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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 safety envelope for driving called the óSafety Tolerance 

Zoneô. 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 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: 

 

¶ To identify the objectives targeted by the in-vehicle and post-trip interventions inside 

the i-DREAMS platform. 

¶ 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. 

¶ To identify 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 the critical use 

parameters into account. 

¶ 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 primarily meant to steer vehicle operatorsô decision-making 

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 operatorôs safety via manipulation of the driving context (i.e. creating a safer driving 

environment), while coaching aims to improve the vehicle operatorôs safety via manipulation 

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.  

 

¶ 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.  

¶ 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 

so, 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.  

¶ The third framework (i.e. the Behavioural Change Techniques Taxonomy v1) 

provides an expert consensus-based overview of methods for behavioural change.  

¶ 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. 

¶ 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.  

¶ 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.  

¶ 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 personôs motivation to change behaviour.  

¶ The eighth framework (i.e. the Goals For Driving Education Matrix) states that 

modifying a personôs driving style, implies an improvement of the vehicle operatorôs 

driving performance and of the vehicle operatorôs deeper-situated and more stable 

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

Depending on a personôs current performance (e.g. novice vs experienced) and 

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 ólower order competencesô to more complex óhigher order competencesô. 

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 

qualification 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. For the latter, changing individual employeesô behaviour requires 

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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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.  

 

¶ The first compartment is where the safety outcomes can be found. These represent 

the highest level of impact targeted by the i-DREAMS interventions.  

¶ 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.  

¶ 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.  

¶ 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.  

¶ 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 ñcritical design parametersò. These refer to properties of the selected change 

methods that will determine their effectiveness.  

¶ 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: 

 

¶ For Work Package 4: Technical implementation of the i-DREAMS interventions: 

o In respect to the in-vehicle interventions: 

Á 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.   

Á The design of this display would preferably be based on the 

guidelines for Human-Machine Interfaces, as proposed by Naujoks 

et al. (2019).  

Á 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. 

Á 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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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).     

o In respect to the post-trip interventions: 

Á 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. 

Á 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. 

Á 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).   

Á 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).   

¶ For Work Package 5: 5-country experiment: 

o 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). 

o 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 fitness 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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¶ 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.e. change objectives Ÿ performance objectives Ÿ 

safety promoting goals Ÿ safety outcomes), it is important that suitable 

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 will have to take companiesô safety 

climate into account, as this is expected to be a crucial environmental 

factor influencing intervention effectiveness.   

o In line with corporate safety climate, individual user acceptance is to be 

included in the analysis and interpretation of intervention effectiveness. 

¶ For Work Package 8: 

o 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 a context-aware safety envelope for driving (óSafety 

Tolerance Zoneô), within a smart Driver, Vehicle & Environment Assessment 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. 

 
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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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 

between a ónormal drivingô phase, a ódangerô phase, and an óavoidable accidentô phase. In 

the normal driving phase, no abnormalities in a vehicle operatorôs driving style are detected 

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 vehicle operatorôs driving style are detected by the i-DREAMS monitoring 

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 processed and fused into information about a vehicle operatorôs 

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: 

 

¶ To identify the objectives targeted by the in-vehicle and post-trip interventions  

inside the i-DREAMS platform. 

¶ 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. 

¶ To identify 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. 

¶ 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. 



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

©i-DREAMS, 2019-2022  Page 20 of 181 

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 as the operational ótoolboxô for the in-vehicle 

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 

work package 3 óoperational design of the i-DREAMS platformô, and relates more specifically 

to task 3.3 óSelection of intervention approachesô. As can be derived from Figure 2 below, 

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 (this is discussed in deliverable 3.4 óexperimental 

protocolô), it does propose 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.    

 

 
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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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 2.1 to 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 show that what is óacceptableô as a safety tolerance zone, is 

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, there is the ólocalô perspective, considering the mechanisms contained by the 

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

ógeneralô perspective, considers these mechanisms to be operating within a larger time 

frame, namely, across the multitude of individual trips which together constitute a personôs 

driving history. Furthermore, the ógeneralô perspective relates the mechanisms contained by 

the Model to factors more global and stable across time, such as age, experience, 

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

 

This difference between a ólocalô and a ógeneralô interpretation of the Model has important 

implications for safety management. A ólocalô or óin real-timeô interpretation of the Model 

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 the objective óstate-of-the-worldô their behavioural self-regulation will suffer from 

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-

the world. In sum, a ólocalô interpretation of the Task-Capability Interface Model implies 

that interventions aimed at increasing safety have to take place in real-time, while 

driving. 

 

The important complement of the ógeneralô view to the ólocal viewô, is in the more holistic idea 

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 

projectôs first pillar (i.e. risk monitoring). 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 projectôs second pillar (i.e. safety interventions).  

 

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).  

 

 
Figure 3: Monitoring task complexity (ócontextô) & coping capacity (óoperatorô and óvehicleô) 

 

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-demographic background, and health status. The factor óvehicleô could be 

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 ónormal drivingô phase, the ódangerô phase or the óavoidable 

accidentô phase) a vehicle operator can be situated. This in turn, will determine the type of 

real-time intervention to be issued.     

 

2.3 The i-DREAMS Safety Tolerance Zone envelope 

As explained in Deliverable 3.1 (Talbot et al., 2020), the term óSafety Tolerance Zoneô, 

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 label ónormal drivingô refers to the phase of the STZ where, based on current conditions 

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 human operatorôs self-regulated vehicle control can be qualified as ónormal 

drivingô.    

 

Danger phase 

The label ódanger phaseô refers to the phase of the STZ where, based on current conditions 

in the objective state-of-the-world, the potential is detected for the start of a collision 

scenario. Within the i-DREAMS system the ódanger phaseô subzone can only be initiated if 

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 takes place, the STZ changes its conceptual status from ónormal 

drivingô to ódanger phaseô. In more detail, the latter means that the human operatorôs self-

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 label óavoidable crash phaseô refers to that particular subzone of the STZ where, 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 ódanger phaseô to óavoidable crash phaseô. More 

specifically, this means that the human operatorôs self-regulated vehicle control has become 

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 operatorsô capability, or a combination. 

 

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 vehicle operator, but by other phenomena outside of the vehicle operatorôs control as 

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-called ófixed thresholdsô, as it is currently 

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 road surface conditions or the vehicle operatorô 

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-called ónudgingô approach (see section 2.4.1 for 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 indirectly affect the vehicle operatorôs moment-to-

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 requires a ócoachingô approach (see section 2.4.2 for 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 last decade, ónudgingô has received massive attention as a paradigm for 

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; Ariën 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: 

ñNudging is an umbrella term for deliberate and predictable methods for changing peopleôs 

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.ò  

 

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 cockpitôs interior design) that can influence a vehicle 

operatorôs choice of a certain behaviour at a specific time and the spot where the 

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 

Key-prerequisite for 
successful influence 

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 

definitions have been proposed for the term ócoachingô without any of these receiving general 

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 follows: ñWorkplace coaching is 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 

learning and personal growth of the coachee.ò (Grant, 2001: p. 33). Even though this 

definition explicitly refers to a óworkplaceô context, Karlsson et al. (2017) consider it relevant 

to be applied to private contexts as well.  

 

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 detail, the 
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definition presented in that Deliverable was adopted from Schulte et al. (2014: p.46) who 

described coaching as ñ[é] designed to improve existing skills, competence and 

performance, and to enhance [coacheesô] personal effectiveness or personal development 

or personal growth.ò  

 

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 óboostingô (Grüne-

Yanoff & Hertwig, 2016). Hertwig & Grüne-Yanoff state the objective of boosting is ñ[é] to 

foster peopleôs competence to make their own choices ï that is, to exercise their own 

agency.ò Hertwig & Gr¿ne-Yanoff (2017: p. 1).Table 2 gives an overview of some of the key-

characteristics of a coaching or óboostingô approach, as proposed by Karlsson et al. (2017: p. 

76). 

 

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

Coaching 

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 
successful influence 

Requires development of a quality relationship between 
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 improve both coacheeôs personal effectiveness and development (see i-DREAMS 

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; 



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

©i-DREAMS, 2019-2022  Page 29 of 181 

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 matches with the idea of óboostingô (i.e. empowering decision making), while 

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

Dimension Nudging Boosting 

Intervention target Behaviour 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 contexts ï ñlocal 
repairò 

Equip individuals with domain-
specific or generalizable 
competences 
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Normative implications Might violate autonomy and 
transparency 

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

 

At the same time however, Reijula et al. (2018), and Hertwig & Grüne-Yanoff (2017) make it 

explicit that the domains for the application of boosts are not completely orthogonal to those 

of nudges. As the authors state themselves: ñBoosts and nudges are, of course, not 

perfect substitutes. [é] there are domains in which either nudges or boosts could be 

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

classes, individualsô competences can be boosted, nudged, or both. [é] Our goal is not to 

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.ò 

(Hertwig & Grüne-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 

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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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 influence a vehicle operatorôs decision making 

indirectly in specific situations as well. As for the underlying system of thinking, a 

distinction is to be made between the so-called ósystem 1ô (i.e. the automatic system) and 

ósystem 2ô (i.e. the reflective 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 (relating to a personôs ability to change behaviour), motivation 

(relating to a personôs willingness to change behaviour), and opportunity (relating to the 

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 
Nudging Coaching 

CAP MOT OPP prior during after 

ã x x ã x x  

Probing for a vehicle 
operatorôs commitment to 
apply safe driving skills before 
the start of a new trip.  

x ã x ã x x  

Promising a reward for safe 
driving to a vehicle operator 
behaviour before the start of a 
new trip. 

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

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

x ã x ã x x  

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

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

ã x x x ã x 
Alerting a drowsy 
vehicle operator while 
driving. 

Offering a vehicle operator a 
plan of action on how to drive 
safely (before the start of a 
new trip) prompts the 
appropriate skills to drive 
safely during a trip. 

x ã x x ã x 

Prompting a 
threatening sound to 
warn a vehicle 
operator for an 
imminent danger while 
driving. 

 

Challenging a vehicle operator 
to drive safely (before the start 
of a trip) prompts willingness 
to do so during a trip.  
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Determinant Opportunity window 
Nudging Coaching 

CAP MOT OPP prior during after 

x x ã x ã x 

Signalling the 
presence of a 
vulnerable road user to 
a vehicle operator 
while driving prompts a 
potential opportunity 
for a hazardous event. 

Offering a contextualized 
challenge to drive safely to a 
vehicle operator (before the 
start of a new trip) prompts 
appropriate skills to drive 
safely in the respective context 
during the trip. 

ã x x x ã x 

Real-time feedback on 
headway time makes 
the vehicle operator 
consciously aware on 
how to keep a safe 
distance while driving.   

Offering information on the 
symptoms of fatigue to a 
vehicle operator (before the 
start of a new trip) increases 
alertness for fatigue during the 
trip.  

x ã x x ã x 

Sign recognition 
signalling the speed 
limit to a vehicle 
operator while driving 
raises consciousness 
for speed limit 
compliance.  

Providing safety-supportive 
arguments to a vehicle 
operator (before the start of a 
new trip) raises consciousness 
to drive safely during the trip. 

x x ã x ã x 

Sign recognition 
signalling a no 
overtaking road sign 
while driving keeps the 
driver aware of the fact 
that there is no (legal) 
opportunity to 
overtake. 

Expression of social approval 
of safe driving (before the start 
of a new trip) sensitizes the 
vehicle operator during the 
trip. 

ã x x x x ã  
Probing for a vehicle 
operatorôs reconfirmation to 
drive safely next trip. 

x ã x x x ã  
Unlocking a new safety 
challenge for the vehicle 
operator to take up next trip. 

x x ã x x ã  
Social appraisal of a vehicle 
operatorsô safe driving after 
trip completion.  

ã x x x x ã  

Evaluative feedback obtained 
for driving behaviour after a 
completed trip gives the 
vehicle operator deeper insight 
into current performance. 

x ã x x x ã  

Arguments against self-doubts 
following a trip persuade the 
vehicle operator to continue 
working towards targeted 
safety goals.  

x x ã x x ã  

Showing critical events 
detected during a completed 
trip on a map provide the 
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 

operatorsô decision-making while 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, aims to improve the vehicle operatorôs safety via manipulation of the driving 

context (i.e. creating a safer driving environment), while coaching aims to improve the 

vehicle operatorôs safety via manipulation of the human operator him or herself (i.e. creating 

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 óoperational toolboxô itself, section 3 is 

dedicated to the protocol that was followed to design the structure of the toolbox. 

 

        



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

©i-DREAMS, 2019-2022  Page 36 of 181 

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 ñ[é] to 

ensure that we can describe and address the factors that cause health problems and the 

methods to achieve change.ò Experts 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). 

 

 
Figure 5: The six steps of Intervention Mapping. Source: www.interventionmapping.com 

http://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 Ÿ performance objectives Ÿ safety 

promoting goals Ÿ 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 (what will be the interventionôs scope and sequence?). In 

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 
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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.  

 
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 ópersuasive feedback without interventionô, one of the main reasons to opt for this format, 

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 

ówarning and potential interventionô, and óintervention without initiation by the driverô imply the 

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 labelled ópost-crash responseô is retained neither, because of the same reason: 

expressed in terms of the Haddon Matrix, the i-DREAMS interventions are targeting the pre-

crash state, instead of the crash ï or post-crash states (Haddon, 1980, 1999). Despite its 

relevance for road safety, the format labelled óprevention of high risk behaviourô (like 

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-called ófeedupô), and how to achieve that 

improvement (so-called ófeedforwardô)). Due to the fact that post-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 

operatorsô motivation and capabilities to improve their current driving style. Moreover, in a 

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 to steer the vehicle operatorôs tactical decisions in order to 

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).   

               
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. 
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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.  

 

 
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 operatorôs 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 operatorôs 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 



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

©i-DREAMS, 2019-2022  Page 47 of 181 

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 variables or ódeterminantsô involved (e.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. 26-27): ñThis range of theoretical elaboration makes it 

difficult to know how to select and apply psychological theories.ò Davis et al. (2015) 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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: 

 

¶ Capability actually refers to a personôs ability to perform a certain behaviour, or not. 

As can be seen in Figure 9, the capability concept further splits up into two 

dimensions that represent the two human resources that determine a personôs overall 

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.  

¶ Motivation relates more to a personôs willingness to perform a certain behaviour (or 

not). Depending on which system of thinking (i.e. the óautomaticô system 1 or the 

óreflectiveô system 2, see section 2.5.1 for more details) generates motivation, 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). 

¶ 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 

óconstructsô that can be situated within each domain, and an illustrative question to better 

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 

Definition 

Theoretical constructs 
represented within each 
domain 

Illustrative questions 

Knowledge 

An awareness of the existence 
of something 

Knowledge (including 
knowledge of 
condition/scientific rationale); 
procedural knowledge; 
knowledge of task environment 

Do you know about ὼ? 
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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 ὼ? 

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 ὼ something 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 ὼ? 

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 ὼ compatible 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 ὼ? 

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 ὼ will 
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 ὼ? 

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 ὼ? 

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 

ὼ? 

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 ὼ? 
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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 ὼ evoke an 
emotional response? 

Environmental context and 
resources 

Any circumstance of a personôs 
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 ὼ? 

Social influences 

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

Social pressure; social norms; 
group conformity; social 
comparisons; group norms; 
social support; power; 
intergroup conflict; alienation; 
group identity; modelling 

To what extent do social 
influences facilitate or hinder 

ὼ? 

 

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 technique can be defined as an active component of an intervention 

designed to change behaviour (Michie et al., 2014). The term óchange techniqueô is 

sometimes used as a (debated) synonym of the word óchange methodô. Throughout 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. 

 

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 translated into suitable ópractical applicationsô. Thus, different from 

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) 

Definition Parameters 

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) 

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

Requires willingness by the 
health promoter or convener to 
accept the participants as 
having a high level of influence;  

Requires participantsô group to 
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 ót Riet, & de Vries, 2012) 

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). 

http://effectivebehaviorchange.eu/
http://effectivebehaviorchange.eu/
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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 
questions anwered or 
instructions paced according to 
their individual progress. 

Personal communication that 
responds to a learnerôs needs. 

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 the behaviorôs 
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 the behaviorôs 
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, MI 
(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 
personôs own reasons for 
change within an atmosphere 
of acceptance and comparison. 

A supportive relationship 
between client and professional 
combined with the evocation of 
patient change talk. 
Professionals must recognize 
that MI 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 
Automatic, Impulsive, and 
Habitual Behavior; de Ridder, 
2014; Thaer & Sunstein, 2008) 

Simple changes in the 
presentation of choice 
alternatives that make the 
desired choice the easy, 
automatic or default choice. 

Requires autonomy: freedom of 
choice, a sense of awareness, 
and the healthy choice being 
default: easy and attractive. 

 

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 determinants, to ómaterializeô into concrete and specific 

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; Strömberg & 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 

persuasive or ógamifiedô in-car interfaces (e.g. Huang et al., 2005; Pace et al., 2007; 

Meschtscherjakov et al., 2009; Bellotti et al., 2014; McIlroy 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 

quantify 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.  

 
Figure 10: The Periodic Table of Gamification Elements by Andrej Marczewski. Source: www.gamified.uk 

http://www.gamecar.eu/
http://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); 
Knipling et al. (2003); 
Hickman et al. (2007); 
Knipling (2009)  

Managers consider 
punishments as an effective 
strategy to eliminate specific 
unwanted behaviours. It is 
important that penalties are 
applied uniformly for specific, 
announced behaviours (e.g. 
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); 
Farah et al. (2013) 

The combination of in-vehicle 
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 & 
intrinsic incentives 

Vaezipour et al. (2019) Findings revealed a 4.7% 
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) 
progress + learning 

Brouwer et al. (2015) Use of historical feedback that 
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. 
(2018) 

Drivers were shown one of 
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 Magaña & Organero 
(2015) 

Results show that the 
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 particularly, 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 personôs motivation to change behaviour. Finally, according to the Goals for 

Driving Education (GDE) Matrix (see section 4.4.3), behavioural change understood as an 

intent to change a personôs driving style, actually implies not only an improvement of the 

vehicle operatorôs driving performance, but of the vehicle operatorôs deeper-situated and 

more stable safety-related dispositions as well (e.g., attitudes, norms, values, life-goals, et 

cetera). Depending on a personôs current performance (e.g. novice vs experienced) and 

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 

ólower order skillsô to more complex óhigher order skillsô.    

 

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 of psychotherapy) that assess a personôs 

readiness to act on a new (healthier or safer) behaviour, and provides strategies or 

óprocesses of changeô to guide the individual (Prochaska & DiClemente, 2005). The theory 

is visualized in Figure 11.  

 

 
 

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 



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

©i-DREAMS, 2019-2022  Page 59 of 181 

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 óstagesô. Prochaska & 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 

expected to be more effective in case they are óstage-matchedô (i.e. tailored to each 

individualôs stage of change), both in terms of the determinants for behavioural change that 

are being targeted, and in terms of the methods used to realize that change (e.g. Prochaska 

et al. 1992). As for the last point, ten different óprocesses of changeô have been proposed 

by the authors who developed the theory, to explain how people move from one stage to 

another (Prochaska & DiClemente, 1983). The term óchange processô, formally defined as 

ñcovert and overt activities that people use to progress through the stagesò can thus be 

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. 

 

Table 9: The stages of change and associated change processes 

Stage of 
change 

Definition Description Change 
process 

Description 

Precontemplation ónot readyô: 
people are not 
intending to take 
action in the 
foreseeable 
future, and can 
be unaware that 
their behaviour 
is problematic.  

 

 

Precontemplators 
typically 
underestimate 
the pros of 
changing, 
overestimate the 
cons, and often 
are not aware of 
making such 
mistakes.  

Consciousness 
raising 

Get the facts: 
increasing 
awareness via 
information, 
education, and 
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 
oneôs unsafe 
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 ógetting readyô: 
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 óreadyô: 

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 in oneôs 
ability to change and 
making commitments 
and re-commitments 
to act on that belief. 

Action ócurrent actionô: 

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 ómonitoringô: 

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 

influence a personôs motivation to change behaviour. 

    

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. Central to the theoryôs explanation of behaviour is the distinction 
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between intrinsic motivation vs extrinsic motivation, and peopleôs basic need for autonomy, 

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 that comes from the individualôs inherent 

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-called óregulationô mechanisms can be distinguished (see Figure 12). 

 

 
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 that is motivated because the behaviour is considered as part of oneôs own identity 

(e.g. óI run because I am a runnerô).   

 

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 óquantityô but the óqualityô of motivation that counts when trying to change 

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 










































































































































































































































