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Executive summary

The i-DREAMS project aims at setting up a framework for the definition, development, testing

and validation of a context-aware safetyenvelope f or dri ving called the ¢
Zoneb6. Taking into account dtimeériskeindicaboms askogiatedu nd f ac
with the driving performance as well as the driver state and driving task complexity

indicators, a continuous real-time assessment will be made to monitor and determine if a

driver is within acceptable boundaries of safe operation. Moreover, safety-oriented

interventions will be developed to inform or warn the driver in real-time as well as on an

aggregated level after driving, through an app- and web-based gamified coaching platform

(post-trip intervention). Furthermore, a user-license Human Factors database with

anonymized data from the simulator and field experiments will be developed.

The conceptual framework of the i-DREAMS platform integrates aspects of monitoring (such
as context, operator, vehicle, task complexity and coping capacity), to develop a Safety
Tolerance Zone for driving. In-vehicle interventions and post-trip interventions will help to
maintain the safety tolerance zone as well as provide feedback to the driver. This conceptual
framework will be tested in simulator studies and three stages of on-road trials in Belgium,
Germany, Greece, Portugal and the United Kingdom with a total of 600 participants
representing car, bus, truck, tram and train drivers.

The main purpose of this deliverable is to elaborate on the more precise operationalization of
the in-vehicle and the post-trip interventions provided by the i-DREAMS platform. The more
specific objectives are:

1 To identify the objectives targeted by the in-vehicle and post-trip interventions inside
the i-DREAMS platform.

1 To select methods for behavioural change which are appropriate for the achievement
of the objectives targeted by the in-vehicle and post-trip interventions inside the i-
DREAMS platform.

1 Toidentify critical parameters for the way in which the selected methods will be
practically applied in the in-vehicle and post-trip interventions inside the i-DREAMS
platform.

9 To translate the selected methods for the in-vehicle interventions inside the i-
DREAMS platform into material designs (i.e. front-end) that take the critical use
parameters into account.

1 To translate the selected methods for the post-trip interventions inside the i-DREAMS
platform into gamification mechanisms and features (i.e. front-end) that take the
critical use parameters into account.

This Deliverable is structured as follows: after a general introduction, Chapter 2 provides
more background on the i-DREAMS platform. The three main components inside this
platform (i.e. the risk monitoring module, the Safety Tolerance Zone envelope, and the
intervention module) are briefly presented. Attention in this Deliverable will go to the
interventions module. More in detail, a paradigmatic classification of the in-vehicle and post-
trip interventions is proposed. In terms of behavioural change, the in-vehicle interventions will
be categorized as nudging while the post-trip interventions align more with the principles of
coaching. The key-characteristics of nudging and coaching are discussed, and the important
point will be made that in-vehicle and post-trip interventions actually are meant to
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complement and mutually reinforce each other, which is why they will be combined in an

integrated framework. More in particular, the in-vehicle interventions (i.e. nudging) are
operational during a trip and pri marnmaking meant
while driving. Post-trip interventions (i.e. coaching) are operational prior to or after a trip and
primarily meant to empower vehicle operators in taking appropriate decisions while driving.

Nudging and coaching are complementary in a sense that nudging aims to improve the
vehicle operatorés safety via meatnggsaferarivingppn of
environment), while coaching aims to i mprove
of the human operator him or herself (i.e. creating a safer driver).

When developing interventions to change behaviour, like in the case of the i-DREAMS
project, numerous choices have to be made. These choices revolve around a series of
important questions about which interventions work to create behavioural change, for
instance: how to logically assess a road safety problem? How to get from goals and
objectives to intervention strategies? How to decide which intervention methods to use? How
to link intervention design with implementation? Chapter 3 is dedicated to Intervention
Mapping. This is a six-step protocol, providing a vocabulary for intervention program
planning, procedures for organizing activities, and assistance in making evidence-based
choices in terms of objectives to be targeted, and methods to achieve these. It maps the path
from recognition of a need or problem to the identification of a solution, and the evaluation of
that solution. Intervention Mapping was used as a roadmap to organize and structure the
operational toolbox for the in-vehicle and post-trip interventions that follows later in Chapter
6.

Chapter 4 is devoted to the theoretical foundations of behavioural change to be considered
when designing the operational toolbox for the i-DREAMS interventions. As such, Chapter 4
can be seen as the theoretical evidence-base of this Deliverable. It departs from a
taxonomical overview of available behaviour-based safety intervention formats that can be
found in the literature on transportation and safety. Based on review work in Deliverable 2.2,
three formats are selected as relevant for and matching with the scope of the i-DREAMS
project, i.e. real-time in-vehicle persuasive feedback without active intervention from
technology, vulnerable road user protection, and persuasive feedback via an app and a web-
based dashboard prior to or after trip completion. Eight theoretical frameworks essential for
behavioural change follow next.

1 The first framework (i.e. the Eco-feedback design behaviour framework) relates to the
use of real-time messages and how to effectively design these. According to the
framework, display, timing and information are crucial design criteria to consider.

1 The second framework (i.e. the COM-B Model) introduces the idea that for
behavioural change to be possible, the individual needs to have the opportunity to do
S0, possess the necessary capabilities, and be sufficiently motivated. These are in
other words, three psychological domains to be considered when developing an
appropriate behavioural change strategy, irrespective of whether the focus is on in-
vehicle or post-trip interventions.

1 The third framework (i.e. the Behavioural Change Techniques Taxonomy v1)
provides an expert consensus-based overview of methods for behavioural change.

1 The fourth framework (i.e. the IM Taxonomy of Behavior Change Methods) is not just
a descriptive inventory of available methods to change behaviour, but a decision-tool
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meant to help intervention planners in how to appropriately select and use change
methods.

1 The fifth framework (i.e. the Periodic Table of Gamification Elements) is a structured
categorization of gamification mechanics and is useful for the translation of change
methods into practical applications.

1 The sixth framework (i.e. the Transtheoretical Model of Behaviour Change) makes
the point that behavioural change is to be understood as a multi-staged process, and
that adopted change methods and strategies should be tailored to where in this
process of behavioural change an individual is situated.

1 The seventh framework (i.e. Self-Determination Theory) adds to that the idea that
people are motivated differently depending on where they are in the process of
behavioural change. These differences in turn, have important implications for the

selection of methods meant to influence a per
1 The eighth framework (i.e. the Goals For Driving Education Matrix) states that

modi fying a personb6s driving style, implies &

driving performance and o fsituatddendwmerdistabld e oper at

safety-related dispositions (e.g., attitudes, norms, values, life-goals, et cetera).

Depending on a person6s current performance (

overall safety-related disposition (more safety concerned vs less safety concerned),
he or she can be situated in a hierarchically structured learning process that moves
from simpler 6l ower order competenceso
The point is also raised that the Goals for Driving Education (GDE) -matrix served as
a kind of blueprint for those specific EU Directives that regulate the minimum
requirements for the obtainment of a private car driver licence, and for the initial
gualification and periodic training of professional drivers (i.e. Directive 2006/126/EC,
Directive 2003/59/EC, both amended by Directive 2018/645). Linking the post-trip
interventions to the competences implied by the GDE-matrix and the EU Directives
just mentioned, would substantially increase their adoption potential.

Chapter 5 further completes Chapter 4 with two important preliminary considerations that
apply across the different modes in the i-DREAMS project (i.e. car, bus, truck, tram, train).
The first is that the adoption and effectiveness of technology-mediated interventions (like the
ones that are being planned in the i-DREAMS project) is critically dependent upon whether
users have the intention to and are open for using a new system (i.e. acceptability), and how
they experience the actual use of a new system (i.e. acceptance). The Unified Model of
Driver Acceptance is used to identify the key-variables that determine user acceptance.
Since the post-trip interventions will be supported by a web-based platform, reference is also
made to the Research-Based Web Design & Usability Guidelines as proposed by the U.S.
Department of Health and Human Services and the U.S. General Services Administration.
Another preliminary consideration of importance for a successful implementation of the i-
DREAMS interventions, is the crucial difference between a private driver context and a
professional driver context. Forthel at t er , changing individual
an approach that is solidly embedded in the professional work context. Successful
interventions in the field of occupational health and safety actually require a strong safety-
oriented corporate culture and climate with strong management commitment, fleet safety
management, and communication regarding safety. The i-DREAMS interventions that will
take place in a professional work context will need active involvement of key-stakeholders in
the workplace environment surrounding professional vehicle operators (e.g. fleet safety
manager, planner, in-company coach or buddy).
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D3.3. Toolbox of recommended interventions to assist drivers in maintaining safety tolerance zone

Chapter 6 further builds upon insights coming from the previous chapters, and elaborates on
the toolbox for the i-DREAMS interventions itself, which was developed according to
Intervention Mapping. The toolbox consists of six compartments.

1 The first compartment is where the safety outcomes can be found. These represent
the highest level of impact targeted by the i-DREAMS interventions.

1 The second compartment contains the safety promoting goals. These represent the
behaviours that need to change in order for the safety outcomes to be realized.

1 The third compartment is dedicated to the performance objectives, i.e. the more
specific actions or behavioural parameters that need to change in order for the safety
promoting goals to be achievable.

1 The fourth compartment includes the change objectives. These apply to the
underlying behavioural determinants that need to change for the performance
objectives to become realizable.

1 The fifth compartment contains the change methods that will be selected for
application in the i-DREAMS interventions. Substantial attention will go to the so-
called frritical design parametersa These refer to properties of the selected change
methods that will determine their effectiveness.

T Compartment six includes the practical applications, i.e. the translation of the
selected change methods into practically applicable formats.

Also part of this Deliverable, are first drafts or mock-ups of what users of the i-DREAMS
interventions will receive at the front-end of the in-vehicle and post-trip interventions.

Chapter 7 is the final chapter of this Deliverable that brings together the most important
conclusions and recommendations for future steps in the i-DREAMS project. Logically, the
recommendations mostly relate to the critical design parameters that will determine the
effectiveness of the methods selected for application in the i-DREAMS interventions. Several
work packages and project tasks connect to and depart from ideas included in this
Deliverable. Key-recommendations are:

1 For Work Package 4: Technical implementation of the i-DREAMS interventions:
0 Inrespect to the in-vehicle interventions:

A As for the selection of a suitable display for the delivery of in-
vehicle messages, the most preferred option taking into account
feasibility and ease of installation would be a (cost affordable)
nomadic device allowing visual and auditory feedback.

A The design of this display would preferably be based on the
guidelines for Human-Machine Interfaces, as proposed by Naujoks
et al. (2019).

A In terms of message timing, preference should go towards a
situation-adaptive approach with an intelligent, personalized, and
multi-staged activation of in-vehicle messages.

A Regarding message information, a multi-sensory approach that
combines visual information and sound is the preferred option with
level of intrusiveness and information specificity changing in
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D3.3. Toolbox of recommended interventions to assist drivers in maintaining safety tolerance zone

function of how critical a detected risk is for the safety of the
vehicle operator. To guarantee instant comprehension and
persuasion, it is recommended to opt for highly guessable (i.e. self-
explanatory) icons and symbols and appropriate manipulation of
the acoustic properties of sound (i.e. loudness, pitch, and tone).

0 Inrespect to the post-trip interventions:

A Differences in both the quantity (i.e. how much you want to change
behaviour) and quality (i.e. why it is you want to change behaviour)
of motivation plead in favour of a person-tailored and a stage-
matched use of the change methods.

A Not only in terms of intervention efficacy, but regarding successful
adoption as well, it is of strategic importance to use the GDE-
matrix as a guiding instrument to determine and structure the
competences to be targeted, as the GDE-matrix gave direction to
the requirements proposed in the EU Directives that regulate the
minimum requirements for obtaining a private car driving licence,
and for initial qualification and periodic training of professional
drivers.

A In a professional work context, the post-trip intervention platform
should function as a kind of automated expert system, meant to
provide support to the different key-stakeholders that are actively
involved in the process of coaching professional vehicle operators
to improve their driving style (e.g. company management, outdoor
service providers coordinating fleet safety interventions, indoor
planners and coaches or buddies, end-users).

A In order to maximize user engagement and retention, it is
recommended to take into account the factors identified in the
studies by Brouwer et al. (2008) and Crutzen et al. (2008).

1 For Work Package 5: 5-country experiment:

0 For successful implementation of the i-DREAMS interventions in a
professional working context, it is important to have an implementation
protocol that clarifies which stakeholders will be involved, what their role
will be, what is expected from them, and how they are to interact with the
app and/or web-based platform. Preferably, such a stakeholder
implementation plan is to be developed in Deliverable 3.4 (Experimental
protocol).

0 The post-trip interventions as outlined in this Deliverable are to be seen as
a multi-modular program (i.e. vehicle operators can work on competences
situated at different levels of the GDE-matrix, like vehicle control, road
user interaction, speed management, driver fithess and use of safety
devices), meant to engage and retain vehicle operators for several weeks
or even months. In terms of time and duration, the empirical framework of
the i-DREAMS project will not allow the post-trip interventions to be fully
deployed for all participants involved (i.e. participants in the field trials will
only be exposed to the post-trip interventions for a few weeks). Taking into
account these time constraints, it is advisable to adopt a modular
implementation strategy with different sub-groups of participants being
exposed to specific modules that match with their baseline profile in terms
of current performance (e.g. novice vs experienced) and personal safety-
orientations (e.g. safety-related opinions and attitudes, sensation-seeking
inclination, et cetera).
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1 For Work Package 7: Evaluation of safety interventions:

o In this Deliverable, several safety outcomes have been proposed at the
highest (i.e. epidemiological) level of impact. For now, these have been
stated in terms of crash types. However, more specific and suitable
(surrogate) measures will have to be proposed to appropriately
operationalize objectives set at this highest level of impact. This is an
important consideration for Deliverable 7.1 (Methodology for the
evaluation of interventions).

o In order not to lose the logic strength of the change strategy proposed in
this Deliverable (i.&o0ormbhangeobppett ivess
safety promoting goals Y safety outcomes
measures for each of the links in this causal chain are proposed and
considered in relation to each other when assessing intervention effects.
This does not only apply to Deliverable 7.1 but to Deliverable 3.4 as well.

o For the interventions taking place in a professional work setting, data
analysis and interpretation of results v
climate into account, as this is expected to be a crucial environmental
factor influencing intervention effectiveness.

o Inline with corporate safety climate, individual user acceptance is to be
included in the analysis and interpretation of intervention effectiveness.

1 For Work Package 8:

o0 For successful adoption of the i-DREAMS post-trip interventions, it could
be a strategic advantage to stress their alignment with the EU Directives
that regulate the minimum requirements for obtaining a private car driving
licence, and for initial qualification and periodic training of professional
drivers.
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1 Introduction

The goal of this section is to provide a brief outline of the objectives of the specific
deliverable, how those are aligned and relevant with the overall project, and which approach

was followed in order to achieve them.

1.1 About the project

The overall objective of the i-DREAMS project is to setup a framework for the definition,

development, testing and validation of acontext-a war e saf ety envel ope

Tol er ance Zo n e 6Driver, WehidlerkiEnviroamest missessment and Monitoring
System (i-DREAMS). Taking into account driver background factors and real-time risk
indicators associated with the driving performance as well as the driver state and driving task
complexity indicators, a continuous real-time assessment will be made to monitor and
determine if a driver is within acceptable boundaries of safe operation. Moreover, safety-
oriented interventions will be developed to inform or warn the driver real-time in an effective
way as well as on an aggregated level after driving through an app- and web-based gamified
coaching platform. Figure 1 summarizes the conceptual framework, which will be tested in a
simulator study and three stages of on-road trials in Belgium, Germany, Greece, Portugal
and the United Kingdom with a total of 600 participants representing car, bus, truck and

tram/train drivers.

MONITORING

CONTEXT

road layout

ime & location

traffic charactenséics
weather

OPERATOR

mental state

drving behaviour
competences

personality charactenstics
socio-demographic factors
health status @
VEHICLE

technical specificaions

actuators & admitted actions

vehicle current stalus

TASK

COMPLEXITY

COPING
CAPACITY

IN-VEHICLE INTERVENTIONS

NORMAL | DANGER AVOIDABLE
DRIVING PHASE ACCIDENT

waming signal instruchon signal

APP
BASED
FEEDBACK

APP + WEB BASED
GAMIFIED COACHING
PLATFORM

POST-TRIP INTERVENTIONS

Figure 1: Conceptual framework of the i-DREAMS platform. The green frame indicates the thematic scope of this
deliverable (see section 1.2)

Expected by the end of the project in 2022, the key output of the project will be an integrated
set of monitoring and communication tools for intervention and support, including in-vehicle
assistance and feedback and notification tools as well as a gamified platform for self-
determined goal setting working with incentive schemes, training and community building
tools. Furthermore, a user-license Human Factors database with anonymized data from the

simulator and field experiments will be developed.
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D3.3. Toolbox of recommended interventions to assist drivers in maintaining safety tolerance zone

1.2 About this report

The work presented in this deliverable relates to the right part of Figure 1 (see green box),
i.e. the intervention pillar of the to-be-developed i-DREAMS platform. As can be seen, one of
the key-targets of the i-DREAMS platform is to keep vehicle operators as much as possible
within the Safety Tolerance Zone (STZ) while driving. In order to do so, a combination of in-
vehicle interventions and post-trip interventions will be deployed.

The in-vehicle interventions are meant to assist and support vehicle operators in real-time

(i.e. while driving). Depending on how imminent crash risks are, a distinction can be made

bet ween arbdbmbngéal pdase, a O@adableaacidentpphaseslie, and an
the normal driving phase, no abnormalities in a
by the monitoring pillar of the i-DREAMS platform, and no sign of a crash course initiating is

present. Consequently, no real-time intervention is required. In the danger phase, abnormal
deviations from the vehicl e oper-BREAMSGmoitatimgi vi ng s
module, and the potential for a crash course to unfold is present. A warning signal is to be

issued in that case. In the avoidable accident phase, deviations from normal driving have

evolved even further, and the risk for a crash to occur will become imminent if the vehicle

operator does not adapt appropriately to the present circumstances. A more intrusive

warning signal is to support vehicle operators in avoiding a collision.

The post-trip interventions are not operational while driving, but they are based on what

happens during a trip. They hinge upon all the raw data that is captured by the i-DREAMS

sensors, which is further processedandf used into information about a
driving style, how it evolved during a trip, how many (safety-critical) events occurred, and in

which circumstances these events happened. This information can be further translated into

feedback consultable for vehicle operators via an app in a pre- or post-trip setting. To

establish a longer-term relationship with individual vehicle operators, app-supported

feedback can be combined with the use of a web-based coaching platform, containing so-

called gamification features meant to motivate drivers to work on a gradual and persistent

improvement of their driving.

The main purpose of this deliverable is to elaborate on the more precise operationalization of
the conceptual ideas contained by the above mentioned descriptions of the in-vehicle and
post-trip interventions which together, constitute the second pillar of the i-DREAMS platform.
In more specific terms, the deliverable aims to address the following objectives:

1 To identify the objectives targeted by the in-vehicle and post-trip interventions
inside the i-DREAMS platform.

1 To select methods for behavioural change which are appropriate for the
achievement of the objectives targeted by the in-vehicle and post-trip
interventions inside the i-DREAMS platform.

1 Toidentify critical parameters for the way in which the selected methods will
be practically applied in the in-vehicle and post-trip interventions inside the i-
DREAMS platform.

 To translate the selected methods for the in-vehicle interventions inside the i-
DREAMS platform into material designs (i.e. front-end) that take into account
the critical use parameters.

1 To translate the selected methods for the post-trip interventions inside the i-
DREAMS platform into gamification mechanisms and features (i.e. front-end)
that take into account the critical use parameters.
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In addressing these objectives, the deliverable wants to make the step from (evidence-

based) abstract and theoretical principles of behavioural change to a set of practical

applications (i.e. material designs, gamification mechanisms and features) brought together

in an architectural blueprint that can be technically implemented later on in the project. As

such, this deliverable is to be considered astheoper at i on a forthairovehideo x 6
and post-trip interventions inside the i-DREAMS platform.

To situate it in the overall framework of the i-DREAMS project, deliverable 3.3 falls under

wor k package 3

totask3. 3 6Sel ection of

0 of the tDRtEIAMBa Ip | che § iog Mo ,
i ntervent i orFigag2melovac hes 6.

and r el

work package 3 (this deliverable included therein) takes a quite central position. This
deliverable to an important extent hinges upon findings coming from work package 2 where
deliverable 2.2 established the state-of-the-art in terms of in-vehicle and post-trip
interventions in the field of road safety. Deliverable 3.3 itself in turn, will be the guideline for
work to be carried out in work package 4 where the focus is on the technical implementation
of the i-DREAMS platform. Although this deliverable is not primarily focused on field

implementation-related procedures (thi s

s discussed in deliverabl

pr ot oitdoes @ropese a few considerations to be taken into account when rolling out the
in-vehicle and post-trip interventions during the 5-country experiment in work package 5. It
can be expected that experiences from the 5-country experiment will put into perspective
some of the insights proposed in work package 3, and so in this deliverable as well.

. DREAMS platform

A
-

WP6: Analysis risk factors

WP1:

Project
management

WP2: State-of-the-art

WP3: Operational design of i- Il' WP4: Technical implementation

WP5: 4-stage, 5-country experiment /

WP8: Road map to market and society

of i-DREAMS platform
WP9:

Stakeholder
consultation
and
dissemination

4

WP7: Evaluation of i-DREAMS
interventions

Figure 2: Framework for the implementation of the i-DREAMS project (Pert Chart)

This deliverable will be structured as follows. The first four sections (i.e. section two-five)
contain preliminary considerations helpful to understand the organization of this deliverable,
and important for the to-be-developed operational toolbox. Section two provides a bit more
background on the theoretical foundations of the i-DREAMS platform. Moreover, it highlights
and demonstrates the complementarity of the in-vehicle interventions on the one hand, and
the post-trip interventions on the other hand. Section three briefly discusses Intervention
Mapping which served as a protocol to organize the activities related to this deliverable, and
provided us with a useful blueprint to structure the contents of this report. Section four is
dedicated to some theoretical foundations of behavioural change, to be considered
throughout the remainder of this deliverable. Section five addresses a few preliminary cross-
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D3.3. Toolbox of recommended interventions to assist drivers in maintaining safety tolerance zone

modal considerations since the i-DREAMS project has a multi-modal dimension, targeting
cars, trucks, buses, and trams/trains. Section six is the most important part of this
deliverable. Following Intervention Mapping, we stepwise develop each of the operational
tools we need for the technical implementation of the in-vehicle and post-trip interventions
inside the i-DREAMS platform (see Work Package four). Finally, we summarize the most
important insights in section seven.

1.3 Reader guideline

This Deliverable is a public document targeting readers from different backgrounds, e.g.
academic experts, practictioners, policy makers, interested lay people, et cetera. Planning
interventions for behavioural change is however, a highly specialized scientific discipline with
its own technical jargon, executive protocols, and methodological specificities. Reconciling
this diversity of reader backgrounds and interests with the academic nature of the objectives
addressed in this Deliverable, was not evident. Notwithstanding, a good balance between an
acadmic orientation on the one hand, and a more practice-oriented perspective on the other
hand, was envisaged.

Readers more interested in practical aspects and technical details of how the interventions
proposed in this Deliverable will be implemented, are recommended to focus on chapter six
where the operational toolbox for the i-DREAMS interventions is proposed. More specifically,
sections 6.3.2 (i.e; critical design parameters), 6.3.3 (i.e. practical application) and 6.4 (i.e.
intervention production) will be relevant for those readers. People with a background in policy
making will also be primarily interested by chapter six, and more specifically, by section 6.1
which is where the targeted objectives of the i-DREAMS interventions are outlined, and
motivated. Academic experts and people more interested in the theoretical foundations of the
proposed interventions are advised to go through chapters two, four and five before reading
chapter six. In chapter six, sections 6.2 (i.e. logic model of change) and 6.3.1 (i.e. change
methods) will be of particular interest for those readers. In chapter two, sections 2.1to 2.4
are relevant for readers who first need more background about the i-DREAMS platform in
general, and about the purpose of the i-DREAMS intervention module more in particular.
Chapter three is helpful for readers who want to learn more about the protocol that was used
to operationalize the i-DREAMS interventions (i.e. Intervention Mapping).
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2 The i-DREAMS platform: background

The i-DREAMS project hinges upon the Task-Capability Interface Model (Fuller, 2000).
Central in this model is the aspect of calibration, which stands for the idea that road users
self-regulate their behaviour in function of personal estimations of the (in)balance between
imposed task demand and available coping capacity (Fuller, 2005). Both task demand and
available coping capacity are multi-dimensional concepts dependent upon a multitude of
(endogenous and exogenous) variables. Research demonstrates perceptions of experienced
task demand and available coping capacity are subjective (Michon, 1989). As a
consequence, the personally estimated critical safety tolerance zone (i.e. the time/distance
available to implement corrective actions safely) often does not correspond to objective
safety margins. Also, studies showthatwhati s O6acceptabl ed as a safety
subjective with differences not only between individuals but within the same individual
(across different situations and time) as well (Fuller, 2011). These phenomena together
undermine the effectiveness of self-regulative actions, resulting in an increased crash risk.

2.1 Control Theory: implications for conceptual design

According to experts working within the Control Theory Paradigm, important for a deeper

understanding of frameworks such as the Task-Capability Interface Model, is the time

window used for interpretation (Carver & Scheier, 1982). As Horrey et al. (2015) explain, on

the one hand, thereisthe 6 | oc al 6 p,eonsdermgtheimeahanisms contained by the

Model to be operating constantly and in real-time while driving. On the other hand, the

6gener al 6 pcensiders these mechanisms to be operating within a larger time

frame, namely, across the multitude of individua
driving history. Furthermore,t he O6gener al 6 perspective relates t
the Model to factors more global and stable across time, such as age, experience,

personality traits (e.g., sensation seeking, impulsivity), etc.

This difference betwaéehH andbeopakbkbaandnaobgeher Mo
i mplications for safety nlameege mennte.r pA e&ladccialnd odr
implies that the closed-loop process of sampling, judging, and acting upon the world is

constantly ongoing while driving, and that if a response on behalf of the driver is required,

this is always a response to an acute, momentary need. Since human operators are

vulnerable to the commission of errors when monitoring and processing information related

to t he o btg-ad-tha-wovrel ddds ttah e i r -régaatian will sufterfrarh s el f
inadequacies. To lower the risk for such inadequacies, drivers need assistance while driving

by instruments that allow a more accurate sampling and responding to the objective state-of-

theworld. 1 n sum, a 61l ocal 6 | n-Capabfityintedaca Model impliest he Tas
that interventions aimed at increasing safety have to take place in real-time, while

driving.

The i mportant compl ement of t he thegeaholisteidéa vi ew t
that sampling, judging and acting upon the world while operating a vehicle is also dependent

on factors more stable across time. Typically however, car assistance systems do not really

take into account such stable factors. It is for instance, not common that such systems are

tailored to features such as personality, driving experience, safety attitudes, etc. (e.g. Horrey

et al., 2012; the gamECAR-project). In fact, research shows that in order to have impact

on the influence of those more stable characteristics, other interventional approaches
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are required, often running over longer time episodes and targeting for a gradual and
stepwise change process in the vehicle operator (e.g., Karlsson et al., 2017).

As for the conception of the i-DREAMS project, the above presented ideas have two

implications. First, for interventions aimed at increasing driver safety to be effective, we need

an as accurate as possible risk monitoring instrument. This issue will constitute the

pr oj e c tilargi.e.frisk menitoring). Second, impact on driver safety can be expected to

be higher, if proposed interventions in some way combine the local perspective (i.e. in-

vehicle assistance with instant impact on driving) with the general perspective (i.e.

longer-term support for a gradual change process in the vehicle operator). This will be

the projectbés second pillar (i.e. safety interve

The three next sections briefly outline how the three key-components of the i-DREAMS
platform (i.e. the risk monitoring module, the Safety Tolerance Zone envelope, and the
interventions module) are to be understood.

2.2 The i-DREAMS risk monitoring module

Pillar I of the i-DREAMS platform focusses on the assessment of task complexity and coping
capacity. From the state-of-the-art reported in Deliverable 2.1 (Kaiser et al., 2020), it
became clear that both task complexity and coping capacity are to be understood as multi-
dimensional concepts, entailing a variety of endogenous and exogenous factors (see
Figure 3).

contexy qehic."@

50C10-
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'I‘\mg & Attention e Attentllon Disinhibition Gender Neurologic Actluators alnd
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Figure3:Moni t oring task complexity (6contextd) & coping ¢

As can be seen in Figure 3, task complexity relates to the current status of the real world
context in which a vehicle is being operated. More in detail, the literature review carried out
in Deliverable 2.1 indicated that relevant factors for monitoring context are road layout, time
& location, surrounding traffic, and weather. Coping capacity was found to be dependent
upon two underlying factors, i.e. operator and vehicle status, with the latter two are also
multi-dimensional in nature. Six more specific aspects were identified during the literature
review as relevant for measuring operator status, i.e. mental state, behaviour, competences,
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personality, socio-d e mogr aphi c background, and heuwdbe h st at u
related to three different aspects, i.e. technical specifications, actuators & admitted actions,

and current status. In Deliverable 3.2 (Katrakazas et al., 2020) more detailed specifications

can be found on the sensors and instruments that will be used in the i-DREAMS project to

collect data for the different variables appearing in Figure 3, and how this input data will be
mathematically modelled to come to a real-time and dynamic calculation of where in the
Safety Tolerance Zone (i.e. the o6normalbledri vi
accidentd® phase) a vehicle operator can be si
real-time intervention to be issued.

i
C «Q
aQ O

2.3 The i-DREAMS Safety Tolerance Zone envelope

As explained in Deliverable 3.1 (Talbot et al., 2020),the t er mToOBEaf ahge Zoneod,
although abstract in nature, refers to a real-world phenomenon, i.e. self-regulated control

over transportation vehicles by (technology assisted) human operators in the context

of crash avoidance. Conceptually, the STZ is made up of three phases:

Normal driving

The | abel 6nor mal drivingdéd refers to the phase o
in the objective state-of-the world, there is no indication that a collision scenario is likely

to unfold at that time. Under conditions of normal driving, no real-time interventions are

required. From a conceptual point of view, this implies that, for as long as a moment-to-

moment registration of the current state-of-the-world does not detect the potential for a crash

course to start developing, the STZ is conceptually to be understood as time-space window

where the humanr eogpuelratteod 6vwse hsiecdIfe contr ol can be
drivingd.

Danger phase

The | abel 6danger phased refers toentdomditignhhase of
in the objective state-of-the-world, the potential is detected for the start of a collision

scenario. Withinther-DREAMS system the O6danger phasedé subzo
firstly a change is detected between the current-state-of-the-world and the state-of-the-world

immediately preceding it, and, secondly, that detected change in the state-of-the-world now

indicates conditions which suggest that a crash may develop. In case such a change in the

objective state-of-the-word takesplace, t he STZ changes its conceptua
drivingd to 6danger phaseb. I n more detail, the
regulated vehicle control has become less safe in a sense that the potential for a crash

course to start developing, has been initiated. This may have been because of decreased

driver capability or external conditions creating greater task demand or some combination of

driver related and external factors.

Avoidable crash phase

The | abel 6avoi dtefs tothat partiaumrisubpohesoktiee &TZrwhere, based

on current conditions in the objective state-of-the-world, a collision scenario is actually

starting to develop, but the vehicle operator still has the potential to intervene and

avoid a crash. If such a change in the objective state-of-the-world takes place, the STZ

changes its conceptual status from 6danger phase
specifically, this mean s-regufatadvehicla @ntrblhasbecome per at or
even less safe in the sense that the potential for a crash to happen has been initiated. Again,
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this may be influenced by external events within the road traffic system or a deterioration in
the operat ooragombimmabi | ity

In sum, the conceptual status of the STZ dynamically changes depending on how the

objective state-of-the-world evolves, and the status of the vehicle operator included therein.

Changes in the objective state-of-the-world are not only caused by the movements controlled

by the vehicleoper at or , but by other phenomena outside of
well (e.g., movements controlled by other human operators, physical conditions of the road

environment or the vehicle being operated, climatological circumstances, etc.) (Katrakazas et

al., 2015). The STZ envelope is that specific component inside the i-DREAMS platform

which is responsible for the real-time and dynamic calculation of where in the Safety

Tolerance Zone a vehicle operator can be situated.

One of the key-ambitions targeted by the i-DREAMS project is to create the STZ

envelope in such a manner that the dynamically changing status of the STZ is determined in

function of flexible thresholds instead of so-c al | ed o6f i X edsittshurrentyh ol d s 6
done by most Advanced Driver Assistance Systems (ADAS). Indeed, the traditional ADAS-

approach is to activate warnings or instructions based on thresholds that are predefined and

set in such a manner that they cannot vary depending on what the more precise driving
circumstances are in terms of imposed task complexity and available coping capacity. To
illustrate in simple terms, irrespective of what
s mental state are like, a standard forward collision warning system triggers warning signals

based on a pre-set and fixed headway time threshold. However, under rainy conditions for

instance, it could be a substantial safety advantage to trigger a warning signal sooner than

under dry road surface conditions, widening the time window for the vehicle operator to

undertake the necessary corrective actions to avoid a collision. The possibility to determine

the STZ status based on flexible (i.e. variable across driving conditions) thresholds requires

an artificially intelligent estimation approach (Katrakazas et al., 2019).

2.4 The i-DREAMS interventions module

The i-DREAMS intervention module combines a real-time approach with a post-trip
approach. As for the real-time approach, both intervention timing (i.e. when should an
intervention be activated?) and functionality (i.e. what is the purpose of the activated
intervention?) are dependent upon where inside the STZ a vehicle operator is to be situated.
In the normal driving phase, no sign of a crash course initiating is present and thus, no real-
time intervention is required. In the danger phase, the potential for a crash course to unfold is
present, and a warning signal is to be issued. In the avoidable accident phase, the risk for a
crash to occur can become imminent, requiring an instruction signal to support vehicle
operators in avoiding a collision. Overall, the real-time intervention approach is to support
vehicle operators in performing their primary task (i.e. driving) as safely as possible.
Paraphrased in terms of how the STZ is conceptualized, the i-DREAMS real-time
interventions want to keep vehicle operators as much as possible in the normal driving
phase, or prevent that they transition from the danger phase to the avoidable crash phase.
Since the real-time interventions are to provide this support while driving and under
constantly changing circumstances, the time window within which they operate is limited to
(milli)seconds, and eventual corrective actions are to be decided upon and executed in an
almost automatic way since there simply is no time to think over possible alternatives for
action. From a paradigmatic point of view, this implies that the real-time interventions align
mostly with a so-called6 nudgi ng 6 (seegectian2.4.hfor more details).
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Even though in the end, the i-DREAMS post-trip interventions serve the same purposes as

the real-time interventions (i.e. to keep vehicle operators as much as possible in the normal

driving phase, or to prevent that they transition from the danger phase to the avoidable crash

phase), their operational time window is much wider. This allows the use of methods

targeting more stable factors that rather indire
moment decisions and actions during a trip (e.g. safety-related attitudes, locus of control,

mastery of safety-related driving skills, perceived social norms related to road safety et

cetera). Changing such more stable factors is known to be time and effort consuming and

requires more continuous engagement and follow-up (Bouton, 2014; Kelly & Barker, 2016).
Paradigmatically, this requiresad c o0 ac hi n g 0 (seeqrtion 2242 fior more details).

The i-DREAMS real-time and post-trip interventions are thus complementary rather than
overlapping. This point will be further illustrated in the following two sections where nudging
and coaching are presented as two clearly different, but mutually reinforcing paradigms
for behavioural change.

2.4.1 Real-time interventions: a nudging approach

Over the |l ast decade, O6nudgingd has received mas
behavioural change (Thaler & Sunstein, 2008). The basic principles behind nudging actually
are based on insights obtained by neuroscientific research on human judgement and
decision making (Hansen, 2016). These insights led to the surge of a whole new discipline in
applied neuropsychology, i.e. Behavioural Economics. One of its basic tenets is that humans
are not always perfectly rational in the way they make judgments and take decisions in
everyday life (e.g., Ariely, 2009, 2010; Glimcher & Fehr, 2014; Raue et al., 2018). Rather,
they often are guided by so-called heuristics (mental shortcuts), especially in situations
where the opportunity to reflect is limited, and where available information or options to
assess, are ambiguous or complex and future outcomes are uncertain or difficult to predict
(e.g. Chaiken & Trope, 1999; Strack & Deutsch, 2004; Kahneman, 2013). It is also very well
known that humans are (unconsciously) sensitive to social settings or to
manipulations of how the physical environment is designed when they have to take
behaviour-related decisions (for a review of work on implicit social cognition, see Gawronski
and Payne, 2010).

Insights from Behavioural Economics led scholars to innovative approaches in terms of
behavioural change, the most popular one thus probably being the so-called nudging
approach (e.g. Loewenstein & Chater, 2017; Samson, 2018). As highlighted by van Gent et
al. (2019: p. 206), nudging strategies have also been applied in the field of transportation,
such as to the design of travel information systems (Avineri, 2011), the promotion of safe
driving behaviours (Millar & Millar, 2000; Mortimer et al., 2018), methods for the analysis of
travel behaviour (Metcalfe & Dolan, 2012), and the safety-promoting design of road
infrastructure (Charlton, 2007; Arién et al., 2017; Charlton & Starkey, 2017; Hussain et al.,
2018).

Over the years, several suggestions have been made to formally define nudging (e.g.

Hausman & Welch, 2010; Hansen & Jespersen, 2013). The working definition proposed by

Marchiori et al. (2017: p.3) lends itself very well for this deliverable and goes as follows:
fNudging is an umbrellatermford el i ber at e and predictable method
behaviour by modifying the cues in the physical and/or social context in which they act. It

uses these cues to activate nonconscious thought processes involved in human decision-
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making. Nudging implies that none of the choices should be difficult to avoid, made
mandatory, significantly incentivized economically or socially, and made significantly more

costly in terms of time or trouble.o

In the context of the i-DREAMS project, a nudge is thus understood as any aspect of the
choice architecture (in the case of the i-DREAMS real-time interventions, this refers
more specifically to the vehicle cockpitd snterior design) that can influence a vehicle
operator6s choi ce o fataspecifictilmeaandthespot aherie the r
nudge is implemented, which is line with the interpretation by Karlsson et al. (2017). Below,
Table 1 gives an overview of some of the key-characteristics of a nudging approach, as

proposed by Karlsson et al. (2017: p. 76).

Table 1: Key-characteristics of a nudging approach. Source: Karlsson et al. (2017: p.76)

Nudging

Aim

Supports automatic behaviour and decision making in a
specific situation

Overall intervention type

Supportive choice architectures (humans influence by
the context, technology, et cetera)

Window of opportunity

Narrow: must influence behaviour in a specific situation

Frequency of influence Influences behaviour directly every time the situation
arises
Duration of influence Momentary or short: influences behaviour in a specific
situation
Location of influence Specific to location: influences behaviour at the location

where the supportive choice architecture is provided

successful influence

Key-prerequisite for Requires that the vehicle operator attends to or makes
use of the specific choice architecture

2.4.2 Post-trip interventions: a coaching approach

Referring to the work by Hawkins (2008), Karlsson et al. (2017: p. 54) indicate that various
the term O6coac
acceptance. Despite marked differences, there are a few noticeable elements these
definitions have in common, such as the idea that coaching is about (1) a one-to-one
relationship, (2) rather focusing on facilitation (i.e. helping to achieve) than on instruction
(i.e. transfer of knowledge), (3) targeting both behavioural change and personal growth
(i.e. self-awareness, reflection, et cetera), and (4) securing a longer-term relationship
between equals. Karlsson et al. (2017) consider the definition by Grant (2001) as interesting
as it is formulated in a generic way, thereby being applicable to a broad variety of settings. It
goes as Warkpldce omachingfis a collaborative solution-focused, results-
orientated systematic process, used with normal, non-clinical populations, in which
the coach facilitates the enhancement of work performance and the self-directed

( Q00&: p.133). Even though this

def i niti ons have been proposed

BN

learning and personal growth of the coachee. 0

definition explicitly refers to

to be applied to private contexts as well.

for

a

owor kpl aced

The definition proposed by Grant (2001) actually aligns well with the definition that was
forwarded in the i-DREAMS Deliverable 2.2 (Katrakazas et al., 2020). More in detall, the
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definition presented in that Deliverable was adopted from Schulte et al. (2014: p.46) who

descri bed c o aeslgiedtgimpreve gxigtigg]skills, competence and

performance, and to enhance [ c peisordakedeveldgmenier sonal
or personal growth.o

The idea of coaching matches very well with the most recent paradigm for behavioural

change as it is proposed in the field of behavioural science, i.e. so-called 6 b 0 0 s {Grineg 6
Yanoff & Hertwig, 2016). Hertwig & Griine-Yanoff state the objective of boostingisi [ é] t o
foster peopl eds compet end d¢hatis,do erescisectherdwei r own cho
agency.0 Her t wi grankff (ZL7;pm ¥.Table 2 gives an overview of some of the key-
characteristicsofac oac hi ng o0 appréabhoas proposedg$ Karlsson et al. (2017: p.

76).

Table 2: Key-characteristics of a coaching approach. Source: Karlsson et al. (2017: p.76)

Aim Supports reflective learning to influence behaviour in
various situations

Overall intervention type Supportive coaching experiences (humans influenced by
humans, but sometimes mediated by technology)

Window of opportunity Wide: can influence behaviour both in a specific situation
and beyond
Frequency of influence Can influence behaviour directly during a coaching event
and indirectly in situations in-between events
Duration of influence Short or long: influences behaviour over time with
repeated coaching but requires a willingness to learn
and change
Location of influence Independent of location: can influence behaviour at
other places than where the coaching is provided
Key-prerequisite for Requires development of a quality relationship between
successful influence coach and coachee built on trust and commitment

With the context of the i-DREAMS project in mind, two important things are to be noticed in
terms of how the coaching approach will be implemented in the post-trip interventions.

Firstly, in terms of coaching delivery the i-DREAMS post-trip interventions will be
technology-mediated to a substantial extent. More in detail, the i-DREAMS post-trip
interventions can be qualified as digital- or internet-based interventions, running on a
combination of an app and a web-based dashboard. This by itself is not in conflict with the
idea of coaching as a developmental relationship between people. Indeed, even though
empirical studies on the effectiveness of technology-mediated interventions for behavioural
change did not always find consistent results, there is considerable (meta-analytical)
evidence available suggesting that computer-based formats can stimulate such a relationship
and i mprove both coacheeds personal-DREAMSect i veness
Deliverable 2.2 by Katrakazas et al. (2020) for more precise details and references).
Moreover, openness to virtual coaching (i.e. human coaches working via the web) or e-
coaching (coaching fully web-mediated) has been reported in the literature, for instance, in a
study cycle targeting professional truck drivers (Roetting et al., 2003; Huang et al., 2005;
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Zhang et al., 2006; Huang et al., 2008). Overall, it was found that professional truck drivers
were willing to accept feedback from technology, if properly designed.

Secondly, further along this Deliverable, it will become clear that the i-DREAMS post-trip
interventions will not be implemented as a stand-alone-solution, i.e. as a total replacement of
human coaching. The latter applies especially in those cases where the post-trip
interventions will be deployed in a professional or occupational context, (see section 5.2). As
such, the i-DREAMS post-trip interventions are to be understood as combining e-coaching

with virtual coaching.

To summarize, from a paradigmatic perspective, the i-DREAMS real-time interventions can
be categorized as nudging while the post-trip interventions qualify as a combination of virtual-
and e-coaching. The next section elaborates on the complementarity of both approaches for

behavioural change.

2.5 Link between real-time interventions and post-trip interventions

The issue addressed in this section is whether the i-DREAMS real-time and post-trip
interventions can be usefully combined to complement and reinforce each other, despite the
fact they represent quite different approaches towards behavioural change (i.e. nudging and
coaching). The least one can say is that lately, this question has received much attention and
still is intensively debated in the field of behavioural science (e.g. Samson, 2016, 2019).

Coaching

mat ches with

the i dea

nudging (i.e. steering decision making) refers to a totally different type of interventions, i.e.
guiding people in a particular direction while preserving their freedom of choice. At first sight,
the difference between the two approaches stands out, rather than their potential
complementarity. According to Hertwig & Griine-Yanoff (2017: p. 2) nudging and boosting
can be mutually distinguished on seven different dimensions (see Table 3).

Table 3: Seven dimensions on which nudging and boosting approaches can be distinguished. Source: Hertwig &

Dimension

Intervention target

Griune-Yanoff (2017: p.2, Table 1)

‘ Nudging

Behaviour

Boosting

Competences

Roots in research programs
and evidence

Show decision maker as
systematically imperfect and
subject to cognitive and
motivational deficiencies

Acknowledge bounds but
identify human competences
and ways to foster them

Causal pathways

Harness cognitive and

motivational deficiencies in
tandem with changes in the
external choice architecture

Foster competences through
changes in skills, knowledge,
decision tools, or external
environment

Assumptions about cognitive
architecture

Dual-system architecture

Cognitive architectures are
malleable

Empirical distinction criterion
(reversibility)

Once intervention is removed,
behaviour reverts to
preintervention state

Implied effect should persist
once (successful) intervention
is removed

Programmatic ambition

Correct momentous mistakes
in specific contextsi il o c a
repairo

Equip individuals with domain-
specific or generalizable
competences

o fakiogh, wholes t 1 n g 6
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Normative implications

Might violate autonomy and
transparency

Necessarily transparent and
require cooperation i an offer
that may or may not be
accepted

At the same time however, Reijula et al. (2018), and Hertwig & Griine-Yanoff (2017) make it
explicit that the domains for the application of boosts are not completely orthogonal to those

of nudges. As the

a u Bdosts and rsutiges aee, df toarsesrol v e s q

perfect substitutes.  [thiere are domains in which either nudges or boosts could be

used, including food choices, financial decisions, and self-control problems. In each of these

dual s6 competences caisnéteo boosted
champion one over the other but to highlight the need for an analysis of the respective

circumstances and goals, allowing policy makers to select the more appropriate intervention.o

(Hertwig & Grune-Yanoff (2017, p. 11). With the conceptual model proposed by Horrey et al.

(2015) in mind (see section 2.1), it becomes clear that the calibration of skill and

judgement in driving (which is an essential ingredient of the i-DREAMS project), lends

itself perfectly to a combined nudging-coaching approach. This idea will be elaborated

cl asses, i ndi vi

further in the next section.

2.5.1 An integrated framework combining nudging and coaching

As already explained, Horrey et al. (2015) consider driver calibration (i.e. the closed-loop
process of sampling, judging, and acting upon the world) as constantly ongoing while driving,
but at the same time, under the influence of factors more stable over time. Influencing
calibration while driving, implies an intervention that operates within a (milli)second time
window, and that triggers the appropriate response in an almost automatic way every time
the situation would require so. This aligns with the key-characteristics of the nudging

approach.

Different from that, influencing the more stable factors that are known to affect driver
calibration (in)directly is not limited to a specific situation or context, and typically requires
reflective learning. This aligns with the key-characteristics of the coaching approach. An
integrated approach where nudging and coaching are combined to promote road safety has
been proposed by Karlsson et al. (2017). Their ideas served as a blueprint to come to the

integrated framework visualized

in Figure 4.
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Underlying sy stem of thinking

Targeted determinants

Prior to A specific situation After/prior to next

Window of opportunity for an intervention

Strategies covered by a coaching approach

- Strategies covered by both a nudging and coaching approach

Figure 4: Integrated framework combining nudging & coaching. Source: adapted from Karlsson et al. (2017: p. 80)

As can be seen, the framework is defined in function of three dimensions, i.e. the window of

opportunity, the underlying system of thinking, and the targeted behavioural determinants.

Regarding the window of opportunity, it can be seen that nudging is operational in

specific situations, while coaching primarily takes place outside the context of a trip (i.e.

after or prior to a trip) although it can influenceavehi cl e oper atords decisi o
indirectly in specific situations as well. As for the underlying system of thinking, a

distinction is to be made between the so-called 6 s y s t €i.m th& &utomatic system) and

0 syst é.mthe Gflective system) (see Kahneman, 2013). Table 4 gives an overview of

the most important differences between the two systems.
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Table 4: Differences between system 1 & system 2. Source: Karlsson et al. (2017: p.32, Figure 4.1)

System 1 (Automatic) System 2 (Reflective)
Unconscious reasoning Conscious reasoning
Implicit Explicit
Automatic Controlled
Low effort High effort
Large capacity Small capacity
Rapid Slow
Default process Inhibitory
Associative Rule-based
Contextualized Abstract
Domain specific Domain general
Evolutionary old Evolutionary recent
Nonverbal Linked to language
Recognition, perception, orientation Rule following, comparisons, weighing of options
Modular cognition Fluid intelligence
Independent of working memory Limited by working memory capacity
Nonlogical Logical
Parallel Serial

As can be derived from Figure 4, both system 1 and 2 can be operational in each of the three
different areas inside the window of opportunity dimension. Both nudging and coaching can
thus make use of the two systems of thinking. Nonetheless, due to the fact that decision-
making in specific situations while driving often entails no more than a few (milli)seconds,
nudging will more frequently operate via system 1 than via system 2. This however, does not
mean system 2 is totally irrelevant for nudging during a trip. Timely warning signals for
instance, can stimulate (conscious) reflection, and activate the appropriate procedural
knowledge schemes on how to safely adapt behaviour to the current driving circumstances.

Following the same line of thinking, coaching will operate to a substantial extent via system
2, since the prevailing time window (i.e. after or prior to a trip) is simply much wider, creating
the opportunity to stimulate conscious and more effortful reflection. Notwithstanding,
coaching can also call on system 1 to reach its objectives. This happens for instance, when
part of a coaching intervention, is the implementation of a so-called Compliance, Safety and
Accountability (CSA) program where good behaviour is rewarded and undesired behaviour
punished (e.g. Stock, 2001). Punishment and reward are well established methods to
reinforce good behaviour or to extinguish undesired behaviour, but they rely on operant
conditioning as the underlying learning mechanism. Operant conditioning in turn, is based
on the formation associations between a particular behaviour, and the consequences of that
behaviour (i.e. more typical for system 1) (see Murphy & Lupfer, 2014), rather than on in-
depth logical reasoning creating deeper insight into the cause-effect mechanisms linked to a
particular behaviour (i.e. more typical for system 2).
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As for the third dimension in the framework, i.e. the targeted behavioural determinants,

the work by Michie et al. (2005), Michie et al. (2014), and Davis et al. (2015) showed that

across a sample of 33 available psychological theories, a total of 84 theoretical constructs

could be identified as candidate determinants for behavioural change. More in detail, an

interdisciplinary group of experts in health psychology and behavioural change was

consulted to simplify this multitude of candidate-determinants, clustering them into three

basic domains, i.e. capability (r el ati ng t o a per sonds,motivation ty t o
(relating to a personds wandobpportynite sektingtothec hange be
possibility for a person to change behaviour).

Both nudging and coaching can target each of these three basic domains for behavioural
change, and do so prior to, during, or after a trip, with support of both systems of thinking, i.e.
the automatic system and the reflective system. Thus, depending on which behavioural
determinant is targeted and what the window of opportunity is, six different nudging
strategies, and 18 coaching strategies can be distinguished. Table 5 gives an overview of
these different strategies with a demonstrative example to illustrate what is meant more
specifically.

Table 5: Overview of different nudging & coaching strategies

Determinant ‘ Opportunity window ‘ Nudai Coachi
udging oaching

MOT ‘ OPP ‘ prior  during ‘ after ‘

Probing for a vehicle
~ ~ operator6s com

a X X a X X apply safe driving skills before
the start of a new trip.
Promising a reward for safe

X g X 3 X X driving to a vehicle operator

behaviour before the start of a
new trip.

Encouraging a vehicle
X X a a X X operator to drive safely before
the start of a new trip.

Offering a tip on how to drive
a X X a X X safely to a vehicle operator
before the start of a new trip.

Offering information on the
~ ~ pros of safe driving to a
vehicle operator before the
start of a new trip.

Warning a vehicle operator for
X X a a X X a risk prone location before
the start of a new trip.

Offering a vehicle operator a
plan of action on how to drive

Alerting a drowsy safely (before the start of a

a X X X a X \égh!cle operator while new trip) prompts the
riving. / ! .
appropriate skills to drive
safely during a trip.
Prompting a

threatening sound to

warn a vehicle Challenging a vehicle operator

to drive safely (before the start

X a X X a X operator for an : re
imminent danger while | ©f @trip) prompts willingness
driving. to do so during a trip.
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Determinant ‘ Opportunity window ‘

CAP  MOT

OPP ‘ prior  during after

Nudging

Coaching

Signalling the Offering a contextualized
presence of a challenge to drive safely to a
vulnerable road user to | vehicle operator (before the
X X a X a X a vehicle operator start of a new trip) prompts
while driving prompts a | appropriate skills to drive
potential opportunity safely in the respective context
for a hazardous event. | during the trip.
Real-time feedback on | Offering information on the
headway time makes symptoms of fatigue to a
~ x the vehicle operator vehicle operator (before the
a X X X a X consciously aware on start of a new trip) increases
how to keep a safe alertness for fatigue during the
distance while driving. trip.
Sign recognition
signalling the speed Providing safety-supportive
limit to a vehicle arguments to a vehicle
X a X X a X operator while driving operator (before the start of a
raises consciousness new trip) raises consciousness
for speed limit to drive safely during the trip.
compliance.
Sign recognition
5‘9”";‘”:(’?9 a nod . Expression of social approval
overtaing road sign of safe driving (before the start
X X a X a X Wh”e driving keeps the of a new trip) sensitizes the
driver aware of the fact vehicle operator during the
that there is no (legal) trip
opportunity to '
overtake.
Probing for a vehicle
a X X X X a oper at or 6 stionrtoe ¢ g
drive safely next trip.
Unlocking a new safety
X a X X X a challenge for the vehicle
operator to take up next trip.
Social appraisal of a vehicle
X X a X X a oper at odrsiry aftera f ¢
trip completion.
Evaluative feedback obtained
for driving behaviour after a
a X X X X a completed trip gives the
vehicle operator deeper insight
into current performance.
Arguments against self-doubts
following a trip persuade the
X a X X X a vehicle operator to continue
working towards targeted
safety goals.
Showing critical events
detected during a completed
~ ~ trip on a map provide the
X X d X X a vehicle operator with deeper
insight into risk-prone
contexts.

In sum, the i-DREAMS platform will integrate nudging strategies (i.e. the real-time
interventions) and coaching strategies (i.e. the post-trip interventions) to keep vehicle
operators as much as possible within the STZ, preferably even in the normal driving phase.
Nudging strategies are operational during a trip and primarily meant to steer vehicle

operatorsd

d e emalsing whle driving. Coaching strategies are operational prior to or after

a trip and primarily meant to empower vehicle operators in taking appropriate decisions while
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driving. Nudging and coaching are complementary in a sense that nudging, as defined in

this Deliverable,ai ms t o i mprove the vehicle operatoros s:
context (i.e. creating a safer driving environment), while coaching aims to improve the

vehicle operator 0s sthefhenaryoperatoahinmoaherself (i.é. er¢atingn o f

a safer driver).

The remainder of this deliverable serves to outline in more detail how this strategic view on

the i-DREAMS interventions, will be operationalized. In other words: what will be the

more specific objectives targeted by the real-time and post-trip interventions? Which more

precise change methods will be used for nudging and coaching, and how will these be

practically applied?Yet , before turning to the 3Gsoperational
dedicated to the protocol that was followed to design the structure of the toolbox.
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3 Planning Behaviour Based Safety Interventions: a multi-
step protocol

When developing interventions to change behaviour (like in the case of the i-DREAMS
project), numerous choices have to be made. These choices revolve around a series of
important questions about which interventions work to create behavioural change like for
instance: how to logically assess a health or safety problem? How to get from goals and
objectives to intervention strategies? How to decide which intervention methods to use? How
to link interventions design with implementation? According to Bartholomew Eldredge et al.
(2016: p. 7) consultation of available theoretical and empirical evidence is necessary i [ € ]
ensure that we can describe and address the factors that cause health problems and the
methods to achieve change.0Experts have argued that more guidance on how to use theory
to understand and address health and social problems, would be very beneficial to the field
of health & safety promotion and education (e.g. Glanz & Bishop, 2010; Glanz et al., 2015).
In response to this call, Intervention Mapping was developed. The purpose of Intervention
Mapping (IM) (see section 3.1) is to provide planners of health and safety promotion
interventions with a framework for effective decision making at each step in intervention
planning, implementation, and evaluation.

3.1 Intervention Mapping

As highlighted by Bartholomew Eldredge et al. (2016), the keywords in IM are planning,
research and theory. IM provides a vocabulary for program planning, procedures for planning
activities, and technical assistance with identifying theory-based determinants and matching
them with appropriate methods for change. It maps the path from recognition of a need or
problem to the identification of a solution. This process is iterative rather than linear, as
intervention planners are supposed to move back and forth between tasks and steps.
Moreover, the protocol is cumulative: each step is based on previous steps, and inattention
to a particular step may lead to mistakes and inadequate decisions. All together, IM consists
of six steps, each step comprising a set of tasks to be carried out (see Figure 5).

Establish and work with a planning group

Conduct a needs assessment to create a logic model of the problem

Describe the context for the intervention including the population, setting, and community
State program goals

Step 1: Logic Model of
the Problem

State expected outcomes for behavior and environment

Step 2: Program > = 10| . -
Specify performance objectives for behavioral and environmental outcomes

.
Outcomes and . r : .
Objectives: Logic Model + Select determinants for behavioral and environmental outcomes
of (J:hange » Lol » Construct matrices of change objectives

.

Create a logic model of change

Step 3: Program Design +« Generate program themes, components, scope, and sequence
Choose theory- and evidence-based change methods
! « Select or design practical applications to deliver change methods

Refine program structure and organization
Prepare plans for program materials

Draft messages, materials, and protocols
Pretest, refine, and produce materials

Step 4: Program
Production

Evaluation

Identify potential program users (implementers, adopters, and maintainers)
State outcomes and performance objectives for program use

Construct matrices of change objectives for program use

Design implementation interventions

Step 5: Program
Implementation Plan

)

Write effect and process evaluation questions
Develop indicators and measures for assessment
Specify the evaluation design

Complete the evaluation plan

Step 6: Evaluation
Plan

]
Implementation

Figure 5: The six steps of Intervention Mapping. Source: www.interventionmapping.com
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3.1.1 Step 1: Logic model of the problem

Stated in general terms, the health problem addressed in the i-DREAMS project, is road
safety, and in more specific terms, the occurrence of road crashes with involvement of
private car drivers or professional vehicle operators (i.e. bus, truck, tram and train). The first
step of IM consists of four subtasks. Before starting to plan the actual intervention, a so-
called planning group is to be composed. This is a diverse team consisting of different
stakeholders like community members, policy makers, sector representatives, academic
experts, et cetera, bringing together relevant know-how and expertise. In the i-DREAMS
project, this task is part of work package 9 (stakeholder consultation and dissemination)
where an Expert Advisory Board and a User Advisory Board are composed and consulted.

The key-task in step 1 is to conduct a needs assessment to create a logic model of the
targeted health problem. More precisely, this model tries to determine which behaviour
factors (e.g. prevalence, incidence, etc.), environmental factors (e.g. climatological
conditions, roadway infrastructure, traffic conditions, societal factors, etc.) and their related
personal determinants (i.e. what factors cause or modify the behaviour and environment of
the at-risk group?) are relevant in the context of crash aetiology. In order to come to a full
understanding, the available assets, capacities and abilities are also to be determined (i.e.
which leverages for a successful intervention are present or needed?). After combining the
previously determined factors, the expected outcomes can be stated. To illustrate, for the i-
DREAMS project, a relevant safety outcome could be a reduction in the number of forward
collisions.

In the i-DREAMS project the final three tasks have been addressed in work package 2 where
a state-of-the-art has been summarized in terms of which factors related to the vehicle
operator, the environmental context in which that operator is situated, and the vehicle being
operated, determine crash risk (see Deliverable 2.1 by Kaiser et al., 2020). Furthermore,
potential assets, capacities and abilities to address the problem of road crashes have been
reviewed (see Deliverable 2.2 by Katrakazas et al., 2020). Of course, that expertise will be a
crucial input for this deliverable (see section 6.1).

3.1.2 Step 2: Logic model of change

The second step of IM consists of five subtasks. Firstly, it has to be decided which
behavioural factors in the targeted population(s) have to change in order to positively
influence the targeted safety outcome(s). For instance, to reduce the number of forward
collisions, it is necessary vehicle operators share the road safely with other road users. An
improvement in terms of how vehicle operators share the road with others would be a to-be-
targeted safety promoting goal. Also, especially in the case of professional vehicle
operators (like bus, truck, tram and train drivers), the environmental agents to be involved
in the intervention (e.g. planners, coaches, colleagues), must be identified.

Secondly, so-called performance objectives are to be formulated. These indicate what
performance is required from both the members of the primary target groups (i.e. private car
drivers and professional bus, truck, tram and train drivers), and the relevant environmental
agents. In other words, performance objectives specify what members of the primary target
groups and relevant environmental agents more specifically need to do in order for the
planned interventions to be able to achieve the expected safety promoting goals. For
example, to improve interaction with other road users, vehicle operators would have to
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reduce risk-prone manoeuvres like tailgating. A reduction of tailgating incidents (by
maintaining a safe headway distance) would be a to-be-targeted performance objective.

Thirdly, it is necessary to identify the underlying determinants that explain why current
performance on the relevant behavioural factors is not satisfying. Typically, these
determinants rest within individuals (e.g. mental or physical capabilities, motivation-oriented
variables like beliefs, attitudes, norms, self-efficacy, et cetera) or relate to factors in the
physical or social environment that currently encourage (or discourage) continuation of
behaviour or facilitate (or hinder) behavioural change. To illustrate, tailgating might be
explained in function of biased risk perception (e.g. a driver underestimating the danger of a
too short headway distance). Correction of such a biased risk perception would be the so-
called change objective to be targeted.

Fourthly, in order to be able to maintain the causal link that connects the different layers of
objectives with each other (i.e. change objectives Y performance objectives Y safety
promoting goals Y safety outcomes) so-called matrices of change have to be composed. In
these matrices, performance objectives (on the vertical axis) are crossed with their
underlying determinants (on the horizontal axis) with the change objectives appearing in the
crossing cells (see section 6.2). From these matrices, a logic model of behavioural change
can be derived (i.e. task five).

3.1.3 Step 3: Intervention design

The third step of IM consists of three subtasks. First, it needs to be specified what will be
the extent and length of the intervention and how the different intervention components or
materials will be offered to users (whatwillbet he i nterventionés ?slmope anit
the i-DREAMS project, these issues will be addressed in two different work packages. In
work package three, task 3.4 (i.e. design of the experimental protocol) will outline when and
for how long the i-DREAMS interventions will run, and in which order they will be
implemented. In work package four, task 4.3 (i.e. implementation of driver feedback and
gamification interventions post-trip) and task 4.4 (i.e. implementation of active driving
interventions during trip) will outline how the different components and sub-components of
the real-time and post-trip interventions will be deployed. For instance, for the post-trip
interventions, it will be indicated that these consist of several gamification features, and that
those gamification features will not be activated all at the same time, but depending on when
they are relevant for an end-user of the intervention.

The key-task in step 3 is to select theory- and evidence-based change methods to
achieve the targeted change- an performance objectives. For instance, if according to our
logic model of the problem, a reduction of tailgating events (i.e. performance objective)
requires an improvement in terms of risk perception (i.e. change objective), the question to
address in step 3 is to find out which methods are available and suitable to change risk
perception.

The final task then is to translate these change methods into practical applications and to
identify what are the main so-called critical design parameters, i.e. characteristics
regarding how a change method is practically applied that determine whether the change
method will be effective (or not). Applied to the illustrative example of tailgating and risk
perception: to avoid the selected method to change risk perception would be practically

©i-DREAMS, 2019-2022 Page 38 of 181



D3.3. Toolbox of recommended interventions to assist drivers in maintaining safety tolerance zone

applied in an ineffective way, it needs to be explored whether the effectiveness of the
selected method is dependent upon certain critical design parameters. The selection of
change methods will be addressed in section 6.3.1 of this deliverable, and the identification
of critical design parameters will be the focus of section 6.3.2. The transformation of change
methods into practical applications is discussed in section 6.3.3.

3.1.4 Step 4: Intervention production

The fourth step of the Intervention Mapping protocol consists of four subtasks. The first task
is to start preparing designs for all the required materials or front-end functionalities of
the interventions. This task will be addressed in section Error! Reference source not
found. of this deliverable. Those designs will guide the production process to make sure
that all the materials stay relevant to the program objectives.

Each of the selected change methods will be operationalized or practically applied
through different channels and the messages, required materials and protocols to do so
should be drafted. The back-end data flows and protocols that support deployment of the
real-time and post-trip interventions will not be addressed in this Deliverable, but in
Deliverable 3.5 (i.e. Standard protocol for the handling of big data).

After drafting these different aspects, a pre-test is to be done to test the characteristics of
the intervention materials with the intended participants. In the i-DREAMS project, a series of
simulator experiments are foreseen to pre-test possible options for the real-time interventions
(see Work Package five, task 5.3). Moreover, a pilot-test is foreseen within the field trial
protocol, to gain exploratory experience with the implementation of both the real-time and
post-trip interventions (see Work Package five, task 5.4).

3.1.5 Step 5: Intervention implementation

The fifth step of IM consists of four subtasks. The first task is to select implementation
partners among several possible organizations that have a good potential to reach the
intended program participants. As already indicated, this will be particularly important in the
case of the professional vehicle operators in the i-DREAMS project (i.e. bus, truck, tram, and
train), as research in the field of occupational safety has found that the safety-orientation of
individual workers is substantially dependent upon whether or not the organization as a
whole is safety-oriented or not (see section 5.2). The second and third task are to determine,
who of the implementation partners has to do what to achieve the outcomes of the
intervention. Strictly taken, the same procedure as the one outlined in step 2 is to be
repeated (i.e. to develop matrices of performance and change objectives for the
implementation partners). In the i-DREAMS project, the roles of the implementation partners
involved in the interventions targeting professional vehicle operators will be described more
in detail in another task of work package three, i.e. task 3.4. The final task then is to select
methods appropriate to promote the desired behaviour among the implementation
partners and to turn these into practical applications. This however, falls outside the scope
of this deliverable where the focus will be primarily on what the planned i-DREAMS
interventions imply for the primary target groups (i.e. private car drivers and professional bus,
truck, tram, and train operators).
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3.1.6 Step 6: Intervention evaluation

The sixth and final step of IM comprises four subtasks. Firstly, effect and process
evaluation questions need to be formulated. Effect evaluation applies to whether targeted
factors changed as a result of the intervention or not. Process evaluation aims to determine
which parts of the intervention were effective and which not. To that end, the targeted
objectives (i.e. safety outcomes, safety promoting goals, performance objectives, and
change objectives) need to be operationalized. This requires a categorization of specific
indicators and a further translation into (in)directly observable measures. The next step is to
specify the evaluation design. Both qualitative and quantitative measures should preferably
be included when evaluating an intervention. The last task is to carry out the evaluation
plan. In the i-DREAMS project, a separate work package is dedicated to intervention
evaluation (i.e. work package 7).

In sum, to develop the operational toolbox for the i-DREAMS interventions (i.e. main target of
deliverable 3.3), IM will be applied. This is a six-step protocol going from a logic analysis of
the problem targeted to the execution of an evaluation plan. For step one of the protocol (i.e.
logic analysis of the problem), this deliverable will fall back substantially to work already
carried out in work package 2 (i.e. Deliverable 2.1 and 2.2). Step two (i.e. logic model of
change), step three (i.e. intervention design), and step four (i.e. intervention production) will
be addressed in this deliverable. Step 5 (i.e. intervention implementation) will only be partially
addressed, as it will be elaborated more in detail in deliverable 3.4. Step 6 falls outside the
scope of this deliverable and will be discussed in work package 7. Before turning to a
description of the operational toolbox for the i-DREAMS interventions itself, the next section
will focus on some theoretical foundations of behavioural change that are to be considered.
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4 Behaviour Based Safety Interventions: Theoretical
foundations

This part of Deliverable 3.3 starts with a taxonomic overview of the different intervention
strategies to promote road safety that can be found in the field of transportation (see section
4.1). The following three sections elaborate on theoretical foundations for behavioural
change, to be taken into account when designing the operational toolbox for the i-DREAMS
interventions. Section 4.2 will address theoretical principles specifically relevant for the
design of the real-time interventions. Section 4.3 discusses a few frameworks that apply to
both the real-time and the post-trip interventions. Finally, section 4.4 addresses theoretical
principles that are to be considered for the design of the post-trip interventions.

4.1 Taxonomy of intervention strategies to promote road safety

Figure 6 brings the different intervention strategies to promote road safety that can be found
in the literature together in a taxonomic overview.

oriversimerelsed
Warning without
intervention

Driving task-related Guidance

Primary tasksupport Mavigation

Dialogue support
Persuasive feedback ¢
without intervention
Social support

System credibility support

Driver state-related Control

Warning and potential
CLEELLE internvetion
Real time interventions. Driving task-related Guidance
A Mavigation
Control
Interventionwithout - .
initiation by the driver Driving task-related Guidance
Intervention strategies Prevention Qf high-risk Navigation
behaviours
Vulnerable road user
protection
Post-crash response
information
via appand/ordashboard
COACHING Feedback
Posttrip interventions via appand/ordashboard

Persuasive feedback
via appand/ordashboard

Primary tasksupport

Dialogue support

Social support

System credibility support

Figure 6: Taxonomy of intervention strategies to promote road safety (strategies selected for inclusion in the i-
DREAMS project are marked in green)
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Those intervention strategies that will be selected for development and implementation in the
i-DREAMS project are marked in green. For a detailed description of the concepts appearing
in this figure, we refer to Deliverable 2.2 (see section 2.4. and section 3.1). As can be
derived from Figure 6, nudging and coaching can be roughly considered as the two basic
intervention paradigms for the promotion of road safety. The nudging paradigm refers to a
real-time intervention approach, while the coaching paradigm refers to a pre- or post-trip
approach. As discussed in section 2.5.1 of this Deliverable, the i-DREAMS intervention
module will combine both nudging and coaching, which is why these two boxes have been
marked in green.

Inside the nudging paradigm, seven more specific formats have been identified in the
literature on Advanced Driver Assistance Systems (ADAS) (e.g. ADAS&ME-project). Two
formats will be selected for inclusion in the i-DREAMS project, i.e. persuasive feedback
without intervention, and vulnerable road user protection. Regarding the latter format, it
is indeed the case that vulnerable road user protection is a possibility within the i-DREAMS
project, as one of the sensor systems available (i.e. Mobileye®) has a vulnerable road user
(pedestrians and cyclists) collision warning functionality.

Turning to the other format (i.e. persuasive feedback without intervention), it was already
explained in Deliverable 2.2 (see section 2.7) that the key-characteristic of persuasive
feedback is that it does more than just warning or informing a vehicle operator. Rather,
persuasive feedback is aimed at reinforcing, changing or shaping attitudes or behaviours (or
both), but without the use of coercion or deception (Oinas-Kukkonen & Harjumaa, 2008). As
for Opersuasi vei nfteeerdvbeanctki owni ét,h oounte of t he main re
was both theoretical as well as empirical evidence available, indicating that persuasive
feedback is more effective than only offering warnings or purely informative feedback,
especially when it comes to user retention, i.e. the ability to keep users engaged over longer
time episodes (e.g. Musicant et al., 2015). Moreover, warnings or feedback alone do not
necessarily activate the required self-regulatory processes targeted to realize the desired
behavioural change (e.g., Bandura & Cervone, 1983; Cervone & Wood, 1995; Kluger &
DeNisi, 1996; Hickman & Hanowski, 2011) (see Deliverable 2.2, section 2.4 and section 2.7
for detailed discussions on this topic). According to the Persuasive Systems Design (PSD)
Model, a technological system can become persuasive if it supports the user in (one or a
combination of) four possible ways, i.e., via delivery of primary task support, dialogue
support, social support, or system credibility support (Oinas-Kukkonen & Harjumaa, 2009). In
the i-DREAMS project, primary task support is actually aimed at as a successful and
efficient completion of the driving task with a specific focus on how safely drivers operate
their vehicle. Dialogue support is aimed at establishing a longer term connection with the
driver as a way to keep him/her motivated to work on a more continuous improvement of
his/her own driving style in terms of how safe it is. Social support hinges upon the idea that
humans continuously crave for social connectedness, and individual behaviour in the context
of social life phenomena (like participating in traffic) is significantly regulated by social norms.
System credibility support is about fostering trust and acceptance in technology-provided
feedback. As can be seen in Figure 6, the real-time interventions provided by the i-DREAMS
platform will focus on primary task support and system credibility support. The potential for
real-time in-vehicle interventions to safely persuade a driver to change his/her behaviour has
been conceptually demonstrated in a study by van Gent et al. (2019). More in detail, in that
study, a framework for driver persuasion at the tactical level (i.e. the level where vehicle
manoeuvres like lane changing or car following are situated) was proposed. As for system
credibility support, the importance of trust in the context of technology acceptability, has been
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supported at various instances before (e.g. Risto & Martens, 2013; Regan et al., 2014;
Rahman et al., 2018). Reasons for the i-DREAMS real-time interventions not to focus on
dialogue support and social support, are distraction while driving and lack of appropriate
technology, respectively. As already noticed by van Gent et al. (2019) keeping the vehicle
operator engaged in an active dialogue while driving, would be in conflict with the idea that all
available resources should be dedicated to the driving task. As for the possibility to provide
social support while driving, work by Rakotonirainy et al. (2014) has shown that this requires
V2V communication, which is not an option in the context of the i-DREAMS project.

The five other nudging formats will not be included in the i-DREAMS project. For the format

based on warnings without active intervention, that decision is mainly based on empirical

indications from the literature that in terms of effectiveness, this format seems to score rather

low on the retention criterion. In other words, warnings only (without active intervention)

seem to be losing effect quite quickly, sometimes even already after a few weeks, with

vehicle operators starting to ignore or deactivate such systems (e.g. Toledo & Lotan, 2006;

Musicant et al., 2007; Toledo et al., 2008; Musicant et al., 2011; Musicant et al., 2015;

Musicant & Lotan, 2016). Three other formats are also excluded simply because they fall

outside the scope of the i-DREAMS project. More in detail, the two formats labelled as

Owarning and potenti al i ntervent ihoen od,r iavnedr 66 iinnipelr
possibility for technology to actively intervene while driving and take over vehicle control from

the human operator. This level of intrusiveness in terms of vehicle control is not what the i-

DREAMS project is about. On the contrary, the i-DREAMS interventions are meant to assist

and support drivers in their decision-making, but without taking over behavioural control. The

format | akwelalsdhd réppothsed i s retained neither, be
expressed in terms of the Haddon Matrix, the i-DREAMS interventions are targeting the pre-

crash state, instead of the crash i or post-crash states (Haddon, 1980, 1999). Despite its
relevance for road safety, the format | abelled 6
substance impaired driving, or non-use of seatbelt) is not included either, mainly because the

required technology to implement this format is not available (as is the case for substance

impaired driving), or already present in most vehicles (as is the case for instance for seatbelt

reminders).

Inside the coaching paradigm, three different formats can be found in the literature. One of
these, i.e. post-trip persuasive feedback via smartphone app and/or an online web-
dashboard will be selected for development and implementation in the i-DREAMS project.
The main reason to prefer this format over the other two, is related to what was already
mentioned, i.e. the finding that persuasive feedback is considered as more effective than
information or descriptive feedback only (i.e. feedback without an indication of what in terms
of current performance needs to be improved (so-c a |l | e d ),@hdd@vadouaphieve that
improvement (so-c al | ed 6 f g Bue fo the facathatpdsy-trip interventions are
operational in another window of opportunity and based on the extensive possibilities for
social interaction offered by the internet, the option to also provide dialogue- and social
support to vehicle operators, becomes a realistic target. Also regarding primary task support
and system credibility, a post-trip setting offers additional opportunities. For instance,
credible and authoritative agents (e.g. a coach, colleague, buddy, friend, et cetera)
situated in the social environment of vehicle operators can be actively involved in an
online platform to share their experiences and expertise, thereby increasing vehicle
operatorsdé motivation and capabi |l Mbréeoeesinda o i mpr ov
post-trip setting, primary task support should not be limited to the tactical level of the
driving task, as is the case in a real-time setting. Indeed, in a post-trip context, vehicle
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operators can receive support in optimizing their performance on competences situated at
other levels of the driving task, like the strategic level, which is more related to route choice-
related decisions (e.g. when to start a trip, which route to follow, what travel modality to use,
et cetera), and to strategies to cope with factors that relate to the trip context itself (for
instance, how to deal with possible sources of distraction). It is even possible to work on the
highest levels of the driving task as well, where the focus is more on safety-related
opinions, attitudes, norms and values, self-assessment skills, social responsibility, et cetera
(e.g. Michon, 1985; Hatakka et al., 2002).

The great potential in terms of effectiveness and user acceptance was also demonstrated in
Deliverable 2.2 (see section 4). A structured multi-modal review of both academic literature
as well as available commercial solutions found that for car, bus and truck, the use of post-
trip persuasive feedback via smartphone app and/or an online web-dashboard is becoming
the predominant coaching format.

To summarize, the i-DREAMS project will combine the two major intervention paradigms (i.e.
nudging and coaching) that can be found in the literature on transportation and road safety.
Within the nudging paradigm, the following two more specific formats will be adopted:
vulnerable road user protection, and persuasive feedback without active intervention
where the latter can also be targeted at the protection of vulnerable road users as one
particular aspect of the driving task. Persuasion in real-time will focus on primary task
support (i.e. steering of human decision making at the tactical level of the driving task),
and system credibility support (i.e. gaining trust through the provision of reliable
feedback). Within the coaching paradigm, the format where persuasive feedback is
offered in a post-trip setting via app and/or online web-dashboard will be adopted. Four
different support functionalities will be targeted, i.e. primary task support (i.e. empowering
human decision making at each of the hierarchical levels of the driving task), dialogue
support (i.e. establishing a longer-term relationship with the end-user), social support
(i.e. active involvement of relevant social agents), and system credibility support (i.e.
gaining trust via reliable feedback and involvement of respected experts). The next
section will turn to the real-time interventions and will outline a set of theoretical principles for
behaviour change that are specifically relevant for that intervention paradigm.

4.2 Real-time interventions

A crucial ingredient of the real-time interventions will be the offering of messages inside the
vehicle and while driving as a way t onosderécoer t he
promote a safer driving style. In Deliverable 2.2 (see section 2.4), a detailed review has

been presented of both theoretical and empirical research on what determines the

effectiveness of in-vehicle messaging while driving. One specific model was referred to that

summarizes the most important findings obtained so far in this specific research area, i.e.

The Eco-feedback design-behaviour framework (Sanguinetti et al., 2017; Sanguinetti et al.,

2018). Although originally developed for eco-driving, the model is very well suitable for

application in other domains (such as road safety) as well.

4.2.1 Theoretical guidelines for effective design of real-time messages

The Eco-feedback design-behaviour framework is visualized in Figure 7. Summarized, the
framework contends that for real-time messaging to be effective, it should be salient (i.e. it
must attract attention), precise (i.e. it should trigger a learning process), and meaningful
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(i.e. it should induce the appropriate motivation). These three requirements are primarily
dependent upon three specific design features, i.e. information, display, and timing. For
each of these three design features, more specific properties are proposed that are assumed
to determine the effectiveness of real-time messaging (Sanguinetti, 2019). For more detailed
information on these properties, we refer to Deliverable 2.2 (section 2.4).
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Figure 7: The Eco-feedback design-behaviour framework. Source: Sanguinetti (2018)

Sanguinetti (2018) also conducted a meta-analysis to formally test a set of fourteen
hypotheses deducted from the proposed framework. All of these were supported by
behavioural theory and past empirical research. Even though only one out of the fourteen
hypotheses could be supported in a statistically significant way, i.e. the negative relationship
between length of intervention (i.e. number of days drivers were exposed to feedback) and
feedback effectiveness, lack of statistically significant support for the other hypotheses
focusing on feedback design and context variables was likely related to small sample sizes.
Notwithstanding, trends could be identified that aligned with the forwarded hypotheses,
suggesting that feedback should best:

be provided in multiple modalities,

include both fine- and course-grained information,
provide standards of performance comparison,

integrate game features (like points, levels or badges), and

be combined with other behavioural change metods such as education
and/or rewards contingent on performance.

=A =4 =4 =4 =4
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These findings were partially confirmed by the literature review that was reported in
Deliverable 2.2 (see section 2.10 for more details). It seemed that the best messaging
strategy would be a multi-stage, multi-modal strategy as visually illustrated by Figure 8.

Stage 1: informing (normal driving) Stage 2: warning (danger phase) Stage 3: time-critical (avoidable accident)

\/isuu‘

Threshold (TTC, distance, headway time...)
Early Threshold Value A Threshold Value B Too Late

Figure 8: Real-time messaging strategy to keep drivers in the STZ. Source: Deliverable 2.2.

As can be seen messaging in the context of the i-DREAMS project would preferably be
adjusted to each specific stage of the STZ, which aligns with the idea of situation-
adaptive driver assist systems (e.g. Inagaki, 2007). Available literature showed it is
beneficial for vehicle operators to be informed early, but in a non-intrusive way. By using
visual (non-intrusive) and detailed messages in the first stage, the vehicle operator has all
the information available. In case the vehicle operator is not adapting to the situation, he or
she will move on to a second stage (i.e. the danger phase). In that second stage, messages
should be made more intrusive, for instance, by adding auditory warnings and/or making the
visual warning blink. In a third stage (i.e. avoidable crash), immediate action from the driver
is required, and at this point warnings should not be specific at all and should be intrusive
(without startling the vehicle operator) to immediately capture the vehicle operator& attention
or even trigger an intuitive reaction. At all times, information or warnings should be presented
in an intuitive way that does not overload the vehicle operator® current cognitive resources.
The next section will be dedicated to three theoretical frameworks that are relevant for both
the real-time and the post-trip interventions.

4.3 Real-time interventions & post-trip interventions

In this section, four theoretical frameworks will be presented that are relevant in the context
of step 1 (i.e. development of a logic model of the problem), step 2 (i.e. development of a
logic model for change) and step 3 (i.e. intervention design) of IM. The first framework (i.e.
the COM-B Model) serves as a blueprint to inventory what according to the field of
behavioural sciences are key-determinants to be considered in the context of analysing a
behaviour-based problem, irrespective of whether the focus is on real-time or post-trip
interventions. This model will thus be relevant later on in this Deliverable when step 1 of IM
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will be applied (see section 6.1), and in step 2 where change objectives will have to be
formulated (see section 6.2). The second and third framework are evidence-based support
tools to be used in step 3 of IM where suitable methods to change behaviour and its
underlying determinants have to be selected (see section 6.3.1). More in detail, the second
framework (i.e. the Behaviour Change Techniques Taxonomy v1) is an inventory of
available change methods or techniques. Different from that, the third framework (i.e. the IM
Taxonomy of Behavior Change Methods) is not just a descriptive inventory, but a
decision-tool, meant to help intervention planners in how to appropriately select and use
change methods. The fourth framework (i.e. The Table of Gamification Elements) is also a
decision support tool to be used in step 3 of the IM framework, more precisely when
translating selected change methods into practical applications (see section 6.3.3).

4.3.1 Theoretical guidelines for identification of determinants: the COM-B
Model

Changing human behaviour, whether in real-time or post-trip, is a very complex
challenge because of the multitude of variablesor 6 d et e rimuolved (B.g., Kok et
al., 2004; Michie & Johnston, 2012; Kok et al., 2016). Over the years, a wide variety of
theoretical models has been developed in the field of behavioural sciences meant to explain
the process of behavioural formation and to propose the key-determinants involved in that
process. Though very helpful, the wealth of theory available does not always make it easy for
intervention developers to make well-informed choices in terms of how to use theory. As
argued by Michie et al. (2005: p. 26-2 7 )This rd@inge of theoretical elaboration makes it
difficult to know how to select and apply psychological theories.0 Davi s et al
subscribe to this and agree that choosing a relevant theory can be a challenging task for
intervention designers, especially given the large number of theories with many of these
containing the same or overlapping constructs. This lack of guidance on how to select an
appropriate theory for a particular purpose, has raised the need for clarification and
simplification in order to increase the accessibility and usefulness of psychological theory
(e.g. Stavri & Michie, 2012). The COM-B Model was intended as a response to this call for
theoretical clarification and simplification and is to be understood as a holistic summary of
more than thirty different psychological theories (Michie et al., 2011; Michie et al., 2014). The
COM-B Model is visualized in Figure 9.
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Figure 9: The COM-B Model. Source: adapted from Michie et al. (2014)
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The acronym COM-B refers to capability, opportunity, motivation and behaviour. These
components interact as illustrated by the interlinking arrows so that, for example,
increasing opportunity or capability can increase motivation. Increased motivation can lead
people to do things that will increase their capability or opportunity to perform, adopt or
change a certain behaviour. For example, owning a bicycle (opportunity) or being able to ride
a bicycle (capability) might increase motivation to ride a bicycle, but motivation alone will not
improve riding skills or afford access to a bicycle unless the individual acts (behaviour) on
this motivation to buy a bike or to practise bicycle riding. So, the central tenet of the model is
that for any behaviour to occur, one or more of these three concepts are required:

i Capabilityactually refers to a personbdés ability 1t
As can be seen in Figure 9, the capability concept further splits up into two
dimensions thatrepresent t he two human resources that de:
capability, i.e. psychological capability (e.g. having the knowledge, psychological
skills, strength or stamina to perform the behaviour), and physical capability (e.g.
having the physical skills, strength or stamina to perform the behaviour). Next to
capability, motivation is a second key-concept in the context of behaviour formation

and change.
1 Motivationr el ates more to a personéd6és willingness
not). Dependingon whi ch system of thinking (i.e. the

0refl ectivebd s yxbtléonmoz detadspgenemtesanotivation, a

distinction is made between automatic motivation (e.g. processes involving wants
and needs, desires, impulses and reflex responses) and reflective motivation (e.g.
self-conscious planning and evaluations such as beliefs about what is good or bad).

1 Opportunity is the third key-concept in the model and refers to whether there is a
facilitator or inhibitor present that enables or prevents a person to perform a certain
behaviour or not. Physical opportunity relates to what the environment allows or
facilitates in terms of time, triggers, resources, locations, physical barriers, et cetera.
Social opportunity refers to whether there are interpersonal influences, social cues
or cultural norms present that could facilitate or inhibit performance of a certain
behaviour.

To simplify the multitude of candidate-variables that could be used to operationalize each

of the six above mentioned concepts, an interdisciplinary panel of experts was consulted

to reduce a set of 128 individual variables derived from more than 30 theories into 14 so-

called theoretical domains, i.e. the Theoretical Domains Framework (TDF). Table 6 gives

formal definitions for each of the 14 theoretical domains, together with individual variables or
6constructsdé that can be situat edestionitdbettem each do
understand how to interpret the different theoretical domains and their respective constructs.

Table 6: The Theoretical Domains Framework. Source: Michie et al. (2014: p. 88-90, Table 1.5)

Domain Theoretical constructs lllustrative questions
Definition represented within each

domain
Knowledge Knowledge (including Do you know about ¢f?
An awareness of the existence | knowledge of _
of something condition/scientific rationale);

procedural knowledge;
knowledge of task environment
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Skills

An ability or proficiency
acquired through practice

Skills; skills development;
competence; ability;
interpersonal skills; practice;
skill assessment

Do you know how to do af?

Memory, attention and
decision processes

The ability to retain information,
focus selectively on aspects of
the environment and choose
between two or more
alternatives

Memory; attention; attention
control; decision making;
cognitive overload/tiredness

Is wsomething you usually do?

Behavioural regulation

Anything aimed at managing or
changing objectively observed
or measured actions

Self-monitoring; breaking habit;
action planning

Do you have systems that you
could use for monitoring
whether or not you have
carried Gf

Social/professional role and
identity

A coherent set of behaviours
and displayed personal
qualities of an individual in a
social or work setting

Professional identity;
professional role; social
identity; identity; professional
boundaries; professional
confidence; group identity;
leadership; organisational
commitment

Is doing cwcompatible or in
conflict with professional
standards/identity?

Beliefs about capabilities

Acceptance of the truth, reality,
or validity about an ability,
talent, or facility that a person
can put to constructive use

Self-confidence; perceived
competence; self-efficacy;
perceived behavioural control;
beliefs; self-esteem;
empowerment; professional
confidence

How difficult or easy is it for
you to do o2

Optimism
The confidence that things will

happen for the best or that
desired goals will be attained

Optimism; pessimism;
unrealistic optimism; identity

How confident are you that the
problem of implementing cowill
be solved?

Beliefs about consequences

Acceptance of the truth, reality,
or validity about outcomes of a
behaviour in a given situation

Beliefs; outcome expectancies;
characteristics of outcome
expectancies; anticipated
regret; consequents

What do you think will happen
if you do af?

Intentions

A conscious decision to
perform a behaviour or a
resolve to act in a certain way

Stability of intentions; stages of
change model; transtheoretical
model and stages of change

Have they made a decision to
do o

Goals

Mental representations of
outcomes or end states that an
individual wants to achieve

Goals (distal/proximal); goal
priority; goal/target setting;
goals (autonomous/controlled);
action planning;
implementation intention

How much do they want to do
o

Reinforcement

Increasing the probability of a
response by arranging a
dependent relationship, or
contingency, between the
response and a given stimulus

Rewards (proximal/distal,
valued/not valued,
probable/impossible);
incentives; punishment;
consequents; reinforcement;
contingencies; sanctions

Are there incentives to do of?
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Emotion

A complex reaction pattern,
involving experiential,
behavioural, and physiological
elements, by which the
individual attempts to deal with
a personally significant matter
or event

Fear; anxiety; affect; stress;
depression; positive/negative
affect; burn-out

Does doing wevoke an
emotional response?

Environmental context and
resources

Any circumstanc
situation or environment that
discourages or encourages the
development of skills and
abilities, independence, social
competence, and adaptive
behaviour

Environmental stressors;
resources/material resources;
organisational culture/climate;

salient events/critical incidents;

person x environment
interaction; barriers and
facilitators

To what extent do physical or
resource factors facilitate or
hinder o

Social influences

Those interpersonal processes
that can cause individuals to
change their thoughts, feelings,

Social pressure; social norms;
group conformity; social
comparisons; group norms;
social support; power;

To what extent do social
influences facilitate or hinder
of?

intergroup conflict; alienation;
group identity; modelling

or behaviours

As already mentioned, the COM-B Model and the Theoretical Domains Framework will be
useful support tools when developing a logic model of the problem (step 1 of IM), and
proposing a logic model for change (step 2 of IM). The next section will address the BCTT v1
and the IM-TBCM, i.e. two frameworks, which are meant to make informed decisions on
appropriate change methods.

4.3.2 Theoretical guidelines for identification, selection and use of change
methods: the BCTT (v1) and the IM-TBCM

A behaviour change technigue can be defined as an active component of an intervention
designed to change behaviour (Michie etal., 2014). The ter m O6change
sometimesus ed as a (debated) synonym of the
remainder of this Deliverable, we will use the term change method to avoid unnecessary
confusion. The BCTT (v1) is an extensive, consensually agreed structured taxonomy of
methods to change behaviour. The BCTTv1 was developed based on a Delphi-type study
where 14 experts rated labels and definitions of 124 behaviour change methods from six
different published classification systems. In addition to that, another 18 experts grouped
these different behaviour change methods together according to similarity of active
ingredients in an open-sort task with inter-rater agreement assessed amongst six
researchers coding 85 intervention descriptions by behaviour change methods. The result is
a taxonomy containing 93 behaviour change methods, clustered together into 16 groups
(Michie et al., 2008; Michie et al., 2013; Carey et al., 2019; Connell et al., 2019). For a
detailed overview of this taxonomy, we refer to Table 14 in Appendix 1.

techni
wor d

gu
6ch

As noted by Kok et al. (2016), the BCTT (v1) is actually a descritipve inventory, from which
one can select change methods. However, it is not a decision-tool providing guidance on
how to select and appropriately use change methods. The Intervention Mapping-
Taxonomy of Behavior Change Methods was created exactly for that purpose. As Kok et
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al. (2016) explain, the IM-TBCM indeed not only proposes formal defintions of change
methods that have been described in the literature, but couples change methods to
specific determinants to guide intervention planners in how to make appropriate decisions
on what method(s) to select for behavioural determinants that require change. Moreover,
evidence-based critical parameters are proposed that determine the effectiveness of

change methods, when translatedintos ui t abl e

0 pr ac Thug differenafop | i cat i or

the BCTT (v1), the IM-TBCM is meant to be a decision-tool. Table 7 below shows an
extract from the IM-TBCM to illustrate its content and structure. It shows a set of basic
techniques suitable to influence behavioural determinants of individuals. For an overview of

the complete taxonomy, see http://effectivebehaviorchange.eu.

Table 7: IM-TBCM: Table 1: Basic Methods at the Individual Level (Adapted from Bartholomew et al., 2011)
Source: http://effectivebehaviorchange.eu

Method

(related theories &
references)

Participation (Diffusion of
Innovations Theory; Theories
of Power; Organizational
Development Theories; Models
of Community Organization;
Cummings & Worley, 2015;
McCullum, Pelletier, Barr,
Wilkins, & Habicht, 2004;
Rogers, 2003; WHO Regional
Office for Europe, 2002)

Definition

Assuring high level
engagement of
group in problem solving,
decision making, and change
activities; with highest level
being control by the
participantsé

Parameters

Requires willingness by the
health promoter or convener to
accept the participants as
having a high level of influence;
Requires partic
possess appropriate motivation
and skills.

Belief selection (Theory of
Planned Behavior; Reasoned
Action Approach; Fishbein &
Ajzen, 2010)

Using messages designed to
strengthen positive beliefs,
weaken negative beliefs, and
introduce new beliefs.

Requires investigation of the
current attitudinal, normative
and efficacy beliefs of the
individual before choosing the
beliefs on which to intervene.

Persuasive communication
(Communication-Persuasion
Matrix; Elaboration Likelihood
Model; Diffusion of Innovations
Theory; McGuire, 2012; Petty,
Barden, & Wheeler, 2009;
Rogers, 2003)

Guiding individuals and
environmental agents toward
tha adoption of an idea,
attitude, or action by using
arguments or other means.

Messages need to be relevant
and not too discrepant from the
beliefs of the individual; can be
stimulated by surprise and
repetition. Will include
arguments.

Active Learning (Elaboration
Likelihood Model; Social
Cognitive Theory; Kelder,
Hoelscher, & Perry, 2015; Petty
et al., 2009)

Encouraging learning from
goal-driven and activity-based
experience.

Time, information, and skills.

Tailoring (Trans-Theoretical
Model; Precaution Adoption
Process Model; Protection
Motivation Theory;
Communication-Persuasion
Matrix; Lustria, Cortese, Noar,
& Glueckauf, 2009; McGuire,
2012; Weinstein, Sandman, &
Blalock, 2008; Werrij, Ruiter,
van o0t Ri et , &

Matching the intervention or
compoments to previously
measured characteristics of the
participant.

Tailoring variables or factors
related to behaviour change
(such as stage) or to relevance
(such as culture or
socioeconomic status).
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Individualization (L.K.
Bartholomew et al., 2000; L.K.
Bartholomew, Czyzewski,
Swank, McCormick, & Parcel,
2000; Prochaska, Redding, &
Evers, 2015)

Providing opportunities for
learners to have personal
guestions anwered or
instructions paced according to
their individual progress.

Personal communication that
responds to a |

Modeling (Social Cognitive
Theory; Theories of Learning;
Kazdin, 2008; Kelder et al.,
2015)

Providing an appropriate model
being reinforced for the desired
action.

Attention, remembrance, self-
efficacy and skills,
reinforcement of model;
identification with model,
coping model instead of
mastery model.

Feedback (Theories of
Learning; Goal-setting Theory;
Social Cognitive Theory;
Kazdin, 2008; Kelder et al.,
2015; Latham & Locke, 2007)

Giving information to
individuals and environmental
agents regarding the extent to
which they are accomplishing
learning or performance, or the
extent to which performance is
having an impact.

Feedback needs to be
individual, follow the behavior
in time, and be specific.

Reinforcement (Theories of
Learning; Social Cognitive
Theory; Kazdin, 2008; Kelder
et al., 2015; McSweeney &
Murphy, 2014)

Providing reinforcement: linking
a behavior to any consequence
that increases
rate, frequency or probability.

Reinforcement need to be
tailored to the individual, group,
or organization, to follow the
behavior in time, and to be
seen as a consequence of the
behavior.

Punishment (Theories of
Learning; Kazdin, 2008;
McSweeney & Murphy, 2014)

Providing punishment: linking a
behavior to any consequence
that decreases
rate, frequency or probability.

Punishment need to be tailored
to the individual, group, or
organization, to follow the
behavior in time, and to be
seen as a consequence of the
behavior. Punishment should
be avoided because of
negative side effects. If used,
emphasis should be on positive
reinforcement.

Motivational Interviewing, Ml
(Self-dtermination theory;
Theories of self-regulation;
Miller & Rollnick, 2012; Ng et
al., 2012; Ryan & Deci, 2000)

Providing a collaborative, goal-
oriented style of
communication with particular
attention to the language of
change; designed to strengthen
personal motivation for and
commitment to a specific goal
by eliticing and exploring the
personbés own r
change within an atmosphere
of acceptance and comparison.

e

A supportive relationship
between client and professional
combined with the evocation of
patient change talk.
Professionals must recognize
that Ml involves collaboration
not confrontation, evocation,
not education, autonomy rather
than authority, and exploration
instead of explanation.

Facilitation (Social Cognitve
Theory; Bandura, 1986)

Creating an environment that
makes the action easier or
reduces barriers to action.

Requires real changes in the
environment instead of in the
perceptions of the environment.
Requires the identification of
barriers and facilitators and the
power for making the
appropriate changes.
Facilitating conditions on one
environmental level are usually
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dealt with by intervening on a
higher environmental level.

Nudging (Theories of Simple changes in the Requires autonomy: freedom of
Automatic, Impulsive, and presentation of choice choice, a sense of awareness,
Habitual Behavior; de Ridder, alternatives that make the and the healthy choice being
2014; Thaer & Sunstein, 2008) | desired choice the easy, default: easy and attractive.

automatic or default choice.

The next section will focus on another framework (i.e. the Table of Gamification Elements),
which serves as an instrument to translate selected change methods into practical
applications.

4.3.3 Theoretical guidelines for practical application: the Table of Gamification
Elements

Gamification is about the application of game-specific design elements, mechanisms and
features outside the context of entertainment and play, i.e. in a non-gaming context
(Deterding, et al., 2011; Rigby and Ryan, 2011; Burke, 2014). The main purpose of
gamification is to trigger the motivation to reinforce, change or shape a desired behaviour,
and to sustain this effect over time by developing so-called intrinsic motivation. According to
Oinas-Kukkonen & Harjumaa (2008), gamification is a very suitable approach to turn
technology (e.g. interactive information technology like the Web, Internet, mobile- and other
ambient technologies, but in-vehicle devices for driver assistance as well) into a persuasive
system. In other words, gamification allows abstractly formulated methods for changing
behaviour and its underlying deter mi namandspecifico
practical applications.

Relevant for the i-DREAMS interventions is that gamification has already received attention
both in the context of real-time interventions and post-trip interventions, with
applications to road safety and eco-driving (e.g. Rakotonirainy et al., 2014; Vaezipour et al.,
2015). In the field of eco-driving, the interest in gamification for the design of real-time
interventions came from evidence found in the literature that fuel efficiency can be achieved
via positive interactions between vehicle operators and in-vehicle systems (e.g. Barth &
Boriboonsomsin, 2009; Stréomberg & Karlson, 2013; Larue et al., 2014). Within the
automotive domain, this raised the interest in gameful design (e.g. Diewald et al., 2013),
resulting in a first series of studies empirically exploring acceptance and efficacy of
persuasi ve or-cadigtarfmies (e.g Huangietral., 2005; Pace et al., 2007;
Meschtscherjakov et al., 2009; Bellotti et al., 2014; Mcllroy et al., 2014; Vaezipour et al.,
2017, 2018, 2019). The use of gamification principles in mobile applications and online
dashboards meant to coach drivers in a post-trip setting has also attracted much
interest over the last decade. In Deliverable 2.2 (see section 4.2), more than thirty of such
commercialized applications were identified and reviewed. Typically, such telematic
recording web-based platforms use big data and machine learning algorithms to reliably
qguantify the risk associated with a specific driving behaviour (e.g. speeding, number and
severity of harsh events (braking and acceleration), harsh cornerings, or driving
aggressiveness), and offer personal and contextualized feedback in combination with
gamification mechanics (like competitions, leaderboards, badges, rewards, et cetera) to
keep drivers motivated and support them to work on an improvement of their driving style.
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As described already in Deliverable 2.2 (section 2.7), various gamification mechanisms and
features have been described over the years with different classification systems as an intent
to keep the overview (see for instance the GamECAR-project: www.gamecar.eu). Without
the intention to be exhaustive, the work of Andrzej Marczewski (see www.gamified.uk) can
be seen as a sort of meta-synthesis. In his Gamification Design Framework, he proposed
a summary overview of different player types, the basic gamification dynamics that drive
these player types, and for each of these, the most frequently used gamification
mechanisms. Marczewski distinguishes between six player types (i.e. achievers, socializers,
philanthropists, free spiritists, players, and disruptors), and six dynamics that drive game
players, and keep them engaged, depending on what player type is being considered (i.e.
mastery, autonomy, purpose, relatedness, reward, and change). Achievers are motivated
primarily by mastery: they are looking to learn new things, to overcome challenges, and to
improve themselves. Socializers are driven by relatedness: they want to interact with
others and create social connections. Philanthropists are motivated by purpose and
meaning: they are altruistic, want to give to other people and enrich others without
expectation of reward. Free spiritists are motivated by autonomy and self-expression:
they want to create and explore. Players are driven by rewards: they will do what is
required to collect rewards and they are primarily self-oriented. Disruptors are motivated by
change: overall, they want to disrupt the system, either directly or through other users to
force positive or negative change.

In his Periodic Table of Gamification Elements (see Figure 10), Marczewski shows which
gamification mechanics can be used to satisfy the dynamics that drive the six player types
mentioned above.

25
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Figure 10: The Periodic Table of Gamification Elements by Andrej Marczewski. Source: www.gamified.uk
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Formal definitions of the different gamification mechanisms appearing in the Periodic Table
can be found in Table 15 under Annex 2. Several of the gamification mechanisms appearing
in the Periodic Table of Gamification Elements have already been explored and empirically
investigated for their effectiveness in the literature on safety and eco-efficiency (see Table 8

for an overview).

Table 8: Sample of studies where gamification mechanisms have been empirically studied.

Gamification elements studied

Sources

Findings

Scores

Toledo & Lotan (2006);

Toledo et al. (2008)

Exposing drivers to safety-
relate scores calculated based
on in-vehicle monitoring and
provided via personal web
pages had a significant positive
impact on driver performance.

Feedback + financial incentives

Dijksterhuis et al. (2015)

Results indicated clear driving
behavior improvements for two
different Pay-As-You-Drive
(PAYD) groups as compared to
baseline rides and an equal
sized control group.

Financial incentives + gain/loss
asymmetry

Mortimer et al. (2018)

Results suggested that (i)
penalties may be more
effective than rewards of equal
value, (ii) even low-value
incentives can deliver net
reductions in risky driving
behaviours, and (iii) increasing
the monetary value of
incentives may not increase
their effectiveness.

Scores + feedback + group
incentives

Musicant & Lotan (2016)

Despite the more challenging
scheme needed to gain
rewards, results indicated that
all eligible participants
downloaded the app and used
it to win rewards for the group.
Also, friends were recruited by
participants without any
personal rewards for
themselves. Yet, once all pre-
specified rewards were
achieved within the allotted
time period, young drivers
stopped using the app.

Monetary & non-monetary rewards

Schall & Mohnen (2017)

Results showed a reduction of
fuel consumption of 5% due to
a tangible non-monetary
reward and suggested only a
small reduction of the average
fuel consumption in the
equivalent monetary reward
treatment.
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Gamification elements studied | Sources Findings

Penalties Corsi & Barnard (2003); Managers consider
Knipling et al. (2003); punishments as an effective
Hickman et al. (2007); strategy to eliminate specific
Knipling (2009) unwanted behaviours. It is

important that penalties are
applied uniformly for specific,
announced behaviours (e.qg.
exceeding speed limits) or non-
behaviours (e.g. not wearing
the seat belt). Moreover,
punishments need to be timely
and certain, but they do not
necessarily have to be severe
in order to be effective.

Social feedback McGehee et al. (2007); The combination of in-vehicle
Farah et al. (2013) monitoring and parental
feedback and guidance can be
a successful strategy to reduce
risk-taking behaviours, even
though it depends on several
implementation-related
aspects, such as tone of voice,
coaching style adopted, et

cetera.
Feedback + competition + extrinsic & | Vaezipour et al. (2019) Findings revealed a 4.7%
intrinsic incentives reduction in fuel consumption

with an addition of incentive
and competition with other
drivers. Moreover, there was
some evidence to suggest that
a range of extrinsic and
intrinsic incentives may be
beneficial for increasing
intentions to use an in-vehicle
Human-Machine Interface
(HMI) for the promotion of eco-

efficiency.
Personalization + (historical) Brouwer et al. (2015) Use of historical feedback that
progress + learning incorporates learning elements

suggested a non-verifiable
increase in terms of
acceptance of an in-car display
to promote eco-driving.
However, the authors argued
that maybe, historical feedback
and learning elements are less
effective for performance
oriented drivers who may need
comparative feedback and
game elements to improve
energy conserving driving
behaviour.
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Gamification elements studied | Sources Findings

Adaptive learning Pozueco et al. (2017) The authors developed a
complete methodology to
evaluate driving efficiency of
professional fleet drivers. The
methodology includes an early-
classification component that
allows to establish the initial
efficiency level of the individual
driver, which permits an
adaptation of the learning
process from the beginning.

Tips & recommendations Sureth et al. (2019) The authors found that tips
were evaluated as largely
positive, and that participants
receiving eco-driving tips that
focused on implementation
intentions and technical
explanations, significantly
reduced their fuel consumption
by 4% on average over time.

Self-interest (financial, health, kin) Van de Vyver et al. Drivers were shown one of
(2018) three self-interest appeals
(financial, health, kin) while
waiting at a congested level-
crossing site in the UK. Results
showed that all three self-
interest appeals increased the
chances of drivers turning off
their engines compared to the
control condition.

Scores + ranking + tips Magafia & Organero Results show that the

(2015) gamification tools and
techniques implemented in an
eco-driving assistant system
helps drivers not to lose
interest for fuel saving and
helps them not to return back
to their previous bad driving
habits.

The Periodic Table of Gamification Elements will serve as a supportive tool to come to well-
informed decisions in step 4 of IM (see section 6.3.3) where the focus will be on how to
practically implement the methods for behavioural change selected in step 3. The next
section will be dedicated to three theoretical frameworks that are relevant for designing the
post-trip interventions.

4.4 Post-trip interventions

In this section, three theoretical frameworks will be presented that are relevant for the design
of the post-trip interventions. More patrticularly, from each of these three models, an
important critical design parameter can be inferred. For instance, according to the
Transtheoretical Model of Change (see section 4.4.1), people are different in terms of how
open they are to the idea of changing their behaviour. This in turn, means that the selected
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methods for behavioural change should be tailored to where in the process of behavioural

change an individual is situated. Self-Determination Theory (see section 4.4.2) adds to this,

the idea that people are motivated differently depending on where they are in the process of

behavioural change. These differences in the type of motivation that drive people in their

daily-life activities, have important implications for the selection of methods, meant to

influence a persono6s mo tHingllg Bicconding to the Godlsaforge behavi
Driving Education (GDE) Matrix (see section 4.4.3), behavioural change understood as an

intent to change a, aqually imgiesdat only aniinyrovementotthel e
vehicle operatoroés driving persteepemsduntedeand but of t
more stable safety-related dispositions as well (e.g., attitudes, norms, values, life-goals, et

cetera. Dependi ng on a per s on(é.¢g noviae vsrexpariencaueand® or manc e
overall safety-related disposition (more safety concerned vs less safety concerned), he or

she can be situated in a hierarchically structured learning process that moves from simpler

6l ower order skillsé to more complex O6higher ord

4.4.1 The Transtheoretical Model of Behaviour Change

The Transtheoretical Model of Behaviour Change is an integrative theory of therapy (i.e. it is

based on analysis and use of different theories
readiness to act on a new (healthier or safer) behaviour, and provides strategies or

dbr ocesses otd guidelthe majvaudal (Prochaska & DiClemente, 2005). The theory

is visualized in Figure 11.

Pre-
contemplation

Termination /
Relapse

Contemplation

Maintenance Preparation

Figure 11: The Transtheoretical Model of Behaviour Change

The theory proposes that behaviour change is a multi-step process occurring in five
sequential stages, i.e. precontemplation (this is the starting point, therefore coloured in
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green), contemplation, preparation, action, and maintenance (Prochaska & DiClemente,

1982). More recently, two additional concepts have been added, i.e. termination and relapse

(e.g. Prochaska et al., 2015; Biehl et al., 2018). Neither of the two however, are considered

as 0 s.tPmchaska® Velicer (1997) for example, conceptualized relapse rather as a

dynamic where a person returns from action or maintenance to an earlier stage. Due to the

fact that people can regress, movement through the process of behavioural change is thus

not necessarily a linear, but potentially a spiral pattern. The importance of distinguishing
between these different stages of change for intervention design, is that they can be
expectedtobemor e ef fective i n -mas e h(eedtéilgreddaoreach 6 st age
i ndividual 6s stage of c heanmagnts jor, behaviotrdd change thate r ms
are being targeted, and in terms of the methods used to realize that change (e.g. Prochaska
etal. 1992). As f or t he | ast prpcesisesdf,chahgetn hla v ¢ ebb eent
by the authors who developed the theory, to explain how people move from one stage to
another (Prochaska & DiClemente, 1983). The term échange processé6, fo
ifcovert and overt activities that people use to
considered as an equivalent of what has been referred to before as methods for behavioural

change. Table 9 gives an overview of the five main stages inside the Transtheoretical Model

of Behaviour Change, together with a formal definition, and some key-characteristics.

Moreover, for the first four stages, the change processes to move forward to the next stage

are mentioned and briefly described.

of

Hr op o :

Table 9: The stages of change and associated change processes

Stage of Definition Description Change

process

Description

change

Precontemplation | 6 not r e a( Precontemplators | Consciousness | Get the facts:
people are not typically raising increasing
intending to take | underestimate awareness via
action in the the pros of information,
foreseeable changing, education, and

overestimate the

future, and can
be unaware that
their behaviour
is problematic.

cons, and often
are not aware of
making such
mistakes.

personal feedback
about the safe
behaviour.

Dramatic relief

Pay attention to
feelings: feeling fear,
anxiety, or worry
because of the
unsafe behaviour or
feeling inspiration
and hope when
hearing about how
people are able to
change to safe
behaviours.

Environmental
re-evaluation

Notice your effect on
others: realizing how
oneds unsa
behaviour affects
others and how
others could have
more positive effects
by changing.
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Social liberation

Notice public
support: realizing
that society is more
supportive of safe
behaviour.

Contemplation

6getting
people are
beginning to
recognize that
their behaviour
is problematic,
and start to look
at the pros and
cons of their
continued
actions.

Contemplators
are usually more
aware now of the
pros of changing,
but, their cons
are about equal
to their pros. This
ambivalence
about changing
can cause them
to keep putting
off taking action.

Self- re-
evaluation

Create a new self-
image: realizing that
the healthy
behaviour is an
important part of who
one is and wants to
be.

Preparation

0readyd:
People are
intending to take
action in the
immediate
future, and may
begin taking
small steps
towards
behaviour
change.

Preparators take
small steps that
they believe can
help them make
safe behaviour
part of their lives.
Their number
one concern is
whether they will
fail when they
act. They learn
that the better
prepared they
are, the more
likely they are to
keep
progressing.

Self-liberation

Make a commitment:
believing
ability to change and
making commitments
and re-commitments
to act on that belief.

Action

6current

People have
made specific
overt
modifications in
modifying their
problem
behaviour or in
acquiring new
safe behaviours.

Actioners need to
learn how to
strengthen their
commitments to
change and to
fight urges to slip
back.

Helping
relationships

Get support: finding
people who are
supportive of
change.

Counter-
conditioning

Use substitutes:
substituting safe
ways of acting and
thinking for unsafe
ways.

Reinforcement
management

Use rewards:
increasing the
rewards that come
from positive
behaviour and
reducing those that
come from negative
behaviour.

Stimulus control

Manage your
environment: using
reminders and cues
that encourage safe
behaviour as
substitutes for those
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that encourage
unsafe behaviour.

Maintenance

6monitor

People have
been able to
sustain action for
at least a
considerable
amount of time
(e.g. six months)
and are working
to prevent
relapse

For maintainers it
is important to be
aware of
situations that
may tempt them
to slip back doing
the unsafe
behaviour,
particularly
stressful
situations.

It is recommended that people in this
stage seek support from and talk with
people who behave in safe ways, and
remember to engage in safe activities,
to cope with stress instead of relying on
unsafe behaviour.

Termination

People have
zero temptation
and are sure
they will not
return to their old
unsafe habit as
a way of coping.

Relapse

People that
regress from
action or
maintenance to
an earlier stage.

Even though there is debate about the validity of the Transtheorteical Model of Behaviour
Change, and more particularly about the exact number of change stages (e.g. Brug et al.,

2005 for instance suggest distinguishing between only two main stages, namely, motivation,

and volition), the model has been applied in its orginial format in the field of transportation
and road safety before (e.g. Biehl et al., 2018; Kidd et al., 2003; Kowalski et al., 2014).
Moreover, the essential point being made by the theory, is that behavioural change is to be

Seen as a process.

In sum, according to the Transtheoretical Model of Behaviour Change, people are different in
terms of how open they are to the idea of changing their behaviour. This in turn, means that

the selected methods for behavioural change (or change processes) should be tailored to
where in the process of behavioural change an individual is situated.

The next section will discuss a framework (i.e. Self-Determination Theory) that is

complementary to the Transtheoretical Model in a sense that it adds the idea that people are

motivated differently depending on where they are in the process of behavioural change.

These differences in turn, have important implications for the selection of methods, meant to
personds

infl

uence a

4.4.2 Self-Determination Theory

As discussed by Michie et al. (2014: p. 321-328), Self-Determination is a meta-theory
comprising five mini-theories (i.e. Cognitive Evaluation Theory, Organismic Integration
Theory, Causality Orientations Theory, Basic Psychological Needs Theory, and Goal
Contents Theory), with the aim of providing a broad framework for the study of motivation,

personality, and behaviour.Cent r al to

mot i

t he

vation to

t heoryodos

change
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bet ween intrinsic motivation vs exforautoneniyc mot i v a
competence and relatedness (Deci & Ryan, 1985).

According to the theory, all humans have three basic needs: competence (i.e. the need to

feel competent), autonomy (i.e. the need to feel volition an choice), and relatedness (i.e.

the need to feel related to others) (Ryan & Deci, 2000). Depending on how well these basic

needs are satisfied, three different types of motivation can be distinguished (e.g. Howard et

al., 2017). (Social) Contexts that satisfy these needs promote intrinsic motivation to

engage in a certain behaviour (i.e. motivation t
interest or enjoyment). Conversely, (social) contexts that undermine the satisfaction of these

needs lead to another form of motivation, namely extrinsic motivation (i.e. motivation that is

regulated by external factors or controls). People can even be amovitated, meaning there

simply is a lack of intention to engage in a particular behaviour. Depending on how

autonomous or self-determined a person is when engaging in a certain behaviour, six

different so-called6 r egul ati ond mechani s msFiganral®?). be di stingui

Figure 12: Types of motivation and related regulation mechanisms. Source: Michie et al. (2014: p. 328)

As can be seen, four regulation mechanisms can be associated with the concept of extrinsic

motivation. External regulation refers to situations where behaviour is motivated by

controlling personally unrelated consequences (e.g. getting a reward or avoiding a

punishment). Introjected regulation is when behaviour is motivated via regulation of internal
representations of external consequences (e.g. looking for positive feelings like approval, or

avoiding negative feelings like guilt). Identified regulation refers to cases where motivation

occurs because the outcome of the behaviour is important to the person (e.g. engaging in

physical activity because it is important to the person). Integrated regulation refers to

behaviour thatis moti vated because the behaviour is cons
(e.g. 61 run because | am a runnero6).

The relevance of Self-Determination Theory for the post-trip interventions in the i-DREAMS

platform, is that research indicates that more externally controlled forms of motivation are

suitable to initiate and realize behavioural change in the short term, while sustainable

behavioural change actually requires more internally controlled forms of motivation,

and preferably, intrinsic motivation (e.g. Ingledew & Markland, 2008). Put differently, it is

not primarily the dédquantityd bwhéentrying®changeal i tyd o
behaviour. Furthermore, studies have shown that moving forward through the process of

behavioural change (see section 4.4.1) correlates with a shift in the type of motivation
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