareness since many factors outside of the GUI may serve
to a ect users’ performance and satisfaction with a given design solution.

As such, a study visit to the Chalmers Full Mission Bridge Simulator was scheduled
and carried out as a part of the Inspiration phase. A guided tour of three maritime
simulator bridges were given during which the purposes, current usage and limita-
tions of each were explained by a sta member of the Chalmers Division of Maritime
Studies. Follow-up questions were asked and photos were taken for later analysis
and discussion.

It was astonishing how similar the bridge simulators were to bridges on real ships.
The size of the simulator and the setup of the screen(s) had a big impact on how
real it felt. The smallest simulator did not feel as real as the other two and its size
and placement in the room might have contributed to this perception. It had ve
smaller screens put together to form one big screen which also made it feel less real
compared to the other two which had one big projector screen.

As for real ships, the simulators had many di erent complex instruments that looked
very similar to those on real ships. These instruments were a clear example of skeuo-
morphic excise and it was interesting to see that being used. Due to the complexity
of the instruments, it was overwhelming to see it all for the rst time and it seemed
very reasonable that several people are needed to operate the ship. Some instru-
ments were in the form of screens that showed di erent types of information. Some
data was shown on several screens using di erent visualisations and it was interest-
ing to see how di erent visualisation strategies can be used to represent the same
data.

5.1.3 Interviews

As the project addresses the limitations of human cognition and the need for human-
centred design within the eld of automation, the strengths and weaknesses of Ein-
ride’s current solution needed to be investigated. Expert interviews with several
specialists within Einride’s remote operate team provided rich insight into this. A
total of six participants were interviewed, all of whom have a class ‘C’ licence mean-
ing that they are allowed to drive trucks. Three of the participants have also had an
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important role in the development of the current interface of the remote operator
station.

Each of the participants was asked to read and |l out a consent form delineating
the conditions of the interview. All were then subsequently asked the same selection
of 19 questions (the rst 19 questions seen in Appendix A). These questions were
formulated in a semi-structured manner featuring open-ended questions and space
for each expert to apply their experience as they saw t. The three participants that
reported involvement in the development of the current solution were also asked an
additional four questions (questions 20-23 in Appendix A).

Responsibility was split between the role of interviewer and notetaker, a division
that stayed consistent for all six interviews. To augment the real-time note-taking,
each interview was recorded using the Voice Memos application (Apple, 2022) on
iPhone and later transcribed in its entirety. The keynotes written by the notetaker
were used for overview purposes while transcriptions provided the ne details of
each response.

Taking place toward the end of the Inspiration phase, expert interviews provided
the insights and answers most narrowly relevant for the actual development of a user
interface for the remote driving station. As was previously mentioned, this included
aspects such as current strengths and weaknesses while also covering inherent oppor-
tunities within the remote driving setup and re ections on the work and reasoning
put into development thus far.

5.2 ldeation

This section will cover the work ow and methods employed as part of the Ideation
phase as it pertains to the 3i Model of Design Thinking. The section is initially split
according to methods carried out and later divided after the iteration in which they
were employed.

5.2.1 Thematic Analysis

As the rst step into the Ideation phase of the design process, thematic analysis
in the form of a nity diagramming was applied. This initiated the convergent
process of scouring through interview transcripts for ndings that would serve as
the foundation for the rst preliminary set of design guidelines and pooling them
together into a body of material to be mapped. Each interview transcript was read
through and had sentences deemed relevant to the established research questions
highlighted. The procedure was conducted by one design team member at a time to
ensure thoroughness before each sentence was transferred over to individual post-it
notes on a Miro board (Miro, 2022). These notes were subsequently clustered and
labelled according to themes emerging from their content into increasingly high-
ordered categories (see Figure 5.1).
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Figure 5.1: The resulting clusters of notes on the Miro board following the rst
thematic analysis.

These themes were discussed to nd which were explicitly relevant to actionable
design input within the scope of the project work. Some themes were considered to
be outside the scope and were, therefore, not further deliberated upon. One such
theme was Dangerous blind spots as it was not possible to change the cameras’ eld
of view when testing. Other themes considered to be outside the scope included
themes regarding haptic or aural feedback.

The themes that were considered relevant were combined to form bigger themes.
One such combination includes the themes Show information about cargo/tires, Show
more information about brakes and Physicality issues that all refer to not being able
to know the truck’s physical condition. These combined themes were condensed into
a total of ve preliminary guidelines:

Design for dynamic camera behaviour for exibility in use.

Visualise the required steps for the initiation of action plans.

Visualise root causes for triggered automated responses.

Visualise relevant parameters of the Pod’s current status.

Design for the limitation of data overload at operator-demanding driving sit-
uations.

gk~

The rst guideline, Design for dynamic camera behaviour for exibility in use, was
inspired by themes such as Cargo view is not used and Flexibility in use. These
themes showed that the camera layout the operator wants can di er depending on
the situation. It was, for example, mentioned by one interviewee that the cargo view
never was used while driving but that it was very helpful when loading the truck.
Another interviewee said | kinda wished that in the reverse, when you put the cam-
era into reverse, that you could see a much bigger picture behind you even though it
is on a larger screen which points out the need for a exible behaviour of the layout.

The main inspiration for the second guideline, Visualise the required steps for the
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initiation of action plans was the theme Hard to know the order of doing things.
The post-its forming that theme in Miro can be seen in Figure 5.2. Three di erent
interviewees all pointed out that it often is required to perform a set of actions in a
speci c order and that it can be hard to remember them all. The current interface
solution does not give the operator any clues as to what actions they need to do
and it can be perceived as frustrating to have to memorise the speci ¢ order. The
theme Safety checks was also considered for this guideline as it points out the need
to do a safety check, i.e. perform a set of actions in a prede ned order, before being
allowed to start driving the Pod.

Figure 5.2: Post-its grouped to form the theme Hard to know the order of doing
things in Miro.

The Pod has an automatic safety brake (ASB) system that can cause the Pod to
suddenly brake if a sensor notices an obstacle. In the current interface, very little
information on why the Pod braked gets displayed which may confuse the operator.
The need for better visualisations of this was pointed out by three di erent people
and their comments formed the theme Operator-supportive information. This theme
was the main inspiration for the third guideline, Visualise root causes for triggered
automated responses.

The fourth guideline, Visualise relevant parameters of the Pod’s current status, was
based on the themes considering the truck’s physical condition. According to one of
the interviewees, truck drivers are typically responsible for loading the cargo. This
gives them insight into what type of cargo it is and how much it weighs. Being
distanced from the truck, the operator does not get this type of information and a
visualisation of it is therefore needed. Other types of information the interviewees
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wanted to have visualisations for included tire pressure and the status of the brakes.

The inspiration for the nal guideline, Design for the limitation of data overload
at operator-demanding driving situations, was taken from several di erent themes.
This resulted in it being broader and less focused on a speci ¢ event compared to the
other four guidelines. One interviewee mentioned there being too much information
in the current setup causing him to get tired much quicker. Another interviewee
said that he really has to think when deciding what buttons to press. A third per-
son said that he misinterpreted the surroundings and braked when it was not needed.

To conclude the result of the thematic analysis, while expert interviews provided
the project with raw insight into the current solution, the information needed to
be narrowed down and aligned with the scope of this work for it to move ahead in
addressing the design problem at hand. Thematic analysis Itered expert insight
according to established research questions and charted the course for the develop-
ment of the rst iteration of prototypes by way of providing the project with its rst
set of design guidelines.

5.2.2 Sketching and Wireframing

With the rst set of guidelines established, the next step was to start development
of sketches for interface design modi cations that adhered to said guidance. Screen-
shots were taken of the most up-to-date remote driving interface and placed into a
Figma design le to serve as reference during the sketching and wireframing process
(Figma Incorporated, 2022). Following this, a total of eight sketches and subsequent
wireframes were created - two proposed design solutions to investigate the e ects of
each of the four guidelines. The fth of said guidelines was to be evaluated as a part
of each of the four prototypes. The details and speci cs of each design solution were
developed through team discussion and collaborative sketching before moving on
to producing more high- delity wireframes in an independent manner. This initial
discussion was crucial in that it ensured a shared vision and understanding of the
characteristics and behaviours of each solution ahead of individual wireframing.

In the case of guideline number one (from hereon referred to as G1) regarding the
design of dynamic camera movement for exibility in use, the currently used GUI
developed by Einride was used as one of the two solutions in order to provide a
baseline measurement in future user testing. This is the only proposed solution
within the project work not completely original to the thesis authors. The second
solution for the ful Iment of G1 was developed by the authors of this thesis and
the sketch showing the layout of elements and views for that solution can be seen
in Figure 5.3. Activities undertaken during this phase of the design work consisted
of icon creation, the rearrangement of camera views and the development of a few
new features.
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Figure 5.3: Sketch portraying a proposed solution for the placement of GUI ele-
ments and camera Vviews.

Sketching brought the project work back into the divergent part of the Ideation phase
of the design process, returning focus to the opportunities and potential solutions
for designing a more operator-supportive interface within the information re ned
through thematic analysis.

5.2.3 Ilteration 1

When sketches of the GUI had been created, the next step was to create video
prototypes based on those sketches. Adobe After E ects was used to create these
videos as it is a tool that o ers functionality to create motion graphics and visual
e ects (Fridsma and Gyncild, 2017). Screen recordings of the Pod driving at a test
track had been recorded at the remote drive station and these screen recordings
were used as a base for the video prototypes. The live recording had been recorded
by Einride engineers but the subsequent screen recordings were carried out by the
thesis authors. The le format of the live recordings was only possible to view
through a speci c¢ software in the station which is why a screen recording had to
be done. Two di erent versions had been recorded; one without any GUI elements
and one with the current setup. Several layers, all containing di erent GUI com-
ponents, were then added on top of the screen recording to create the same setup
as in the sketches. The recording that contained the current setup of GUI elements
was used for elements such as the speedometer. Mocking these elements would take
unnecessary time as detailed animations would have been needed to perceive them
as realistic.

A total of eight videos were created, exported and uploaded to YouTube to sim-
plify the viewing process during the upcoming user tests. Two versions were created
for each guideline and the goal was to compare those to each other. Both A/B
testing and comparative usability testing were considered when deciding on which
method to use for the user testing. A/B testing typically require a high number
of participants and as the participants were limited to employees at Einride due to
secrecy, it was not possible to reach the desired number of people. It was, therefore,
decided to use comparative usability testing and six participants were recruited.
Two of the participants belong to the team who develop the station’s current setup
and the remaining four had never interacted with the station prior to the test. All
of the participants were male and none of them have a class ‘C’ licence.

The setup for the test showing the station, facilitator and user can be seen in Figure
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5.4. Having lled out the consent form outlining the ethical considerations of their
participation, each participant was asked to perform a set of tasks while viewing the
videos. The rst test was to point out in which direction the di erent camera views
were pointing for two di erent setups. The other three tests were more focused on
performing tasks while driving the Pod, all the while participants kept to a Think
Aloud protocol in order to give insight into their experience during interaction with
the prototype. The videos were paused by the facilitator while the participant con-
sidered what to do next and subsequently resumed when they had performed their
chosen action. Finally, participants were asked to re ect back on the di erent GUI
versions after they had tested both of them. Notes were taken of uttered phrases
and observations during the tests.

Figure 5.4: Setup for the comparative usability testing showing the station, facil-
itator and user.

5.2.4 lteration 2

Following the comparative user testing of the rst iteration of video prototypes,
another round of a nity mapping and thematic analysis was conducted. The one
di erence in methodology this time around was that the content analysis was initially
deductive, ordered according to the task and version of GUI solutions in conjunction
with which they were observed. There were still elements of inductive analysis within
not only these categories but also the summation of key insights that were collected
at the tail end of the process. Examples of such key insights include participant
closing statements such as appreciating reduced visual clutter or wanting to limit
main screen real estate to include only the most important elements. This alternative
approach to thematic coding was brought about in response to the format of the
preceding user test, facilitating easier analysis and drawing of conclusions on a per
solution basis. The result from this round of a nity mapping and thematic analysis
can be seen in Figure 5.5.

44



5. Process

Figure 5.5: Overview of resulting Miro board after the second round of thematic
analysis.

The list of rst iteration guidelines and established research questions were brought
forward and compared to these new ndings. As seen in Figure 5.6, post-its that were
especially insightful or interesting were placed next to the guideline they related to.
The guidelines were then updated to cover these new observations. Minor changes
were done to the main guidelines, but the need for a higher degree of speci city
was quickly highlighted and branching recommendations were, therefore, added to
each guideline. As the number of identi ed themes grew, it became apparent that
there were much more niche insights yet to be incorporated into the guidelines and
so the branches were added accordingly. Examples of these new insights include
recommendations for the visual di erentiation between con rmation notices and
other action prompts involved in the visualisation of action plans. Finally, the
importance of colours was also highlighted, leading to the addition of a new guideline
(the sixth guideline).

Figure 5.6: Miro board showing guidelines along with notes related to them.
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Combining the previously established material with new ndings produced a second
iteration of design guidelines for remote operations:

1. Design for dynamic camera behaviour for exibility in use.
(a) Maintain symmetry for consistency in use.
(b) Keep the operator in-the-loop to a degree that corresponds to the extent
of the change.
2. Visualise the required steps for the initiation of action plans.
(a) Di erentiate con rmation elements from the rest of the ow guide.
(b) Visualise both present and subsequent steps.
(c) Balance the use of icons versus text in a way that matches operator
experience.
3. Visualise root causes for triggered automated responses.
(a) Use clear GUI representations for displaying sensory source location in
the physical world.
(b) Design notices with sensitivity to the response type and its degree of
severity.
4. Visualise relevant parameters of the Pod’s current status.
(a) Use iconographic elements for overview purposes.
(b) Apply great speci city in system feedback regarding warnings and issues.
(c) Take appropriate action to combat change blindness in the operator.
5. Design for the limitation of data overload at operator-demanding driving sit-
uations.
(a) Place GUI elements of system information in a condensed manner.
(b) Design with sensitivity to operator prior experience and mental model of
the GUI structure.
(c) Display only the most highly relevant information in the driving view.

Another guideline was put forward as a candidate for potential addition:
6. Consider the meaning of colours and be consistent in the use of them.
(a) Di erentiate system messages by their content, such as con rmations,
warnings and action steps.
(b) Support rapid understanding of the message content being displayed.

Having established a second iteration of the design guidelines, work began on a new
prototype to be used in their evaluation. Sketching and wireframing of an updated
GUI layout was once again carried out in Figma. Alongside it, a owchart of the
video prototype showcasing the timing of events and the corresponding guidelines
at play with speci c user challenges matched below was developed (see Figure 5.7).
These materials were then used as speci cations in the production of two video clips
in After E ects, once more applying new GUI elements on top of screen recordings of
a Pod in action. These two video clips were then uploaded as unlisted on YouTube
and had interactions applied to them via the Anima plugin in Figma (Anima, 2022).
This enabled more high- delity interactivity during the user test via the Wizard of
Oz method.
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Figure 5.7: Flowchart of events in user testing of second iteration prototype.

The second iteration usability test was of a more free-form format than the compar-
ative user testing that had preceded it. Ten participants were recruited from within
Einride to partake in the test, 30% of whom were women. The participants’ prior
interaction with the station was varying as it ranged from not having seen it before
to having used it for long periods of time. Two of the participants had a class ‘C’
licence and two additional participants had used the station previously. Being more
exploratory and open-ended in nature, participants only received instructions at the
beginning of the test and during the swap to the second clip. After nishing the
test, they were asked re ective questions regarding their experience, but they were
otherwise largely unrestricted in their interaction with the prototype. Having lled
out the prerequisite consent form, participants were explicitly encouraged to interact
with the controls and interface as they saw t, all while thinking aloud. The facili-
tator had the responsibility of providing the instructions as well as carrying out the
Wizard of Oz illusion via the Anima interactions. The other member was instead
responsible for taking notes of observed behaviours, Think Aloud-utterances and
question responses while also ensuring that the session was being properly recorded.
To secure further re ections from participants, each was sent a follow-up inquiry the
day after their testing session. This delayed re ection asked them to name things
about the interface that stood out to them as positive and negative. The question
sent to the participants was:

Thinking back on it, was there something you remember standing out as need-
ing to improve the most and is there something you particularly liked in the
interface?

Nine out of ten participants provided a response and their feedback was noted down.
Most replies were things they had already said during the evaluation, but there were
also some comments regarding things the participant had forgotten to mention the
day before. One such response started with | forgot to mention... highlighting
that this feedback would not have been received if the delayed re ection method
had not been used. The comments that restated things the participants said during
the evaluation indicated what they found most memorable and important. These
comments were, therefore, considered to be more important.
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5.3 Implementation

Having thus concluded another usability test, the session notes from each partici-
pant were considered through the lens of the established thesis research questions.
Every listed observation with relevant ties to said questions was pooled together
onto individual notes on a Miro board for thematic analysis via a nity mapping.
Content analysis was largely inductive with only the commentary on colours being
categorically separated from the rest of the response material. Individual observa-
tions were once again clustered into groups, seen in Figure 5.8, and ordered according
to emerging themes to be compared against the guidelines from which the prototype
had rst been conceived.

Figure 5.8: Overview of the clustered notes on the Miro board as a result of the
third thematic analysis.

The guidelines were summarily updated in light of new user feedback, trimming a
few branching bits of speci ed recommendations. An example of this is that branch
(c) of the previously second guideline, Balance the use of icons versus text in a way
that matches operator experience, was removed. The reason for the deletion of this
branch was that no one had trouble understanding the iconographic instructions
even though several of the evaluators had no prior experience. The listed order of
the guidelines were also changed for this iteration. This was mainly done in order
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to bring the overarching guideline regarding data overload to the beginning of the
list so that it can be kept in mind for the duration of the reading.

1. Design for the limitation of data overload in operator-demanding driving sit-
uations.
(a) Place GUI elements of system information in a condensed manner.
(b) Display only the most highly relevant information when driving.
2. Design for dynamic camera view behaviour for exibility in use.
(a) Maintain visual symmetry of camera layout for consistency in use.
(b) Keep the operator in-the-loop to a degree that corresponds to the extent
of the change.
3. Visualise the required steps for the initiation of action plans.
(a) Di erentiate con rmation elements from procedural action steps.
(b) Visualise both present and subsequent steps.
4. Visualise root causes for triggered automated responses.
(a) Use clear GUI representations for specifying the source location in the
physical world.
(b) Design notices with sensitivity to the response type and its degree of
severity.
5. Visualise relevant parameters of the Pod’s present operational status.
(a) Use iconographic elements for overview purposes.
(b) Take appropriate action to combat change blindness in the operator.
(c) Use great speci city in system feedback regarding warnings and events.
6. Consider the meaning of colours and be consistent in the use of them.
(a) Di erentiate system messages by their content, such as con rmations,
warnings and action steps.
(b) Use established colour conventions to direct attention and enhance un-
derstanding of system messages.

Other themes, seen in Figure 5.9, focused on the physical input devices, such as the
Stream Deck, potentiometer and throttle. The design of these elements was origi-
nally considered to be outside the scope of this thesis, but due to the high number of
comments regarding them, it was decided to highlight these insights. One evaluator
mentioned that it was hard to reach the button for putting on the indicator without
letting go of the potentiometer, making it impossible to steer and press the button
simultaneously. Another person did not like the high resistance in the throttle and
several evaluators reported di culties in knowing how much they were turning the
potentiometer. Others also reported having problems understanding how the input
on the potentiometer a ected the Pod’s steering. Based on this feedback, another
potential guideline was put forward:

7. Design input devices to enhance usability.
(a) Augment inputs with visual feedback of the requested e ect.
(b) Design tangible a ordances to support user understanding of control ori-
entation.
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Figure 5.9: Post-it notes forming the theme regarding physical input devices.

5.3.1 Evaluation of Guidelines

As the guidelines had been updated, evaluations were held to understand how the
intended interpretation of each guideline matched the interpretation made by evalu-
ators. Di erent methods were considered for this evaluation and a decision was made
to use a combination of the unstructured and semi-structured interview methods for
di erent parts of the session. It was decided not to use the AGREE Il framework
as it is a more quantitative and structured method and the goal of this evaluation
was to allow them su cient freedom to make reference to a broad spectrum inquiry
as a part of the pairwise discussion.

During this evaluation, the penultimate version of the proposed design guidelines
was presented to three pairs of Interaction Design Master students from Chalmers
University of Technology to evaluate the legibility and composition of each recom-
mendation. A total of six participants partook in the evaluation, all of whom were
female and currently in the last term of their degree. Upon lling out the prereg-
uisite consent form, each pair was shown part of a local news segment showcasing
Einride’s remote operating station to introduce them to the context at hand. A link
to the news segment can be found in Appendix D. One member of the design team
facilitated while the other took notes and managed the audio recording. The eval-
uation itself took the form of an unstructured interview during which a few initial
questions were asked, followed by a discussion between the participant pair and the
facilitator covering each of the proposed guidelines and their branches. Following
this, a nal pair of questions were asked before the session was over. The questions
asked during the interview can be seen in Appendix E.
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This set of interview discussions allowed for modi cations to be made to the guide-
lines based on the perspective provided by the Interaction Design students. The
notes taken during each session were compiled into a new document according to
the question answered or the guideline to which they were referring. Every guideline
and its branches then had their intended meaning compared with the interpretation
o ered by the other designers. Following this, prospective changes to wording and
structure was discussed between the thesis authors. In the end, select phrases were
edited for clarity and speci ¢ words exchanged for ones with more suitable de ni-
tions. Example excepts of changes made for the nal iteration of guidelines can be
found below.

A phrase that was edited for clarity (the rst point is the previous phrasing and the
second point is the nal result):
Keep the operator in the loop to a degree that corresponds to the extent
of the change.
Inform the operator of changes to a degree that corresponds to the impact
of said changes.

A phrase with changed wording (before/after):

Place GUI elements of system information in a condensed manner.
Place GUI elements of system information in a well-grouped manner.
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Results

In this chapter, the results achieved throughout the Research through Design pro-
cess are presented in an attempt to answer the established research questions. To
reiterate, the questions to be answered are as follows:

RQ1: What are key interface factors for enhancing the operator’s situation
awareness in demanding driving situations?

RQ2: What factors of given interface elements serve to reduce the cognitive
load as a part of the interaction between operator and truck in a remote driv-
ing setup?

The presented ndings are ordered according to their place in the design process
and sectioned according to the corresponding iteration. Design guidelines are dis-
cussed as they appear and evolve throughout the design cycles. Finally, the nal
iteration of said guidelines is presented and expounded upon via short summaries
and mention of example use cases.

6.1 First Iteration of Prototypes

The video prototypes created in the rst iteration of the design process were all based
on a video recording of an operating Pod and have di erent interface overlays on top
of the footage. Each pair of prototypes showcase two solutions for the same guideline,
using an identical sequence of events, with the di erence being the interface proposal
itself. The prototypes are described in the following sections in conjunction with
the guideline from which they were designed.

6.1.1 Guideline 1

Design for dynamic camera behaviour for exibility in use.

The rst guideline (G1), which sought to achieve exibility in use via dynamic
camera view behaviour, was embodied through the design of an alternate structure
of camera views. The rst solution of the prototype was the layout currently in use
for the station with no changes made to it. This original solution can unfortunately
not be illustrated in this report due to the material being con dential. For the sec-
ond solution, the camera views had been reorganised to create a new layout. This
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new layout can be seen in Figure 6.1 which also highlights the changes di erentiating
it from the original layout. The second version also featured a dynamic rear camera
view that grew in size at times where it was speculated that the operator would
require a good view of the back part of the Pod. This behaviour was envisioned to
be automatic in times such as shifting gear into reverse.

Figure 6.1: Camera layout of the second solution for G1 with red arrows pointing
out the parts that di ers from the original layout.

6.1.2 Guideline 2

Visualise the required steps for the initiation of action plans.

Two di erent solutions, using the context of a vehicle startup process, were pro-
duced for the second guideline (G2). Each proposed solution featured a distinct
style of guiding the operator through this ow, the rst one being text-based and
the other icon-based. The rst solution featured rectangles with written instructions
centred on the screen (seen in Figure 6.2). It used opacity and movement to give
feedback to the operator regarding the timing, completion and most importantly,
order of each required action input. The second functioned much the same in terms
of visual feedback but with the primary di erence being the replacement of written
prompts with iconographic ones (seen in Figure 6.3). The animated ow was also
placed slightly more to the left-hand side of the screen as opposed to being centred.
The reason for this was mainly to test out another type of animation for progressing
through the steps. The instructions in this solution moved in a circular motion as
opposed to falling down as they did in the rst solution.

Figure 6.2: Text-based instructions Figure 6.3: Icon-based instructions
used in the rst solution for G2. used in the second solution for G2.
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6.1.3 Guideline 3

Visualise root causes for triggered automated responses.

Guideline number 3 (G3) was instantiated in the form of an enhanced noti cation
style for the automatic safety brake system (ASB) with the purpose of comparing de-
sign solutions for the visualisation of root causes for triggered automated responses.
The two proposed solutions each featured an interface element signalling the sta-
tus of the ASB system with the additional functionality of displaying an area or
direction in which the ASB system had detected an obstacle, as well as a guiding
action ow reminiscent of that posited in G2 in order to resume driving post-trigger
event. The rstsolution, seen in Figure 6.4, again featured a text-based action guide
matched with a rectangular ASB status element that used colour and iconography
to signal whether it was active, dormant or triggered. This proposed solution used
a circular element placed on the periphery of the ASB rectangle in order to display
the area in which the sensor had triggered. The circle used colour and size to give
visual feedback of the direction and proximity of said trigger. The second proposed
solution, seen in Figure 6.5, featured a square element with a coloured frame that
similarly signalled the status of the ASB system, augmented with icons to match.
Upon being triggered, the initial element would expand to display a top-down view
of a miniature Pod with a circle element showing the precise location of the sen-
sor that was triggered. The unfolded element retracts automatically as the truck
disengages the ASB.

Figure 6.4: The rst solution for G3 Figure 6.5: The second solution for G3
with a text-based action guide and a red with an icon-based action guide and two
ASB status element to signal that it has status elements with yellow borders to
been triggered. signal that the ASB has been triggered.

6.1.4 Guideline 4

Visualise relevant parameters of the Pod’s current status.

Guideline 4 (G4) focuses on ways through which relevant parameters of the Pod’s
current status could be visualised for the operator. In the proposed solutions, this
was realised in the form of a new interface window where one solution showcased
a more text-based style and the other a more icon-based one. In both cases, the
window was manually controlled by the operator through the use of a dedicated
button on the Stream Deck. The rst solution used text to inform the operator
of parameters such as cargo load and warning notices (see Figure 6.6). The other
solution used two rows of icons dedicated to giving an overview of vehicle-related
and cargo-related factors respectively (see Figure 6.7). G4 also visualised di erent
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solutions for showcasing the magnitude and strain on brakes applied: one in the
style of a brake pressure gauge using the colour and |l of said gauge for visual
feedback while the second solution was integrated into the already existing brake
element. This other solution used the expansion and opacity of a circular element

lling the space within the gauge’s arch to signal the same strain and magnitude of
applied brakes.

Figure 6.6: Text-based visualisation Figure 6.7: Icon-based visualisation
showing the Pod’s status as the rst so- showing the Pod’s status as the second
lution for GA4. solution for G4.

6.1.5 Guideline 5

Design for the limitation of data overload at operator-demanding driving situations.

Guideline 5 (G5) di ers from the rest in that it did not have a single example
task or solution by which to evaluate it, but was instead made a part of the eval-
uation of all preceding design solutions. Each was considered through the lens of
limiting the risk of information overload, especially in situations considered to be
more demanding for the operator.

6.2 Second lteration of Prototypes

The prototypes in the second iteration of the design phase were fewer in number
and only showcased a single variant of the interface elements up for evaluation. The
videos were longer in duration and made for a more linear experience while also fea-
turing increased interactivity via Anima animations. Like in the previous section,
this part covers the theoretical background to the tasks inlaid into the prototype in
order of the guideline from which it originated. The guidelines themselves remained
largely unchanged in the transition into the second iteration but became more spe-
ci ¢ through the inclusion of branches o ering more specialised advice under each
main guideline.
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6.2.1 Guideline 1

Design for dynamic camera behaviour for exibility in use.
(a) Maintain symmetry for consistency in use.

(b) Keep the operator in-the-loop to a degree that corresponds to the extent of the
change.

G1 still primarily in uenced the layout of the camera feeds themselves and resulted
in a similar structure to what was seen in the rst solution presented in the pre-
vious prototype. A few alterations were done to match feedback given during the
comparative usability test. Instead of a single rear-view feed on just one side of the
setup, this prototype showcased the feed on each side of the middle screen, providing
symmetry for consistency in use and to meet operator expectations. The expansion
functionality was made a toggle using a button as opposed to automatic in order
to better keep the operator in the loop and animated using Anima. The lidar view
(seen in Figure 6.8) was also placed in the top-right corner of the middle screen
and the cargo view was adjusted to the upper corner of the far right screen. Said
cargo view was also kept hidden until the operator hit a dedicated button - a change
from the previous iteration. A screenshot showing the camera layout can be seen in
Figure 6.9.

Figure 6.8: The lidar view, i.e. a live feed of the Pod’s lidar sensors, highlighted
in the interface.

Figure 6.9: Camera layout for the prototypes in the second iteration with red
arrows pointing out di ering parts from the layout in the rst iteration.
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6.2.2 Guideline 2

Visualise the required steps for the initiation of action plans.
(a) Di erentiate con rmation elements from the rest of the ow guide.
(b) Visualise both present and subsequent steps.
(c) Balance the use of icons versus text in a way that matches operator experience.

G2 expounded upon the iconographic version of the action plan prompts with an-
other set of alterations born from the user test (see Figure 6.10). The colour of
the standard prompts was changed to blue and the con rmation element Ready
to drive was given a green background to di erentiate its status of a con rmation
notice - a prompt that did not require any additional input from the operator. A
few icons were also redesigned to better match those on the Stream Deck as it was
observed that users heavily relied on matching symbols to gure out which action
was being requested of them. The action prompts retained their use of opacity and
movement to give visual feedback of which step was the current one as well as which
action would be requested next.

Figure 6.10: Iconographic action plan prompts.

6.2.3 Guideline 3

Visualise root causes for triggered automated responses.

(a) Use clear GUI representations for displaying sensory source location in the
physical world.

(b) Design notices with sensitivity to the response type and its degree of severity.

G3 employed the second of its two solutions to better visualise the context sur-
rounding the triggering of the ASB system with minor alterations made (see Figure
6.11). Similarly to in the preceding section, the Ready to drive con rmation notice
was given a green background to better di erentiate it from the actionable prompts
of the startup procedure following the automated braking. None of the braking
visualisations were included in this prototype as it was deemed di cult to evaluate.
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Figure 6.11: Screenshot of the middle screen in the video prototype when the ASB
has triggered.

6.2.4 Guideline 4

Visualise relevant parameters of the Pod’s current status.
(a) Use iconographic elements for overview purposes.
(b) Apply great speci city in system feedback regarding warnings and issues.
(c) Take appropriate action to combat change blindness in the operator.

G4 had its initial proposed solutions synthesised into a hybrid of the two, employing
a text-based foundation with iconographic elements for an easy overview of informa-
tion and direction of operator attention (see Figure 6.12). This approach was chosen
due to an identi ed need for speci city in regard to warning notices. Bright colours
were used in icons of special importance, such as that of the warning triangle, in an
attempt to combat change blindness in the operator. As was the case in the previous
prototype, the status window was manually operated through a dedicated button
that was animated using Anima in order to give it interactivity via the Wizard of
Oz method.

Figure 6.12: Window with information about the Pod’s status.
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6.2.5 Guideline 5

Design for the limitation of data overload at operator-demanding driving situations.
(a) Place GUI elements of system information in a condensed manner.
(b) Design with sensitivity to operator prior experience and mental model of the
GUI structure.
(c) Display only the most highly relevant information in the driving view.

G5 was once more incorporated as more of an overarching principle evaluated
throughout the driving experience as opposed to one embodied in one or more func-
tionalities in the interface. However, the need for placing system information GUI
elements in some proximity to one another, as opposed to being spread out across
the screen real estate, was pointed out in the preceding usability testing pointed
out. As such, the second iteration video prototype showcased three clusters of GUI
elements at the bottom of the middle screen and was a reason for the adjustment
of the lidar feed’s positioning onscreen. Further e orts were made to adjust the
appearance of the physical button and the action prompt icon for easier matching,
indirectly supporting less experienced operators into taking a prompted action and
reducing their cognitive load. A few elements such as the GPS status indicator
was redesigned into a simpli ed icon for quicker and easier interpretation following
similar reasoning.

6.2.6 Guideline 6

Consider the meaning of colours and be consistent in the use of them.
(a) Di erentiate system messages by their content, such as con rmations, warn-
ings and action steps.
(b) Support rapid understanding of the message content being displayed.

Finally, a new guideline regarding the meaning and consistency in the use of colours
had emerged following the analysis of user feedback on the rst iteration of video
prototypes. This was a largely spontaneous nding that nevertheless sparked dis-
cussion when inquiries were made regarding the e cacy of the two design proposals
from G2. Colours proved to be very e ective visual signals for the di erentiation and
interpretation of various interface elements. This factor might also serve to reduce
cognitive load and thus made it highly relevant to the given research question. This
was incorporated throughout the second iteration prototype - primarily as part of
interface elements connected to G2, G3 and G4, as mentioned earlier in this section.

6.3 Design Guidelines

Concluding and combining the ndings brought about through the evaluation of
two consecutive iterations of interface prototypes as well as feedback given by inter-
action designers, the following section lists guidelines and best-practice recommen-
dations for the design of a remote operations interface for remotely driven trucks.
All guidelines are presented alongside their respected branches and their meaning is
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expounded upon in subsequent sections.

1. Design for the limitation of data overload in operator-demanding driving sit-
uations.
(a) Place GUI elements of system information in a well-grouped manner.
(b) Display only the most highly relevant information when driving.
2. Design for dynamic behaviour in the display of camera feeds for exibility in
use.
(a) Maintain visual symmetry of camera layout for consistency in use.
(b) Inform the operator of changes to a degree that corresponds to the impact
of said changes.
3. Visualise the required steps for the initiation of action plans.
(a) Di erentiate call-to-action elements from con rmation notices.
(b) Visualise both present and upcoming steps of the action plan.
4. Visualise root causes for triggered automated responses.
(a) Use clear GUI representations for specifying the source location in the
physical world.
(b) Design notices with sensitivity to the response type and its degree of
severity.
5. Visualise relevant parameters of the truck’s condition.
(a) Use iconographic elements for overview purposes.
(b) Take appropriate action to counter change blindness in the operator.
(c) Use great speci city in system feedback regarding warnings.
6. Consider the meaning of colours and be consistent in the use of them.
(a) Di erentiate system messages by their content, such as con rmations,
warnings and action steps.
(b) Use established colour conventions to direct attention and enhance un-
derstanding of system messages.

6.3.1 Guideline 1

Design for the limitation of data overload in operator-demanding driving situations.
(a) Place GUI elements of system information in a well-grouped manner.
(b) Display only the most highly relevant information when driving.

The rst guideline focuses on data overload and highlights the importance of lim-
iting it. The operator should not be presented with too much information at once
since that can be overwhelming, as mentioned in branch (b) (G1b). After all, data
overload can not only cause distraction but also bait user attention through mis-
placed salience (Endsley and Jones, 2014). G1b further states that the information
shown in the interface should be highly relevant to the operator. This is especially
true when driving and additional information can, for example, be shown when the
vehicle is standing still and the operator has not yet started driving.

The (a) branch (Gla), instead focuses on the arrangement of GUI elements in the
interface. There should not be many di erent groups of GUI elements scattered on
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the screen as that requires the operator to move their gaze and head much more of-
ten. Having many things compete for the user’s attention is considered visual excise
and should, according to Cooper et al., be avoided whenever possible (Cooper et al.,
2014). The GUI elements in the prototypes were placed in three groups, all placed
at the bottom of the middle screen, which evokes the Gestalt theory of proximity by
forming perceptual clusters (Fekete et al., 2008). Having them placed on the middle
screen and not too far away from each other makes it easier to quickly glance at one
of them.

6.3.2 Guideline 2

Design for dynamic behaviour in the display of camera feeds for exibility in use.
(a) Maintain visual symmetry of camera layout for consistency in use.
(b) Inform the operator of changes to a degree that corresponds to the impact of
said changes.

Allowing the display of camera feeds to be dynamic is the focus of the second guide-
line and dynamic, in this case, mainly refers to the feeds being able to change size.
Buttons can be used to resize some views and toggle the visibility of others allowing
for an interface that can be adapted to best suit the current driving situation. There
are, however, some things to consider when allowing this type of behaviour and they
are stated in the branches (G2a and G2b).

G2a points out the importance of keeping a visual symmetry of the camera feeds.
This means that the layout of the camera feeds should be the same even if their size
or visibility is toggled. Keeping the interface layout consistent facilitates the opera-
tor’s navigation of the interface and limits potential confusion (Cooper et al., 2014).
A camera feed that can be hidden should have some type of symbol indicating where
it will be shown and feeds that grow in size should have the placement even after
the size has changed. G2b states that it is important to inform the operator of any
changes that happen. Consistency in use means that the layout should be mindful
that regardless of dynamic changes made to camera views, the operator should be
able to recognise each view and be able to predict their positioning.

6.3.3 Guideline 3

Visualise the required steps for the initiation of action plans.
(a) Di erentiate call-to-action elements from con rmation notices.
(b) Visualise both present and upcoming steps of the action plan.

The third guideline describes the importance of visualising the steps an operator
needs to take to reach a goal. An example of a situation where this is useful is when
starting the Pod. Before being able to start driving, there are a set of actions the
operator has to do, in a speci c¢ order. These steps can be hard to remember and
visualisations can, therefore, help the operator. The visualisations should, as stated
in branch (a), show both the current and upcoming steps so that the operator is
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prepared for what happens next. When the operator has completed all the steps,
a con rmation notice can be shown and that should, as mentioned in branch (b),
di erentiate from the visualisation of the steps that call to action. All of these rec-
ommendations serve to reduce the likelihood of active failures occurring, speci cally
mistakes and procedural violations (Reason, 2000).

6.3.4 Guideline 4

Visualise root causes for triggered automated responses.
(a) Use clear GUI representations for specifying the source location in the physical
world.
(b) Design notices with sensitivity to the response type and its degree of severity.

An automated vehicle has automated responses and the fourth guideline states that
when these are triggered, it is important to visualise the root cause of that response.
An automated response can for example be triggered if an object appears in front of
the vehicle and is picked up by a sensor that causes the automatic safety brakes to
trigger. In this type of situation, it is important to both use visualisations to show
that the system has been triggered and the reason for why it was triggered. The (a)
branch states that the source location, e.g. where the object is located, should be
visualised in the GUI. It is also important to consider what type of trigger it was
and how severe it is, which is stated in branch (b). Keeping the operator in the
loop ensures that the operator updates their mental model of SA accordingly and
increases the chances of them successfully identifying potential issues (Endsley and
Jones, 2014). It also serves to mitigate one major cause of accidents within the eld
of HAI by ensuring that the operator is supplied with su cient feedback from the
system (Sheridan and Parasuraman, 2005).

6.3.5 Guideline 5

Visualise relevant parameters of the truck’s condition.
(a) Use iconographic elements for overview purposes.
(b) Take appropriate action to counter change blindness in the operator.
(c) Use great speci city in system feedback regarding warnings.

Operators have no way of checking the truck’s physical condition by examining its
outside and it is, therefore, important to use visualisations to show the current state
of the truck. An example of information that can be of relevance for the driver is
the cargo’s weight, type and if it has been anchored correctly.

There are di erent ways that relevant parameters of the truck’s condition can be
visualised, but there are some things to consider. The rst branch, G5a, states that
iconographic elements are good for overview purposes but branch (c¢) points out that
system feedback regarding warnings should use great speci city. The reason why
those need more speci city is that it is important to fully understand the warning
as that can a ect the operations and potentially become dangerous. Similarly to
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what was presented in the summary of the previous guideline, visualising indica-
tors of the truck’s condition mitigates the risk of the operator receiving insu cient
feedback, one of three major causes of bad outcomes in automation (Sheridan and
Parasuraman, 2005). Furthermore, it bridges the Gulf of Evaluation by providing
the operator with information they can use to better plan and problem solve (Be-
hymer and Flach, 2016).

Branch (b) points out the need to take appropriate action to counter change blind-
ness in the operator. What an appropriate action is relates to the importance of
the operator noting that change. If it is important to inform the operator about
something, then it should be obvious to them that something has changed. A small
change in colour or iconography may, for example, be di cult for the operator to
notice. By paying attention to how interface elements are presented to the operator,
the amount of extraneous cognitive load experienced by the operator can be reduced
(Sweller et al., 1998).

6.3.6 Guideline 6

Consider the meaning of colours and be consistent in the use of them.
(a) Di erentiate system messages by their content, such as con rmations, warn-
ings and action steps.
(b) Use established colour conventions to direct attention and enhance understand-
ing of system messages.

The focus of the sixth guideline is colours and how they should be used. People usu-
ally associate colours with a speci ¢ meaning and it is important to consider those
meanings. It is also important to be consistent in how colours are used throughout
the interface. Branch (a) delves deeper into this by stating that system messages
should be di erentiated based on their content. An example of this is when blue
was used for the steps in the action plan, but green was used for the con rma-
tion notice. This better highlights the di erence between the two di erent types
of messages. Furthermore, it presents yet another way to reduce the amount of ex-
traneous cognitive load placed on the operator of this interface (Sweller et al., 1998).

The other branch, G6b, points out that using established colour conventions is
a great way of aiding the operator. One common use of colours is green, yellow
and red that often is interpreted as a scale from good to bad. Having something
change from green to red can, for example, let the operator know that something
has changed and need attention. Incorporating rich modeless feedback in the design
of GUIs allows the operators to internalise information much quicker, perhaps just
by a glance (Cooper et al., 2014). However, it is also important to consider colour
blindness and that a colour change never should be the sole indicator of change
(Story, 1998b).
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Discussion

In this chapter, the methods used throughout the project are discussed along with
the result and how general the resulting guidelines are. Potential future work is also
discussed and ethical considerations are considered.

7.1 Result Discussion

This section expounds on results produced through user testing as they pertain to
the theoretical background of the thesis. Starting with discourse regarding the es-
tablished research questions, presented ndings from both iterations of prototype
evaluations are then brought up to give further context for each separate discussion.

Before delving into the speci cs of the outcome, how the nished guidelines look to
answer the established research questions merits some additional deliberation, es-
pecially regarding RQ1. This research question states that the thesis work seeks to
identify key interface factors for the enhancement of the operator’s situation aware-
ness, but arguments can be made whether or not this is achieved via the produced
guidelines. The design of interface solutions can be considered a wicked problem.
As mentioned previously, wicked problems tend to become more understandable as
the process closes in on a solution (Plattner et al., 2010). This is mirrored in the
thesis work, the scope changing in time with design solutions being produced as part
of the Research through Design process.

This shift lead to an increased focus on the practical application and iteration of new
insights as opposed to the identi cation of speci ¢ interface and usability factors.
As a consequence of this, the guidelines developed through this design e ort do not,
in fact, encompass an exhaustive list of key factors for interface design as it pertains
to either RQ1 and RQ2. Instead, they provide design insight that underpins the
broader discussion surrounding those same factors. It is generally considered di cult
to ask the right question from the very start of a project and as such, allowing for
appropriate design methods and iterative work to lead the way have answered the
research questions in a manner that ts the process. The extensibility criterion for
the quality assurance of Research through Design projects states that new research
needs to be based on the contributions produced in the process (Zimmerman et al.,
2007). The design work carried out as part of this thesis ful Is this criterion by
maintaining a high sensitivity to the products of the process and thus leads to the
research questions being attended to in a less direct manner.
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7.1.1 Situation Awareness

Looking back at the results achieved by way of practical design work through the
lens of established academic theory, ve particular situation awareness (SA) risk
factors stood out as particular threats to remote operators within the established
context. These ve are the SA demons of attentional tunnelling, data overload,
complexity creep, errant mental models and out-of-the-loop syndrome.

As mentioned in earlier chapters, attentional tunnelling is the phenomenon where a
user xates on one set of information to the exclusion of others (Endsley and Jones,
2014). 1t is largely a natural consequence of selective attention, a cognitive phe-
nomenon that implies the withdrawal of attention from some source of information
to focus on another (James, 1890). This was especially observed during the second
of the two user tests. Several participants commented on their tendency to xate
their attention on one of the three clusters of GUI groups; more speci cally the
cluster at the bottom left-hand corner of the central screen featuring, among other
things, the speedometer and the new ASB display. A few also reported an awareness
of this becoming a potential issue in terms of maintaining awareness of GUI changes
within other interface clusters. Branch (a) of G1 (G1la) largely addresses this issue
by recommending that GUI elements be placed in some amount of proximity to each
other while G5b also highlights the need to mitigate the risk of change blindness
in the operator. Exactly how to best combat this cognitive phenomenon was not
investigated and may be subject to further study.

Data overload occurs when the intake of necessary information outpaces the user’s
ability to process it (Endsley and Jones, 2014). This was enough of a concern early
on in the design process that it was among the rst guidelines to be established.
Apart from G1, which in its entirety is dedicated to this factor, there is also G3a
which points to the need for easy di erentiation between notices of di erent natures.
Furthermore, G4b ensures the e ective communication of the degree of severity in-
herent to sudden system events. Furthermore, the entirety of G6 carries a similar
message in that the conscious application of colours may further facilitate the in-
ternalisation of these factors. This adheres to the three-level model of situation
awareness acquisition in that the guidelines listed serve to reduce the complexity in-
herent to given tasks and interface design overall. G3 in itself tackles the complexity
of tasks, such as the Pod startup procedure, which interview participants previously
listed as challenging to remember due to the sheer number of steps required. The
visualised solution presented to users was very well-received in both iterations. Con-
cern remains whether the amount of visual data and screen real estate presented to
the operator may not, in fact, still be a cause of overdue load as it relates to the
next risk factor: complexity creep.

Complexity creep is the adverse e ect an abundance of features may have on the
user’s ability to form a mental model of the system itself (Endsley and Jones, 2014).
This was certainly observed as a part of the struggle for users in the second usability
test. In the rst usability test, the rst task set before each participant was to iden-
tify each camera feed presented to them and what eld of view around the truck
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they corresponded to. All participants managed to correctly identify each view,
but only after considerable amounts of deliberation and looking around the screens
presented to them. There were no such tasks presented to the participants of the
usability test for the second iteration, and several of them reported struggling to
comprehend where exactly to look for speci ¢ information about the environment
around the vehicle. This further relates to the phenomenon of errant mental models
where the user is implied to use an incorrect mental model when interpreting in-
coming information, leading to misunderstandings, mode errors and representational
errors (Endsley and Jones, 2014). Apart from struggling to form a mental model
of the functionality of the remote operating station, a few participants reported
mistaking the rear-view feeds for the side mirrors and vice versa. The guidelines
address certain parts of this concern via recommendations such as G1b, G2 and G4
through the mitigation of information overload. However, the thesis work did not
investigate the best ways to onboard a user or di erentiate feeds from each other.
Another suggested functionality for enhancing operator understanding of the camera
layout would be a tool through which the operator could select a feed to get further
details of the speci ¢ eld of view, potentially using a top-down or AR-visualisation.

Finally, out-of-the-loop syndrome occurs when the operator of an automated sys-
tem has their situation awareness undermined by keeping them ignorant of system
performance (Endsley and Jones, 2014). This is where the guidelines to bridge the
physicality gap between vehicle, system and operator come into play. G4 bridges the
gap by looking to quickly inform and reconnect the operator with a sense of control
of the truck after an automated system response springs into action. The example
situation used in the evaluations was that of the ASB system triggering, and sub-
sequent GUI solutions were well-received by participants of both iterations of user
evaluations. G5 seeks to bridge the gap by presenting relevant information that
would otherwise be lost by the operator’s physical displacement from their vehicle.
A solution suggestion such as the status window addresses this issue by supporting
the operator in carrying out knowledge-based behaviours, as described by the SRK
framework. Knowledge-based behaviours are actions carried out during decision-
making in novel situations (Behymer and Flach, 2016). This term can be said to
intersect with that of the SAS of working memory - the conscious part of the central
executive of working memory used to make strategic assessments (Baddeley et al.,
2015). An application such as the status window presents prudent information to
these systems, keeping the operator in the loop regarding its performance. Prudent
information, in this case, might refer to characteristics such as cargo weight, brake
pressure or sensor status. It also acts to bridge the Gulf of Execution inherent to
the maintenance of the mental model of situation awareness. The status window
supplies information that is subsequently perceived and used by the operator to form
an action plan. The key here is that the task of formulating action plans should re-
main the responsibility of the human operator, mitigating not only the complacency
problem of automation but also playing into the strengths of the human-machine
team by leaving the task of practical implementation to the machine. This ties back
to the four stages of large-scale automation systems presented in earlier chapters.
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7.1.2 Cognitive Load

Moving beyond the scope of situation awareness and its relation to the guidelines
presented, there is also the matter of cognitive load to consider in order to properly
address the second of the two research questions. Observations and results achieved
as part of the design process can be tied together with studies in human cognition
and contemporary HAI principles, which the following section will expound upon.

Theories surrounding cognitive load largely agree on the concept of nite cogni-
tive resources being the underlying reason for which the adverse e ects of the phe-
nomenon may manifest (Sweller et al., 1998). As stated previously, the complacency
problem of automation is less of a visual issue and to a larger extent a matter of
attention (Metzger and Parasuraman, 2001b). As such, visual solutions may prove
insu cient if they do not employ strategies to manage the operator’s cognitive re-
sources. G1b presents one way to do so by stating that only the most important
visual elements should be presented to the operator when driving. Other guidelines
and subsequent branches previously listed in Section 7.1.1 as serving to mitigate
data overload can be said to work in a similar manner. As stated previously, due
to the pool of cognitive resources being a shared source for three distinct types of
cognitive load, the reduction of the extraneous load type remains the most e ective
way of preventing adverse e ects (Sweller et al., 1998). Extraneous cognitive load is
exactly what these data-limiting guidelines are dealing with when streamlining and
directing the presentation of interface elements.

The formation of mental models is generally stated to cause germane cognitive load
due to the high resource cost required to internalise a process into long-term mem-
ory (Sweller et al., 1998). As was mentioned previously, the structure of the camera
feed caused signi cant confusion for several participants in the second iteration of
user tests - enough so that one admitted to being unable to attend to other things.
Meeting user expectations, as mentioned in G2a, is thus an indirect prompt to con-
sider the operator’s mental model as they navigate the visual feedback to accomplish
various tasks - meeting their expectations by keeping views consistent wherever pos-
sible. Meeting user expectations facilitates them forming habitual skills and schema
for navigating the interface, increasingly supported by the automatic mode of the
attentional controller of working memory and thus freeing up cognitive resources to
be used in other matters. One such matter could involve maintenance of the user’s
mental model of the system, ensuring its accuracy. Mismatching mental models of
operation is one of three prevalent causes of bad outcomes in HAI (Sheridan and
Parasuraman, 2005), making adherence to G2a a safety matter as well as a usabil-
ity concern. G3 and G4 reduce additional cognitive load by presenting actionable
steps and helping the operator maintain awareness of their place in time. This was
represented in the interface using a combination of con rmation notices as well as
upcoming and presently requested action prompts.

Maintaining a HCD and user-centred approach to designing a cooperative automated
system will need to take human cognition and mental models into consideration. Be
it investing resources in mental schemas that will bene t the operator in the long
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run or making adjustments to better support working memory through interface
design, each task needs to be tailored according to the speci cations of the rele-
vant memory system. The discussion comes full circle with the consideration that
most recommendations lifted from the proposed guidelines boil down to keeping the
operator continually informed of system performance while minimising operator cog-
nitive load through the limitation of excise on-screen. It is a trade-o , a balancing
act that needs to be investigated further from the point at which these proposed
guidelines left o . As mentioned in G5, speci city and ease of overview both have
their parts to play in the interface, entirely dependent on the needs of the operator
in the moment. It was observed throughout the two user tests how participants
intuitively matched the symbols on-screen with the options presented to them on
the Stream Deck - an example of interaction design that supports working memory
and ended up being highly popular among user test participants.

7.1.3 Design of Input Devices

While the design of input devices connected to the remote operating station was not
considered a relevant topic within the scope of this thesis, some interesting learn-
ings eventually coalesced into its own potential guideline following the usability test
at the end of the second iteration. As described in earlier chapters, this potential
guideline presented a set of usability considerations inspired by comments made by
participants from various stages of user testing. The guideline itself ranges from the
application of AR elements onto the road to the design of tangible user interfaces
and did not go through the same amount of re nement that it may have deserved.
Nevertheless, it was deemed interesting enough to warrant mention as part of the
results achieved through the Research through Design process.

The guideline itself targets the enhancement of usability through conscious a or-
dances made to the physical controls as well as a suggested improvement to the
visualisation of input feedback. The proposed branch (a) suggests that AR elements
on-screen are to be recommended to support the operator in their understanding
of the practical impact of their input. Examples of this being put into use would
be a visual AR projection of the truck’s stopping distance or requested steering.
The generation of future states belongs to the third level of situation awareness and
involves the creation of mental models forecasting events to come - a phenomenon
that purposeful design of AR feedback might serve to facilitate. Branch (b) of this
proposed guideline instead focuses on more physical matters concerning the tangible
a ordances of the controls themselves.

A few participants in each usability test had comments regarding the instrumen-
tation, citing di culties in understanding whether the steering knob was centred
enough to have the truck drive in a straight line. They also pondered the signi cant
di erence in manual resistance between the throttle and the steering knob, describ-
ing it as slightly unnerving. Some expressed concern about incurring strain injuries
as a result of keeping the throttle engaged enough to keep the truck in motion. An-
other user observed how engaging the indicator lights forced them to let go of the
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steering knob entirely, which is a decidedly unsafe situation in any form of vehicle.
In light of these ndings, branch (b) of the input design guideline recommends phys-
ical a ordances to understand the orientation of the controls - e ectively removing
the need for the operator to seek visual con rmation and lose focus on the road
or some other matter. The design of input devices specialised for remote trucking
operations is key in the development of a comprehensive user interface, and this mi-
nor contribution to the discussion can only be said to scratch the surface of the issue.

7.2 Methodological Discussion

This project had an iterative process where some methods were used in several it-
erations. One such method was thematic analysis, which was used to analyse the
results from the expert interviews and both user evaluations. As for many qualita-
tive research methods, there is a risk of research bias when using thematic analysis
(Mackieson et al., 2019). To limit potential biases, both writers took part in the
thematic analysis. One person coded half of the data and the other person coded
the remaining data. When all data had been coded, a switch was made between the
writers, allowing both to go through all the data and highlight parts that they found
interesting or important. Both writers also partook in identifying patterns in the
created codes. The bias was likely lowered by having two people’s opinions during
each step of the process, but a potential problem, in this case, is that both writers
had similar backgrounds. No one had any prior experience of driving a truck and
very little time had been spent observing the remote operating station prior to the

rst interview. Having similar backgrounds might result in opinions that are quite
uni ed which might result in bias.

Another method where bias is common is interviews which were held on several
occasions during the process. The formulation of questions can heavily a ect the
answer given by the interviewee and it is, therefore, important to consider the phras-
ing (Goh, 2020). The aim was to not ask any leading questions and a script was used
to make sure that the information and questions were phrased the same way for all
interviewees. One thing to note is that interviews were held in both Swedish and
English and the questions were likely phrased slightly di erently between the two
languages, which could have a ected the answers. The person that did not ask the
guestions was instead notetaking, and to limit potential bias from the notetaker, all
interviews were recorded. These recordings were later if something seemed unclear
or if one person remembered something else being said that was not noted down.
To limit potential bias even further, it would most likely have been bene cial to
transcribe all recordings. However, as this would take a much longer time to do, it
might result in less time being left for other parts of the project.

Bias can also be present for evaluators when doing user tests. In the compara-
tive usability testing, performed during the rst iteration of the process, the users
had to compare two pairs of solutions. These solutions visualised the same thing in
di erent ways and having seen one solution made it easier to understand the other.
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It was, therefore, easier for the evaluators to understand the second solution. To
limit the bias for a speci ¢ version of the solution, the tasks were performed in alter-
nating order. Every other person started with the rst version of the solution and
the others started with the second version. This probably means that the overall
result was more accurate.

The evaluators participating in the rst round of usability tests were all male en-
gineers that did not have a class 'C’ driver’s licence. Their opinions might have
been more alike, considering their similar backgrounds. Their backgrounds were
also similar to those who developed the original interface and may, therefore, have
been more suited to them. The developers mainly consist of male engineers from the
same university and it is likely that their culture might have impacted the design.
The original setup of the station might be perceived as more geeky as a result of
the culture shared by the developers. One example of this is the chair used for the
station, which resembles a typical gaming chair.

Not having much experience in driving trucks made them relate more to driving
cars and several of them mentioned that they wanted the setup to imitate that of
a car. However, the experience of driving a car is quite di erent from driving a
truck and that was one of the reasons why it was decided to consider demographics
more when recruiting participants for the second usability evaluation. As the user
group was limited to employees at Einride, it was di cult to recruit a diverse group.
Retrospectively, it had probably been possible to assemble a less homogenous group
for the rst evaluation and demographic factors were, therefore, considered to a
greater extent for the second evaluation. The participants in the second round of
user evaluations included both males and females. The participants had di erent
levels of experience driving trucks and were of di erent national background. The
feedback given during this evaluation gave new insights, which might be a result of
having a more diverse user group.

Another di erence that was noted between the two user tests was the understand-
ing of the views. During the second evaluation, several evaluators asked about what
the camera views were showing during the course of the test. This question was,
however, not asked during the rst evaluation. The reason for this might be the

rst part of the rst user test where the participants were asked to identify each
camera view by drawing on a paper. This gave them time to carefully look at all
the views and better understand what they were showing. The second evaluation
did not have this element as part of the test and the participants were instead asked
to start driving earlier. The GUI elements were explained before this test but the
camera views were not and the rst good look they got of them was when they were
actually driving.

Seeing the participants perform the exercise where they had to draw on a paper
to mark what eld of view the camera views showed inspired the writers to use
more hands-on methods that involve users in the future. A method where users got
the chance to sketch solutions together or with the writers would likely have been a
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good method to use at the beginning of the process. Sketching and discussing pos-
sible solutions with others could, most likely, have resulted in a broader variety of
sketches and ideas. If the process could be redone, this type of method would have
been used instead of the sketching method that was used at the beginning of the
process. A co-design workshop as part of the Inspiration phase might have injected
the project with some additional creativity by getting formative input which could
have provided a counterweight to a more implementation-focused narrative.

7.3 Generalisation

The development of the guidelines has focused on the station used for operating an
Einride Pod. However, the feedback received in the last evaluation pointed out that
it is likely that these guidelines also can be used when designing an interface for
remote operation stations for other types of vehicles. Another given suggestion of
usage for these guidelines was video games that include driving. This shows that the
guidelines can be perceived as quite general even though the process focused on one
speci ¢ setup and vehicle. The reason for this might be that the basics of driving
vehicles are quite similar; the driver has to keep track of the surroundings, status
of the vehicle and instruments. The instruments and surroundings may be di erent
for di erent vehicles, but the basics of it are quite similar. One example that most
people can relate to is driving di erent cars. The driving experience of driving two
di erent car models can be quite di erent, but if you know how to drive one, you
most likely know how to drive others.

7.4 Future Work

The evaluations done in this project have mainly been based on video prototypes
where the user could perform a set of prede ned actions. The users could, however,
not drive the Pod and control how it moved. Using instruments such as the throttle
and steering knob did not a ect how the Pod behaved in the video and actions re-
lated to that were, therefore, di cult to evaluate. If given more time, the next step
would be to conduct user evaluations with a mockup of the interface that allowed
the users to control the Pod’s movement. This type of testing would also allow for
the development of guidelines related to the physical instruments.

The evaluation methods used in this project have only produced qualitative data
and it would be interesting to continue this work by using a quantitative evaluation
method. One such method that could be used is eye-tracking which is a method that
can be used to measure the cognitive load for a user that interacts with a system
(Zagermann et al., 2016). Qualitative and quantitative methods have di erent pros
and cons and they can, therefore, give di erent types of insights (Rahman, 2020).
The qualitative data that has been generated has been analysed and there is a risk
that some insights have been missed. It would, therefore, be interesting to see if
guantitative data could support the result or if it would result in new insights.
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Future work for this project would also include the investigation of how aural and
haptic feedback can be used to aid the user. It was mentioned during several inter-
views and user evaluations that the users missed sound from the Pod’s surroundings
as well as sound related to the interface (e.g. sound for the indicator). It was also
mentioned that haptic feedback likely would help the user get a better understanding
of which type of road surface the Pod is driving on. Both haptic and aural feed-
back would likely make the driving situation more similar to one where the driver
is placed in the vehicle. This might create a more intuitive driving experience and
it would be interesting to evaluate how this is best achieved.

7.5 Ethical Considerations

Intelligent transportation systems aim to help users in transport management by
increasing safety and productivity while decreasing emissions (Gohar and Nencioni,
2021). These bene ts, however, also come with new safety challenges and vulner-
abilities. Core functions of such systems have been successfully hacked on several
occasions and there are instances where hackers have been able to control a vehicle
remotely over the internet. Larger vehicles can cause severe damage if they are
operated by people with bad intentions which proves a need for increased safety
precautions for remotely controlled and autonomous vehicles.

Cowger and Alfred describe that the decisions an autonomous vehicle makes while
driving are decided based on algorithms created by humans (Cowger and Alfred,
2018). They further describe that there are situations in which a collision is impos-
sible to avoid but exactly how the collision will unfold is always impacted by the
algorithms. This, according to Cowger and Alfred, implies that there are situations
in which a decision has to be made regarding what or who the vehicle will collide
with. These decisions have to be decided beforehand when implementing the algo-
rithms which entail that the decisions have to be made by people. It can, however,
be very di cult to decide on who or what to hit as that decision can have extensive
consequences involving the death of others. Cowger and Alfred mention that the
decision made regarding who is selected to be the victim of an accident is most likely
an innocent person. They further identify that there are not su cient laws covering
who is liable in those types of situations. When innocent people are a ected, it is
important that they legally are entitled to compensation for the damages, according
to Cowger and Alfred.

There are more aspects to consider when identifying how innocent people can be
a ected by autonomous or remotely controlled vehicles. A vehicle that can be re-
motely controlled typically has several cameras mounted on the vehicle to cover
di erent angles of the surroundings to give the operator a good picture of the vehi-
cle’s location (Liu et al., 2017b). The videos are live-streamed at the remote driving
station but it is most likely possible to save the recordings as well. A person can
be captured on video if they are close to the vehicle, no matter their angle to the
vehicle, which means that they could be captured on video without them noticing.
A similar problem is, according to Rakower, faced regarding the situations captured
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by Google Street View (Rakower, 2011). The pictures found on Google Street View
are available for the general public to view and capturing a person in a situation
might, therefore, have tremendous consequences for that person. Rakower concludes
that a global threat is posed by Google Street View regarding the right to privacy.
As images taken of people can have bad outcomes for them, it is important to con-
sider how videos captured by vehicles will be used to ensure people’s privacy.

Designing for autonomous or remotely operated vehicles can also impact the drivers
of the vehicles. Lugano mentions that Al-based virtual assistants might result in
professions such as truck drivers being outdated and unneeded (Lugano, 2017). The
same thing might happen if the interface of remote operation stations would be
signi cantly easier to interact with, especially if the driving is combined with more
autonomous driving. Having an interface that allows for quick context switching
would make it much easier for one operator to be responsible for several trucks. The
trucks could then drive autonomously and only request the operator’s attention in
certain situations, allowing one operator to oversee the operation of many trucks.
This would entail that just a fraction of the current truck drivers would be needed
and many would lose their jobs.

Remote operation stations with an interface that makes it easy to operate the vehi-
cle could likely be used to operate many other types of vehicles as well. It could, for
example, be used to operate taxis, ships, buses, aeroplanes and many other types
of vehicles. This would entail a shift in the job market as many people would lose
their jobs due to reduced demand for manual drivers. It would also mean that most
vehicles would have to be rebuilt since a driver’s cabin would no longer be needed.
This space could instead be used to t more passengers in the vehicle.

When considering the operators, it is important to make sure that the design is
inclusive since all drivers are di erent. Some of the guidelines that have been pre-
sented in this project mention the use of colours and it is important to also consider
colour blindness when using incorporating colours in the design. To accommodate
users with colour blindness, the meaning of data should never be conveyed using
only colours (Cooper et al., 2014). Colours were never used as the only indicator of
something in the prototypes but it is hard to know how it would have been perceived
by someone who is colourblind as no colour blind person took part in the evaluations.

When creating an inclusive design, it is also important to consider people’s di erent
sizes and body types to o er an ergonomic working environment. Adjustability is
an important factor when creating an ergonomic design that accommodates a wide
range of people (Oyewole et al., 2010). The height and angle of the chair that is
currently used for the station can be altered, but the table can not be lowered. This
creates a situation that is not ergonomic for the shorter users as they have to choose
between having a good position relative to the oor or the table. The physical in-
struments on the table are mounted to the table which makes it impossible to alter
their position. This can be particularly di cult for people that are left-handed or
people with smaller hands. These two examples clearly show that more work needs
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to be put into making the station more adjustable.

When considering the ergonomic e ects the station can have, there is also the aspect
of hours spent sitting down. This new working environment for truck drivers might
impact the hours they spend sitting down. Prolonged sitting can have a bad e ect
on blood circulation and can cause back pain (Oyewole et al., 2010). The regulations
in the EU state that a truck driver cannot drive longer than four and a half hours
before needing to take a break (Transportstyrelsen, 2021b). Taking a quick break
might, however, be easier when sitting at a remote operating station instead of in a
truck. A truck driver cannot leave the vehicle and can, therefore, not stand up when
on the road. Shorter breaks in the driving, such as when stopping for roadworks,
might let the operator stand up for a few minutes. There is, however, a risk that
the station causes the driver to sit down more instead. When taking a break while
driving a truck, it is common that the driver has to leave the truck to walk to a
restroom or restaurant. Being in an o ce setting does not require the operator to
go outside and the distance to the restroom and kitchen is, therefore, most likely
shorter.
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Conclusion

The aim of this Research through Design project was to answer the research ques-
tions by producing a set of guidelines that can be used when designing an interface
for a remote operation station. The two research questions aimed to be answered
remain the following:

What are key interface factors for enhancing the operator’s situation awareness in
demanding driving situations?

What factors of given interface elements serve to reduce the cognitive load as a
part of the interaction between operator and truck in a remote driving setup?

The 3i Model of Design Thinking, with the three core activities Inspiration, Ideation
and Implementation, laid the base for the process of this thesis. The second activity,
Ideation, was performed in an iterative manner to better incorporate feedback from
the users. Two di erent video prototypes were created during these iterations and
used to evaluate the guidelines. The guidelines were updated after each evaluation
to better suit the observations and feedback. As the last step, the understanding of
the guidelines was evaluated by fellow interaction designers to make sure that the
guidelines are interpreted as intended. In the end, the nal iteration of the guide-
lines appear as follows:

1. Design for the limitation of data overload in operator-demanding driving sit-
uations.
(a) Place GUI elements of system information in a well-grouped manner.
(b) Display only the most highly relevant information when driving.

2. Design for dynamic behaviour in the display of camera feeds for exibility in
use.
(a) Maintain visual symmetry of camera layout for consistency in use.
(b) Inform the operator of changes to a degree that corresponds to the impact

of said changes.

3. Visualise the required steps for the initiation of action plans.
(a) Di erentiate call-to-action elements from con rmation notices.
(b) Visualise both present and upcoming steps of the action plan.

4. Visualise root causes for triggered automated responses.

(a) Use clear GUI representations for specifying the source location in the
physical world.
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(b) Design notices with sensitivity to the response type and its degree of
severity.
5. Visualise relevant parameters of the truck’s condition.
(a) Use iconographic elements for overview purposes.
(b) Take appropriate action to counter change blindness in the operator.
(c) Use great speci city in system feedback regarding warnings.
6. Consider the meaning of colours and be consistent in the use of them.
(a) Di erentiate system messages by their content, such as con rmations,
warnings and action steps.
(b) Use established colour conventions to direct attention and enhance un-
derstanding of system messages.

The resulting guidelines highlight important factors to consider when designing an
interface for a remote operation station. These guidelines address both how to
enhance the operator’s situation awareness and reduce the cognitive load. Some
guidelines, such as G5, are especially relevant when considering situation awareness
and others, such as G3, are more focused on cognitive load. However, most guide-
lines are relevant for both subjects.

User evaluations were an important part of the process and it would be bene -
cial to incorporate user evaluations where the user could control an actual Pod in
possible future work. It would also be interesting to look into how haptic and aural
feedback could be incorporated into the interface to help the operator.

Teachable moments from this thesis work include a sense of fascination with how
easily operators lacking any sort of experience driving remotely took to said task. It
may be that experience driving a personal car carries over comprehensively enough
to bene tin a use context such as the Pod, or perhaps that experience born from op-
erating screen-based devices, in general, played a part. Furthermore, colour proved
to be a much more e ective communicator than expected. It seems that perhaps the
automotive eld has the bene t of an established convention of colours thanks to
the tra c light metaphor - something that might prove very helpful when designing
for the visual language of the interface.

Both chosen research questions were answered through a user-centred RtD process.
Although the nished results present more of a discussion surrounding speci ¢ key
factors as they pertain to the two questions, they nevertheless qualify as relevant
ndings of a Research through Design process. The resulting range of guidelines
highlights the recommended approach to designing for a set of key factors identi ed
as pertinent to the problem space. However, instead of simply pointing out which
of these are relevant for the inquiry in question they, in accordance with the project
scope shifting with learnings achieved, discuss and prescribe advice for how to work
with these selfsame factors to provide the best interface for remote operations.

This outcome is a consequence of the design problem’s nature as a wicked problem,
revealing itself as more understandable the closer one gets to a solution. It is also a
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product of the design process adhering to the extensibility criterion of the Research
through Design process - that new ndings must be based on the contributions
produced as part of the work. Aspects such as these did a ect how the research
questions were answered.

In conclusion, these guidelines aim to support developers, designers and researchers
in their e orts to realise or study interface solutions in the remote operation sector.
At present, much remains to be explored in the way of established convention and
methodology and it is hoped that this thesis work might inform and inspire future
endeavours in the eld.
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1.

A

Interview Questions

Can you quickly describe how you have been involved with the Pod? For
example, how much have you been driving it?

Remote Driving Questions

2.
3.

Have you had previous experience driving a truck physically?
If so, what are the main di erences - good or bad?

4. What was your experience like when you rst started driving remotely?

Situation Awareness

S.

© oo No

Is there an aspect of the driving task that you nd more di cult to monitor?
For example, surrounding tra c or the speedometer?

Is there one that has a tendency to draw unnecessary attention to itself?
Have you driven remotely for an extended period of time before?

If so, to what extent does fatigue a ect your remote operation of the Pod?
What aspect of remote driving are you most likely to forget checking? On the
GUI or otherwise? Gradient and angle of truck.

10. Can you give an estimate of how often this might happen?

11. Can you recall ever misunderstanding what the driving station was showing
you?

12. Can you recall an instance where the system/Pod responded to you in a way
that you didn’t expect?

Automation

13. When actively driving the Pod, what are the main aspects of the drive/GUI
that you monitor?

14. Have you supervised the Pod in autonomous drive mode before?

15. If so, when in a supervisory mode of the Pod, what aspects of the drive are
you continuously monitoring?

16. Do you generally feel that the system keeps you appropriately informed of
what it’s currently doing? In autonomous mode mainly.

17. Why/Why not?



A. Interview Questions

18.

19.

When in a supervisory mode of the Pod, what are some tells/events/system
messages that would make you resume active control outside of the mandatory
validation (such as at pedestrian crossings)?

When faced with a novel situation where you nd yourself needing to manually
operate the Pod, what sort of assistance would you like to receive from the
Pod itself?

Engineer-speci ¢ Questions

20.
21.
22.
23.

Regarding the current GUI: how did you pick which elements to display?
How did requirements from Tra kverket play in, if at all?

Why does it look the way it does?

Is there something from a previous setup that did not work as intended or was
misinterpreted by the users?



B

Questions for the First lteration of
User Testing

We’ll start each test by putting on a video recording of an Einride Pod out in the

eld and ask you to complete a few tasks. | will pause the recording while you decide
what actions to take to complete said task, and resume it again after you’ve carried
out your plan. We encourage you to use the controls in front of you. You use the
lever to apply throttle or brakes, the potentiometer next to it to turn left and right
and under the table you’ll nd a pedal you may need to press at certain times.
You’ll be trying out two di erent design solutions to a single task, of which the test
has a total of four. We strongly encourage you to give feedback on both solutions
and how they compare to one another.

Do you have any questions so far?

Intro

The recording is turned on. You’ll have a couple of minutes to look through the
interface and make sure that you understand what the di erent icons and elements
represent. Feel free to ask questions if anything is unclear.

G1l: Camera views

You’ll now get to see two di erent camera layouts. The paper in front of you has
the same views printed on it and we’d like for you to draw in which direction you
think each camera is pointing.
For both setups:
Can you identify each view?
Which of the two solutions do you think works best for its purpose? Why?

G4: Pod status

The second task is to take stock of the Pod you’re operating.
For both setups:
What’s the current cargo weight at this moment?
Are there any active safety warnings?
What does it signal?



B. Questions for the First Iteration of User Testing

How long has it been since a safety checklist was conducted on this Pod?
What do you think about the brake visualisation?
Did you lose GPS connection at any point? [If yes] Which one did you
lose?

Which of the two solutions do you think works best for its purpose? Why?

G2: Flow

The next task is to get the Pod ready for driving and get it moving. A safety check
has already been conducted. [Play/pause video in time with participants following
each step in  ow]
For both setups:
Get the Pod ready for driving.
Which of the two solutions do you think works best for its purpose? Why?

G3: ASB

You will now drive the Pod on a straight road for a short while. You may press the
Go pedal and apply throttle.
For both setups:
What happened?
Did you see where the obstacle supposedly was?
Make the Pod ready to keep driving.
Which of the two solutions do you think works best for its purpose? Why?

Final words

Is there anything else you would like to say?
Are there any changes you’d like to make to one or several solutions?



C

Questions for the Second lteration
of User Testing

What did you think about the layout of the camera views?
Did he/she use the button for expanding/shrinking the rear-views?
Yes:
* What made you use the button to shrink/expand the rear-view cam-
era?
* Do you think it ended up being helpful?
No:
* Was there a reason for you not using the expand/shrink button for
the rear-view cameras?
How was your experience starting the Pod? Did you understand what to do?
Why did it work/not work out?
What do you think happened when the Pod suddenly stopped?
Why did it stop?
Did you see the warning?
If no, point it out.
Did he/she open the status window?
Yes:
* What made you open the Pod status window?
* What was the issue?
* How would you have resolved the problem?
No:
* What would you have done to investigate the warning?
* Why did you decide not to do it?
Do you feel that you could keep track of everything?
Do you feel that you were in control of the Pod?
Is there anything you’d like to change about the interface?
Was there anything you liked in particular?
What is your take on colours following this?
What does yellow mean to you?
What does green mean to you?
What does blue mean to you?
What does red mean to you?
Any other comments?



C. Questions for the Second Iteration of User Testing

Vi



D

Article from SVT

An article was published by Sveriges Television (SVT) on the 8th of April 2022
(Nor@n, 2022). This article includes a video, created by V. Cakic, that showcases
an operator at Einride operating a Pod from the station. This video clip was shown
to the participants in the last evaluation to give them some context on the subject.
The article and video can be found here:

https://www.svt.se/nyheter/ekonomi/svenska-el-uppstickare-utmanar-lastbilsjattarna
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E

Questions for Evaluation of
Guidelines

Introduction

Shows video of the station being used.

Now that you have seen a short video of the station being used, do you remem-
ber seeing anything similar before or does it remind you of something?

Here are the current guidelines that we have produced and we will go through
them one by one. For each guideline, we’ll ask you to state how you interpret it and
what you think it means.

Current guidelines:

1.

Design for the limitation of data overload in operator-demanding driving sit-
uations.
(a) Place GUI elements of system information in a condensed manner.
(b) Display only the most highly relevant information when driving.
Design for dynamic camera view behaviour for exibility in use.
(a) Maintain visual symmetry of camera layout for consistency in use.
(b) Keep the operator in-the-loop to a degree that corresponds to the extent
of the change.
Visualise the required steps for the initiation of action plans.
(a) Di erentiate con rmation elements from procedural action steps.
(b) Visualise both present and subsequent steps.
Visualise root causes for triggered automated responses.
(a) Use clear GUI representations for specifying the source location in the
physical world.
(b) Design notices with sensitivity to the response type and its degree of
severity.
Visualise relevant parameters of the Pod’s present operational status.
(a) Use iconographic elements for overview purposes.
(b) Take appropriate action to combat change blindness in the operator.
(c) Use great speci city in system feedback regarding warnings and events.
Consider the meaning of colours and be consistent in the use of them.

IX



E. Questions for Evaluation of Guidelines

(a) Di erentiate system messages by their content, such as con rmations,
warnings and action steps.

(b) Use established colour convention to direct attention and enhance under-
standing of system messages.

Finishing questions

Do you feel like something is missing in the guidelines?
Can you imagine these guidelines being applied to something else?
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