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Abstract

As the demand for goods continues to grow in transportation, there has been an
increasing focus on utilizing technologies in vehicles to mitigate the environmental
impact of transport. One eco-friendly practice is promoting eco-driving behaviors
among drivers, and the need for such effective onboard systems arises, leading to the
investigation of human-vehicle interactions in both academia and industry. Aimed
at safe, effective, and pervasive human-machine-interfaces (HMIs) to support eco-
driving behavior, this project followed a research-through-design approach and an
iterative design process. This project contributes to a set of design guidelines for-
malized from the practice of prototyping user interfaces for the onboard Driver Eco
Coaching system in trucks, in support of future HMI design for eco-driving systems.

Keywords: eco-driving, human-machine-interfaces, human-vehicle-interaction, per-
suasive design, sustainable transportation, value-sensitive design
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1

Introduction

The energy consumption of transportation plays a significant role in global emissions
and sustainability, and how to achieve emissions reduction and energy-saving has
been a trending topic in the transportation industry. Since drivers’ operational deci-
sions make a significant impact on on-road fuel economy [48], it is important to find
ways to encourage drivers to perform less fuel-consuming behavior. In addition, As
vehicle-of-Internet and human-machine-interfaces (HMI) have been evolving rapidly
in recent years, how to support drivers to adopt eco-driving with the assistance
of human-vehicle-interaction has been constantly investigated in both academic re-
search and industrial practices. In this thesis project, which is collaborated with
Volvo Trucks, an automotive company specializing in truck manufacturing and ser-
vice providing, I am intended to redesign the HMI of an onboard eco-coaching system
in trucks based on its current interfaces and formalize design guidelines simultane-
ously to contribute to the field of HMI design for economic driving.

1.1 Aim

This project is aimed to find design strategies for the in-vehicle HMI to support
truck drivers in fuel-efficient driving. Eco-driving is a style for drivers to operate
the vehicle to save fuel /energy, which is a complex and unnatural activity involving
balancing multiple goals and constant information exchange and human reactions
[37]. Challenges have been identified in eco-driving; accordingly, means of promoting
eco-driving have been explored in past studies. However, two aspects haven’t been
sufficiently studied. One is that most studies didn’t specify the types of vehicles
on which their findings were based, which means cars could be the default scenar-
ios instead of middle-duty or heavy-duty vehicles, like trucks. Truck drivers drive
for their delivery missions, and they usually don’t need to pay for the fuel/electric
bills by themselves, which could lead to time-priority driving strategies and lower
motivation to perform eco-driving. Thus, effective strategies to increase their moti-
vation for eco-driving need to be explored further. Another limitation of previous
studies is that most studies either focus on a strategy level (e.g., persuasive technol-
ogy), or eco-feedback presentation level, there seems a gap between HMI design and
eco-driving, where little information was provided in terms of synthesis of design
implications from both levels. Therefore, this project aims to explore patterns of
HMI design to assist and motivate truck drivers to adopt eco-driving while balanc-
ing between multiple driving goals (i.e., fuel efficiency, safety, and delivery mission
fulfillment), and promote a sustainable driving habit in the long run.
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As this thesis collaborates with the company, the goals of this project are to de-
sign HMI for a driver eco-coaching system and generalize a set of guidelines for
researchers and designers in related fields based on my design practice. Methodolo-
gies of interaction design and graphical interface design, as well as the knowledge
of human factors and persuasive design, will be related in this project to support
informed decision-making in the design process and ultimately contribute to the
high-fidelity prototype and guidelines.

1.2 Research Question
This thesis is aimed to answer the following research question:

How to design for human-machine-interface (HMI) in the vehicle to
support truck drivers of eco-driving?

To keep the topic within an appropriate scope, this thesis mainly focuses on the
information communication and interaction patterns between the driver and vehicle,
e.g., design strategies utilization and eco-feedback representation, which means no
back-end system knowledge will be taken into consideration, such as which driving
behavior to be measured or algorithm to quantify the driving behavior.

1.3 Stakeholders

The main stakeholders of this project are Volvo Trucks, an automotive company
and their target users, and Chalmers University of Technology. The Company in
this report is referred to as Volvo Trucks specifically to avoid some redundancy, and
their target group is the truck drivers who use the service provided by Volvo Trucks
to improve their driving performance for the truck fuel efficiency. As this project
is part of The Master’s Program in Interaction Design and Technologies (MPIDE),
it follows the requirements of the master thesis course at Chalmers University of
Technology.

Furthermore, as this project aims to provide a framework to inform HMI design to
promote fuel /energy efficiency driving, researchers and designers within related fields
are also regarded as potential stakeholders, who might find this set of guidelines as
inspiring and utilize it in their future work.

1.4 Expected Result

The expected result of this thesis is the formalization of a set of design guidelines that
contributes to the field of in-vehicle HMI design to achieve the goal of educating and
motivating truck drivers to fuel/energy efficiency performance. The guidelines are
aimed toward state-of-the-art research within relevant fields, which covers human-
vehicle interaction, in-vehicle feedback, and persuasive strategies of eco-driving.
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Background

This chapter covers an overview of The Company where this thesis is carried out,
as well as the product that I work with called Driver Eco Coaching (DECO). In
addition, the target group and how DECO functions are presented in the context of
this thesis.

2.1 The Company

The Company which the thesis collaborated with is a truck manufacturer that pro-
vides transport solutions and digital services worldwide, including Europe, Asia,
North America, South America, and Africa. As one of their core values is environ-
mental care, The Company is targeted to shape the future landscape of sustainable
transport. What’s worth noticing is that The Company provides a range of services
to their customers to optimize the customers’ truck fleet. One example is that fleet
managers and drivers can monitor their trucks in real-time and connect such infor-
mation with their business thanks to the technology of telematics and connectivity.

2.2 The System: Onboard Driver Eco Coaching
(DECO)

The system that this thesis relates to is called Driver Eco Coaching (DECO), which
is a digital service provided by The Company on their trucks. It is a real-time
system that constantly logs data from the truck, translates it into eco-driving-related
information based on the system’s algorithms, and communicates such information
to the users. The whole system provides both onboard and back-office applications,
respectively targeting the individual driver and fleet owners or operation managers.
As this thesis focuses on the onboard DECO, only the description of the in-vehicle
system is presented as follows.

2.2.1 Target Group

The customers and actual users of DECO are two different groups with an overlap to
some extent, as shown in Figure 2.1. The customers who pay for DECO as a service
of trucks are usually the owner of the trucks, such as goods transport companies and
fleets, who care about saving fuel/energy and optimizing the operation of trucks.
Whereas, the users of DECO are truck drivers who perform delivery trips using
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trucks. They have the options to drive in their own styles, and DECO is expected
to coach, support and motivate them to perform sustainable driving, to achieve the
goal of decreasing fuel /energy consumption.

2.2.2 Functions

To coach the driver to adopt more sustainable driving, as shown in Figure 2.2, the
onboard DECO logs signals from the truck, calculates them into meaningful values
related to fuel efficiency, and informs the driver through the instrument cluster (IC)
and the secondary information display (SID) in real-time. In a trip, the driver
receives instructions on how to change his/her way of driving in the form of text as
toasts on the IC (eg. "Avoid kick down to save fuel"), which are triggered by the
driver’s behavior. On the SID, gauges representing accumulated scores are displayed
in terms of a set of Key Performance Indicators (KPIs) (eg. "Speed", "Anticipation",
and "Standstill"), and each KPI contains a group of sub-KPIs (eg. "Braking" and
"Coasting" under "Anticipation"). In addition, an overall score calculated based on
the KPIS’ score is shown to the driver. What’s more, a list of the three latest-
triggered tips is presented on the SID in another view of the onboard DECO.

O  Transport companies Truck drivers %
T\ Fleets

Figure 2.1: Target group of Driver Eco Coaching(DECO)

Cl)l; — log signals ——

communicate

g

Figure 2.2: How Driver Eco Coaching(DECO) functions
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2.2.3 Evolving: from Diesel to BEV

As The Company is releasing Battery Electric Vehicle (BEV) nowadays, DECO is
also evolving. Generally, DECO on diesel trucks and on BEVs share large similari-
ties, while differences exist. For example, several eco-driving strategies (eg, moder-
ate deceleration, avoiding idling) are similar regardless of driving a diesel or a BEV.
Otherwise, a few strategies unique to BEVs are related to using the engine. This
requires DECQO’s algorithms updating, e.g., what driving behavior it encourages,
and which signals to calculate. However, different types of vehicles mainly share
commonalities in the HMI design since there is not much difference in terms of in-
teraction patterns and ways of information communication between the driver and
the vehicle. It is noticeable that this thesis does not specify which types of vehicle
to target but focuses on the general HMI design solutions regardless of whether it’s
diesel vehicles, BVEs, or fuel cell electric vehicles (FCEVs) in the future.
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Related Work

In this chapter, related work relevant to this thesis is presented. Previous research
and theory are introduced within the domains of eco-driving, persuasive techniques,
value-sensitive design, and HMI design.

3.1 Eco-Driving

As the awareness of sustainability has been raised as a global topic, strategies to
reduce carbon dioxide emissions in transportation have been investigated in past
research [16]. Studies have found that fuel economy is sensitive to driver behavior,
which means eco-driving can significantly influence fuel consumption and the amount
of vehicle emission [51, 55|. Eco-driving can be defined as the ways for a driver to
operate a particular vehicle to increase fuel/energy economy and reduce emissions,
and it refers to practices such as keeping a steady speed under the speed limit,
moderating acceleration and braking, reducing long-time idling and so on [16, 51,
41]. Eco-driving is influenced by both external and internal factors, and there exist
challenges to performing eco-driving continuously; more evidence will be introduced
as follows.

3.1.1 Influencing Factors on Eco-Driving

According to a framework of eco-driving behavior, there are four activities to drive
economically: (1) monitor system and environmental variables; (2) identify applica-
ble eco-driving strategies based on prior knowledge; (3) choose the strategy with the
highest subjective expected utility (SEU); (4) regulate their behavior to align with
this strategy [12]. This model clarified the process of eco-driving, and accordingly,
factors that influence eco-driving can be identified both internally and externally, re-
spectively drivers’ mindset and environmental complexity. On the one hand, drivers’
experience, knowledge, attitude, and motivation for eco-driving decide their willing-
ness and strategy utilization [16, 12]. On the other hand, environmental dynamics
also influence the performance of eco-driving; for example, eco-driving strategies
vary depending on if it’s driving in a city, highway, or rural areas [12, 4].

3.1.2 Challenges to Perform Eco-Driving

Since eco-driving can be referred to as a process that constantly requires the driver’s
behavior adaption to environmental dynamics, there exist challenges to accomplish-
ing eco-driving over long periods of time [12]. Driving is a multi-goal task that

9
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involves not only fuel/energy efficiency but also safety and time-saving, which re-
quires drivers to adopt flexible driving strategies to achieve a balance among different
goals based on various driving scenarios [37].

Also, psychological aspects of eco-driving have been investigated in previous studies.
Pampel et al. proves that sustainable driving is not easy to sustain: it is not de-
fault nor as familiar and automated as "everyday" driving, so it can occupy mental
resources and require more conscious effort. Allison et al. found eco-driving had
a negative effect on overall mood and a positive effect on self-esteem. Drivers felt
a decreased level of energetic arousal and hedonic tone and increased frustration
compared with normal driving, while the feelings of self-worth are fostered by eco-
driving. Besides, there exists a false belief in eco-driving; for instance, a study ar-
gued that drivers tended to overestimate the speed reduction needed for eco-driving,
which accounted for a significant difference in time needed to complete a journey
between normal driving and fuel-efficient driving [36]. As a consequence, methods
to promote and support eco-driving are worth being explored to assist drivers to
adapt to a sustainable driving style.

3.2 Promoting Eco-Driving Behavior

According to previous studies, education has proved to be a powerful means of
raising awareness and increasing knowledge of eco-driving. In some countries, eco-
driving skills are taught to drivers and tested in both the theory and practical driving
exams [21]. Those comprehensive pre-drive training, including both theoretical and
practical learning, shows a positive impact on driving performance and fuel/energy
consumption [16].

A number of studies into sustainable behavior promotion have focused on persuasive-
related technologies and attempted to examine the efficacy of various strategies.
Persuasive technologies can be broadly defined as "interactive systems that are de-
signed to influence people to change their attitudes or behaviors' [1]. According
to Adaji and Adisa’s study, suggestions, feedback and reminders are the most com-
monly used persuasive techniques to influence sustainable behavior. Suggestions are
used to instruct to users on what they can do with a system that leads them towards
sustainable goals, feedback is for the system to present an assessment to users based
on their input, and reminders are to raise awareness from users to carry out a target
action. Similarly, Persuasion Interface Design in Automotive context Framework
(PIDAF) has been proposed by Paraschivoiu et al. from a literature review, which
integrates intents, cues, persuasive principles, and design options for automotive
persuasion.

Although much research in the field of sustainable behavior has established that
persuasive technology can serve as an effective way to change the target group’s
behavior, there are several critical arguments that need to be noticed. One is that
there is no clear relationship between the number of persuasive strategies imple-
mented and the effectiveness of the system, which means it is not the case that

10
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the more persuasive strategies applied, the stronger efficacy the system will be [1].
Another argument is lying in the limitations of persuasive technology. Most of the
persuasive technologies rely on self-report approaches when it comes to validating,
which means it might lack standards and robustness in efficacy; also, the long-term
influence of persuasive technology is unclear as most studies only evaluated their
technology less than two months [1]. Similarly, Brynjarsdottir et al. argued that
persuasion should be considered broadly. They suggested including users in the
design process and focusing beyond the individual to adapt persuasive sustainabil-
ity, or even further, stressing reflection and practices instead of prescription and
behaviors as revised persuasive approaches.

Relating to the limitations of current persuasive approaches, Knowles et al. devel-
oped a list of patterns of persuasion for sustainability derived from Value Sensitive
Design (VSD), as presented in Table 3.1. Those patterns are targeted to motivate
major behavior change by fostering a deep concern for sustainability, which can be
referenced in the design solutions of DECO to promote drivers’ intrinsic motivation
to drive economically.

Table 3.1: 5 alternative patterns for persuasive technology in the field of sustain-
ability based on values research [25]

Pattern Description

Broad Self-Transcendence Use textual, visual, or audio means to activate values
related to selflessness, peace, equality and justice to
promote pro-environmental behavior

Consistency Design persuasive technologies to communicate a sin-
gle, coherent, and powerful message about why pro-
tecting the environment is important

Designing to the value Facilitate a shift in wvalues, rather than a shift in
behavior: think about how to get people to really
care about the environment, or understand why they
should care, so that they willingly choose to engage
in pro-environmental behavior , instead of how to en-
gage people in pro-environmental behavior when they
do not really care about the environment

Facilitate reflection Facilitate chances for users to reflect on the impor-
tance of protecting the environment instead of mak-
ing them feel guilty about what they should have done

Measuring impact ripples Measure indirect and more systemic impacts of per-
suasive technology interventions to affect long-term
behavior change
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3.3 Design for Driver Support Systems in the Ve-
hicle

Various studies have presented evidence that eco-driving takes additional effort to
perform and can be deactivated over time or as the workload increases (e.g., driving
into traffic congestion), and researchers believed that dynamic intervention from eco-
driving systems in the vehicle had positive effects on drivers’ fuel efficiency [37, 21].
In this section, literature on how to design an onboard system that supports drivers
to adopt eco-driving behavior is introduced as theoretical guidance for this project.

3.3.1 Eco-Feedback in the Vehicle

In a literature review by Sanguinetti, feedback concerning the efficiency of drivers’
behavior is argued as the most common strategy used to facilitate eco-driving. It
belongs to the category of eco-feedback as "any type of information about resource
consumption delivered back to the consumer with the aim of promoting more sus-
tainable behavior", and numerous research has shed light on the eco-feedback design
for a stronger and long-lasting effect on behavior change. Sanguinetti et al. pro-
posed a design-behavior framework on eco-feedback design to imply user behavior
change based on the behavioral theory. As presented in Figure 3.1, this framework
categorized three dimensions of eco-feedback design, namely information, timing,
and display. Each dimension affects at least one of the three feedback qualities:
precision, salience, and meaning, which are respectively related to learning, atten-
tion, and motivation for behavior change. Therefore, when putting this framework
into design practice, target groups’ level of knowledge, awareness, motivation and
baseline performance in terms of the target behavior should be considered to design
appropriate eco-feedback.

When it comes to eco-feedback in the wvehicle, it is typically provided onboard
through digital screens, e.g., the instrument cluster (IC) or tablets, to inform drivers
about the consequences of their related behavior and suggestions on ideal ways of
driving. To better understand the design trends and implications, more studies con-
tributing to eco-driving feedback design are reviewed below along with the frame-
work of behavior-relevant design dimensions from Sanguinetti et al..

3.3.1.1 Information

According to Sanguinetti et al.’s eco-feedback framework, information refers to
"what information is present', and there are two qualities of information, namely
granularity and message, as shown in Figure 3.2. The degree of detail in the informa-
tion is referred to as its granularity, which can be categorized into three dimensions:
data, behavioral, and temporal granularity. In general, low granularity feedback can
be beneficial for goal-setting and tracking overall performance, while high granular-
ity feedback is effective for learning new or complicated actions since it offers a clear
correlation between action and consequence [43]. When it comes to temporal gran-
ularity, there are two types of eco-driving feedback: instantaneous (e.g. real-time
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Figure 3.1: Eco-feedback design-behavior framework [43]. Figure adapted with
permission from Sanguinetti et al. and Elsevier.

You, now: ## units used/wasted/saved
contextual consumer
information Other T ## units used/wasted/saved
metrics valence

Figure 3.2: Target users can see how their behavior is represented with regards to
metric and valence along with conteztual information (e.g., comparisons to others or
their own historical behavior) [43]. Figure adapted with permission from Sanguinetti
et al. and Elsevier.
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feedback) or accumulated over some duration (e.g. post-driving summary). Design-
ers should consider (1) the natural duration of the target behavior and subsequent
consumption patterns, and (2) the purpose of the feedback, i.e. pedagogy or assess-
ment to design for temporal granularity. One example given by Sanguinetti et al.
is that eco-driving feedback relevant to acceleration efficiency can be delivered in
terms of performance during a certain acceleration circumstance to facilitate drivers’
learning, whereas accumulated feedback (e.g., average acceleration efficiency) can be
given over the course of an entire trip as a result of the assessment.

The eco-feedback message has three main components: metrics, valence, and con-
textual information. These factors relate to the way information is presented to
the user, and they imply how meaningful the user thinks the feedback to be [43].
Metrics is refereed to measurement and/or quantitative information in eco-feedback.
As scores such as percentage points are considered as familiar and sometimes used
in eco-driving feedback, it has been pointed out that such indirect metrics can be
misleading due to a lack of accuracy, which should be carefully considered when
being used. On the other hand, as energy and emissions are intangible and invisi-
ble, related information could be conveyed using more familiar terms, such as the
emissions equal to tons of dinosaurs [39]. Valence is associated with whether the
information is framed positively or negatively according to Sanguinetti et al., who
mentioned that a more significant effect for positive points feedback compared to
negative points with regards to target user engagement.

3.3.1.2 Timing

Timing concerns the timing of information presentation related to the target behav-
ior, which includes latency, frequency and duration, and strategic timing, and the
illustration is presented in Figure 3.3 [43]. When discussing latency, Sanguinetti
et al. argued that immediate feedback may facilitate the learning process by linking
behavior with consequences, while delayed feedback can support reflection. There
are some other studies comparing continuous versus intermittent feedback for eco-

strategic timing

target
beh ED feedback feedback feedback
latency
1
duration frequency
time

Figure 3.3: 3 dimensions of eco-feedback timing: latency, frequency and duration,
and strategic timing [43]. Figure adapted with permission from Sanguinetti et al.
and Elsevier.

14



3. Related Work

driving. In a driving simulation study, it has been found that the intermittent
visual eco-driving advice led to fewer glances and a shorter dwell time on the dis-
play than the continuous system, which led to the recommendation of intermittent
visual strategically presented in locations that are less demanding for the drivers
[24]. Similarly, Jamson et al. suggested providing continuous eco-driving guidance
only during a list of carefully chosen "eco-driving scenarios', when significant fuel
economy benefits are achievable. Those findings from previous research could serve
as design implications for frequency and duration, and strategic timing.

3.3.1.3 Display

Display concerns the way of presenting information, which includes the following
aspects: modality, style, medium, audience, location, and response requirement as
Figure 3.4 shows [43]. As this topic is highly relevant to this thesis, more research
is reviewed on several aspects.

Modality is the perception mode of an interface, and visual, auditory, and tactile
have been investigated in various studies when it comes to eco-driving feedback. The
visual display is most common and effective to give out guidance and help improve
drivers’ eco-driving performance; however, there are potential negative effects on
safety, as drivers look less on the road ahead and they are more distracted from
the driving task [21]. As for the auditory feedback, drivers could get voice prompts
to broadcast operational information during eco-driving-related scenarios, which do
not require drivers to remove the sight from the road, but still occupy attention
resources and increase the workload [55]. Another way of presenting information
to the driver is through a haptic interface especially a haptic pedal system, which
can be useful for providing constant guidance on efficient accelerator pedal position
[21]. There is evidence that the haptic interface is less distracting compared to the
visual one; however, the range of the information that can be conveyed through
haptic feedback is quite limited therefore less informative and efficient than the

modality style
”red\"s
«\“&
av\*®
fesponse €
location

audience

Figure 3.4: Dimensions of eco-feedback display: how the audience accesses the in-
formation [43]. Figure adapted with permission from Sanguinetti et al. and Elsevier.
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other modalities. Xu et al. summarized the advantages and disadvantages of those
three modalities through a literature review. Based on those findings from previous
research, the best design solution in terms of modality might be a combination of
multiple modalities with the possibility for the individual driver to customize their
preference [14, 43].

3.3.2 Other Design Strategies

Apart from the dimension of feedback, there are other design strategies that can
be considered when designing an eco-driving support system, as listed in Table 3.2.
These design implications can be referred to as general principles to inspire the
design practices for this thesis.

Table 3.2: Design implications for eco-driving support system from previous re-
search

Prior research  Design suggestions
o comprehensive feedback
o ease of perception

strategy acquisition support
o automated functions
o system transparency display
o configurability

Franke et al.

» increase engagement
Allison et al.  « encourage positive affect
o take time penalty into consideration

adapts to drivers’ skills

t al. . o .
Jamson et a » avoid repetitive and useless guidance

3.4 Summary

A great deal of previous research has investigated the field of eco-driving and at-
tempted to explore methods to facilitate eco-driving. Whereas, they focus partic-
ularly either on the general strategies in a rather high level (e.g., persuasive tech-
nology, motivation theory) [25, 17, 14, 38], or examining and comparing specific
feedback representations [24, 10, 9]; there is much less information about combin-
ing those strategies with HMI design patterns in an interaction design perspective.
Thus, this thesis attempts to generate fresh insight into design principles in according
with the needs and requirements of eco-driving by means of research-through-design
[13]. Aimed for a framework informing the HMI design for in-vehicle systems to
support eco-driving, I believe this work would contribute to the growing area by
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adopting the eco-driving promotion theory to the interaction design practice, and
inspire practitioners within the related fields.
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Methodology

This chapter introduces the design process that this project follows to solve the re-
search question. As this project implements an interactive design process, applicable
methods are categorized and presented in each design phase.

4.1 Design Process

A design process outlines design stages in a logical consequence. Jones’s model of the
design divides the process into divergence, transformation and convergence stages
[23]. At the divergence stage, designers usually research to identify the context
of the problem, such as the objectives, critical variables, and problem boundaries.
Then the sub-problems that have been structured are solved at the transformation
stage, including a pattern-making process to define design solutions. When it comes
to convergence, the goal is to reduce uncertainties by progressively eliminating,
combining and evolving possible alternative designs until only one design solution
is left.

More concretely, as given in Figure 4.1, a classic life-cycle model in fields shows how
the four activities of interaction design are related [47]. Most project initiatives be-
gin with the discovery of requirements, from which alternative designs are produced.
The designs are evolved into prototypes being subsequently reviewed. The require-
ments may be refined during prototyping or based on the result of assessments. This
iterative cycle may be followed by one or more different designs simultaneously, and
the final product will emerge in an evolutionary form from the initial idea by this
cycle.

Inspired by the above two design frameworks, this project follows a design process
including four design phases: discover, ideate, prototype, and evaluate. It is notice-
able that as some of the methods are applicable during multiple design phases, one
method is referred to only once with different purposes presented to avoid redun-
dancy.
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Discover
requirements

Design
alternatives

Prototype Evaluate

Figure 4.1: An interaction design process model[47]

4.2 Discover

In the discover stage, user research of the target group, i.e., truck drivers, as well as
the desk research about DECO are carried out with the assistance of the following
methods.

4.2.1 Interviews

As a "conversation with a purpose' [47], interviews of stakeholders in this project
serve as a way of enriching knowledge about eco-driving and DECO. There are gener-
ally three types of interviews in terms of how much structure is, namely open-ended
or unstructured, semi-structured, and structured, and which is the most appropriate
depending on the purpose of the interview. In this thesis, the unstructured interview
is suitable to use, as the main goal of the interviews with internal stakeholders is to
understand the context such as how DECO functions, how the eco-driving can be
supported by DECO, and what stakeholders’ expectations are toward it.

4.2.2 Questionnaires

Questionnaires are a common research technique for collecting information through
participants’ self-reporting, including demographic data, their perceptions, and opin-
ions about particular topics. There are several advantages of using a questionnaire.
One is that a digital version of the questionnaire can easily involve people who are
located at a distance or those who cannot attend an interview at a pre-set time;
another is that it has the potential to involve a large number of participants with-
out demanding extra data gathering resources [47]. In this project, considering the
target group is truck drivers who tend to have a busy schedule with their deliv-
ery missions, the questionnaire could be an appropriate instrument to collect their
thoughts, needs and experience about the eco-driving support system. What is
worth noticing is that as there is no facilitator or interviewer available to explain or
to clarify any ambiguities to the correspondents, it is important that questions are
specific and worded clearly to help guarantee the validity and efficacy of the ques-
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tionnaire [47]. In addition, questionnaires including scales can also be used during
the evaluation to collect feedback on the design works from the participants in the
user tests.

4.2.3 Thematic analysis

Thematic analysis is a bottom-up method to analyze qualitative data [6]. It helps
with the discovery of important themes by highlighting the dominant themes in user
study data. One way to analyze rich qualitative data gathered from interviews or
observation is using affinity diagramming techniques, which is highlighting, moving
around, and coding the text into meaningful codes until themes emerge [31].

4.2.4 Personas

By collecting information about users and describing their behavior patterns into
representative profiles, personas serve as means for facilitating empathy and under-
standing to the target group, therefore helping designers maintain a design focus in
the discover and ideate phase. Typically, personas are presented to mold a character,
with a name, profile image, goals and typical behaviors related to the design inquiry
[32]. In this case, the personas of truck drivers could include drivers’ perceptions of
eco-driving and related driving scenarios.

4.3 Ideate

In the ideate phase, designers and researchers contribute a range of ideas for the
design problem. The knowledge acquired from discover will be reviewed and synthe-
sized into alternative design solutions through activities such as co-design workshops
and sketching.

4.3.1 Co-Design Workshop

The co-design workshop also referred to as participatory design, where end users and
stakeholders participate in the design process by activity-based engagement [47]. It
is chosen for this project as there are different stakeholders from The Company side
who might have various opinions about DECO, and the co-design workshop makes it
possible to involve stakeholders and gain inputs from them to help inspire the design
outcomes. Generally, a co-design workshop is conducted in a series of creative activ-
ities through face-to-face contact; whereas, the development of online collaborative
applications such as Miro and Mural brings possibilities to have a workshop online,
which indicates a new way of preparing workshop setting, facilitating the workshop
and documenting outcomes during the process.

4.3.2 Sketching

Sketching serves as a way of thinking visually, which helps to define the essence of
concepts so designers can get tangible with their ideas. With this method of rapid
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prototyping, designers are able to get a flexible visualized concept that addresses the
problem to be solved [19]. It allows designers to communicate with stakeholders from
abstract interaction patterns to concrete graphical interface components. During the
sketching, it is possible to develop more than one alternative for one idea, present
them to the outside to gain key feedback, then return to the elements to choose one
of the alternatives to refine in the later stage [47].

4.3.3 User Journey Maps

User Journey Maps is a visual presentation of the process by that a person uses
a product or service to accomplish a goal by compiling a series of user actions
chronically [45]. In this project, the visualization will be based on a truck diver’s
driving scenario, where the facts corresponding to the user (e.g., actions, mindsets,
and emotions) and the artifact (e.g.touchpoints, internal ownership) are aligned onto
the map. By this means, the concepts to be designed would be revealed and move
forward.

4.4 Prototype

Prototyping allows designers to refine rough concepts to be more concrete and sys-
tematic. In this stage, constant iteration and evacuation are recommended to pro-
ceed with design solutions and make rational decisions on what or how to elaborate.

4.4.1 Wireframes

As a means of early prototyping, Wireframing is a method used in interface design
to create visual representations of a product’s structure, content, and interactions.
They can be constructed at varying levels of abstraction, and the format can be
either hand-drawn or electronic [47]. The purpose of Wireframes is to facilitate com-
munication about design alternatives to stakeholders, which enables rapid changes in
the design specification during the process. To better serve the purpose, Wireframes
usually consist of structural, layout elements like shapes, lines, and placeholders, and
ignore other visual design elements, such as images, colors, or content text, which
are in low fidelity and suitable for quick feedback about the design direction and user
flows. They can facilitate communicating design alternatives within the design team
and to stakeholders, serve as a for implementation, and. Compared to high-fidelity
mock-ups, Wireframes are more inviting for suggestions and constructive criticism
during constant validation sessions.

4.4.2 High-Fidelity Prototype

High-fidelity prototyping produces realistic and detailed representations of user in-
terfaces. It enables designers to demonstrate a product’s appearance and interactive
features of a product in order to gather feedback and improve the design before it
goes into production. High-fidelity prototypes promote communication and collab-
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oration within the development team and enable user testing, resulting in iterative
and user-centered designs [32].

4.5 Evaluate

Apart from the questionnaires and interviews introduced in discover, there are other
methods referred to in this project to validate the design solutions and uncover ideas
on how to refine the artifact to solve the design challenge and meet the design goal.

4.5.1 Decision Matrix

The decision matrix is a method for deciding which idea to prioritize based on
objective and relevant criteria. The ideas can be visually placed in a matrix to
be evaluated by two criteria. By representing value to the user with the y-axis and
feasibility with the x-axis, the matrix can compare implementation cost to user value
to determine the optimal concepts with high user value and feasibility for further
development. The axes’ criteria can be changed to other relevant criteria depending
on the project [46].

4.5.2 Think-Aloud Protocol

The think-aloud technique is to ask participants to verbalize what they are doing
and thinking and feeling as they move through the interface to reveal their delight,
confusion, or frustration [32]. It is a cheap, flexible and convincing way to inspect
usability issues and get to know about users’ raw thoughts. It can be applied in
user testing as input to qualitative data, for example, during the walkthrough of
the user interface mock-ups, to discover what users really think about the design.
When conducting think-aloud, the facilitator should prompt participants to keep
them talking depending on their personality and task complexity [20].

4.5.3 Expert Review

Expert Reviews is a valuable evaluation method as the final milestone of a design
process, where the design is measured against its original objectives. In this method,
an expert or a group of experts with usability expertise and knowledge of the target
user and scenarios reviews a product to identify potential usability problems [47].
Noticeably, the reviewer’s prior expertise and knowledge of usability principles are
vital to the result of expert reviews [5]. To conduct expert reviews, a prototype with
a sufficient level of detail is required, and it can be combined with user tests, where
the expert’s conclusions can be presented during the interview meeting. Expert
reviews are complementary to user tests, resulting in a list of usability issues, along
with recommendations for fixing those issues.
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Process

This chapter describes the project’s design process, presenting the execution and
outcome of the events from the three iterations. Alongside the design process, a
literature study was conducted in parallel in the first four weeks, which contributed
to the literature review in Chapter 3. The whole process followed Sharp et al.’s life-
cycle model of interaction design, while each iteration consisted of several phases
and continued the life cycle from the last iteration. As illustrated in Figure 5.1,
design methods corresponding to different design phases were applied during the
three iterations, where the guidelines were formulated, refined, and finalized as the
result of this project.

— Discover —>1 Ideate Bmmma Prototype Evaluate —

Iteration One Iteration Two Iteration Three

Stakeholders' Meetings

Competitor Analysis

Co-Design Workshop
User Questionnaire
Sketching
Decision Matrix

User Journey Map

Wireframes
Hi-Fidelity Prototype

User Testing

Figure 5.1: A design process of three iterations following the life-cycle model

5.1 Iteration One

As shown in Figure 5.2, Iteration One focused on information gathering about the
context of this project.
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- Stakeholders' Meetings
- Personas

- Competitor Analysis

Figure 5.2: Iteration One

5.1.1 Discover

To gain adequate insights into design requirements, research was executed involving
the stakeholders, the target groups, and the benchmarks of similar systems which
support eco-driving for truck drivers.

Stakeholders’ Meetings

At the beginning of the process, The Company offered several meetings with different
stakeholders involved to give me an overview of DECO as well as the internal insights
and critiques of it, which later on served as design requirements. The conversations
were in a casual tone in the form of 1-on-1 meetings or team meetings. In total,
6 meetings were conducted with internal stakeholders, i.e., the UX design team,
system lead, epic owner, function owner, business analyst for the back-office part
of DECO, and driver development manager from the perspective of fuel efficiency
driving and driver training activities. During these meetings, mainly three topics
were covered as follows:

e The general introduction of DECO.

o Unique knowledge sharing from the perspective of their roles.

o Expectations of the next generation of DECO and ideas on how to improve.

Notes were taken during the meetings. Afterward, the thematic analysis was con-
ducted based on my notes by coding original interview notes into labels, grouping
them based on the affinity of content, and extracting themes by hierarchically rear-
ranging codes [31]. The result as an affinity diagram is shown in Figure 5.3. The
major findings lay in four aspects, namely facts of eco-driving training, problems
of the current DECO, what to improve as the goals, and how to improve as the
solutions. The internal stakeholders believed the Ul was out of date and inconsis-
tent to some extent, and they heard complaints from users that there was too much
information from KPIs and sub-KPIs to track, with some of which drivers felt like
they had little influence from their driving behavior. The goals for the next gener-
ation of DECO could be to provide a clear guide and coaching to drivers with less
disturbance and strengthen their sense of control over the system. Many ideas about
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how to design the new Ul were mentioned by stakeholders, such as more positive
reinforcement, configuration and personalization, and level design and gamification.
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Figure 5.3: Affinity diagram as the outcome of stakeholders’ meetings
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To understand the target group, I examined the user interviews that The Company

has conducted under a bachelor’s thesis project a few months ago.

The goal of

the interviews was to gather feedback from truck drivers about the user experience
and the motivation created by DECO [15]. Gunnarsson et al. did semi-structured
interviews with eight local truck drivers, and qualitative content analysis was applied
based on the transcribed interviews. By reading their report and going through the
original transcribed interviews, I took notes about the interview topics that are
directly relevant to this project, and the takeaways were visualized in Figure 5.4.
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Comments from drivers were under five categories, which were about the SID, the IC,
the whole system, the driver’s capability, and their thoughts on several improvement
ideas. The main findings are as follows:

e Some of them thought the KPIs were too many and not clear enough.

o They felt the control of fuel-efficient driving, but they did not feel they can
influence the results of DECO, which indicated a direct feedback mechanism
might still be missing.

o Most of them didn’t like the idea of competing with colleagues unless the
system can ensure fairness and comparability despite the difference in routes,
truck models, traffic, and other external factors.

SID DRIVING CAPABILITY

Ic RE-DESIGN

SYSTEM

Figure 5.4: Visualized findings from drivers’ interviews conducted by The Com-
pally

Persona

After having an adequate understanding of the target group, two personas were de-
veloped to explore the needs and expectations for the onboard eco-driving support
system. By including the context information, the goals, skills, attitudes and behav-
ior patterns with a few fictional personal details [47], 2 different personas, namely
Carl and Eric were created which varied in eco-driving experience, age, and vehicle
profile, to be able to cover as many scenarios and user needs as possible. As shown
in Figure 5.5, the personas were structured with the following sections: Demographic
Information, Quote, Eco-Driving Experience, Personal Details, Environment, Goals,
Needs, and Frustrations.

In the process of creating and comparing the two personas, two findings about the
target group and scenarios were gained. One is that driver’s eco-driving aware-
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ness, knowledge and performance could influence his or her way of perceiving the
eco-driving coaching system. For example, as a sophisticated truck driver with ade-
quate experience in fuel-efficient driving, Carl could understand the multiple KPIs
of the eco-driving coaching system; however, he does not trust the system enough
to use it and follow the instructions all the time but rather believe in his experience.
As for Eric, he is quite a novice, so he expects such a system to be pedagogic and
easy to understand. Another finding is that the different vehicle profile leads to
various driving scenarios, thus there are different goals and needs to use the eco-
driving support system. In the personas, as a long-haul driver, Carl usually uses
other applications on the infotainment instead of keeping track of his eco-driving
performance during the long trip. Instead, as always in demanding in-city traffic,
Eric expected the system to present the most important information in a simple
and intuitive way, so he could grasp it and improve his driving style without be-
ing distracted. To summarize, one aspect of the requirements to design DECO is
personalization and customization to fit varied driving scenarios.

Personal Details

Eric is outgoing and fun-loving. He values new experiences, and
likes o be flexible and spontaneous.

Normally he picks up goods at the distribution center and delivers
them 1o the respective customers, loading and unloading the truek
himself. He mainly drives in urban o suburban areas, and he
shares trucks with his colleagues in the fleet

Personal Details

Garlis a experienced, loyal and stable truck driver, values raditions
and security. In his work he has a good knowlegde about the truck,
including how 1o drive in a fuel-efficient manner without any in-
vehicle assistant system be invalved. He enjoys competing with
other drivers, comparing the driver statistics.

He drives in highway most time and sleeps in the truck 3/4 nights
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Figure 5.5: Two personas of truck drivers

Competitor Analysis

To identify benchmarks and potential areas for improvement of DECO, I conducted
a competitor analysis to gain insight into The Company’s competitors and market
trends. I started by identifying competitors who had onboard eco-driving supporting
systems in their trucks, which turned out to be DAF, SCANIA, Mercedes-Benz, and
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Volvo Trucks North America. To collect information on these systems, I reviewed
their operation manuals and went to their truck models which were equipped with
the systems. I then documented materials in terms of functionality, user interfaces,
and design specifications, and the result was summarized and visualized into a func-
tionality checklist as Figure 5.6 shows.

Change mode: Extension/Brief
Set goal(s) for KPIs

View list of coach notifications

Set coach notification mode: On/Off
Reset Driver Eco Coach

View coach notifications with KPIs feedback
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View coach notifications

View Driver Eco Coach time
View instant fuel consumption
View average fuel consumption

View energy/fuel loss information

View Driver Eco Coach trip distance
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View KPI overall score
View KPI overall score trend
View KPI's
View KPI's dynamic change

View sub-KPI's

4
Performance feedback

View post trip feedback

Win achievement award

Figure 5.6: Functionality checklist from the competitor analysis

The findings lie in several aspects. First, DAF, SCANIA and Mercedes-Benz use per-
centage values instead of numerical values as the assessment result of the driver’s
eco-driving, which is clear about what the values stand for. Second, competitors
stress the behavior-consequence feedback pattern by providing real-time and quan-
tified feedback on how specific driver behaviors impacted fuel efficiency, resulting
in a more informative feedback loop. Third, proactive notifications were observed
in their systems, which offered both constructive suggestions and compliments to
drivers, further motivating them to adopt eco-friendly driving practices. These find-
ings highlight the strengths of the competitors’ systems and provide valuable insights
for enhancing DECQO’s functionality and feedback mechanisms.

5.2 Iteration Two

After the first round of discovery on the target group and design requirements,
Iteration Two started by ideate based on the information gathered in Iteration One,
and Figure 5.7 presents the progress. With rich and diverse design alternatives
generated, I went back to discover to conduct another user research to deepen the
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understanding of users and gather their opinions of the design alternatives; in the
meanwhile, these design alternatives were refined during the prototype. Then, the
evaluate to converge the scope of the design solutions wrapped up Iteration Two.

Discover

_’ - _’

+ User Questionnaire + Co-design workshop - Sketching - Decision Matrix

Figure 5.7: Iteration Two began from ideate

5.2.1 Ideate: Co-Design Workshop

With the goal of involving stakeholders having different backgrounds and experiences
in the design process to practice Participatory Design (PD), I conducted a co-design
workshop with design activities of brainstorming and ideas sharing to design for
DECO. Following the procedure of Prime, Probe and Generate [32], a series of
participatory activities were planned to prime participants for engagement, probe
them to self-discovery, understanding and reporting, and generate design ideas. The
planned activities for the workshop as agenda can be found in Appendix A.

There were 10 participants attending the workshop with diverse roles in UX design,
development team, etc. The workshop was in a hybrid form with one face-to-face
group and one online group running simultaneously, where 6 participants attended
offline and the other 4 online collaborating on Miro, as seen in Figure 5.8. The
2-hour workshop started with an introduction to participants about the goal and
the task for this workshop, also to land participants on the same page regarding
the design challenge and target groups. The activities in the group were introduced
and done respectively in two groups, the first of which was free talks about good or
bad experiences of being coached or coaching as Prime. After the discussion, Why-
How Laddering was run in each group, of which the participants picked up the initial
statement from the frustrations of the target group, broadened or narrowed the focus
by constantly asking "why" or "how" to give them ideas for how to address the original
user needs. Then participants moved to generate more concrete ideas by doing 635
Brainwriting (435 Brainwriting with 4 participants), where each participant wrote
down 3 ideas about designing the new generation of DECO on a worksheet in 5
minutes, passed the worksheet to the group member next to them, and contributed
to each other’s suggestions. Due to the time constraint, the workshop did not
manage to go through Dot Vote and Sharing as planned, but the outcomes from
the two groups were documented and shared with all the participants through Miro
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after the workshop. As a result, by summarizing the outcomes, I gained an idea pool
consisting of 12 suggestions about the features and UI design, as shown in Table 5.1.

Figure 5.8: Co-Design workshop with 10 participants, being divided into 2 groups:
one online (left) and the other offline (right)

Table 5.1: 12 concepts generated from the co-design workshop

Concept
Cl1  Have an overview on Instrument Cluster to track your progress

C2  View your achievement: how much fuel/energy you have saved from eco-
driving

C3  Get a post-trip summary including your weaknesses and where to improve
in terms of eco-driving

C4  Get a post trip summary including what you have improved compared to
your historical records

C5  Receive instant feedback (good/bad action) on your behavior related to
eco-driving

C6  Receive eco-driving tips in advance before a situation happens

C7  Route fuel/energy map: view eco-driving feedback or tips visualized on a
route map

C8  For each trip, focus on a limited number of categories/KPIs (eg. anticipa-
tion and standstill) to be trained based on your historical performance

C9  For each trip, focus on a limited number of categories/KPIs (eg. anticipa-
tion and standstill) to be trained based on your route

C10 Be able to set eco-driving goal(s) for a specific trip

C11 Anonymous Leaderboard: view your colleagues’ scores and compare to
them anonymously (driving similar truck on similar route)

C12 Public Leaderboard: view your colleagues’ scores and compare to them
publicly (driving similar truck on similar route)
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5.2.2 Discover: User Questionnaire

After the co-design workshop, an online questionnaire targeted at truck drivers was
conducted to gather insights into the user experience of DECO. The purpose of this
study is to

e Understand the target group’s eco-driving experience.
» Investigate the user experience of the current DECO.

o Evaluate their acceptance of a list of concept features for the future DECO,
which were the ideas collected from the co-design workshop.

This user research activity involved both quantitative and qualitative studies; quan-
titative data was collected from the Likert scales in the questionnaire, while there
were also open-ended questions to gather qualitative data. To investigate the target
group’s eco-driving experience, questions about their motivation, knowledge, aware-
ness, and performance of fuel/energy efficiency driving were asked. As for the user
experience of DECO, the usefulness and frequency of use of key features were investi-
gated to have an understanding of users’ habits. Besides, the usability of the system
was explored by means of the System Usability Scale(SUS) [7, 35], and Net Promoter
Score (NPS) was applied to quantify the likelihood of recommending DECO, which
can predict customer behavior [50]. With regards to users’ acceptance of the concept
from the idea pools, questions on appealingness were asked for each idea as "how
much appealing do you think they are to help you drive fuel /energy-efficiently?".

The questionnaire was online using Forms by Microsoft. To avoid the questionnaire
being too long for having all questions at once, I developed two instances of the
survey which asked questions about the user experience of current DECO from
different perspectives: Instance One focused on the usefulness and frequency of use
from the level of feature, while Instance Two asked about the usability of the system.
The structure of the questionnaires was shown in Table 5.2 and Table 5.3, and the
original questions can be found in Appendix B.

Each participant was supposed to answer only one questionnaire, and it was ran-
domized which instance he or she would get. Both instances of the questionnaire
were estimated to take six to ten minutes to answer, and the requirements to answer
the questionnaire were that the respondent is 18 years of age and he or she works
or has worked as a truck driver.
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Table 5.2: Structure of the user questionnaire on feature level: Instance One

Section Content
Consent form Informing participants of the questionnaire and
its goal, and gain consent to the study

Demographic Questions about age, years of driving, vehicle
profile, fuel/electricity bill

Eco-driving Experience Four 5-point Likert items to self-report on
motivation, knowledge, awareness, and perfor-
mance of fuel/energy efficiency driving

Frequency of use and usefulness Ten 5-point Likert items for five key features of
DECO, one NPS question, and one open-ended
question asking general opinion

Acceptance of concept features  Twelve 5-point Likert items asking about the
appealingness of twelve ideas from the idea
pool, and one open-ended question asking for

other ideas for a better DECO

Table 5.3: Structure of the user questionnaire on system level: Instance Two

Section Content
Consent form Informing participants of the questionnaire and
its goal, and gain consent to the study

Demographic Questions about age, years of driving, vehicle
profile, fuel/electricity bill

Eco-driving Experience Four 5-point Likert items to self-report on moti-
vation, knowledge, awareness, and performance
of fuel/energy efficiency driving

System Usability SUS consisting of ten 5-point items, one NPS
question, and one open-ended question asking
general opinion

Acceptance of concept features Twelve 5-point Likert items asking about the ap-
pealingness of twelve ideas from the idea pool,
and one open-ended question asking for other
ideas for a better DECO

The questionnaire was distributed with the help of The Company. During two
weeks, there were 106 truck drivers answering the two instances in total, 74 of
whom have used DECO. Respondents were from 10 Kuropean countries: Czech,
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Lithuania, Poland, Finland, Hungary, Belgium, Norway, Switzerland, the UK, and
the Netherlands, and their average age was 44 years old. The distribution of the
countries, years of driving and vehicle profile are included in Appendix C.

When it comes to their eco-driving experience, the median scores of self-reported
motivation, knowledge, awareness, and performance were respectively 5.0, 4.0, 4.0,
and 4.0.

Questionnaire Instance One got 40 answers, of which 24 have the experience of
using DECO, Appendix C showed the average and median scores of frequency of
use and usefulness. From the result, the overall score of eco-driving performance
and the scores for KPIs were regarded as very useful (Median=4.0) and were used
frequently (Median=4.0). The representation of sub-KIPs’ performance was also
very useful (Median=4.0), but users viewed it less frequently (Median=3.5). The
pop-up notifications at IC were medium useful (Median=3.0) and medium frequently
used (Median=3.0), while the page for lists of coach notifications was medium useful
(Median=3.0) and least used (Median=2.5) among all the features.

Questionnaire Instance Two got 66 answers, of which 50 have the experience of using
DECO and therefore answered the SUS, and the average score was 69.95, which
was just above 68, an average SUS score across 500 studies [22]. There were 74
participants answering the question NPS of DECO, and the score was 20 according
to the calculation formula, which can be interpreted as "good" [50].

106 participants answered the evaluation questions about the future concepts for
DECO, and the result scores of appealingness can be found in Appendix C. This
result was referenced when applying the decision matrix, which will be elaborated
as follows.

To better understand the "why" behind the ratings given by the respondents, the
answers to four open-ended questions about their opinions about DECO were ana-
lyzed by means of thematic analysis. Figure 5.9 shows how the original answers were
coded into labels, which were categorized into two aspects: positive and negative
attitude, namely what participants didn’t like and what they liked or would wanted
to have in the next generation of DECO, as displayed in Figure 5.10.
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2 berter DECO?

ut DECO What do you like mast about DECO? What do youTi

Figure 5.9: Thematic analysis of participants’ comments of DECO
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Figure 5.10: Result of qualitative analysis from user questionnaire: red labels are
complaints, green ones are what respondents liked or wished to have

As the answers from respondents were general opinions about DECO, which involved
both front-end and also back-end parts, e.g., choice of parameters and the algorithms
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behind, I referred to the eco-feedback framework and mapped the labels above with
the model to narrow down the scope of the following work [43], as shown in Figure
5.11. By doing so, it got clear what could be solved by improving the HMI design
in this project, and what was beyond the range of this project and need more
research from other subjects to support. To conclude, here are the insights for the
improvement of DOs and DON’Ts that are highly relevant to the research question
of this thesis project :

e Do show a post-trip summary. -Information, temporal granularity

e Do use concrete measures which directly respond to fuel consumption. -
Information, message metrics

e Do make the parameters clear and easy to understand. -Information, behavior
granularity

e Do highlight the key parameters targeting drivers to change their behavior
to save fuel/energy in an optimal way: little change for large saving. -
Information, behavior granularity

» Do use scores (e.g., 0 to 100) as measurement units. -Display

e Do integrate on-board and back-office parts properly by informing drivers of
essential information from the back-office settings.

o Don’t cause information overload during driving. -Display

e Don’t force drivers to be compared with colleagues only when they want. -
Information, contextual information

/

information

=\

temporal granularity metrics ‘°”tei;u;‘n'a”:‘2;“n“a“°”: behavior granularity
ent unite are or contextual informatior

5 1o the time period reflected in eco-feedback what measurement unite are conveyed? What comparisons which particular behavior(s) are reflected in the

compers

Figure 5.11: Mapping themes into eco-feedback framework

5.2.3 Prototype: Sketching

During the two weeks of waiting for responses to the user questionnaire, I sketched
the idea pool from the co-design workshop reported in Section . The example of the
outcomes is presented in Figure 5.12. By visualizing the concepts, those ideas got
elaborated and prepared as user-interface elements for the further prototype.
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Figure 5.12: Sketchings of the idea pool

5.2.4 Evaluate: Decision Matrix

After the sketching has been done, a decision matrix with value to the user and
feasibility as the two criteria were developed to facilitate discussions between stake-
holders and me about what concepts to be elaborated on in the next. The metric
can be segmented into 4 quadrants: "yes', "maybe", "'maybe’, and "no"[46]. The
system lead from The Company who is responsible for DECO was invited in the
process as a representative stakeholder who has adequate knowledge to evaluate the
feasibility of ideas. We had the evaluation result for the future concepts from the
user questionnaire (in Appendix C) as a reference of value to the user, then we went
through the concept sketches one by one, moved them onto the plot, and discussed
where they should fall. The outcome is shown in Figure 5.13. As a result, the ideas
with low feasibility and low user value were eliminated from the later design process,
which was the ones that fell in or near the "no" quadrant.

5.3 Iteration Three

In the third iteration, the design process was converging toward the final outcome
by going through the phases of ideate, prototype, and evaluate, as presented in
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Figure 5.13: Result of the decision matrix

Figure 5.14. With the concepts to be elaborated from the previous iteration, I did
ideate again to refine the previous ideas by combining them with DECO’s user flow,
then prototype the user interfaces based on the design requirements, followed by the
evaluate phase, where the mock-ups were validated by user tests.

5.3.1 Ideate: User Journey Map

To create a vision of the involved product features from the user’s standpoint in order
to improve customer experience, I created a user journey map by synthesizing results
from personas, user questionnaire, and decision matrix conducted in the previous
iterations, which served as a basis for the design process to move forward [45]. The
complete user journey map is shown in Figure 5.15. The driver’s journey is divided
into 4 stages: onboarding, driving, break, and post-trip; in each stage, there were
various actions, needs, and pains from drivers using DECO, which required a series
of touchpoints between the user and system to interact with. Those touchpoints
then served as the features of DECO to be designed on the user interfaces.
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Figure 5.14: Iteration Three began from ideate
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Figure 5.15: User journey map

5.3.2 Prototype

After the features and user stories to be designed were clear, I started prototyping the
user interfaces for DECO. I began with creating wireframes, which were targeted
to include the essential elements to support user flows with a rough visual style,
followed by iterating and being built into high-fidelity mock-ups.

Wireframes

The prototyping was first done in the form of paper wireframes. This involved taking
the sketches from Section 5.2.3 and combining them in an experimental way that
accounted for the overall user flow and user stories. One example of paper wireframes
is presented in Figure 5.16, which is a tree on the overview screen that reflects the
target group’s eco-driving behavior by the leaves growing big or shrinking.

After that, I moved on to developing digital low-fidelity wireframes using Figma.
During this session, elements from the paper wireframes were refined, including the
placement of text fields, buttons, and other visual elements. As a result, the basic
layout of each screen in the DECO application was set, e.g., the eco tree shown in
Figure 5.17. T also experimented with different layouts and designs, and the primary
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Figure 5.16: Paper wireframe: an eco tree as an overview

design alternatives were kept to be decided further, as described below:

Figure 5.17: Digital wireframe: the eco tree

Alt 1.1

Alt 1.2

Alt 2.1

Alt 2.2

Alt 3.1

Provide history information for overall score. To explain the scores to
the user, historical records of what events accounted for the ups and downs of
the score of eco-driving performance can make this measurement more trans-
parent, as shown in Figure 5.18.

Provide a history view of each KPI. The historical records can also be
categorized and presented on the screen of KPIs, under the assumption that
users would want to review the historical events that influenced their scores
only when they care about their performance on the level of KPI, as shown in
Figure 5.19.

Reset in the tab. As presented in Figure 5.20, the function of resetting the
system is used by the drivers when they want to make the onboard DECO
back to the default state. By enabling the button in the tab which is always
there on the screen, users can reset without clicking multiple times.

Reset in the setting. By including Reset in the settings view, there are
fewer visual elements in the tab thus less visual excise, which is presented in
Figure 5.21.

Equivalence on the left. On the achievement screen, the element visualizing
saved fuel or energy is on the left, as shown in Figure 5.22.
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Figure 5.19: Wireframe alternative 1.2

Alt 3.2 Parameters on the left. On the achievement screen, the group of parameters
is on the left, as shown in Figure 5.23.

High-Fidelity Prototype

Before finalizing the high-fidelity final mock-ups, a design review was conducted
with the system lead at The Company. The purpose of this review was to decide
which alternatives to elaborate further and which ones to discard. After discussion
and careful consideration, Alternative 1.1 and 1.2 were combined, which means both
overall historical events and categorized events were kept in the design. Addition-
ally, Alternative 2.1 and Alternative 3.2 were chosen based on the consideration of
functionality and their aesthetic appeal.

To maintain a consistent visual style and brand impression with other applications
developed by Volvo Trucks, the design system and user interface design guidelines
from The Company were referenced during the design process, including font, color
palette, Ul components, and so on. This ensured that the final prototype throughout
DECO was in line with The Company’s branding and design philosophy. However,
to avoid disclosing the design identity of The Company, all high-fidelity prototypes
presented in this report have been purposely modified in terms of typography, icons,
and color scheme.

Similar to the process of developing wireframes, I created high-fidelity mock-ups
using Figma, and connected each screen to make the prototype interactive. With
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Figure 5.20: Wireframe alternative 2.1

Figure 5.21: Wireframe alternative 2.2

the goal that the prototype would later serve the purpose of user testing, screens
were meticulously crafted with the user’s path in mind. The user flows were based
on the user journey map developed in Section 5.3.1. Consequently, prototypes were
presented following the main user flows as below. To distinguish my design work
from DECO, it is referred to as DECO PRO as follows.

Follow eco-driving overview. During driving, drivers can view the eco tree ef-
ficiently with a glance to keep track of their eco-driving performance without too
much attention being distracted. There were four leaves on the eco tree, each of
which represented one category of eco-driving being measured. As presented in Fig-
ure 5.24, the leaves were outlined without filling at the initial states; as the driver
started to drive fuel/energy efficiency and save energy or fuel compared to non-eco
driving, the leaf would illuminate accordingly to the driver’s behavior and then be
filled in green. Consequently, the leaves would grow or shrink in size along with the
driver’s performance.

See the details and understand. When the driver has more mental workload
and attention resources to care about the eco-driving, he or she could switch to
the Performance screen to follow the details, where quantified performance was
communicated as scores in percentage shown in Figure 5.25. There were four areas
that eco-driving behavior can fall into, namely the four KPIs: driveline, speed,
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Figure 5.24: How the eco tree changes over time to provide drivers overall feedback

anticipation, and standstill. The four gauges were the same design as DECO, which
uses a color scheme of 3 colors: green, yellow, and red, with each representing a
certain score range. The element of the past events showed in the recent order a list
of records of the driver’s actions that were captured and taken into the measurement
of scores. The KPI’s gauge also served as a button, which can be tapped and it will
navigate to the screen of KPI (Figure 5.26), where there was sub-KPIs’ information
as DECO. What is new is that there were ups and downs of the score displayed
at the bottom of the screen. By pressing the sub-KPI, a dialogue would pop up to
explain the parameter by text, to make the measurement and calculation mechanism
more transparent and pedagogical, as shown in Figure 5.27.

Get real-time interference. Also during driving, the driver can be informed
proactively by notifications from DECO PRO displayed on the instrument cluster.
There were two types of notifications, one was pre-event tips for eco-driving, and
the other was post-event feedback, as shown in Figure 5.28. The tip was triggered
automatically by the system, which would take into consideration the upcoming
driving scenario based on the route and the transportation environment. It gave
advice on how to drive efficiency in the form of text and specified the related KPI,
with the possibility to be broadcast by setting. The feedback toast was also in
real-time and would pop up after an event, which presented the assessment of the
driver’s behavior by quantifying it on a 5-leaf scale, along with a short explanation.

Get a post-trip summary and reflect on it. When it comes to an end of a trip,
the driver can view the summative information as shown in Figure 5.29. Parameters
related to eco-driving, such as duration, distance, and saved fuel or energy were
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Figure 5.25: Overall score and KPI's gauges to inform concrete performance

displayed. What is worth noticing is the equivalence, presented in Figure 5.30,
which conveyed energy using concrete, tangible and familiar terms: the amount of
saved energy can be used to drive trucks for how much distance, to light a bulb for
how many hours, or is equal to how long a wind turbine works to generate energy.
In addition, the driver can read the "highlights" from this trip, which pointed out
what the driver has improved, and what eco-driving behavior is still weak and can
potentially be improved.

Reset and customize the system. As long as the system was enabled, the driver
could reset the system, so it came back to the initial state. Instead of having all four
KPIs, the driver can configure coaching categories by deselecting KPIs, as shown
in Figure 5.31, and the default selection would be based on his or her historical
performance as well as the route for this trip. The disabled categories would then
be hidden throughout the whole application, from both the eco tree and gauges on
the Performance screen.

5.3.3 Evaluate: User Testing

After the high-fidelity mock-ups for the DECO PRO were developed, an evaluation
was conducted to assess the effectiveness of the design. The purpose of the evaluation
study lay in the following three aspects:
e To compare the DECO PRO with DECO in terms of motivation and user
acceptance.
o To evaluate the usability of the DECO PRO user interfaces, identify the us-
ability issues of the user interfaces and explore the way to solve them.

To achieve these objectives, the evaluation study was designed with the following
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Figure 5.27: Dialogue to provide more information about the sub-KPI: Overspeed

research questions in mind:
o Which HMI solution is more motivating and acceptable to support drivers of
eco-driving?
o What are the usability problems and better practices for DECO PRO?

Study Design

The evaluation was a mixed study, involving both quantitative and qualitative parts.
The quantitative data was collected using scales to measure the users’ motivation and
acceptance with DECO PRO and DECO [26, 52]. The qualitative data was collected
through observation, think-aloud protocol, and interviews. With the primary aim
to determine the overall effectiveness of DECO PRO, this study also targeted to
identify usability issues with the design and to provide insights on how to iterate it
further, which made it both summative and formative.

In this study, the independent variable was the prototype version, with two condi-

tions: DECO prototype walkthrough and DECO PRO prototype walkthrough. The
dependent variables were the scores obtained in terms of motivation and acceptance.
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Figure 5.28: Two types of real-time notifications on the IC: tip and feedback
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Figure 5.29: Achievement screen as an eco-driving summary of current trip

Additionally, a confounding variable was identified, namely, the participants’ previ-
ous experience with DECO. A within-subject design was implemented to minimize
potential biases, which means each participant experienced both prototype versions
to ensure that the variations in the dependent variables could be attributed to the
prototype itself rather than individual differences among participants. To control the
order effects in the experiment, counterbalancing was applied by including all pos-
sible orders to present the independent variable, so half of the participants walked
through DECO PRO prototype first, and the others were presented with DECO
first.
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Figure 5.30: A carousel consisting of three equivalence to saved energy
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Figure 5.31: Selecting desirable coaching categories when resetting DECO PRO

Participants

11 people from The Company attended the testing. All of them have heard of DECO
before, some of whom even worked with DECO. Their age ranged from 29 to 46, and
some of them have truck driver’s licenses. The participants were recruited through
personal invitations in the company’s network.

Procedure

The procedure of the study is presented in Figure 5.32. Before the study formally
began, participants were provided with a consent form outlining the purpose of the
study, which assured their privacy and confidentiality, as shown in Appendix E. After
they signed the consent form, I gave them an instruction on the study’s procedure.
This included an explanation of how to perform the prototype walkthrough, what
the think-aloud protocol is, and asking for their permission to record audio during
the session.

The experiment started with either DECO PRO prototype or DECO, which were
referred to as Prototype A or Prototype B in front of participants, and the order was
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Consent
Demographics

Walkthrough Prototype B(A) Scales Interview

Figure 5.32: Procedure of the user test

counterbalanced. The participant performed the scenario-based walkthrough of the
HMI mock-ups, exploring the functionalities and features. During this process, the
participant was encouraged to think aloud, verbalizing their feelings, thoughts, and
any difficulties they encountered. After each prototype walkthrough, the participant
got the scales to fill in. When the walkthrough of two prototypes and the scales were
all complete, I moderated a semi-structured interview with the participant based on
his or her rating on the scales, talking about the reasons behind the scores, as well
as his or her perceptions and preferences regarding the user interfaces.

Apparatus

During the experiment, there were two displayed in front of participants, as shown
in Figure 5.33. The laptop in the center front was used to present the scenario
description and the visualization of the instrument cluster, as well as running Mi-
crosoft Teams to record audio. The tablet on the right was to simulate the secondary

information display, which was the main screen where the interactive prototype was
based.

Figure 5.33: Setting of the user test
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The prototype walkthrough was based on a series of possible scenarios during the
driving, which I developed with the aim to present how DECO PRO and DECO
responded to different driving situations and driver behaviors. The scenario-based
walkthrough covered most features of DECO PRO and DECO, allowing participants
to interact with the prototype comprehensively. The full scenario description can
be found in Appendix D. The prototypes were interactive using Figma based on the
user interface mock-ups, which are presented in Section 5.3.2.

The questionnaire used in the test included the consent form, demographic questions
as well as scales after each prototype walkthrough, as Appendix E presented. A
7-point Likert scale consisting of four items was used to assess the striving self-
determination index, which has been proven to be a motivational predictor of eco-
driving [26]. To measure the acceptance of two prototypes, nine 5-point rating-scale
items were referenced from Van Der Laan et al.’s research. These items are sensitive
to differences in opinions regarding particular characteristics of the in-vehicle system.
They fill out two scales: one measuring satisfaction with the system and the other
measuring usefulness. In addition, SUS (System Usability Scale) was also used but
only for DECO PRO prototype, as one of the aims of this study was to identify
the usability issues for future iteration, and the previous user research reported in
Section 5.2.2 has already investigated the usability of the DECO [7].

During the semi-structured interview, apart from the questions included in Appendix
E, participants’ thoughts and reasons for rating items on the scale were also asked
by the facilitator reviewing the filled-in scales and asking questions such as "Why
did you give [item X] a score of [Y]? ". Those open-ended interview questions were
used to gather qualitative data to investigate the user experience of DECO PRO
and DECO and explore potential usability issues or advice for improvement.

Results

Data collected from the user tests were analyzed using quantitative and qualitative
methods. According to the scales, scores of striving self-determination index, sat-
isfaction, and usefulness were calculated using the scale techniques instructed by
previous studies [26, 52]. The descriptive statistics results were reported in Table
5.4. Three paired t-tests were conducted to compare the scores between the DECO
prototype and DECO PRO prototype. The significance level is 0.05, and two-tailed
were chosen. As a result, there were statistically significant differences between the
two conditioners in terms of striving self-determination index (#(10) = 3.56, p =
.005), usefulness (£(10) = 2.99, p = .014), and satisfaction (£(10) = 4.84, p < .001).
The results indicated that participants believed DECO PRO was more motivating,
useful, and satisfying compared to DECO.

To analyze the qualitative data from the observation and semi-structured interviews,
thematic analysis was conducted and the results were presented in Figure 5.34,
which were formulated into seven themes related to the primary improvements of
the DECO PRO: eco tree, notifications, past events, equivalence of saved energy,
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Table 5.4: Mean scores and SD (standard deviation) for DECO and DECO PRO

Mean SD
Striving self-determination index (DECO PRO) | 4.09  2.43
Striving self-determination index (DECO) 255 230
Usefulness (DECO PRO) 0.95 0.74
Usefulness (DECO) 0.38  0.60
Satisfaction (DECO PRO) 1.25  0.65
Satisfaction (DECO) 0.45  0.74

highlights, customizable coaching categories, and relative information. The results
covered the complementary comments (in green) and also feedback for potential
improvements (in red) from participants, to serve both summative and formative

purposes.

In general, when it comes to the DECO, it was subtle and had less clue to perceive
the change when it comes to eco-performance feedback. While DECO PRO was
believed as clearer and communicated better, and the overall design tone was calm
and relaxing. However, there was an inconsistency of symbolic language and design
patterns throughout the DECO PRO that could be improved, and the information
conveyed by the eco tree was somehow redundant with the performance gauges.

51



5. Process

Eco Tree \ Notifications ./ Relative Information
i Positive tone, Subtle, discree Vo Providing guide, Potentially (make it \ E
. reminding of t, generalized | H facilitate irritating and o H | too many
| ecosystem, (reference ' learning, annoying if it's Pt . transp.alfent, layers/levels
' subconscious boundary, eg. v reflection, too often/users cater and Lo definitive to click
| hinting dotted leaf) . ! behavior change getused to it turn off) ! :
: . —— P
' redundant of Lo f ; [
Lo eedback is ; [
| (Be clickable to gauges, or easily ' ' Upfront tips have upfront I N . . i
1 view more details, mix with them [ discreet, e ] (ti <o Ztatic Lo informative make it
. e easy to andtrequlie i e possible
[ ) . reading . lanati .
\ than overview) Y | grasp atthe IC H | explanative to adeSt?
1 Too positive might cover Lo
1 positive to be aware important . connected
: 3 o .
e R ' di of the bad stuff at the [ with back-
.- RN MENEICN consequence Ic Lo office
/ Past Events L N
! . matching, :
i informative to be m?re Vo equivalent to :
H descriptive o representation |
1 : at the SID ;
: trend 1 e ) B EERLEEEEEEELERLE -
: arrows are event ; eemTTTTTTI T e . K .
easy to frequency? Equivalence ; Customizable
spot ! : ' . coaching categories
\ / ; of Saved Energy . :
e - : H ! etz Al categories should
i tangible by quantfyin Unclear ! ' engagement still be visible all the
' D benchmark of | ! and intrinsic time (could be
' context, making people ‘saved energy'": § | motivation by greyed out).
e H feel their actions. what is the ' | enable users to Notifications could
e Se ; matter and they can Dasena ! ' AETD be configurable.
K H |gh | IghtS . : ‘make an Impact comparing with? ' :
H nice to to be i i — : : Keep it simple
: have specific and ! ' possible o bringin Graphical - ' (default
: detailed | ! e issue: small H ! tailored and
' i | | concepts to ’ ' N
! boost | | compare; could take ' : Pr:;::::;’;)he
i . ! Iso transferable t | ! ?
: 1 . more space : .
: Name it to be ! ! : :
H something pedagogical: H ! ' : undlear
: neutral instead how to ; fun, __ : : it ':owﬁr
! of "highlights” improve ; : attention- motivating 5 ' i
K catching ! \ function)
T e .- \ N ," . —_—

Figure 5.34:

52

Affinity diagram based on the interviews in user tests



O

Results

In this chapter, the primary results from this thesis are presented in two parts:
the high-fidelity prototype and a series of design guidelines to answer the research
question.

6.1 Hi-Fidelity Prototype

This prototype of DECO PRO was built in Figma as the high-fidelity mock-ups,
iterated from sketching, and low-fidelity wireframes to the final interactive proto-
type. As this project is based on the current DECO system which already has a
user interface, I mainly focused on reporting the improved design solutions which
were new or changed from DECO, instead of describing all the visual elements on
the interface with equal richness of detail. Noticeably, the HMI presented in this
section was slightly altered from the most recent design iteration in Section 5.3.2,
as some particular components of the prototype underwent additional refinement
based on the feedback provided by participants in the user tests.

2

Overview

{é} Settings

Driverline

Anticipation

Standstill

21 kWh saved

Figure 6.1: The Overview screen
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Figure 6.2: The Performance screen

6.1.1 Overview Screen

In the Overview screen, the tree metaphor is referred to and visualized as an eco
tree, whose leaves grow or shrink along with the driver’s eco-driving behaviors to
reflect how much fuel or energy has been saved in the current trip (Figure 6.1). The
tree is dynamically changed in real-time to give an overview for drivers to quickly
grasp their eco-driving performance, as the Overview screen is the homepage of
DECO PRO. The number shown in the lower right corner indicates how much
energy has been saved during this trip. What is worth mentioning is that a design
alternative being considered is to have the eco tree on the instrument cluster, with
the assumption that it would be easier for drivers to monitor.

6.1.2 Performance Screen

The Performance screen adopted DECO PRO in general, with two elements being
updated or added as follows. In this screen, percentage values were used to assess
the eco-driving behavior. The past events account for users’ scores, helping them
to recall driving behaviors that contributed to eco-driving scores. Figure 6.2 shows
the view.

6.1.3 Achievements Screen

The whole Achievements screen, as shown in Figure 6.3, is newly added and has the
group of related parameters which were on the same screen with the KPI gauges
before. Apart from that, the energy equivalence is introduced to make the term
of saved energy tangible, and the highlights briefs which coaching category has im-
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Figure 6.3: The Achievements screen

proved and which one to pay more attention to for potential future improvement.

6.1.4 Settings

In the settings, the driver can view the configurations of DECO PRO and change
some of them. The Setting screen has been expanded from the DECO, with vehicle
profile, coaching category, and voice coaching being added. Figure 6.4 presents the
user interface. Drivers are able to see what vehicle profile set he or she got from
the fleet manager, as there are different algorithms respectively when calculating
the eco-driving scores. When it comes to customizable coaching categories, users
can see what categories they have now, and they can alter the categories manually.
Accordingly, the proactive notifications belonging to the deselected KPI(s) will be
disabled from the pop-ups to decrease disruption to drivers. In addition, when the
driving coaching tips is toggled on, users can choose to switch on wvoice coaching to
get the verbal coaching notifications.

6.1.5 Notifications

Two types of notifications are presented as proactive interference at the instrument
cluster during driving, as Figure 6.5 shows. One is the tip on how to drive in
the following scenario to optimize fuel/energy consumption, and the other is giving
feedback using a 5H-leaf rating frame to visualize with a comment. The leaf metaphor
is relevant to the tree, creating a coherent tone throughout the application even
though they are split into two displays.
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Figure 6.5: Two types of notifications on the IC

6.2 Guidelines

Below is a list of guidelines as the primary result of this project, which were formal-
ized along with the design process by synthesizing the insights and findings from
various design activities. For each of the 6 design guidelines, what I designed in this
project as Design Practices are complemented as instances of the design strategies
to support the understanding of the guidelines. As the user testing reported in Sec-
tion 5.3.3 serves as an evaluation for my design work, some related comments from
participants during the tests are quoted to complement the arguments.

G, Provide simple and abstract visualization to convey information dur-
ing driving.
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When driving eco-friendly, drivers experience a high workload and their ad-
herence to eco-driving advice tends to be poor, especially in complex traffic
conditions [21]. To address this, a clear and straightforward representation
of HMI is helpful to facilitate self-monitoring, a common strategy employed
in persuasive systems to nudge users of sustainable behavior and keep the
distraction low in the meanwhile [1].

The degree of abstraction should be taken into account when designing eco-
visualization. A simple and abstract visualization is considered effective in
conveying overall performance information to drivers, particularly during driv-
ing [41]. By providing low-granularity feedback, drivers can easily perceive
and track their eco-driving progress [12]. Furthermore, feedback designs that
are abstract and symbolic have demonstrated greater effectiveness in reducing
fuel consumption compared to concrete feedback like numerical scores [9, 10].
However, there should be a balance between abstraction and clearness of the
interfaces that requires sufficient design consideration, to not cause confusion
and misunderstanding to users [33].

Design Practices: The eco tree, as shown in Figure 6.1 is presented in
informative art to support drivers keep track of their overall performance in
terms of eco-driving, which leverages biophilic design in data visualization [43].
In the user test, participants generally recognized this feature as abstract,
peaceful, calm, and relaxing, with some critiques that it could have been more
dynamic and interactive.

"That is like a discreet way of showing it, but it’s still quite obvious." (P1)
"It’s always nice to have some graphical instead of only numbers." (P6)
"This is quite a calm view. I don’t think this overview would be too
distracting while driving." (P7)

"Now those are not clickable. I expect it could be something that you can click
into to see more details regarding one specific KPI." (P2)

Apply Value Sensitive Design (VSD) to motivate behavior change
by fostering a deep concern for sustainability.

As introduced in Chapter 3, Value Sensitive Design (VSD) is believed to fos-
ter a deep concern for sustainability and effectively promote drivers’ intrinsic
motivation to drive economically [25]. There are three strategies that I will dis-
cuss as follows on how to apply Value Sensitive Design (VSD) when designing
an onboard system to support truck drivers of eco-driving behavior.

Firstly, activate values related to selflessness, peace, equality, and justice. It is
vital to draw on broad self-transcendent values when developing interventions
to encourage behavior change toward sustainability [40]. Individuals are more
likely to continue engaging in similar or related behaviors when they adopt
behaviors that are consistent with particular values [25]. Therefore, the HMI
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design should emphasize the positive effects of sustainable actions on well-
being to activate and appeal to these values. For example, presented the
carbon savings instead of monetary savings related to eco-driving, as it was
proven to be more persuasive [27].

Secondly, facilitate reflection positively. The design should promote reflection
on the value of environmental protection and highlight ways individuals can
contribute to sustainability during their driving, rather than foster shame or
guilt. In order to empower truck drivers to act and adjust their driving styles,
encourage a sense of personal efficacy by providing them the chance to com-
prehend the broader effects of their actions and discover how small, individual
actions could add up to significant efforts.

Thirdly, measure direct and indirect impacts for long-term behavior change.
Direct impact indicates adjustments in specific behaviors related to sustain-
ability, such as reduced energy consumption, and ups and downs of eco-driving
score, which are commonly represented on HMI related to eco-driving. Mean-
while, reflecting indirect impact is also vital for the long-run behavior change.
The indirect impact refers to both the overall contribution to a sustainable
society as well as changes in people’s attitudes, beliefs, and values regarding
sustainability. For example, since emissions and energy are invisible and in-
tangible, related information could be represented using more relatable terms,
as understanding how one’s actions might indirectly affect those concrete and
well-known terms may result in more sustained behavior changes over time.

Design Practices: Overall, the design of DECO PRO stresses the positive
valence by presenting how much energy is saved or could be potentially saved
by eco-driving, to create the feeling to drivers that they are making impacts
on sustainability transportation. The tree metaphor and green identity color
used in the eco tree (in Figure 6.1) and the feedback notification (in Figure
6.5) can help to arouse drivers’ self-transcendent values as well as a positive
reflection on the environmental friendly behavior.

"I like the fact that it’s a tree because it’s a bit of a reminder of the ecosystem
that we need to have. So I like that. So it’s like in a sense, a subconscious
way of showing the reason for saving fuel." (P2)

"This page is nice for the positive reinforcement. I was more like, intriguing
to see what happens because it was clear that something would grow on the
screen. So I thought it was engaging.” (P5)

In addition, the energy equivalence presented in Figure 6.6 is also believed to
provide positive feelings and tangible impacts for long-term behavior change,
by concretizing the saved fuel or energy into the terms drivers are familiar
with. During the user test, participants perceived it as fun and motivating,
with the extendibility to design more relatable equivalent terms that have a
high potential to raise truck drivers’ awareness of environmental protection.

"It gets a bit more tangible. And you can instead of just having numbers, you
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Figure 6.6: The energy equivalence relates energy with tangible terms, with pos-
sibility to extend

can actually understand how big of an impact it could have. [...] that could be
quite a good way to motivate." (P7)

"How many kilometers of driving you have earned with saving energy is super
good. This is a nice way of showing things. We need to raise the awareness
and then make the people feel like their actions matter.” (P11)

"This might be interesting. Uh, and especially if we can compare them to
many things that you can select." (p2)

"Fun. Maybe there is something more related to the driver that we could have
here instead of that [wind turbine]." (P8)

G3 Consider the purpose of feedback when designing for temporal gran-
ularity.

When designing the temporal granularity of the feedback, it is important to
consider the purpose for which the feedback is provided. The temporal gran-
ularity can be categorized into two types: instantaneous (e.g. real-time feed-
back, momentary fuel efficiency) and accumulated over time (e.g. average
scores of fuel efficiency, post-driving report) [43]. The purpose of the feedback
can either be pedagogical, focused on facilitating learning and experimentation
of eco-driving behavior, or assessment-oriented, aimed at assessing the overall
performance and allowing goal-setting [49].

To design effective eco-feedback systems for truck driving, determine whether
the feedback is intended for pedagogical or assessment purposes. If the goal
is pedagogical, focus on providing instantaneous feedback that is momentary
and real-time, which allows users to experiment with different driving styles
and learn from the immediate consequences of their actions. This type of
feedback is especially helpful for encouraging behavior change and promoting
the adoption of new driving styles. If the purpose is assessment-oriented,
consider the feedback that is accumulated over a duration, such as average
fuel efficiency scores or post-driving summaries. Drivers can track progress,
assess their overall performance over time, and set goals for their trip with
this type of feedback, to be able to monitor their long-term performance and
make improvements based on previous behaviors. Noticeably, one feedback
can also be both pedagogical or assessment-oriented, with one purpose being
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prioritized when designing the features and interactions.

Design Practices: In DECO PRO, eco feedback for different purposes
and temporal granularity are combined. The eco tree is both pedagogical and
assessment-oriented, the real-time notifications in Figure 6.5 serve the purpose
of pedagogy to provide coaching tips to the driver, and the Achievements screen
mainly provides assessment feedback. The highlights presented in Figure 6.3
is the accumulated feedback that is expected to serve both pedagogy and
assessment purposes. As the latest design prototype concluded the current
trip of eco-driving, it would be better to provide more information regarding
how to improve in terms of the weak categories, according to the participants’
comments.

"This is really nice with some information that you could actually have a bit

of a like retrospective." (P7)
"Would be good to have some tips on how to improve." (P6)
"The driver gets confirmation I have been working on this and the system

confirms that I have improved’. But if you should have highlights, you should
be precise here. No general texts, [...Jwhat I would like to see is more details."

(P8)

Utilize contextual information to make the coaching adaptive and
customizable.

The system adapting to drivers’ skills is important to the long-term success of
the eco-driving practice [53]. It builds motivation toward continuous use of the
HMI, and self-determination facilitates intrinsic motivation toward long-term
eco-driving [40]. Therefore, leveraging contextual information and making
the coaching customizable and personalized are believed to enhance the ef-
fectiveness and user experience of the eco-coaching system [14]. There is a
variety of contextual information that can be cooperated by the system, such
as historical self-comparisons, previous user configurations, routes, and traffic
conditions. This information provides valuable insights into individual driving
patterns, preferences, and environmental factors that could determine compat-
ibility between the drivers and the HMI. By utilizing contextual information,
the coaching system can tailor its instruction to better suit the particular needs
of each user rather than providing generic guidance that might be repetitive
and unnecessary in circumstances.

To personalize the guidance of eco-driving supportive HMI, customizable set-
tings based on drivers’ preference, creating user profiles, applying level design,
and adaptive coaching techniques that adjust the level of sensitivity are pos-
sible ways to consider when designing the features. Also, by using machine
learning algorithms and data analysis techniques to continuously learn from
user interactions, it is promising to adapt the system’s personalization capac-
ities over time, which enables the system to adapt and enhance its coaching



6. Results

in response to user feedback and their driving styles.

Design Practices: In DECO PRO, the customizable coaching category
is proposed as one of the configurations that the truck driver can adjust in
the settings to prioritize the coaching categories he or she prefers to focus on
and have more tips on. As shown in Figure 6.7, the initial coaching categories
cover all of the four KPIs; as the driver is making progress in eco-driving,
the adapted coaching category will be recommended based on the driver’s
skill level and route information, which allows the driver to prioritize specific
eco-driving areas. From interviews during the user testing, some participants
believed that it could increase the drivers’ engagement by actively involving
them in the learning mechanism adjustment.

< Settings

COACH INFORMATION

g Vehicle Profile

Long-haul

Coaching Categories @ Alter

Driveline, Speed, Anticipation, Standstill

Choose the categories to be coached:

&)

Speed Standstill

ased on your route and history performance

Cancel

Figure 6.7: Customizable coaching category in DECO PRO

"If you (as a driver) decide actively to take the responsibility, then we offer
you more information because hopefully that would create engagement and
sort of internal motivation to do things.[...] I think if we can get the driver to
do a learning agreement by actively choosing what they want to work with
and sort of become part of the process without making them think that now
somebody’s from outside trying to change them, but I want to take this
initiative to become better’, then I think it should include some sort of
customization.” (P11)

What is worth noticing is that information on the rest of the areas that are not
prioritized should also be included in the HMI and visible to drivers, better
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being weakened visually, while the proactive interference such as notifications
could show up in less frequency or low sensitivity level for less distraction. Ac-
cordingly, the chosen categories would be highlighted in different information
channels to help the driver better focus.

"Because I assume that since I changed the categories, [...] maybe the other
ones might be grayed out, but they are still there, they’re still counting. And
you need to be able to compare vehicles against vehicles." (P2)

"The selections are the ones that I want more feedback on. My expectation
would be that I get the scores for everything but the push notifications for the
things I have selected.” (P4)

The system could even be more intelligent, to use the driver profiles to tailor
the human-vehicle interactions according to their specific preferences and re-
quirements, or automatically adapt to the driver without the input from the
driver selecting categories manually.

"Personal settings should be automated and connected to the driver card or
driver ID so that it gets the latest settings." (P8)
"I think it’s too complicated. We already have your Information about the

type of truck, route and stuff you driving so it should already be tailored to
that. It should be kind of inbuilt into the system.” (P9)

Display transparent and informative connections between offboard
and onboard applications.

When designing a driver eco coaching system, it is common to have both
onboard and back-office applications, each tailored to different target groups
while sharing data and configurations. To guarantee a cohesive and transpar-
ent user experience for truck drivers, it is crucial to consider the connections
between these two platforms and clearly communicate them to the drivers.

First, be explicit about how the data is used and synchronized between the two
platforms to build trust. The relationship between the onboard and offboard
applications should be clearly explained and illustrated on the HMI of the
onboard system. Second, keep the truck drivers informed about the status up-
dates and processes involving both the onboard and offboard applications. For
example, when the fleet manager who uses the back-office application updates
configurations to influence the algorithm of the onboard application, the syn-
chronization should be updated to truck drivers so they could understand and
anticipate the system’s behavior. Third, provide accessible support resources,
such as documentation, tutorial tooltips, or other contextual guidance to as-
sist truck drivers in comprehending the connections between the onboard and
offboard applications and utilizing the available features optimally.

Design Practices: As presented in Figure 6.8, in DECO PRO, the drivers
can know the related settings they get from the back-offices by the fleet man-
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ager, for example, the vehicle profile, which will decide the algorithm of their
eco-driving score. Besides, more information about the calculation of KPIs
and sub-KPIs is also informed through the tooltips to make the system more
transparent and understandable.

Settings

COACH INFORMATION

g Vehicle Profile

Long-haul

Cpq_chlng Categories . [ Alter
Driveline, Speed, Anticipation, Standstill

Overspeed

(Here describes how the score is calculated in terms
of overspeed. It could be measuring duration, or
frequency)

OK

Figure 6.8: Users can see the vehicle profile in the settings (above) and the sub-
KPT’s explanation through the tooltip (below)

"It is needed for definition purposes, usually because in order to be better, you
need to know what it’s calculating. It’s very useful to have it there." (P2)

"We fill this in with relevant content so that we are more transparent,

explaining where did you(drivers) get your score, and I think that will raise
the user acceptance.” (P11)

Gg Maintain consistent symbolic language to create a coherent tone.

Use particular visual metaphors or symbols that represent the concept be-
ing conveyed, and make sure that graphical components are consistently ap-
plied throughout the entire system, particularly across different parts of the
interface. To develop a symbolic language to be meaningful for a memo-
rable user experience, consider establishing an obvious association between
the symbolic representative and the underlying system. Generally, when dis-
cussing eco-driving, the terms that come to mind are greenery, such as trees
and plants. This connection reinforces the sense of continuity throughout the
design. When an effective symbolic language is established, utilize it across
different interaction channels within the system to create a cohesive and har-
monious design that fosters drivers’ comprehension and engagement, as well
as to build an impressive brand identity.
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Design Practices: In DECO PRO, I created the symbolic language of
the tree and reused the visual metaphor in the eco tree and 5-leaf scale in
notifications, as shown in Figure 6.9 to strengthen the overall design concept
by reinforcing familiarity, which helps to create a memorable user experience
according to the participants.

Driverline

Anticipation

% Anticipation @ @ @ @ 0 75%
Good coasting! Anticipation

Figure 6.9: Eco tree, notification, and the KPI gauge (from left to right)
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"T've seen you’ve been introducing in new concept which is this tree, and I
can also see that you being consistent with it because it’s also got shown in
the IC, and that satisfied me.][...]. There was a clear integration there." (P5)

To reinforce the visual coherence of the interface and ensures a seamless tran-
sition for users, it is also important to extend the symbolic language to related
views, which is a direction for DECO PRO to improve. The feedback from
user tests pointed out that the symbolic language of the tree didn’t fit the
KPI gauges on the Performance screen in terms of visual language (Figure
6.9), which could hinder the unifying of a harmonious experience.

"So be consistent, if you go for the leaves, do it all the time. Don’t change
the symbolic language. Continue to work with the Leaf. You connect the leaf
symbolic with the system and then you can reuse that communication

method." (P8)
'[...] the other view should follow the same pattern of design. if the whole
app should follow that design pattern of like calm, quiet view and soft-spoken,
then maybe you should also be here.” (P10)
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Discussion

In this chapter, I discuss the process, the result, possible ethical issues, limitations,
and future work of this thesis respectively. The discussion starts with the design
process including the factors in methods and execution that may have affected the
outcomes, followed by the interpretation and analysis of the results. Then, potential
ethical issues are brought up. Finally, I reflect on the limitations of my work and
discuss the directions for the next step to offer further exploration.

7.1 Process

There are considerations about the execution, especially when making design deci-
sions. One is regarding the medium and location of the driver eco coaching. This
project mainly explored the solution at the SID because of the consideration of re-
alistic constraints in this project, like time and effort. From the competitor analysis
in section 5.1.1, most of the competitor has their overview of eco-driving perfor-
mance at IC. Therefore, in the first and second interactions, I had the initial idea
in mind that the eco tree could be presented at the IC. However, when it was time
to prototype in the third iteration, I chose to prototype the eco tree at the SID
without exploring the possibility of putting it on the IC and comparing the two de-
sign alternatives, as the latter requires knowledge of the design guideline and design
specification of the IC, as well as the comprehensive understanding of the ecosystem
of The Company’s applications. For example, if prototyping the user interfaces of
the IC, all of The Company’s other information that takes up the space of the IC
needed to be considered to make the user interface of the IC compatible.

When it comes to the methods and tools applied during the design process, I had
SUS scores of DECO and DECO PRO but from two studies with totally different
settings: DECO was evaluated in the form of a questionnaire answered by the truck
drivers reported in Section 5.2.2, and the SUS of DECO PRO was gathered in the
user test in Section 5.3.3. Therefore, they were not directly comparable in statistics.
However, the analysis based on scale items’ scores could have been done to gain
further insights into the usability and learnability of both designs, and benchmarks
of SUS items could be referenced especially for DECO PRO prototype to better
identify the aspects with possible usability issues [30, 29].
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7.2 Results

This section discusses the results of this thesis project, respectively the prototype
and design guidelines.

HMI Prototype

Although the fidelity of the prototype of DECO PRO appears to be high at first
glance, there are still some features that are merely at a concept level and not
visually sophisticated enough. When processing from the low-fidelity wireframes
to the high-fidelity prototype, more time and effort could have been invested to
elaborate on the concepts, and micro iterations could have happened by involving
stakeholders and other designers in discussions and design reviews.

In the final prototype of DECO PRO, there are still some flaws and questions that
remain to be solved. During the user tests, several usability or user experience issues
were identified and many valuable insights were brought up by participants in the
interviews. However, not all of them were implemented in the final prototype as
some features need further investigation and ideation for better design solutions.
For example, how to cooperate with the feature of resetting and configuring the
coaching category properly on the user interface is one question that needs more
consideration.

Design Strategies on Driver Eco Coaching

The set of guidelines produced from the research-through-design gives suggestions on
the information, display, and timing of the eco-driving support provided by the in-
vehicle system. What is worth mentioning is the frequency and timing of presenting
the coaching interference were not thoroughly investigated in this project. Real-time
notification is argued to be safer and more effective than continuous information
in previous research, as the intermittent information leads to shorter dwell times,
provided that the system presents information in strategically advantageous timing
and locations that are not demanding for the driver [24]. In DECO PRO, the number
of notification types was increased: there was only feedback before, but now there
are both upfront tips and behavior feedback, as shown in Figure 6.5. There is a
risk that it might result in more disruption to truck drivers and distract them from
driving. Therefore, it is crucial to regulate the frequency and control the number
of notifications when applying the guidelines. For example, when the driver has
fair enough performance in anticipation, the system could decrease the pop-up tips
under that category.

It has been proved there are variations in traffic culture and driving behavior in
different countries and regions [11], and how my results might differ across cultures
is a question. This project was conducted in Sweden and the company’s target
market of DECO is Europe, so the stakeholders involved in my design process mostly
represent the voice based on the European traffic culture and regulations. As a
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result, it remains unclear whether the results especially the design guidelines can
be validated and how much applicable they might be to encourage truck drivers in
other regions which are different in their attitude and perception of eco-driving [18].

7.3 Ethical Implications

By encouraging eco-driving behaviors through the in-truck system, the project aims
to reduce fuel and energy consumption and minimize emissions. This has a positive
ethical impact on the environment, as it would contribute to reducing the environ-
mental footprint of the transportation industry.

Another ethical Implication of the project lies in road safety. On the one hand, eco-
driving techniques such as operating within safe speed limits and avoiding aggressive
moves can lead to smoother driving and increase traffic safety. But at the same time,
eco-driving behavior is not natural and needs the driver’s additional mental workload
to maintain, and the interference from the eco-driving supporting system can also
distract drivers and therefore conflict with safety. When utilizing the guidelines from
this project, it should be kept in mind that safety should be prioritized to ensure
that eco-driving behaviors do not compromise the overall safety of the driver and
other road users.

User autonomy and data privacy are also ethical considerations in this project.
When implementing eco-driving support systems, the autonomy and consent of
drivers ought to be respected to ensure they have control over their driving ex-
periences. Drivers should be given the option to choose whether or not they want
coaching system interference, and their preferences for the frequency and type of
feedback should be considered. Additionally, the protection of personal data should
be prioritized with the eco-driving systems’ tendency to be adaptive and personal-
ized. It should respect privacy regulations and make sure that any information gath-
ered for eco-driving purposes is appropriately protected and only used to enhance
the functionality of the system. It’s important to note that since the back-office
application and onboard system share data and configuration to a certain extent,
it’s crucial to be transparent when gathering data from truck drivers and to offer
clear consent mechanisms when transferring data between platforms.

The HMI should be developed with equity and accessibility in mind. It should be
usable by all drivers, regardless of their age, skill level, or technological literacy. As
one of my discoveries while creating the personas in Section 5.1.1 indicated, taking
into account a variety of user needs and offering inclusive design features can help
ensure equitable access to the advantages of eco-driving support systems. Another
concern is the accessibility of the HMI prototype as one of the results of this project,
which can be further evaluated under the driving circumstances.
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7.4 Limitations

There are several limitations to this project. One aspect fell in the final evalua-
tion regarding the generalizability and robustness. The evaluation involved regular
individuals without constraining their vocation as truck drivers, limiting the appli-
cability of the findings to the specific truck driving context. Additionally, the study
did not control for the confounding variable of participants’ previous experience
with DECO, so they might potentially have provided more positive feedback for the
new design, introducing bias in their rating of the two HMI designs and skewing
the results towards more favorable outcomes. Another aspect is that the project’s
scope focused on the HMI representation and how it affected eco-driving behavior,
overlooking other factors like cultural and social influence, regional regulations, and
financial incentives which are influential to eco-driving behavior as well.

7.5 Future Work

This section discussed which aspects could be expanded if this project were to be
continued.

Iterating and Validating the HMI Prototype

If T were to improve the results of this thesis project, the next step could be to
iterate the DECO PRO prototype based on the insights from the final evaluation.
When the improvement is implemented, more advanced methods and experiment
designs could be explored for the comparison between DECO and DECO PRO in
terms of safety and user experience, to draw more rigor and replicable conclusions.
In addition, if the new concept is later developed by the company, matrices such as
NPS can be investigated and monitored to compare with the result of DECO that
I got from the user questionnaire in the design process. Techniques such as driving
simulator, VR/AR and Wizard of Oz method might also be utilized to validate the
HMI concept [2, 32].

Gamification in Truck Driver Eco Coaching Scenarios

Gamification is the use of game design elements (e.g., points, levels, leaderboards,
and badges) in non-game contexts to make real-world activities more engaging
[28, 54]. From previous research, a positive effect has been found by utilizing gamifi-
cation to facilitate sustainability and eco-driving behavior[54, 34]. Also, stakeholders
from The Company brought this up during the stakeholders’ meeting and co-design
workshop. However, I didn’t explore this direction deeply during my design prac-
tices. The main consideration was that many gamification ideas are based on the
default and general mindset that the drivers are driving cars for themselves, but this
project is targeted at designing for sustainability in trucks, which are commercial
vehicles instead of private cars. Drivers use vehicles as a tool to do their work,
which means their ultimate task is to complete the delivery mission and complete
their work, making their mindset different: they might just want to finish their
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work efficiently without too much effort, especially when they don’t need to pay
for the fuel or electric bill by themselves. Besides, it is difficult to address learn-
ing and engagement outcomes simultaneously according to a previous study [44].
While gamification creates an enjoyable experience by engaging users, it might not
be what truck drivers need or prefer in their driving context. It would be interesting
to investigate this question in the future.

Differentiate Eco-Feedback in Multi-Modality

Another aspect that can be explored further is utilizing multi-modality user in-
terfaces to provide various forms of coaching and feedback catering to different
eco-driving behaviors. As mentioned in Chapter 3, visual, auditory, and haptic
representations are possible in eco-driving coaching scenarios, each of which has ad-
vantages and drawbacks and can be complementary to each other. In this project,
the visual display is still primary, with a rough concept that voice coaching is possi-
ble and can be toggled on or off by drivers in the settings. In addition, the forms of
promoting all kinds of eco-driving behavior is unified in terms of HMI, by providing
assessment results and interfering notifications in the same metrics and indicators.

In the future, the feedback design can differentiate for various eco-driving behavior
leveraging multi-modality interface components. By defining behaviorally relevant
attributes, behavior-specific feedback might be provided by means of the progress
bar for each accelerating, cruising, and braking event; there are also on-market
vehicles using the haptic pedal to teach the driver the most efficient throttle position
during acceleration [42]. In addition, multisensor and vibrations can also be used
based on the specific behaviors reflected to provide intuitive coaching variations
for eco-driving [33]. In the co-design workshop, the idea of presenting how much
distance one has been coasting was also mentioned.

69



7. Discussion

70



S

Conclusion

The purpose of this thesis project was to answer the research question:

How to design for human-machine-interface (HMI) in the vehicle to
support truck drivers of eco-driving?

In collaboration with The Company specializing in the automotive industry, which
was interested in improving the User Interfaces of their onboard driver coaching sys-
tem, this thesis followed an iterative design process instructed by research-through-
design, aiming for a high-fidelity HMI prototype and design framework as the tool
to guide researchers and designers in the sustainable mobility field, informing HMI
design for commercial vehicles’ eco-driving supportive application. The process in-
cluded three design iterations, undergoing Sharp et al.’s life-cycle model of discover,
ideate, prototype, and evaluate, As a result, based on the evaluation of the high-
fidelity mock-ups, a set design guidelines were culminated as follows:

1. Provide simple and abstract visualization to convey information during driving

2. Apply Value Sensitive Design (VSD) to motivate behavior change by fostering

a deep concern for sustainability

Consider the purpose of feedback when designing for temporal granularity

Utilize contextual information to make the coaching adaptive and customizable

5. Display transparent and informative connections between offboard and onboard
applications

6. Maintain consistent symbolic language to create a coherent tone

il

To conclude, the research question may be answered through the design guidelines
formalized from the design practice, documented in Chapter 6 as the deliverable of
this project. The six guidelines together with the design examples are to provide
insights to practitioners in the automotive and mobility context when designing
applications to support sustainable driving.
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Co-Design Workshop

Below are the slides to instruct the co-design workshop for ideation, as described in
Section 5.2.1.

Goal Agenda

1. Understand (~15 min)
* Background introduced by Ziyi

Inspire design
innovation on the future

HMI of onboard driver eco 2. Activities in group (~75 min)

coaching by parl'icipatory * Prime: Experience sharm:g
* Probe: Why-How Laddering
engagement

* Generate: 635 Brainwriting, Dot Vote
3. Share & Evaluate (~10 min)

Figure A.1: Co-design workshop: the agenda



A. Co-Design Workshop

1.1 Understand: the question

% .

Implementation Model Represented Models Mental Model
reflects technology reflects user’s vision

worse better
* Collect signals from the truck * The process of coaching
and process them into * What information to .. ..
X " . N * Fuel-sufficiency driving
meaningful information communicate?
* Communicate information to * When to communicate?

the driver---the touchpoints

. * How to communicate?
between human and vehicle

Cooper, A., Reimann, R., Cronin, D., & Noessel, C. (2014). About face: the essentials of interaction design. John Wiley & Sons

Figure A.2: Co-design workshop: understand the design challenge (a)

1.2 Understand: user personas

Personal Details Personal Details

Attention while Driving

...opposite to each other in

Attention while Driving

= - Eric —
— T e s * driving experience
- : * attitude towards technologies
Lasoiesty Gty Destrioator
” * eco driving knowledge and

performance

* vebhicle profiles leading to
varied driving scenarios: goals,
needs

Goals

Goals

sameone.

Needs

Frustrations
Frustrations

isent T —

Figure A.3: Co-design workshop: understand the design challenge (b)
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A. Co-Design Workshop

1.3 Understand: design principles

time
efficiency

ownership
Effectiveness
suppor
‘ U
ser
) Safety
Experience

controlness

Figure A.4: Co-design workshop: understand the design challenge (c)

1. Informative

The eco driving coaching should be able to communicate appropriate
amount of information to the driver in an intuitive and transparent way.
Those information should be most sufficient for the driver to understand
how they perform in fuel efficiency and what to improve, and least
disturbing and overwhelming to the other driving activities.

1 . 4 2. Motivative

D e S I g n The eco driving coaching should be persuasive with good user experience
being considered. It can motivate the driver to change driving behaviors

Re q u i re m e n into suggested directions, assisting the driver to pursue and keep a fuel

efficiency driving style.

3. Adaptive and customizable

The eco driving coaching should be flexible and intelligent to cope with
various scenarios and driver's needs.

4. ... more?

Figure A.5: Co-design workshop: understand the design challenge (d)
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A. Co-Design Workshop

2. Activities in group

ONLINE FACE-TO-FACE

Miro board:
https://miro.com/app/board/uXjVPbyHqS4=/?share_link_id=359890148901

Figure A.6: Co-design workshop: activities in groups

10 min
2.1 Prime

Fr ee ta ’ kS Share good/bad experiences of being coached or coaching

* Asport, an in-job training, safety training...
* How was the result? What influenced it ?

* How did you feel? Why did you feel in that way? Any
chance to improve the experience?

Figure A.7: Co-design workshop: Prime
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A. Co-Design Workshop

20 min

generate many ideas by

contribution and integration
to each other's suggestions

Swap your worksheets by passing
them on to the team member
sitting at your right

Get inspired from the ideas you
read on the sheet written by your
neighbors; contribute to the ideas
by integrating or completing them

The process goes on until the
worksheet is completely filled in

/

2

635

2.2 Probe
Why-How Laddering
Steps to follow Why? z
P
1. Group starts with .
e = the frustrations in 1.2 Personas [ I
A way of reconsidering a - 1.4requirements - s
Erobldem‘statement by' it 2. Move up the ladder by asking
roadening or narrowing its
prose g g Why? to expand the scope of e — e
your inquiry
3. Move down the ladder by asking FAY
How? To frame the problem L £ %
more concretely and specifically, l
which give you ideas for how to e g
address the needs l == =
How? E
Figure A.8: Co-design workshop: Probe
20-25
min
2.3 Generate
635 Brainwriting steps to follow
1. Each participant write down 3
A tructured ideas on a specific worksheet —
gl:oup-s r'uc b3 _ within 5 minutes in any graphical o &~
brainstorming technique to form: written, drawn, symbol... ‘—Tr- e

)

5

\ Participants Ideasper  Passon
}u_[\ participant /

.o

Ekm»’4

Figure A.9: Co-design workshop: Generate (a)




A. Co-Design Workshop

20 min
2.3 Generate
Dot Vote Steps to follow
An individual action to achieve 1. Each person presents the ideas on e
group consensus on 4 solutions the sheet in front of you e o~
2. The team can ask questions or 9_’_
discuss details PP Py
3. Each of you have 4 votes on the — =

ideas from the worksheets °®
4,  Get the 4 most popular ideas

Figure A.10: Co-design workshop: Generate (b)

3 Share & Evaluate (~10 min)

Let’s go to Miro/physical whiteboard altogether

Figure A.11: Co-design workshop: Share and evaluate (a)
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A. Co-Design Workshop

3. Share

*Each group shares their 4 solutions
*Questions and feedback from the other group

Thank you
for

Your
participation

Figure A.12: Co-design workshop: Share and evaluate (b)
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User Questionnaire

User Interface Improvement for Onboard Driver
Eco Coaching (DECO)- INSTANCE 1

Consent

Welcome to our research study!

The survey is part of a master’s thesis from Chalmers University of Technology
collaborated with Volvo Group Truck Technology. We would like to hear your voice,
as a truck driver, to help us improve the user interface of Volvo Truck’s Onboard
Driver Eco Coaching (DECO) system.

In this survey, you will respond based on your reflection on fuel/energy efficiency
in your daily mission, your needs for the eco-driving coaching system, and your
experience of DECO (if you have any). Please be assured that your responses will
be anonymised.

The survey should take you 6 10 min to complete. Your participation in this research
is voluntary. You have the right to withdraw at any point during the study.

By clicking the button below, you acknowledge that your participation in the study
is voluntary, you are 18 years of age, and that you are aware that you may choose
to terminate your participation in the study at any time and for any reason.

We appreciate your time and insight.

[I consent. Begin the study] or [I do not consent. Terminate the study]

Demographic

o What is your age? (18-24, 25-84, 35-44, 45-54, 55-64, 65 years or older)
[Single choicel

o How many years have you driven trucks? (0-5, 6-10, 11-15, 16-20, 21-25,
26-30, more than 30) [Single choicel

o What is your most common type of driving? (Distribution, Long-haul, Con-
struction, Other) [Single choice]

« Do you pay for the truck’s fuel/electricity bills by yourself? [Yes or No]

IX



B. User Questionnaire
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Figure B.1: Representative picture from The Company’s onboard DECO

Eco-Driving Experience

Where do you position yourself in terms of your levels of motivation, knowledge,
awareness, and performance of fuel/energy efficiency driving?

o How motivated are you to drive fuel/energy efficiently? [5-point Likert
scale: 1 is very low, 5 is very high]

o How much knowledge do you have with driving fuel/energy efficiently? (Knowl-
edge refers that you know what to do and how to do in terms of eco-driving)
[5-point Likert scale: 1 is very little, 5 is very much]

o How aware are you of fuel/energy efficiency when driving the truck? (Aware-
ness refers that you can think of fuel/energy efficiency and/or understand it
exists) [6-point Likert scale: 1 is very low, 5 is very high]

o Rate your performance of eco-driving in your daily mission. [5-point
Likert scale: 1 is very low, 5 is very highl]

The Company’s Onboard Driver Eco Coaching (DECO)

Please answer the questions based on your experience of using The Company’s on-
board Driver Eco Coaching.

o Have you used The Company’s onboard Driver Eco Coaching (DECO) system

shown in Figure B.17 [if Yes, continue; if No, jump to the question in Section
B]

Figure B.2 to B.5 are given to help you recall how the DECO system works, as well
as the primary features the system has.

How frequently do you use the following features in your daily mission? (Please use
the above pictures as references in terms of each feature)

1. View the overall accumulated score of eco-driving. [6-point Likert scale:
1 is never, 5 is always]



B. User Questionnaire

BN OO % 2020

6 2 100 02:18h  227km

NORORO
: %4 75 e

Figure B.2: View the over- Figure B.3: View of sub-
all accumulated score of eco- KPI’s gauges

driving, and view of key per-

formance indicator’s (KPI's)

gauges

X2 0 & 2020

Figure B.4: View of sub- Figure B.5: Receive real-
KPI's gauges time coach notifications as
toasts (on the instrument clus-
ter)
2. View of key performance indicator’s (KPI’s) gauges. [5-point Likert

scale: 1 is never, 5 is always]

3. View of sub-KPI’s gauges. [5-point Likert scale: 1 is never, 5 is
always]

4. View the list of coach notifications. [5-point Likert scale: 1 is never,
5 is always]

5. Receive real-time coach notifications as toasts (on the instrument cluster).
[5-point Likert scale: 1 is never, 5 is alwaysl]

How useful do you think the following features will help you to perform better in
your eco-driving? (Please use the above pictures as references in terms of each
feature)

1. View the overall accumulated score of eco-driving. [5-point Likert scale:
1 is not at all useful, 5 is extremely useful]

2. View of key performance indicator’s (KPI’s) gauges. [5-point Likert
scale: 1 is not at all useful, 5 is extremely usefull]

3. View of sub-KPI’s gauges. [5-point Likert scale: 1 is not at all useful,
5 is extremely useful]

4. View the list of coach notifications. [5-point Likert scale: 1 is not at
all useful, 5 is extremely useful]
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B. User Questionnaire

5. Receive real-time coach notifications as toasts (on the instrument cluster).
[5-point Likert scale: 1 is not at all useful, 5 is extremely useful]

o How likely would you recommend Volvo Driver Eco Coaching to a friend or col-
league? [10-point scale: 1 is not at all likely, 10 is extremely
likely]

o Any opinion about DECO? Leave it here! [Text field]

Rate Concept Features

The following are new concepts that we are considering to design for the future
onboard eco-driving coaching system. Please state how much appealing you think
they are to help you drive fuel/energy efficiently.

o For each trip, focus on a limited number of categories/KPls (eg. anticipation
and standstill) to be trained based on your historical performance. [5-point
Likert scale: 1 is not at all appealing, 5 is very appealing]

o For each trip, focus on a limited number of categories/KPIs (eg. anticipation
and standstill) to be trained based on your route. [6-point Likert scale:
1 is not at all appealing, 5 is very appealing]

o Be able to set eco-driving goal(s) for a specific trip (scenario: When starting
the Driver Eco Coaching, set a target/goal for eco-driving, eg. how much
fuel/energy you want to save). [5-point Likert scale: 1 is not at
all appealing, 5 is very appealing]

o Receive eco-driving tips in advance before a situation happens (scenario: when
Carl is approximating a downhill, he gets a notification "coasting downhill
to save fuel”). [5-point Likert scale: 1 is not at all appealing, 5
is very appealing]

o Receive instant feedback (good/bad action) on your behavior related to eco-
driving (scenario: the system gives a hint to Carl to indicate how properly he
coasted downhill). [6-point Likert scale: 1 is not at all appealing,
5 is very appealing]

e Have an overview on Instrument Cluster to track your progress. [5-point
Likert scale: 1 is not at all appealing, 5 is very appealing]

o Route fuel/energy map: view eco-driving feedback or tips visualized on a route
map. [5-point Likert scale: 1 is not at all appealing, 5 is very
appealing]

o View your achievement: how much fuel/energy you have saved from eco-
driving. [6-point Likert scale: 1 is not at all appealing, 5 is very
appealing]

o Public Leaderboard: view your colleagues’ scores and compare to them publicly
(driving similar truck on similar route). [5-point Likert scale: 1 is
not at all appealing, 5 is very appealing]

o Anonymous Leaderboard: view your colleagues’ scores and compare to them
anonymously (driving similar truck on similar route). [5-point Likert scale:
1 is not at all appealing, 5 is very appealing]
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o (et a post-trip summary including your weaknesses and where to improve in

terms of eco-driving. [5-point Likert scale: 1 is not at all appealing,

5 is very appealing]

e (et a post-trip summary including what you have improved compared to your
historical records. [5-point Likert scale: 1 is not at all appealing,
5 is very appealing]

o Any other idea to create a better driver eco coaching system? Leave it here!
[Text field]

User Interface Improvement for Onboard Driver
Eco Coaching (DECO)- INSTANCE 2

Consent

Welcome to our research study!

The survey is part of a master’s thesis from Chalmers University of Technology
collaborated with Volvo Group Truck Technology. We would like to hear your voice,
as a truck driver, to help us improve the user interface of Volvo Truck’s Onboard
Driver Eco Coaching (DECO) system.

In this survey, you will respond based on your reflection on fuel/energy efficiency
in your daily mission, your needs for the eco-driving coaching system, and your
experience of DECO (if you have any). Please be assured that your responses will
be anonymised.

The survey should take you 6 10 min to complete. Your participation in this research
is voluntary. You have the right to withdraw at any point during the study.

By clicking the button below, you acknowledge that your participation in the study
is voluntary, you are 18 years of age, and that you are aware that you may choose
to terminate your participation in the study at any time and for any reason.

We appreciate your time and insight.

[I consent. Begin the study] or [I do not consent. Terminate the study]

Demographic

o What is your age? (18-24, 25-84, 35-44, 45-54, 55-64, 65 years or older)
[Single choice]

o How many years have you driven trucks? (0-5, 6-10, 11-15, 16-20, 21-25,
26-30, more than 30) [Single choicel

o What is your most common type of driving? (Distribution, Long-haul, Con-
struction, Other) [Single choice]
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Figure B.6: Representative picture from The Company’s onboard DECO

» Do you pay for the truck’s fuel/electricity bills by yourself? [Yes or No]

Eco-Driving Experience

Where do you position yourself in terms of your levels of motivation, knowledge,
awareness, and performance of fuel/energy efficiency driving?

o How motivated are you to drive fuel/energy efficiently? [5-point Likert
scale: 1 is very low, 5 is very high]

o How much knowledge do you have with driving fuel/energy efficiently? (Knowl-
edge refers that you know what to do and how to do in terms of eco-driving)
[6-point Likert scale: 1 is very little, 5 is very much]

o How aware are you of fuel/enerqgy efficiency when driving the truck? (Aware-
ness refers that you can think of fuel/enerqy efficiency and/or understand it
erists) [6-point Likert scale: 1 is very low, 5 is very high]

e Rate your performance of eco-driving in your daily mission. [5-point
Likert scale: 1 is very low, 5 is very high]

Usability Of The Company’s Onboard Driver Eco
Coaching (DECO)

Please answer the questions based on your experience of using The Company’s on-
board Driver Eco Coaching.

o Have you used The Company’s onboard Driver Eco Coaching (DECO) system
shown in Figure B.67 [if Yes, continue; if No, jump to the question in Section
B
Figure B.7 to B.10 are given to help you recall how the DECO system works.

o [ think that I would like to use this system frequently. [5-point Likert
scale: 1 is strongly disagree, 5 is strongly agree]

XIV



B. User Questionnaire

BN OO % 2020

6 2 100 02:18h  227km

NORORO
: %4 75 e

Figure B.T: Picture of Figure B.8: Picture of
DECO (a) DECO (b)

Figure B.9: Picture of Figure B.10: Picture of
DECO (c) DECO (d)

I found the system unnecessarily complex. [5-point Likert scale: 1 is
strongly disagree, 5 is strongly agree]

I thought the system was easy to use. [6-point Likert scale: 1 is strongly
disagree, 5 is strongly agree]

I think that I would need the support of a technical person to be able to
use this system. [5-point Likert scale: 1 is strongly disagree, 5

is strongly agree]

I found the various functions in this system were well integrated. [5-point
Likert scale: 1 is strongly disagree, 5 is strongly agree]

I thought there was too much inconsistency in this system. [6-point Likert
scale: 1 is strongly disagree, 5 is strongly agree]

I would itmagine that most people would learn to use this system very quickly.
[5-point Likert scale: 1 is strongly disagree, 5 is strongly agree]
I found the system wvery cumbersome to use. (cumbersome: awkward be-
cause of being large, heavy, or not effective) [5-point Likert scale: 1

is strongly disagree, 5 is strongly agree]

[ felt very confident using the system. [6-point Likert scale: 1 is strongly
disagree, 5 is strongly agree]

I needed to learn a lot of things before I could get going with this system.
[6-point Likert scale: 1 is strongly disagree, 5 is strongly agree]

How likely would you recommend Volvo Driver Eco Coaching to a friend or col-
league? [10-point scale: 1 is not at all likely, 10 is extremely
likely]

What do you like most about DECO? [Text field]

What do you like least about DECO? [Text field]

XV
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Rate Concept Features

The following are new concepts that we are considering to design for the future
onboard eco-driving coaching system. Please state how much appealing you think
they are to help you drive fuel/energy efficiently.

o For each trip, focus on a limited number of categories/KPIs (eg. anticipation
and standstill) to be trained based on your historical performance. [5-point
Likert scale: 1 is not at all appealing, 5 is very appealing]

o For each trip, focus on a limited number of categories/KPlIs (eg. anticipation
and standstill) to be trained based on your route. [5-point Likert scale:
1 is not at all appealing, 5 is very appealing]

o Be able to set eco-driving goal(s) for a specific trip (scenario: When starting
the Driver Eco Coaching, set a target/goal for eco-driving, eg. how much
fuel/energy you want to save). [6-point Likert scale: 1 is not at
all appealing, 5 is very appealing]

 Receive eco-driving tips in advance before a situation happens (scenario: when
Carl is approximating a downhill, he gets a notification "coasting downhill
to save fuel"). [6-point Likert scale: 1 is not at all appealing, 5
is very appealing]

o Receive instant feedback (good/bad action) on your behavior related to eco-
driving (scenario: the system gives a hint to Carl to indicate how properly he
coasted downhill). [6-point Likert scale: 1 is not at all appealing,
5 is very appealing]

e Have an overview on Instrument Cluster to track your progress. [5-point
Likert scale: 1 is not at all appealing, 5 is very appealing]

o Route fuel/energy map: view eco-driving feedback or tips visualized on a route
map. [5-point Likert scale: 1 is not at all appealing, 5 is very
appealing]

o View your achievement: how much fuel/energy you have saved from eco-
driving. [6-point Likert scale: 1 is not at all appealing, 5 is very
appealing]

o Public Leaderboard: view your colleagues’ scores and compare to them publicly
(driving similar truck on similar route). [5-point Likert scale: 1 is
not at all appealing, 5 is very appealing]

o Anonymous Leaderboard: view your colleagues’ scores and compare to them
anonymously (driving similar truck on similar route). [5-point Likert scale:
1 is not at all appealing, 5 is very appealing]

o (et a post-trip summary including your weaknesses and where to improve in
terms of eco-driving. [5-point Likert scale: 1 is not at all appealing,
5 is very appealing]

o Glet a post-trip summary including what you have improved compared to your
historical records. [6-point Likert scale: 1 is not at all appealing,
5 is very appealing]

o Any other idea to create a better driver eco coaching system? Leave it here!
[Text field]
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Results of User Questionnaire

Demographic Information

RESPONDENTS ARE FROM...

Figure C.1: Regions where participants were from

VEHICLE PROFILES

B Czech

u Lithuania

M Poland

® Finland

W Hungary

W Belgium

W Norway

W Switzerland
u the UK

M the Netherands

B Construction
W Distribution
u Long-haul

m Other

Figure C.2: Distribution of the participants’ vehicle profiles
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Driving Experience (year)

30

25 24

20 18 18

. 14 15

10 9 8

| —

0

0~5 6~10 11715 16~20 21725 26™30 more than

30

Figure C.3: Years of driving trucks of participants

DECO: Frequency of Use and Usefulness

USER EXPERIENCE
OF DECO

* How frequently do you use the following features in your daily mission?
1&2 1 never, ..., 5 always

* How useful do you think the following features will help you to perform
better in your eco-driving?

1notatall, ..., 5 extremely
3
Frequency of use Usefulness
Ave/5.0 Med/5.0 Ave/5.0 Med/5.0
4 1. View the overall accumulated score of eco driving 417 4.0 4.00 4.0
2. View of key performance indicators' (KPI's) gauges 375 4.0 379 4.0
3. View of sub-KPI's gauges 3.46 3.5 3.54 4.0
5 4. View the list of coach notifications 2.58 2.0 3.00 3.0

5. Receive real-time coach notifications as toasts (on

the instrument cluster) 219 3.0 317 3.0

Figure C.4: Scores for frequency of use and usefulness of 5 key features
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Concepts Evaluation

FUTURE
CONCEPTS
EVALUATION

how much appealing you think they are to
help you drive fuel/energy-efficiently?

(1 not at all appealing ,..., 5 very appealing)

Concept
Have an overview on Instrument Cluster to track your progress

View your achievement: how much fuel/energy you have saved
from eco-driving

Get a post trip summary including your weaknesses and where
to improve in terms of eco-driving

Get a post trip summary including what you have

improved compared to your historical records

Receive instant feedback (good/bad action) on your behavior
related to eco-driving

Receive eco-driving tips in advance before a situation happens
Route fuel/energy map: view eco-driving feedback or tips
visualized on a route map

For each trip, focus on a limited number of categories/KPIs (eq.
anticipation and standstill) to be trained based on your
historical performance

For each trip, focus on a limited number of categories/KPIs (eg.
anticipation and standstill) to be trained based on your route

Be able to set eco-driving goal(s) for a specific trip

Anonymous Leaderboard: view your colleagues' scores and
compare to them anonymously (driving similar truck on similar
route)

Public Leaderboard: view your colleagues' scores and compare
to them publicly (driving similar truck on similar route)

Ave/5.0
4.25

417

447

411
3.95
3.23

3.93

3.82

3.82

3.69

3.61

Med/5.0

5.0

5.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

4.0

Figure C.5: Scores for appealingness of 12 concept features
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Prototype Walkthrough

Scenarios

Below is the description of 8 scenarios for Prototype A.

1.

2.

You get on the truck and prepare to start your trip. Feel free to check around.
« Interact with DECO on the SID (Secondary Information Display)
Now you are driving on the road. Based on the route of this trip, you are
about to go downhill.
o Take a look at the IC (Instrument Cluster)

. You followed the tip by coasting downhill.

o Take a look at the IC
o Take a look at the SID

. Now you are driving on the highway. You have been using Cruise Control for

a while as you know it can help save energy.
« Take a look at the SID (Secondary Information Display)

. You are still driving on a highway with high speed. You were distracted a

little bit so you didn’t notice the car in front of you has been reducing speed.
When you realized that you need to do something, you did a series of harsh
braking.

o Take a look at the IC (Instrument Cluster)

o Take a look at the SID

. After a while, here comes a short break when waiting for a red light, so you

have a moment to interact with the SID (Secondary Information Display).
e Interact with the SID
Now it’s the end of the trip. You pulled over the truck and now you are able to
interact with the SID (Secondary Information Display) as much as you want.
e Interact with the SID

. The other day, you started a new trip.

¢ Reset DECO

Below is the description of 7 scenarios for Prototype B.

1.

You get on the truck and prepare to start your trip. Feel free to check around.
o Interact with DECO on the SID (Secondary Information Display)

. Now you are driving on the road. Based on the route of this trip, you are

about to go downhill.

. You coasted downhill.

e« Take a look at the SID
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4. Now you are driving on the highway. You have been using Cruise Control for
a while as you know it can help save energy.

o Take a look at the SID (Secondary Information Display)

. You are still driving on a highway with high speed. You were distracted a
little bit so you didn’t notice the car in front of you has been reducing speed.
When you realized that you need to do something, you did a series of harsh
braking.

« Take a look at the IC (Instrument Cluster)

Now it’s the end of the trip. You pulled over the truck and now you are able to
interact with the SID (Secondary Information Display) as much as you want.

¢ Interact with the SID

7. The other day, you started a new trip.

e Reset DECO

Instruction on Walkthrough

Figure D.1: Instruction on the prototype walkthrough during the user test
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@ 20 min
Prototype Walkthrough

Purpose: understand the design solutions, evaluate them based on the design goals

2 sessions: Prototype A and Prototype B
- In each session, prototypes will be presented in 7(8) driving scenarios
+ On the 2 screens: the Instrument Cluster (PC) and the Secondary Information Display (tablet)
- Some questions will be asked after each session

Procedures:
+ Read out the scenario description, imagine you were a driver in such a scenario
+ (What you could do in such scenarios)
+ View the IC (the Instrument Cluster)
- View the SID (Secondary Information Display)
- Interact with the SID (Secondary Information Display)
+ Think-aloud protocol: say everything comes in your mind, eg. what you are looking at, thinking, doing, and feeling

Start Recording
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Questionnaire and Interview
Questions in User Testing

Questionnaire

Consent

Welcome to our research study! The survey is part of a master’s thesis from Chalmers

University of Technology collaborated with Volvo Group Truck Technology to im-
prove the User Interfaces of the onboard Driver Eco Coaching (DECO). In this study,

you will be presented the HMI prototypes of DECO and asked to answer a series of
questions on the survey, followed by a semi-structured interview. More instructions
will be given before the study starts. Please be assured that all your responses will
be anonymized. The study should take you approximately 50 minutes to complete.

Your participation in this research is voluntary. You have the right to withdraw at
any point during the study. By clicking the button below, you acknowledge that

your participation in the study is voluntary, you are 18 years of age, and that you
are aware that you may choose to terminate your participation in the study at any
time and for any reason.

[I consent. Begin the study] or [I do not consent. Terminate the study]

Demographic

o What is your age? (male, female, prefer not to say) [Single choice]
o What is your age? (The value must be a number) [Text field]
o What is your profession/role? [Text field]

Prototype A

Motivation

if I were a driver using DECO with this HMI, I would like to pursue eco-driving
because...
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o Somebody else wants me to do it or because I get something out of it. [7T-point
Likert scale: 1 is not at all for this reason, 7 is completely for
this reason]

o Twould feel ashamed, guilty, or anzious if I did not. [7T-point Likert scale:

1 is not at all for this reason, 7 is completely for this reason]

o [ really believe it is an important goal to have. [7-point Likert scale: 1
is not at all for this reason, 7 is completely for this reason]

o Of the fun and enjoyment that it provides me. [T-point Likert scale: 1
is not at all for this reason, 7 is completely for this reason]

Acceptance

o [ think DECO with this HMI is [6-point Likert scale: 1 is useful, 5
is useless]

o [ think DECO with this HMI is [6-point Likert scale: 1 is pleasant,
5 is unpleasant]

o [ think DECO with this HMI is [6-point Likert scale: 1 is bad, 5 is
good]

o [ think DECO with this HMI is [5-point Likert scale: 1 is nice, 5
is annoying]

o [think DECO with this HMI is [6-point Likert scale: 1 is effective,
5 is superfluous]

o [think DECO with this HMI is [6-point Likert scale: 1 is irritating,
5 is likable]

o [think DECO with this HMI is [6-point Likert scale: 1 is assisting,
5 is worthless]

o [think DECO with this HMI is [6-point Likert scale: 1 is undesirable,
5 is desirable]

o [think DECO with this HMI is [6-point Likert scale: 1 is sing alert,
5 is sleep-inducing]

System Usability Scale (SUS)

o [ think that I would like to use this system frequently. [5-point Likert
scale: 1 is strongly disagree, 5 is strongly agree]

o [ found the system unnecessarily complex. [5-point Likert scale: 1 is
strongly disagree, 5 is strongly agree]

o [Ithought the system was easy to use. [5-point Likert scale: 1 is strongly
disagree, 5 is strongly agree]

o [ think that I would need the support of a technical person to be able to
use this system. [6-point Likert scale: 1 is strongly disagree, 5
is strongly agree]

o [ found the various functions in this system were well integrated. [5-point
Likert scale: 1 is strongly disagree, 5 is strongly agree]

o [ thought there was too much inconsistency in this system. [5-point Likert
scale: 1 is strongly disagree, 5 is strongly agree]
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o [ would tmagine that most people would learn to use this system very quickly.
[5-point Likert scale: 1 is strongly disagree, 5 is strongly agree]

o [ found the system wvery cumbersome to use. (cumbersome: awkward be-
cause of being large, heavy, or not effective) [5-point Likert scale: 1

is strongly disagree, 5 is strongly agreel

o [ felt very confident using the system. [5-point Likert scale:

disagree, 5 is strongly agree]

1 is strongly

o [ needed to learn a lot of things before I could get going with this system.
[6-point Likert scale: 1 is strongly disagree, 5 is strongly agree]

Prototype B

Motivation

if I were a driver using DECO with this HMI, I would like to pursue eco-driving

because. ..

o Somebody else wants me to do it or because I get something out of it. [7-point
Likert scale: 1 is not at all for this reason, 7 is completely for

this reason]

o Twould feel ashamed, guilty, or anzious if I did not. [7T-point Likert scale:
1 is not at all for this reason, 7 is completely for this reason]

o [ really believe it is an important goal to have. [7T-point Likert scale: 1
is not at all for this reason, 7 is completely for this reason]

o Of the fun and enjoyment that it provides me. [7T-point Likert scale: 1
is not at all for this reason, 7 is completely for this reason]

Acceptance

o [ think DECO with this HMI is [5-point Likert scale:
is useless]

o [ think DECO with this HMI is [6-point Likert scale:
5 is unpleasant]

o [ think DECO with this HMI is [6-point Likert scale:
good]

o [ think DECO with this HMI is [6-point Likert scale:
is annoying]

o [think DECO with this HMI is [6-point Likert scale: 1

5 is superfluous]

o [think DECO with this HMI is [6-point Likert scale: 1

5 is likablel]

o [think DECO with this HMI is [6-point Likert scale: 1

5 is worthless]

o [think DECO with this HMI is [6-point Likert scale: 1

5 is desirable]

1

is

is

is

is

1 is useful, 5
1 is pleasant,

1 is bad, 5 is

is nice, 5

effective,

irritating,

assisting,

undesirable,
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o [think DECO with this HMI is [6-point Likert scale: 1 is sing alert,
5 is sleep-inducing]

Interview Questions

The following questions were specifically targeted to Prototype A, the NEW proto-
type.
o How do you understand the eco tree?
e How do you understand those notifications?
e How do you understand the list of past events?
o Did you notice there is more information of subKPIs?What do you think of
it?
e Do you think Duration and Distance are in a proper place? Or should they be
displayed on the Performance screen?
o When do you think the drivers are likely to view the Achievements screen? In
which kind of driving scenario?
o What do you think of the customizable coaching categories?
o if there is voice coaching, do you think it should be solely broadcast or given
along with the text notifications?
The last two questions were only for experts in UX design or research.
o Is there any Usability problem you identified but we haven’t talked about?
o Any suggestions for improvements?
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