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Glossary of terms 

Term Description 
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1.  Introduction 

ecoDriver is a co-funded integrated project started within the 7th European Framework Programme. 

The main goal of the project is a reduction of fuel consumption and CO2 emissions in road transport of 

20%, realised by encouraging and supporting drivers in green driving. Therefore, ecoDriver focuses on 

the latest achievements in feedback advice strategies and Human Machine Interface (HMI) solutions 

and takes these as a basis for further development in order to maximise system effectiveness and 

acceptance. 

 

Within WP13 of the ecoDriver project different HMI solutions and feedback strategies for a green 

driving support system shall be analysed on their effectiveness. The envisioned prototype systems and 

functionalities shall be examined in driving simulator experiments and instrumented vehicle studies. 

According to the projŜŎǘΩǎ 5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ²ƻǊƪΣ ǘƘŜ ƻōƧŜŎǘƛǾŜǎ ƻŦ ²tмо ŀǊŜ ŎƭŜŀǊƭȅ ŘŜŦƛƴŜŘ ŀǎΥ 

 

¶ To evaluate different HMI options and informational behaviour change strategies under 

controlled conditions 

¶ To perform a coherent set of driving simulator experiments and on the road tests 

¶ To indicate on basis of the results from the experiments performed the best feedback and 

HMI strategies for both integrated and nomadic applications to be developed in WP14 

 

¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ǘŀǎƪǎ ¢моΦм όά9Ǿŀƭǳŀǘƛƻƴ Ǉƭŀƴ ŦƻǊ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ŦŜŜŘōŀŎƪ ǎƻƭǳǘƛƻƴέύ ŀƴŘ 

¢моΦн όά5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘŀǊƎŜǘ ǎŎŜƴŀǊƛƻǎέύ ƛƴ ƻǊŘŜǊ ǘƻ prepare the planned experiments. This includes 

the development of an evaluation plan and the creation of the target test scenarios. The evaluation 

plan provides a generic description of the experimental setup and evaluation procedure while 

scenario creation ensures that the circumstances are optimal to test relevant effects and the system 

itself. Both the evaluation plan and the creation of test scenarios are documented in this deliverable. 

 

¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ǎǳƳƳŀǊƛǎŜǎ ǘƘŜ ŜƴǘƛǊŜ ǿƻǊƪ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ŘƻƴŜ ƛƴ ǇǊŜǇŀǊŀǘƛƻƴ ŦƻǊ ²tмоΩǎ ŘǊƛǾƛƴƎ 

simulator experiments and instrumented vehicle studies. This includes the establishment of an 

evaluation plan in its final version as well as the creation of a generic approach on scenario 

development. As an outcome of the preparation of the WP13 experiments, each partner contributed 

a detailed description of the prospective experimental setup. Partner contributions are divided into 

three sub-sections: 

 

¶ Research topic, research questions and hypotheses 

¶ Description of experimental procedure 

¶ Scenario description 

 

Research topics, research questions and hypotheses descriptions originate directly from the 

evaluation plan. The distribution of research topics has been reviewed by the Task Force Feedback 

and HMI in order to avoid content-related gaps. In the following sub-chapters, a description of the 
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experimental setup and procedure is presented by each partner. This part contains the following 

details on the planned experiment: 

 

¶ Equipment (kind of simulator/vehicle, technical capabilities, ...) 

¶ Organisational information (duration, number of participants etc.)  

¶ Procedural information (sequence of questionnaires, instructions, driving sessions, ...) 

¶ Addressed Research Topics (referring to previous section) 

¶ Occurring scenarios (referring to following section) 

¶ General information (experimental design, characteristics, limitations, ...) also with regard to 

the Evaluation Plan 

 

The last chapter of each paǊǘƴŜǊΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǎƘŀƭƭ ǇǊƻǾƛŘŜ ŀ ŘŜǘŀƛƭŜŘ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ǇƭŀƴƴŜŘ ǘŜǎǘ 

scenarios for the described experiments. This presentation includes information with regard to 

 

¶ Situation (surrounding, starting conditions, ...) 

¶ Addressed research topic(s) 

¶ ό9ȄǇŜŎǘŜŘύ Ŧƭƻǿ ƻŦ ŀŎǘƛƻƴǎ όǘǊƛƎƎŜǊǎΣ ŜǾŜƴǘǎΣ ŘǊƛǾŜǊΩǎ ǊŜŀŎǘƛƻƴǎΣ ΦΦΦύ 

¶ Variations of scenarios 

 

Finally, the achievements of WP13 (focusing on T13.1 and T13.2) are summarised at the end of this 

document. 



 2. Description of Research Topics 
 

3 
D13.1: Evaluation Plan and Scenario Definition (version 9, 2013-09-30)  

2.  Description of Research Topics 

In the following section, common guidelines for the upcoming WP13 experiments are listed. These 

guidelines represent recommendations for each partner and were used as guidelines for developing 

and describing the prospective experiments. This chapter focuses on general guidelines which are 

equal for each partner, chapter 5 summarises the exact and partner-specific experimental setup.  

2.1 HMI strategies 

There is a great variety of possible HMI strategies for green driving support systems. Within the 

ecoDriver project, research started with a state of the art review in SP1. The result of this first analysis 

has been summarized in the deliverable document D11.1 in order to establish a first knowledge base 

for further progress within the entire project. In preparation of WP13 the task force HMI generated a 

task force document in order to summarize the results of D11.1 and combine these thoughts with 

knowledge and experiences from other partners.  Additionally, each partner was asked to contribute 

their plans and intentions with regard to the upcoming experiments to the task force document which 

serves as a starting point for the following developments within WP13. 

2.2 Research Topics for experiments in WP13 

In the task force document, each partner has given a short description of the planned WP13 

experiments. In order to keep an overview on what shall be tested, the prospective research topics 

needed to be distributed properly. Therefore, a generic list of research topics has been compiled by 

the task force partners and stated in an early version of the evaluation plan. This document contains 

information regarding possible research focuses (e.g. distraction), ordered by the type of feedback 

and advice strategy (abbr. FAS, in pre-, in- or post-trip) and the type of HMI solution (visual, audible, 

haptic or other such as vehicle manoeuvres due to automatic vehicle control). This information 

deviates from statements given in the taskforce document. Describing these aspects explicitly ensured 

that all relevant topics as well as FAS and HMI solutions will be investigated. 

 

The following table provides a list of research topics which will be investigated by the partners. It 

deviates from the list established in the evaluation plan document so that each partner identified one 

or more research topics in accordance with the planned experiments of WP13. This collection 

represents proposals on what the experiments shall focus on, illustrating the process of defining 

research topics, experiments and scenario definitions. Therefore, the exact formulation might be 

different from the final research focus and may be adapted for the experiment description within 

Chapter 5.  

 

 

 

 

 

 

https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/Deliverables/Awaiting%20Approval%20(not%20for%20dissemination)/D11_1%20A%20state%20of%20the%20art%20review%20and%20users%27%20expectations_submitted.pdf
https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/SP1/TFH_Task_Force_HMI_Document.docx
https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/SP1/WP13%20Evaluation%20of%20feedback%20solutions/WP13_Evaluation_Plan.docx
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Table 1: Distribution of research topics (RTs) 

RT# Research Topic Partner 

1 Goal setting  CTAG, TOMTOM  

2 Detecting driver types  TNO  

3 Timing of feedback  CTAG  

4 Timing of feed-forward IKA, DAIMLER  

5 Frequency of feedback  UNIVLEEDS
1
 

6 Frequency of feed-forward  UNIVLEEDS
1
 

7 How to present feed-forward UNIVLEEDS
2
, IKA  

8 How to present FB, Advice  CRF  

9 Complexity of information CRF  

10 Personalised feedback and advice strategies  TNO, CRF  

11 Continuous vs. event based visual feedback vs. user induced  VTI  

12 Feedback and Advice Strategies CTAG  

13 Navigation and eco-driving  IFSTTAR  

14 Efficacy of haptic feedback (depending on WP12)  UNIVLEEDS
3
 

15 Knowledge about reason of feed-forward advice (Part of RT7) IKA  

16 Influence of other traffic on eco-driving behaviour  IKA  

17 Saving money vs. saving environment (part of RT8)  CRF, TOMTOM  

18 Learning transfer of feed-forward and feedback advice (RT5, 6 & 15) UNIVLEEDS, TOMTOM 

19 Presentation of pre-trip features TOMTOM 

20 Information about upcoming trip TOMTOM 

21 Presentation of post-trip features TOMTOM 

 

The definition and distribution of each RT was dependent on the equipment, the capabilities of and 

the research interest of each partner. Furthermore, some of the research areas have already been 

stated in the Description of Work, e.g. investigation using eye-trackers at VTI or experiments on 

systems for trucks at DAIMLER. The identification and distribution of the Research Topics has been 

made within expert sessions considering the core research idea of the ecoDriver project. Figure 1 

describes the process of the development of the experimental design. 

 

                                                           
1
 Inherent of RT18 

2
 Already done in WP12 

3
 Covered and overlaps with RT7, already done in WP12 
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Figure 1: Development of the Experimental Design  
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3.  Evaluation Plan 

3.1 Research Questions 

After selecting the research topics to focus on, appropriate research questions (RQs) had to be 

formulated. Within WP41 several research questions for evaluation of the real world trials of SP3 

have been created. These RQs can be divided into three categories: energy use and emissions, driving 

behaviour and side effects (controllability) as well as user acceptance. For WP13 experiments, the 

following generic RQs derived from deliverable D41.1 represent  prototypes for many other RQ to be 

investigated as far as possible: 

 

E1:  Does the tested system help to reduce energy consumption?  (Effectiveness) 

E2:  How does the tested system influence driving behaviour?  (Effectiveness) 

D1:  Does an eco-friendly driving style affect road safety?   (Driving Behaviour) 

D2:  Are there negative side-effects?      (Driving Behaviour) 

A1:  Are the tested solutions accepted by the users?   (Acceptance) 

A2:  Does user acceptance change over time?   (Acceptance) 

 

As indicated, the systems being studied can also be examined with regards to the research aspects 

effectiveness, driving behaviour and acceptance. Table 2 presents the initial association of the 

research topics as introduced in Table 1 of Section 2.2 with the generic research question prototypes 

derived from D41.1.  

 

Table 2: Initial association with Research Questions 

RT# Research Topic 
Initial Association with 

Research Question  

1 Goal setting  E1, E2 

2 Detecting driver types  A1, A2 

3 Timing of feedback  E1, E2, D1, D2, A1, A2 

4 Timing of feed-forward E1, E2, D1, D2, A1, A2 

5 Frequency of feedback  E1, E2, D1, D2, A1, A2 

6 Frequency of feed-forward  E1, E2, D1, D2, A1, A2 

7 How to present feed-forward E1, E2, D1, D2, A1, A2 

8 How to present FB, Advice  E1, E2, A1, A2 

9 Complexity of information D1, D2, A1, A2 

10 Personalised feedback and advice strategies  E1, E2, D1, D2, A1, A2 

11 Continuous vs. event based visual feedback vs. user induced  E1, E2, D1, D2, A1, A2 

12 Feedback and Advice Strategies E1, E2, A1, A2 

13 Navigation and eco-driving  E1, E2, A1, A2 

https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/SP4/WP41_AssessmentProtocol/ecoDriver_Deliverable_WP41.docx
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RT# Research Topic 
Initial Association with 

Research Question  

14 Efficacy of haptic feedback (depending on WP12)  E1, E2, A1, A2 

15 Knowledge about reason of feed-forward advice (Part of RT7) E1, E2, A1, A2 

16 Influence of other traffic on eco-driving behaviour  D1, D2, A1, A2 

17 Saving money vs. saving environment (part of RT8)  A1, A2 

18 Learning transfer of feed-forward and feedback advice (RT5, 6 & 15) E1, E2, A1, A2 

19 Presentation of pre-trip features A1, A2 

20 Information about upcoming trip A1, A2 

21 Presentation of post-trip features A1, A2 

 

Additionally, during development of the prospective application (final ecoDriver system), design 

issues and un-clarities will come up, appropriate RQs shall be defined as needed. Furthermore, each 

partner will conduct to some extent very different experiments. Thus, the resulting RQs and 

hypotheses can also be very different among the partners. For that reason, the following sections of 

this chapter describe the evaluation plan (especially the hypotheses, measures and performance 

indicators) in general providing recommendations and suggestions. Specific descriptions of the 

experiments are given by each partner in Chapter 5. 

3.2 Hypotheses 

The hypotheses described here are closely related to the research questions defined before and 

represent hypothetical answers which are to be either proven or disproven by the outcome of the 

experiments. The table below also indicates the measures used for testing the hypotheses and the 

comparison made. The hypothesis is derived from one or more research questions. 

 

Table 3: Exemplary research hypothesis 

Using the system reduces energy consumption and emissions as indicated by lower fuel 

consumption and fewer emissions 

Research question(s): E1 

Motivation: An ecoDriver system should help reducing fuel consumption and GEG emissions 

Performance indicator(s): ¶ Fuel consumption 

¶ Emissions 

Comparison: System vs. Baseline 

 

Research questions and hypotheses are strongly dependent from the corresponding experiment. 

Thus, each partner provides an individual list of research questions and hypotheses in chapter 5.  
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3.3 Measures and Performance Indicators 

Partners gave an overview of which measures they use in their experiments following from the 

research questions and corresponding hypotheses that were formulated. A clear idea on which 

performance indicators are going to be acquired is necessary to coordinate the implementation of 

measures and situational variables. Therefore, a list of possibly relevant measures is given in Table 4 

the list is related to the detailed description of each parameter which can be found in deliverable 

D41.1 of WP41. 

 

However, there is a great variety of possible PIs making it impossible to summarize all of them in a 

paragraph. PIs are highly dependent on the planned experiment. An official definition of PIs is given 

ƛƴ ǘƘŜ C9{¢! ƘŀƴŘōƻƻƪΥ άtŜǊŦƻǊƳŀƴŎŜ ƛƴŘƛŎŀǘƻǊǎ are quantitative or qualitative indicator, derived 

from one or several measures, agreed on beforehand, expressed as a percentage, index, rate or 

other value, which is monitored at regular or irregular intervals and can be compared to one or more 

ŎǊƛǘŜǊƛŀΦέ όC9{¢!Σ нллуύΦ 

 

Table 4: Possible measurement values that can either be used directly as performance indicator or as 
situational variables for further processing 

Possible performance indicators or 

situational variable 
Measurement Values 

Velocity ¶ Average speed [km/h] 

¶ Instantaneous speed [km/h] 

¶ Percentage speeding [%] 

¶ Standard deviation of speed [km/h] 

Gas pedal position ¶ Gas pedal position [%] 

Brake pedal position ¶ Brake pedal position [%] 

Acceleration ¶ Instantaneous Acceleration [m/s²] 

¶ Peak Acceleration [m/s²] 

Engine speed ¶ Rotational engine speed [1/min] 

¶ Peak rotational engine speed [1/min] 

¶ Rotational engine speed at shifting [1/min] 

Engine torque ¶ Engine torque [Nm] 

Engine brake ¶ Engine torque [Nm] 

¶ Engine brake engaged [-] 

Gear position ¶ Gear position [-] 

¶ Gear change [-] 

Fuel consumption ¶ Fuel consumption [l/100km] / [l/h] / ...  

¶ Average fuel consumption [l/100km] / [l/h] 

Emissions  ¶ Emissions [TBD] 

¶ Average emissions [TBD] 

Headway ¶ Headway [m] / [s] / [TTC?] 

https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/SP4/WP41_AssessmentProtocol/ecoDriver_Deliverable_WP41.docx
https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/SP4/WP41_AssessmentProtocol/ecoDriver_Deliverable_WP41.docx
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Possible performance indicators or 

situational variable 
Measurement Values 

Driver assistance systems active ¶ System 1 active [-] 

¶ System 2 active [-] 

Workload ¶ RSME 

¶ Steering reversal rate 

 

Additionally, interviews and/or questionnaires asking about acceptance and driving behaviour can be 

used in order to receive feedback on subjective aspects. Where research topics and questions show 

overlaps among different partners, similar methods (questionnaires and performance indicators) 

have been proposed. An overview of the applied questionnaires can be found in the Annex of this 

document. Whenever possible, partners have to synchronize methods when addressing similar 

research topics. 

3.4 Participants 

The number of participants needed for the experiment should ideally follow from a power analysis. 

The overall feasibility relies on whether an idea of the size of effects and expected variance can be 

given. Among other things, this depends on how well the research questions and hypotheses are 

described. From previous experience with the type of measures used in automotive research and 

given that a within subjects design will be used (see next section), the aim should be to have on 

average 25 to 35 participants. If for some reason a between subjects experiment design is needed, 

the amount of participants should be much higher (70-80). 

 

The group of drivers invited to participate should be as homogeneous as possible but still be a good 

representation of the intended audience. A few constraints should be placed on who to include and 

who not. Participants should be aged between 30 and 55, hold a driver license for more than 5 years 

and drive more than about 10,000 km per year. For some experiments specifically a distinction 

should be made between professional and private drivers. 

 

As a motivation to participate in the experiment financial or non-financial rewards can be given as 

incentives. A detailed description on incentives is given in deliverable D41.1 of WP41. It is worth 

noting here that although financial incentives are easiest to give and may work well, some issues 

exist, e.g. with respect to taxes that need to be paid and effects on behaviour when paying drivers to 

participate. 

3.5 Design 

We may expect variation in behaviour between drivers. This calls for a within subjects design, a 

design in which every subject is exposed to every version of the system, instead of exposing one 

group of subjects to version A and another group to version B to compare the different effects of 

system A and B. The variation in effects found between drivers may be of equal size or larger than 

the change in behaviour the ecoDriver system accomplishes. This means that the initial differences 

between the groups will have to level out. The difference between the groups can then be attributed 

to the ecoDriver system. To have the effects level out, large groups of participants are needed. A 

https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/SP4/WP41_AssessmentProtocol/ecoDriver_Deliverable_WP41.docx
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between subjects design can thus be applied but will mean that more participants are needed (3 to 4 

times as many). In a within subjects design the participants are exposed to both (or all) systems and 

the effects of system A on a certain participant are compared to the effects of system B on the same 

participant. The effects are then afterwards combined into an overall picture. If experiment scenarios 

include multiple parts, these parts must be presented in a (complete) balanced order to prevent 

order effects. 

3.6 Baseline condition  

The goal of WP13 experiments is the evaluation of feedback solutions. This means trying out 

different HMI options and informational behaviour change strategies under controlled conditions. In 

order to successfully identify and detect the effects of different HMI and feedback solutions, a 

common baseline definition for all experiments must be set for all partners.  Overall, each 

experiment shall compare the system with the examined aspect/feature against a basic version of the 

system without the examined aspect/feature. As an example, this means if the research focus lies on 

haptic gas pedals, the results should be compared against test drives without haptic gas pedals. The 

same rule applies for other features or feedback solutions. In case this guideline is not applicable, the 

partner has to make a clear definition of what the baseline for the performed experiment shall be. 

3.7 Instructions  

As already stated in D4.1, all participants must be provided with clear instructions about what is 

expected from them and what they may expect from the system and the experiment. The process of 

giving instructions can be divided into recruitment and instructions before the experiment. During 

the recruitment phase, the drivers shall be provided with general information not highly detailed but 

enough to decide whether they want to participate or not. 

 

When participants have signed up for participation, more information shall follow, especially in terms 

of organizational aspects like for example duration or incentives. With regards to the experiment 

itself, the amount of information provided is not prescribed in order to avoid creating an influence on 

ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ōŜƘŀǾƛƻǳǊΦ .ŜŦƻǊŜ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ itself, the driver should sign an 

informed consent. Further information on instructions and procedures can be found in the 

deliverable D41.1 of WP41. 

 

Partners announced to conduct sessions from 20 min up to 2 hrs. In order to create a manageable 

amount of data, durations of 20-40 min are recommended for driving simulator experiments. To 

avoid motion-sickness of the participants driving in a simulator, the suggestion is to keep the 

duration of the experiment sessions as short as necessary. Therefore, simulator experiments could 

be divided into two or more sessions of 10-20 min. The recommended duration of instrumented 

vehicle studies is 30-60 min. 

3.8 Scenarios 

The creation of testing scenarios is an essential necessity in the process of planning driving simulator 

experiments and instrumented vehicle studies in order to develop green driving support systems. 

This paragraph summarises the requirements for the prospective testing scenarios but please note 

https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/SP4/WP41_AssessmentProtocol/ecoDriver_Deliverable_WP41.docx
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that chapter 4 of this deliverable document provides the detailed approach on the scenario definition 

process. 

 

Scenarios can be developed with different road types and different driving. Different road types 

include: motorway, rural and urban roads, hills and flat roads, wet and dry roads. On a more general 

level roads can be split into roads with high energy saving potential and roads with low energy saving 

potential. The need for different kinds of driving must also be taken into account, e.g. negotiating 

roundabouts, going straight on the same road. What other traffic does, how much other traffic there 

is and what kind of traffic it is must also be defined. Target scenarios have been developed in Task 

13.2. The primary goal is to create representative traffic situations. Secondly, it might be useful to 

create situations that provoke άtL-ŎǊƛǘƛŎŀƭέ ǎƛǘǳŀǘƛƻƴǎ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŎŜƛǾŜ ŎƭŜŀǊŜǊ ǊŜǎǳƭǘǎ ǘƻ ŀƴǎǿŜǊ 

research questions and hypotheses.  

 

A test scenario definition document has been set up on SharePoint in order to identify comparable 

aspects and overlaps between the different experiments within SP1, 2 and 3. 

3.9 Powertrain models 

Powertrain models for estimating the fuel/energy request of vehicles under real-world driving 

conditions (developed in SP2) will be needed to give advice about how someone can drive more fuel 

efficient. It is not the objective of SP1 to develop better powertrain models but to develop better 

support systems. However, a powertrain model must give information about if and how driving 

behaviour can be improved. Obvious models to choose would be from the models used and 

developed within SP2 and especially the parts that are going to be part of the VE3 model. In SP2 

powertrain models are developed for passenger cars, passenger cars with DSG transmission, battery 

electric vehicles and a hybrid electric bus. If other models are needed for certain partners, it must be 

specified how these will be obtained. A detailed description and validation of the powertrain models 

can be found in the deliverables D21.2 and D21.3 of SP2. 

 

3.10 Analysis 

Most of ǘƘŜ tLΩǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ originate from continuous data (e.g. speed in km/h, 

acceleration in m/s2). When continuous data is used in analysis such as ANOVA, processing of the 

data into aggregated variables that can be compared will be performed. 

 

Some tLΩǎ Ƴŀȅ ōŜ ŎŀǘŜƎƻǊƛŎŀƭ ƻǊ ƴƻƳƛƴŀƭ όŜΦƎΦ ƎŜƴŘŜǊΣ ŘǊƛǾŜǊ ǘȅǇŜύ ŀƴŘ ƻǘƘŜǊ tLΩǎ ŀǊŜ ƻǊŘƛƴŀƭ όŜΦƎΦ 

rating scales, gear position). Analysis of variance (ANOVA) will be used to test effects of 

(manipulations on) the ecoDriver system when continuous data is concerned. For within subjects 

designs repeated measures ANOVA will be used, for between subjects a one-way ANOVA (see 

Design). For non-normal distributed continuous data, small data sets or data that is not continuous, 

non-parametric equivalents of the one-way ANOVA or repeated measures ANOVA will be used. 

Bonferonni corrected post-hoc (Student-Neuman-Keuls) tests will be used to explore data after the 

hypotheses are tested. For all tests alpha will be set to 5% and the power of the test will be reported, 

which is important for both significant and non-significant results to get an idea of the reliability of 

https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/SP3/WP32%20Trial%20preparation/ecoDriver_Template_Test_Scenarios.xlsx
https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/Deliverables/Awaiting%20Approval%20(not%20for%20dissemination)/D21_2%20Powertrain%20model%20development_submitted.pdf
https://foe-sharepoint.leeds.ac.uk/ecoDriver/Shared%20Documents/Deliverables/Awaiting%20Approval%20(not%20for%20dissemination)/D21_3%20Powertrain%20model%20validation_submitted.pdf
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the outcomes of the tests. Partners will use the template that will be developed for tables and 

figures to report their findings and provide input for the deliverable. 

3.11 Limitations foreseen 

To increase generalisability and reliability of results found during evaluation, the limitations of the 

study need to be described as best as possible. Some of the limitations that can be taken into 

account are, whether the system will work for drivers who are not represented in the participant 

pool. It will be unclear how the system will be used or how effective it will be for older drivers and 

inexperienced drivers, for example. Another limitation may be the generalisability of results when 

parts of the ecoDriver solution are tested. When a part of the ecoDriver system is tested within the 

environment of an existing advice system or a specifically developed advice system by one of the 

partners, the results found for the part may hold only when that part is used within that particular 

environment. Generalizing it to be used in other advice systems may be necessary and how this can 

be done should be described. 
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4.  Scenario Definition 

Within WP13 ƻŦ ǘƘŜ ŜŎƻ5ǊƛǾŜǊ ǇǊƻƧŜŎǘ άŀ ƴǳƳōŜǊ ƻŦ IaL ŎƻƴŎŜǇǘǎ ŀƴŘ ŦŜŜŘōŀŎƪ ǎǘǊŀǘŜƎƛŜǎ ǿƛƭƭ ōŜ 

considered in SP1 to obtain the most effective feedback in terms of energy efficiency and in terms of 

ŘƛŦŦŜǊŜƴǘ ŘǊƛǾŜǊǎ ŀƴŘ ǾŜƘƛŎƭŜǎέΦ CǳǊǘƘŜǊƳƻǊŜ ŀƴŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŜŎƻ5river description of work 

ό5ƻ²ύΣ άalgorithms developed in WP12, for assessing real time driving style of the drivers, are 

ǘŜǎǘŜŘέ (ecoDriver, 2011). In order to test, compare and evaluate the mentioned HMI concepts and 

feedback strategies in driving simulator experiments and instrumented vehicle studies, test scenarios 

have been developed.  

 

This chapter gives an overview on the general approach of scenario development (Figure 2) that has 

been used for different kinds of experiments within the ecoDriver Project. A similar elaboration on 

this can also be found in the Deliverable D23.1 of SP2 describing a common approach on the 

development of test scenarios. 

 
Figure 2: Scenario development  

The approach presented in this document shows that four different aspects of criteria have to be 

considered during scenario development. This approach can be divided in 

 

¶ Common scenario development rules 

¶ External influences on fuel and energy consumption (driving situations) 

¶ Internal influences on fuel and energy consumption (use cases) 

¶ Logic restrictions given by the target platform. 

 

According to the FESTA IŀƴŘōƻƻƪΣ ŀ ǘŜǎǘ ǎŎŜƴŀǊƛƻ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άŀ ǳǎŜ ŎŀǎŜ ƛƴ ŀ ǎǇŜŎƛŦƛŎ ǎƛǘǳŀǘƛƻƴέΦ Lƴ 

this context, situations are defined as combinations of certain use case characteristics (FESTA, 2008). 

In the following, the approach for scenario development will be elaborated in detail, taking use cases 

and situations into account for scenario definition. 
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4.1 Common requirements 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŜŎƻ5ǊƛǾŜǊ 5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ²ƻǊƪΣ ǘŜǎǘ ǎŎŜƴŀǊƛƻǎ ǎƘŀƭƭ άǇǊƻǾƛŘŜ ƻǇǘƛƳŀƭ ŎƛǊŎǳƳǎǘŀƴŎŜǎ 

for fuel reduction based on an adapted driving styƭŜέ όŜŎƻ5ǊƛǾŜǊΣ нлммύΦ ¢Ƙƛǎ ƳŜŀƴǎΣ ŜŀŎƘ ǎŎŜƴŀǊƛƻ 

has to offer a certain potential of saving fuel. In other words, it should be possible to finish a scenario 

either more or less successful by means of fuel and energy consumption. 

 

Furthermore, there are more common aspects to be respected in scenario creation. According to C. 

YŀƴŜǊΣ ŀ ǎŎŜƴŀǊƛƻ ǊŜǇǊŜǎŜƴǘǎ ŀ άƘȅǇƻǘƘŜǘƛŎŀƭ ǎǘƻǊȅΣ ǳǎŜŘ ǘƻ ƘŜƭǇ ŀ ǇŜǊǎƻƴ ǘƘƛƴƪ ǘƘǊƻǳƎƘ ŀ ŎƻƳǇƭŜȄ 

ǇǊƻōƭŜƳ ƻǊ ǎȅǎǘŜƳέΦ ¢ƘǳǎΣ ǘŜǎǘ ǎŎŜƴŀǊƛƻǎ ǎƘƻǳƭŘ ōŜ ƳƻǘƛǾŀǘƛƴƎΣ ŎǊŜŘƛōƭŜΣ ŎƻƳǇƭŜȄ ŀƴŘ Ŝŀsy to 

ŜǾŀƭǳŀǘŜ όYŀƴŜǊΣ нллоύΦ !ƭǘƘƻǳƎƘ YŀƴŜǊΩǎ ǿƻǊƪ ŀƛƳǎ ŀǘ ǎƻŦǘǿŀǊŜ ǘŜǎǘƛƴƎΣ ǘƘŜ ƛŘŜŀ ǊŜƳŀƛƴǎ ǘƘŜ ǎŀƳŜΦ 

!ƳƻƴƎ ƻǘƘŜǊ ǘƘƛƴƎǎΣ YŀƴŜǊΩǎ ǊŜŀǎƻƴǎ ŦƻǊ ǎŎŜƴŀǊƛƻ ǘŜǎǘƛƴƎ ŀǊŜ ƭŜŀǊƴƛƴƎ ǘƘŜ ǇǊƻŘǳŎǘΣ ŜȄǇƻǎƛƴƎ ŦŀƛƭǳǊŜǎ 

and comparing the results to expectations and requirements. 

4.2 Identification of driving situations 

Creating test scenarios for driving simulator experiments or instrumented vehicle studies, the overall 

goal of the target system to be tested has to be respected. Within ecoDriver, most of the HMI 

concepts and feedback solutions are aiming at reducing fuel and energy consumption. With respect 

to the common requirement that each scenario shall provide a certain potential, relevant driving 

situations need to be identified. 

4.2.1 Influences on fuel consumption  

In a first step, influences on fuel consumption shall have focus. These influences shall be labelled as 

άŜȄǘŜǊƴŀƭϦ ƛƴŦƭǳŜƴŎŜǎ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ƴƻǘ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ŜȄŀƳƛƴŜŘ ǎȅǎǘŜƳΦ !ǎ ŀƴ ŀǇǇǊƻŀŎƘΣ ŜȄǘŜǊƴŀƭ 

influences can be derived from the three-layer model: 

¶ Navigation, route (Navigation layer) 

¶ Anticipatory style of driving (Guidance layer) 

¶ Correct realization of driving (Stabilisation layer) 

 

The following consideration is mainly focussed on the second layer (guidance); especially vehicle 

safety (stabilization layer) must not be affected by green driving support systems. Furthermore, 

scenario creation shall aim at in-trip features which presume the target route (navigation layer) to be 

set. The realization of an anticipatory style of driving stands also in correspondence with the first 

golden rule of eco-driving (ECOWILL):  

¶ !ƴǘƛŎƛǇŀǘŜ ¢ǊŀŦŦƛŎ CƭƻǿΥ άwŜŀŘ ǘƘŜ ǊƻŀŘ ŀǎ ŦŀǊ ŀƘŜŀŘ ŀǎ ǇƻǎǎƛōƭŜ ŀƴŘ ŀƴǘƛŎƛǇŀǘŜ ǘƘŜ Ŧƭƻǿ ƻŦ 

traffic. Act instead of react ς increase your scope of action with an appropriate distance 

between vehicles to use momentum (an increased safety distance equivalent of about 3 

seconds to the car in front optimises the options to balance speed fluctuations in traffic flow 

ς ŜƴŀōƭƛƴƎ ǎǘŜŀŘȅ ŘǊƛǾƛƴƎ ǿƛǘƘ Ŏƻƴǎǘŀƴǘ ǎǇŜŜŘύΦέ 

 

Additionally, the following influences on fuel consumption shall also be respected (depending on the 

system): 

¶ Powertrain management 

¶ Overall vehicle (energy) management. 
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Generally, fuel and energy consumption is influenced by the state of the main energy conversion 

machine (inter combustion engine or electric motor). At a certain point of time, the overall engine 

state can be described by the number of revolutions per minute and the corresponding engine 

torque. Fuel and energy consumption can mainly be estimated by a set of these two parameters. Due 

to the general characteristic of internal combustion engine maps, the most efficient state can be 

reached at low engine speed and high torque (pressure) levels. This characteristic is visible as the 

point of minimum specific fuel consumption (bemin) in . 

 

 
Figure 3: Mean effective pressure versus engine speed and lines of constant specific fuel consumption for 
gasoline engines (IKA, 2011) 

In conclusion, the driver should try to reach lower RPMs and higher torque levels while driving which 

ƭŜŀŘǎ ǘƻ ƛǘŜƳǎ ƴǳƳōŜǊ н ŀƴŘ о ƻŦ ǘƘŜ άDƻƭŘŜƴ ǊǳƭŜǎ ƻŦ ŜŎƻ-ŘǊƛǾƛƴƎέ ό9/h²L[[Σ нлмлύΥ  

 

¶ aŀƛƴǘŀƛƴ ŀ ǎǘŜŀŘȅ ǎǇŜŜŘ ŀǘ ƭƻǿ wtaΥ ά5ǊƛǾŜ ǎƳƻƻǘƘƭȅΣ ǳǎƛƴƎ ǘƘŜ ƘƛƎƘŜǎǘ ǇƻǎǎƛōƭŜ ƎŜŀǊ ŀǘ ƭƻǿ 

wtaΦέ 

¶ {ƘƛŦǘ ǳǇ ŜŀǊƭȅΥ ά{ƘƛŦǘ ǘƻ ƘƛƎƘŜǊ ƎŜŀǊ ŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нΦлл0 RPM. Consider the traffic 

ǎƛǘǳŀǘƛƻƴΣ ǎŀŦŜǘȅ ƴŜŜŘǎ ŀƴŘ ǾŜƘƛŎƭŜ ǎǇŜŎƛŦƛŎǎΦέ 

 

With respect to these influences, relevant driving manoeuvres can be derived and identified in a next 

step. 

4.2.2 Relevant driving manoeuvres 

In the following, driving manoeuvres shall be defined as actions induced by driver in order to transfer 

the current driving state into another intended state (Schneider, 2009). Therefore, four main driving 

situations shall be considered: 

¶ Acceleration 

¶ Deceleration 

¶ Constant driving 
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¶ (Driving on slopes) 

 

Gear shifting itself is not considered as a driving situation but as a repeating control action. The same 

applies for the usage of gas or brake pedal. Nevertheless, gear shifting and applying pedal pressure 

are included within the driving situations mentioned above. Lateral control situations and 

manoeuvres such as lane changing, curve following or turning at intersections are also possible but 

not relevant for eco-driving because lateral control actions do not have a considerable effect on fuel 

consumption. Furthermore, steering actions are performed on the stabilisation layer. Green driving 

advice for lateral control which would have a much higher potential to jeopardise driving safety and 

are not recommended. 

 

As a next step, possible driving manoeuvres need to be identified. Manoeuvres can vary greatly in 

characteristics, for instance: 

¶ Reducing velocity from v1 to v2 within time t or distance s 

¶ Accelerating from v1 to v2 within time t or distance s 

¶ Constant driving at velocity v and maintaining 

¶ Decelerating to full stop 

¶ Driving down a slope at velocity v and maintaining 

 

Among these examples, many different manoeuvres represent considerable solutions. Mainly, 

driving situations and scenarios are composed by several manoeuvres with different levels of 

significance. A summary of relevant driving manoeuvres can be found within D2.1 of the European 

research project eCoMove referred to as (on-trip-ύ άƛƴŜŦŦƛŎƛŜƴŎƛŜǎέ όŜ/ƻaƻǾŜΣ нлмлύΦ ¢ƘŜǎŜ ƛǘŜƳǎ Ŏŀƴ 

be used as basic elements in order to create driving situations and test scenarios. 

4.2.3 Relevant Driving Situations 

As a concluding step, driving situations need to be defined. Driving situations can be understood as a 

framework in order to make the driver perform an expected relevant driving manoeuvre. Within this 

approach, different manoeuvres can be provoked by different causes the driver needs to react upon 

as for example: 

¶ Legal restrictions 

¶ Change of speed limits 

¶ Other road users 

¶ Road geometries 

¶  (Other reasons) 

 

These exemplary set-ups represent usual traffic situations. Among these, many different situations 

Ŏŀƴ ōŜ ƛŘŜƴǘƛŦƛŜŘ ǿƘƛŎƘ Ƴŀȅ ŀƭǎƻ ƻǾŜǊƭŀǇ ǿƛǘƘ ǘƘŜ ƻƴŜǎ ƻǊƛƎƛƴŀǘƛƴƎ ŦǊƻƳ ǘƘŜ ǎȅǎǘŜƳΩǎ ǳǎŜ ŎŀǎŜǎ όǎŜŜ 

chapter 4.3). 

4.3 Identification of use-cases 

Within the ecoDriver project, scenarios are described providing optimal circumstances for fuel 

ǊŜŘǳŎǘƛƻƴ ōŀǎŜŘ ƻƴ ŀƴ ŀŘŀǇǘŜŘ ŘǊƛǾƛƴƎ ǎǘȅƭŜΦ CǳǊǘƘŜǊƳƻǊŜΣ άǘƘŜǎŜ ƻǇǘƛƳŀƭ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ŎƭŜŀǊƭȅ 
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depend upon the specific application to be tested but also on, for example, the target vehicle (power 

ǘǊŀƛƴ ǘȅǇŜΣ ōǳǎΣ ǘǊǳŎƪ ƻǊ ŎŀǊΣ ŜǘŎΦύΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǘƛƻƴǎΣ ŀƴŘ ŘǊƛǾƛƴƎ ǎǘȅƭŜǎέ όŜŎƻ5ǊƛǾŜǊΣ нлммύΦ 

According to this, scenarios are not only tailored to environmental conditions such as traffic 

situations but also based on the application to be tested itself. 

4.3.1 Goals of a Green Driving Support System 

According to the ecoDriver project sub-ǘƛǘƭŜΣ ŀ DǊŜŜƴ 5ǊƛǾƛƴƎ {ǳǇǇƻǊǘ {ȅǎǘŜƳ όD5{{ύ ǎƘŀƭƭ άǎǳǇǇƻǊǘ 

ǘƘŜ ŘǊƛǾŜǊ ƛƴ ŎƻƴǎŜǊǾƛƴƎ ŜƴŜǊƎȅ ŀƴŘ ǊŜŘǳŎƛƴƎ ŜƳƛǎǎƛƻƴǎέ όŜŎƻ5ǊƛǾŜǊΣ нлммύΦ ¢ŜŎƘƴƛŎŀƭƭȅΣ ŀ D5{{ can 

be understood as an entire unit built from hard- and software. The focused system forms a functional 

software basis for the common ecoDriver HMI system, established within the project. In general, the 

ecoDriver system is designed to: 

¶ Influence the driver to reduce fuel and energy consumption 

¶ Provide feedback (valuable to the user) 

¶ Give advice (valuable to user) 

  

The ecoDriver HMI and Feedback solutions under development have different functionalities and are 

triggered by different circumstances. 

4.3.2 Features of the examined ecoDriver System 

Modern Green Driving Support Systems provide a variety of different features. A functional 

breakdown is useful in order to identify functionalities and use cases that need to be examined 

within the planned experiments. Therefore, each partner needs to specify features of their own 

system in order to analyse these with regard to important situations and use cases. 

4.3.3 Use Cases 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ C9{¢! ƘŀƴŘōƻƻƪΣ ǳǎŜ ŎŀǎŜǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ŦƻƭƭƻǿǎΥ ά¢ŀǊƎŜǘ ŎƻƴŘƛǘƛƻƴ ƛƴ ǿƘƛŎƘ a 

ǎȅǎǘŜƳ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜƘŀǾŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ǎǇŜŎƛŦƛŜŘ ŦǳƴŎǘƛƻƴέ όC9{¢!Σ нллуύΦ ¢ŜŎƘƴƛŎŀƭƭȅ ŀƴŘ 

according to A. Cockburn, there is no clear scientific definition of use cases. A simplified definition 

ŎƻǳƭŘ ōŜ ŦƻǊƳǳƭŀǘŜŘ ŀǎ ŦƻƭƭƻǿǎΥ ά! ǳǎŜ ŎŀǎŜ ƛǎ ŀ ŎƻƭƭŜŎtion of possible sequences of interactions 

ōŜǘǿŜŜƴ ǘƘŜ ǎȅǎǘŜƳ ǳƴŘŜǊ ŘƛǎŎǳǎǎƛƻƴ ŀƴŘ ƛǘǎ ŜȄǘŜǊƴŀƭ ŀŎǘƻǊǎΣ ǊŜƭŀǘŜŘ ǘƻ ŀ ǇŀǊǘƛŎǳƭŀǊ Ǝƻŀƭέ ό/ƻŎƪōǳǊƴΣ 

1997).  

 

A different definition of use cases can be found in the eCoMove project: here, use cases are 

understooŘ ŀǎ ŀ ά5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘŀǎƪǎΣ ǎƛǘǳŀǘƛƻƴǎ ŀƴŘ ǎŎŜƴŀǊƛƻǎΣ ŘǳǊƛƴƎ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǘǊƛǇ ǇƘŀǎŜǎΣ 

where the eCoMove applications can achieve a CO2 emission reduction and improved fuel efficiency 

ƛƴ ŘǊƛǾƛƴƎ ώΦΦΦϐέΦ ¸Ŝǘ ǘƻ ƳŜƴǘƛƻƴΣ ǘƘŀǘ άǘƘƛǎ ŘŜŦƛƴƛǘƛƻƴ ŘƻŜǎ ƴƻǘ Ŧƛǘ with the use case definition in the 

C9{¢! ƘŀƴŘōƻƻƪέ όŜ/ƻaƻǾŜΣ нлмлύΦ 

 

As a result, use cases can be defined in many different ways due to the lack of any scientific 

convention. During the process of scenario creation, use cases according to the FESTA definition shall 

be specified by the creator of each system. 
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4.4 Platform requirements 

Due to the architecture of the target platform, mainly driving simulator and instrumented vehicles, 

different aspects need to be respected in the process of scenario creation. Apart from the fact that 

experimental scenario should be designed as realistic as possible there are certain restrictions which 

cannot be ignored. 

 

Driving simulator scenarios 

For the creation of simulated scenarios in driving simulator architecture the following advice should 

be respected: 

¶ Scenarios and driving sessions should not be too long to avoid motion sickness depending on 

ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ǎƛƳǳƭŀǘƻǊΩǎ ƳƻǾŜƳŜƴǘǎΦ !ǎ ŀ ƎǳƛŘŜƭƛƴŜΣ ŘǊƛǾƛƴƎ ǘƛƳŜ ǿƛǘƘƛƴ ǘƘŜ ǎƛƳǳƭŀǘƻǊ 

should not exceed one hour (without a major break) 

¶ The simulated route does not need to be a round course which gives much freedom in 

scenario design 

 

Additional guidelines for driving simulator experiments are stated by P. Bouchner (Bouchner, 2007): 

¶ Ensure simplicity to make the situations clear and easy to understand 

¶ Good visibility to make the artificial surrounding as clear to understand as possible  

¶ 9ǎǘŀōƭƛǎƘ ŀ άōƻǊƛƴƎέ ǎŎŜƴŜǊȅ ǿƛǘƘ ƭƛǘǘƭŜ ŎƻƳǇƭŜȄ ŘŜǘŀƛƭǎ to avoid distraction. On the other 

hand, keep enough details and demand in order ǘƻ ŜƴǎǳǊŜ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ŀǘǘŜƴǘƛƻƴ ŀƴŘ 

avoid fatigue. 

¶ Limited traffic in order to set the focus on relevant aspects 

 

Instrumented vehicles 

Different rules apply for the creation of test scenarios for instrumented vehicles. Due to the nature of 

real world test drives, the scenery is realistic. Malfunctions, misbehaviour and inattentions can have 

serious consequences. Therefore, road safety has highest priority. 

¶ Ensure road safety, especially in terms of 

o Vehicle setup 

o Driving behaviour 

o Functional and HMI system design (distraction, legal issues, traffic regulations ...) 

¶ The designated route should have the same start and end point (round course) to reduce 

organisational issues 

¶ Respect traffic hours for reproducibility 
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5.  Experimental Setup 

In the following sections the experimental setup of each partner will be described. Some of the 

information is taken from the Task Force document. Each section shall contain an introduction of the 

experiment in context of research questions followed by addressing guidelines topics in order. 

Additionally, each section contains recommendations what especially needs to be respected within 

the particular experiment.  

 

Table 5: Distribution of research topics (RTs) 

Target features Research Topic Partner 

Pre-trip  

Goal setting  CTAG, TOMTOM 

Presentation of pre-trip features TOMTOM 

Information about upcoming trip TOMTOM 

Feedback 

Timing of feedback advice CTAG 

How to present feedback advice CRF 

Continuous vs. intermittent vs. user induced (on 

demand) feedback 

VTI, TOMTOM 

Feedback and advice strategies CTAG 

Visualized feedback BMW 

Feed-forward 

Timing of feed-forward IKA, DAIMLER 

Learning feed-forward advice  UNIVLEEDS 

How to present feed-forward IKA 

Knowledge about reason of feed-forward advice  IKA 

Coasting behaviour BMW 

Driver-related 

Detecting driver types TNO 

Complexity of information CRF 

(Map) Navigation and eco-driving IFSTTAR 

Personalised feedback and advice strategies TNO, CRF 

Influence of other traffic on eco-driving behaviour IKA 

User motivation (saving money vs. saving 

environment) 

CRF, TOMTOM 

Transfer of training UNIVLEEDS 

Post-trip  Presentation of post-trip features TOMTOM 
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5.1 UNIVLEEDS 

 

Leeds will be performing a driving simulator experiment that focuses on the acquisition of eco-

driving skills, the propensity to lose those skills over time and the ability of drivers to transfer skill to 

new eco-driving situations. The key premise behind the study is that drivers, who are able to learn 

eco-driving skills readily, do not need constant eco-driving support. In fact, if advice is provided too 

frequently, this may become annoying for drivers, influencing acceptance.  

 

The experiment will present feed-forward advice, provided via a haptic accelerator pedal, on the 

approach to gradients. The previous two ecoDriver studies at Leeds have evaluated a number of 

haptic pedal algorithms (see Deliverable 12.1) and the most effective one (in terms of driver 

performance) will be chosen for this study in WP13. The studies in WP12 only exposed participants to 

relatively short scenarios, whereas this study will allow drivers to experience the haptic pedal over a 

longer period of time. 

 

The research questions under investigation are: 

 

¶ RQ1 Do drivers learn at different rates 

¶ RQ2 Do drivers retain skill to varying degrees 

¶ RQ3 Can drivers transfer their skill to a new situation 
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5.1.1 Research topic, research questions and hypotheses 

 

Table 6: Research topic 1 (UNIVLEEDS) 

UNIVLEEDS  

Research Topic Learning feed-forward advice 

Research Question Do drivers learn at different rates? 

Hypotheses Improvement in performance varies by system type 

PIs Pedal error 

Design Within subjects design  

Baseline condition 
The baseline would be driving without the advice (but with the speedometer 

present) 

Pre-/in -/post-trip  In-trip 

HMI solution Haptic pedal and visual display 

Participants 30-40 

Equipment Driving Simulator 

Deviations from 

guidelines 

- 

Comments - 

 

 

Table 7:Research topic 2 (UNIVLEEDS) 

UNIVLEEDS  

Research Topic Learning feed-forward advice 

Research Questions Once drivers have used the haptic pedal a number of times, if the system is then 

disabled, how easily Ŏŀƴ ǘƘŜȅ Ƴŀƛƴǘŀƛƴ ǘƘŜƛǊ άōŜǎǘέ ǇŜǊŦƻǊƳŀƴŎŜΚ 

Hypotheses Drivers retain eco-driving skill to varying degrees 

PIs Pedal error 

Design Within subjects design  

Baseline condition Comparison against their best performance, in Research topic 1 

Pre-/in -/post-trip  In-trip 

HMI solution Haptic pedal and visual display 

Participants 30-40  

Equipment Driving Simulator 

Deviations from 

guidelines 
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UNIVLEEDS  

Comments - 

Table 8: Research topic 3 (UNIVLEEDS) 

UNIVLEEDS  

Research Topic Transfer of training 

Research Questions Do different drivers have different abilities to apply their eco-driving skill to new 

situations? 

Hypotheses Drivers can transfer their eco-driving skill to a new situation 

PIs Pedal error 

Design Within subjects design  

Baseline condition N/A 

Pre-/in -/post-trip  In-trip 

HMI solution Haptic pedal and visual display 

Participants 30-40 

Equipment Driving Simulator 

Deviations from 

guidelines 

 

Comments - 
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5.1.2 Description of experimental procedure 

The study will use the University of Leeds Driving Simulator, see Figure 4Φ ¢ƘŜ ǎƛƳǳƭŀǘƻǊΩǎ ǾŜƘƛŎƭŜ Ŏŀō 

is based around a 2005 Jaguar S-ǘȅǇŜΣ ǿƛǘƘ ŀƭƭ ƻŦ ƛǘǎ ŘǊƛǾŜǊ ŎƻƴǘǊƻƭǎ Ŧǳƭƭȅ ƻǇŜǊŀǘƛƻƴŀƭΦ ¢ƘŜ ǾŜƘƛŎƭŜΩǎ 

internal Control Area Network (CAN) is used to transmit driver control information between the 

Jaguar and one of the network of nine Linux-ōŀǎŜŘ t/ǎ ǘƘŀǘ ƳŀƴŀƎŜ ǘƘŜ ƻǾŜǊŀƭƭ ǎƛƳǳƭŀǘƛƻƴΦ ¢Ƙƛǎ ΨŎŀō 

ŎƻƴǘǊƻƭΩ t/ ǊŜŎŜƛǾŜǎ Řŀǘŀ ƻǾŜǊ 9ǘƘŜǊƴŜǘ ŀƴŘ ǘǊŀƴǎƳƛǘǎ ƛǘ ǘƻ ǘƘŜ ΨǾŜƘƛŎƭŜ ŘȅƴŀƳƛŎǎΩ t/Σ ǿƘƛŎƘ Ǌǳƴǎ ǘƘŜ 

vehicle model. The vehicle model returns data via cab control to command feedback so that the 

driver seated in the cab feels (steering torque and brake pedal), sees (dashboard instrumentation) 

and hears (80W 4.1 sound system provides audio cues of engine, transmission and environmental 

noise).  

 

 
Figure 4:University of Leeds Driving Simulator 

The Jaguar is housed within a 4m diameter, spherical projection dome. Six visual channels are 

rendered at 60 frames per second and at a resolution of 1024x768. The forward channels provide a 

near seamless field of view of 250°, and the rear view channel (40°) is viewed through the vehicle's 

rear and side view mirrors.  

 

The simulator incorporates a large amplitude, eight degree of freedom motion system using a railed 

gantry and electrically-driven hexapod. The motion-base enhances the fidelity of the simulator by 

providing realistic inertial forces to the driver during braking and cornering. It also provides lifelike 

high frequency heave, allowing the simulation of road roughness and bumps. 

 

Eco-driving Systems 

¶ Visual (Foot) 

¶ Haptic (Force) 

¶ Haptic (Stiffness) 

 

System activation 

¶ Via headlight stalk 

¶ !ǳŘƛǘƻǊȅ ǇǊƻƳǇǘ άtƭŜŀǎŜ ǘǳǊƴ ǘƘŜ ŜŎƻŘǊƛǾƛƴƎ ǎȅǎǘŜƳ ƻƴκƻŦŦέ 

 

Overview of experimental design 

¶ A within subjects design 

¶ 24 drivers to be recruited from WP12 
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¶ Each driver completes 4 drives (1 baseline, 3 systems) 

¶ Each DrƛǾŜ άŎƻƴǘŀƛƴǎέ ƻƴƭȅ м ǎȅǎǘŜƳ 

¶ Drive orders to be counterbalanced 

 

Road layout 

¶ 2 Lane motorway 

¶ Hills have the same gradient on uphill and downhill portion 

¶ Gradient = 4% and 8% 

¶ Filler sections between hill is a 252m curved section 

¶ Each hill comprises 4 sections, each with 3 X 252m tiles: 

 

 

Section A 

i. Ascent approach (constant gradient) [7%] 

ii. Ascent accelerate (gradient change) [7-15%]  Accelerate phase 

iii. Ascent (constant gradient) #1 [15%] 

 

Section B 

iv. Ascent (constant gradient)#2 [15%] 

v. Ascent  decelerate (gradient change) [15-7%]  Decelerate phase 

vi. Hill top (constant gradient) #1 [7%] 

 

Section C 

vii. Hill top (constant gradient) #2 [7%] 

viii. Descent  decelerate (gradient change) [7-0%]  Decelerate phase 

ix. Descent (constant gradient)#1 [0%] 

 

Section D 

x. Descent (constant gradient)#2 [0%] 

xi. Descent accelerate (gradient change)  [0-7%]  Accelerate phase 

xii. Descent tail (constant gradient) [7%] 

 

 

Table 9: Overview of scenarios for active system (University of Leeds driving simulator) 

System active Scenario Length (m) System Vehicle density Gradient Hypothesis 

 Filler 2000 Off Low Flat  

 άŜƴƎŀƎŜέ  0     

S0 Hill 3024 On Low Type 1 Practise 

 Filler 250 On Low Flat  

S1 Hill 3024 On Low Type 1 H1 & H2 

 Filler 250 On Low Flat  
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System active Scenario Length (m) System Vehicle density Gradient Hypothesis 

S2 Hill 3024 On Low Type 1 H1 & H2 

 Filler 250 On Low Flat  

S3 Hill 3024 On Low Type 1 H1 & H2 

 Junction 1500 On Getting high Flat  

S4 Hill 3024 On High Type 1 H1 & H2 

 Filler 250 On High Flat  

S5 Hill 3024 On High Type 1 H1 & H2 

 Filler 250 On High Flat  

S6 Hill 3024 On High Type 1 H1 & H2 

 Junction 1500 On Getting Lower Flat  

S7 Hill 3024 On Low Type 1 H3 

 Filler 250 On Low  Flat  

 άŘƛǎŜƴƎŀƎŜέ  0     

S8 Hill 3024 Off Low Type 2 H3 

  33716 

= 20 mins 

    

 

Table 10: Overview of scenarios for baseline (University of Leeds driving simulator) 

Baseline Scenario Length (m) System Vehicle density Gradient Hypothesis 

 Junction 1500 Off Low   

B1 Hill 3024 Off Low Type 1 H1 

 Filler 250 Off Low Flat  

B2 Hill 3024 Off Low Type 1 H1 

 Filler 250 Off Low Flat  

B3 Hill 3024 Off Low Type 1 H1 

 Filler 250 Off Low Flat  

 Junction 1500 Off Low Flat  

  12822 

= 10 mins 

    

 

5.1.3 Scenario description 

The study will focus on gradients and will require drivers to drive up and down a number of hills, of 

the same gradient and length. Advice will be provided via the haptic pedal which, if followed, will 

enable the driver to maintain a constant speed over both the uphill and downhill sections. This 

follows one of the golden rules of eco-driving, as referred to in the text above (maintain a constant 
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speed as possible. Simulation runs, carried out by SP2 specifically for Leeds, were used to aid the 

design of the eco-driving advice. The scenario used for the simulations is shown in Figure 5 and the 

results are shown in Figure 6. Two scenarios were simulated, the first where speed remains constant 

over the up and downhill portions of the road (red line) whilst the second varies speed in such a way 

that the amount of braking (i.e. wasting energy) whilst going downhill is decreased (green line). A 

small advantage is gained (2%) when speed remains constant. Therefore, this was the scenario 

adopted in the study and drivers will be asked to keep their speed constant whilst traversing the 

gradients (in the baseline) and the haptic pedal will use this algorithm, based on the gradient of the 

hill, to provide this advice also.  

 

 
Figure 5: Scenario used in simulation runs 
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Figure 6: Simulation results 

The study will use a two-lane motorway scenario, with light oncoming traffic. The speed limit will be 

60 mph, and drivers will be asked to maintain a constant speed. Drivers will be incentivised to do so, 

using a competitive strategy (the most eco wins an additional prize).  

 

Participants  

Due to the complexities of the experimental design, we will be using participants who have taken 

part in the WP12 experiments. They will be familiar with the experimental procedures and will not 

require repetition of the training for the use of the haptic pedal. In this way we hope that we have a 

rather homogenous set of participants, with small between group differences. 

 

The procedure is detailed in Table 11, with the order changing, depending on counterbalancing. An 

overview of the applied questionnaires can be found in the Annex of this document. 
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Table 11: Participant experience 

Agenda mins 

Welcome, ethics, procedure 15 

System 1 20 

Questionnaires and re load 5 

System 2 20 

Questionnaires and re load 5 

System 3 20 

Questionnaires and re load 5 

Baseline 10 

Questionnaires and debrief 10 

Total 110 
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5.2 TNO 

TNO will perform experiments to investigate different driver types and the effects of personalising 

advice on acceptance of ecoDriver systems. The impact that can be attained with ecoDriver systems 

depends for a large part on whether the driver uses the system or not. Personalising the HMI to fit 

the driver better, is hypothesised to increase driver acceptance and thus the effectiveness of the 

system. Based on earlier work done in WP11 and WP12 to discern different driver groups, several 

IaLΩǎ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇed whose acceptance by different groups will be evaluated. Using an HMI 

that matches the feedback preference of the target group is expected to increase driver acceptance 

compared to a basic HMI and a HMI where the feedback strategy and group preference are 

mismatched. Two dimensions of personality were described in deliverable 12.1, value and goal 

orientation. Value orientation theory claims that people differ in the way they attach importance to 

their own well-being and the well-being of others (Offerman, Sonnemans & Schram, 1996). We 

distinguished two ends of the scale, people that are more pro-social and people that are more pro-

self. Goal orientation is important since the feedback that will be given has the goal of teaching the 

driver a new way of driving. Not all people prefer to learn, some people focus on being top of their 

class, while others focus more on their personal progress (Dweck, 1986; Gentry, Dickinson, Burns, 

McGinnis & Park, 2006). Goal orientation has been also projected on a two-dimensional scale; 

learning oriented and performance oriented. The experiment focuses on performance versus 

learning-oriented drivers to minimize the number of different experimental conditions.  
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5.2.1 Research topic, research questions and hypotheses 

Table 12:Research topic 1 (TNO) 

TNO  

Research Topic 1 Personalized feedback 

Research Question Does personalising improve effectiveness and acceptance of the ecoDriver system? 

Hypotheses Personalised feedback will improve effectiveness of the ecoDriver system as 

ƛƴŘƛŎŀǘŜŘ ōȅ ǊŜŘǳŎŜŘ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ όŀƴŘ άōŜǘǘŜǊ ŜŎƻ-ŘǊƛǾƛƴƎ ōŜƘŀǾƛƻǳǊέύ ŦƻǊ ŀǘ 

least one type of FAS for every driver. 

Personalised feedback will increase acceptance of the system as indicated by higher 

ratings on the Vanderlaan acceptance scale and increased usage of the system for at 

least one type of FAS for every driver. 

PIs 

- Fuel consumption [l/km]  

- SD speed [km/h] 

- Lower mean acceleration [m/s²] 

- Lower mean speed [km/h] 

- Lower average peak acceleration [m/s²] 

- Higher average gear with same speed [-] 

- Lower brake usage time [s] 

- Higher free rolling time [s] 

- Vanderlaan scale 

- Driver chooses one of the advanced systems as favourite (increased usage) 

Design Within-subjects 

Baseline condition Basic system: only (eco-)speed advice 

Pre-/in -/post-trip  in-trip 

HMI solution 

Visual 

Basic HMI will show: 

- Recommended speed as a green area on the speedometer 

Performance oriented HMI will show: 

- Recommended speed as a green area on the speedometer and information 

about how the driver is performing compared to other drivers 

Learning oriented HMI will show: 

- Recommended speed as a green area on the speedometer and information 

about how the driver is increasingly driving more ecofriendly 

Participants 28 

Equipment Driving simulator 

Deviations from 

guidelines 

 

Comments  
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5.2.2 Description of experimental procedure 

 

Truck Simulator 

The personalised feedback experiments will be carried out in the TNO truck driving simulator. It is the 

7th generation of driving simulators developed at TNO Behavioral and Societal Sciences. 

 

 
Figure 7: TNO truck driving simulator 

The mock-up consists of a DAF CF cabin and is mounted on an E2M eM6-300-1800 small footprint 6 

Degrees Of Freedom Motion platform. The maximum payload of this platform is 1800 kgs. Steering 

wheel angle and pedal positions are measured and send to the Car model. Steering wheel and pedals 

are equipped with control loading to simulate power steering and pedal characteristics. The mock-up 

is controlled by a CCit system. This is a P-104 based Linux system that runs real-time Matlab-Simulink. 

The Dashboard is controlled by a Dell OptiPlex GX520 computer.  

 

During the experiment, raw performance data is registered in the simulator at 10 Hz. This data serves 

as the basis for the post-hoc analysis of more complex and/or aggregated measures, such as 

standard deviation of speed or minimal TTC.  

 

The visualization is a combination of hard en software components. The entire visualization has a 

range of 180° front view and a 120° back view. The update frequency and refresh rate of each 

channel is 60Hz.  

 

ecoDriving HMI 

There are three different systems that will be compared in the personalised feedback experiment, 

the Eco-driving Basic, Eco-driving Learning Orientation and Eco-driving Performance Orientation. The 

ecoDriving Basic shows advice (green speed) by displaying a green triangle around the ideal speed 

range. 
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Figure 8:The ecoDriving Basic system only gives (green) speed advice. 

 

Figure 9: The ecoDriving Learning Orientation focuses on personal improvement. 

 
 

Figure 10:The ecoDriving Performance Orientation  

The EcoDriver application runs on a laptop with Matlab/Simulink and is connected to the CANBus. 

The ecoDriving performance algorithm sends the performance and a trust factor for the performance 

that is provided to the HMI part. This runs on a Windows tablet PC which is mounted on the 

dashboard of the vehicle. 
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Participants 

Drivers are required to have driven at least 10.000 km and hold their license for at least 5 years, this 

excludes very young drivers. Other restrictions on age are only that drivers older than 65 will not be 

invited. Since we are looking for different driver types, which may partly correlate with age, drivers 

from different age groups will be invited. For the personalised feedback experiments 28 participants 

will be recruited. 

 

Experimental design 

For the personalised feedback experiment a within subject design will be used, i.e. all participants 

will be exposed to all four conditions. However during analysis, based on the questionnaires filled in 

during the experiment and/or their driving behaviour, participants will be divided into two groups 

(learning orientation and performance orientation). Drivers will start with a warm-up phase, after 

which all participant will receive the basic HMI. Then one half will receive the learning orientation 

HMI first and then the performance orientation HMI and the other half vice versa.  

 

 
 

Figure 11Υ 5Ŝǘŀƛƭǎ ƻŦ ǇǊƻŎŜŘǳǊŜ ŦƻǊ ¢bhΩǎ ǇŜǊǎƻƴŀƭƛǎŜŘ feedback experiment. 

 

Questionnaire 

Participants will fill in a questionnaire before driving, which will give us general information and 

which also includes information on the basis of which a driver type classification can be made. After 

the drive they will receive another questionnaire which focuses mainly on their experience with the 

HMI, especially designed to find out which HMI suits their needs best, the Van der Laan scale about 

acceptance will be part of this second questionnaire.  

  

Basic HMI 

Learning 

Orientation 

HMI 

Performance 

Orientation 

HMI 

Performance 

Orientation 

HMI 

Learning 

Orientation 

HMI 

Baseline 
Warm-up 

Phase 
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5.2.3 Scenario description 

 

The scenario is an adapted version of the ACEA test scenarios, modified to be used in the European 

ecoMove project. From these scenarios, a new version without elevation were constructed. 

 

Table 13: The different sections of the road in the scenario 

Trajectory Max Speed: 

0 ς 3.76 km 60 km/h (Rural road 2x1) 

3.76 - 13.00 km 85 km/h (Motor way 2x2) 

13.00 ς 16.89 km 60 km/h (Rural road 2x2) 

 

Traffic events 

On the route, the driver will be confronted with a series of traffic events, e.g. a section with 

congestion, a slower vehicle merging on the highway. In the driving simulator, these traffic situations 

are initiated with a specific set of parameters, shortly before the driver arrives.  

 

The specific way TNO traffic models are implemented allows for relatively large variations in a similar 

event. This is due to the fact that in order to display natural driving behaviour, each vehicle has a 

ΨƳƛƴŘ ƻŦ ƛǘǎ ƻǿƴΩΦ To get more grip on the traffic events, we decided to have a lead truck on the 

entire trajectory. This lead truck would slow down to create events. However, the resulting reaction 

of the driver may differ between events and driver response types. Thus, even with our relatively 

tightly scripted events, variation between drivers and between events is likely to occur, be it less 

than with the regular TNO traffic.  

 

The driver encounters the following events: 

 

Table 14: Planned events during the experiment 

Location Event: Speed 

0 km Start 0 km/h 

0.99 km Traffic light 1 km/h 

1.30 ς 1.43 km Slow traffic 55 km/h 

2.25 km Intersection (no priority 1 km/h 

3.12 ς 3.15 km Sharp Turn 55 km/h 

3.15 ς 3.80 km Entrance to highway 60 km/h 

3.80 km Merging lane highway 60 ς 85 km/h 

9.40 ς 10.53 km Speed limit on highway (roadworks) 60 km/h 

9.90 ς 10.13 km Traffic jam 30 km/h 

10.54 ς 10.93 km Busy traffic 75 km/h 
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Location Event: Speed 

13.00 km Exit lane highway 85 ς 60 km/h 

13.12 ς 13.71 km Exit 60 km/h 

13.71 ς 13.74 km Sharp turn 55 km/h 

14.64 km Traffic light 1 km/h 

15.42 ς 15.55 km Slow traffic 55 km/h 

15.99 km Right turn at intersection 1 km/h 

16.89 km Arrival 1 km/h 

 

 

 

 
Figure 12. Examples of the events in the driving simulator environment 

 

Experimental procedure 

After arriving at TNO Soesterberg, participants will get an explanation of the experiment and the 

procedure, after which they will sign an informed consent. Next they are asked to fill in a digital 

questionnaire which contained, inter alia, questions on demographical information, pro-self or pro-

social orientation of participants and learning versus performance orientation (see deliverable 

wp12.1). Subsequently, participants will drive the conditions as described under experimental design. 

After each ride they will fill in a rating scale to establish their mental effort (RSME). In addition, 

participants also get three questionnaires after each of the three HMI variants, to measure the 

perceived usefulness, acceptance, ease of use. After the last drive, one additional questionnaire will 

be given in which participants are asked to rate the different HMI variants. 
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5.3 VTI 

Giving drivers information visually is beneficial in several ways. First, most information used while 

driving is procured visually such that it comes naturally to use that channel also for support systems. 

Second, visual information is very flexible. It can be integrated into the instrument cluster of the 

vehicle as well as being implemented into nomadic devices, and the possibilities when it comes to 

graphics (colours, forms, resolution etc.) are almost unlimited. Furthermore, visual information is to 

some extent more facultative and less intrusive than auditory or haptic information, which probably 

makes it more accepted. There is however a risk that visual information is distracting and draws too 

much attention from the road and the traffic. It is thus important to investigate the influence from 

visual information systems on drivers' visual behaviour. 

 
Truck driving differs from driving a passenger car, both with respect to the driving task and the 

conditions under which the driver is driving. The vehicle length and the lack of a centre rear view in a 

truck make the driver look very frequently in the wing mirrors and thus, the visual behaviour 

becomes very different in a truck compared to a passenger car. The vehicle dynamics are also very 

different because of the large weight and size. Besides, most truck drivers are commercial and they 

are thus subject to competition and regulations. Yet another difference between truck driving and 

passenger car driving is that truck drivers usually spend far more time in their vehicles than 

passenger car drivers do. Additionally, drivers often have requirements on driving in a fuel efficient 

manner. The specific circumstances related to truck driving must be taken into account when 

designing eco-driving systems for trucks. 

 

The main aim of VTI's simulator study is to compare continuous, intermittent and user-induced visual 

eco-related information with respect to visual distraction and acceptance, in a truck driving setting. 

More specifically, the research questions are: 

 

¶ How often, for how long and when do truck drivers look at the respective system? 

¶ Will the systems cause "dangerous" visual behaviour? 

¶ What type of eco-information is useful for truck drivers? 

¶ What type of eco-information is the most efficient? (secondary aim) 

 

The experiment will be conducted in VTI's truck driving simulator with professional truck drivers. The 

effects of and attitudes towards continuous and intermittent information will be investigated in the 

driving simulator, while user-induced information will be assessed by interviewing the participants. 
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5.3.1 Research topic, research questions and hypotheses 

Table 15: Research Topic 1 (VTI) 

VTI  

Research Topic Continuous vs. intermittent vs. user induced (on demand) feedback 

Research Question Which of continuous, intermittent and user induced (on demand) feedback works 

best with respect to acceptance (primary aim), visual distraction (primary aim) and 

effectiveness (secondary aim)? 

Sub-questions: 

- How often, for how long and when do truck drivers look at the respective 

system? 

- Will the systems cause "dangerous" visual behaviour? 

- What type of eco-information do truck drivers prefer? 

- What type of eco-information is the most efficient? (secondary aim) 

Hypotheses None of the feedback types will cause inappropriate or unsafe visual behaviour. 

The most preferred eco-system consists of a combination of continuous as well as 

intermittent and user induced feedback. 

PIs 

Glance duration 

Glance reaction time 

Other gaze-based performance indicators 

Gas pedal reaction time 

Compliance to the information/feed-forward/advice given by the system: 

- Deviations from the optimal accelerations and decelerations suggested by 

the system (amount and time) 

- Speed deviation from the optimal speed suggested by the system (amount 

and time) 

- Release of gas pedal (timing) 

Questionnaires/interviews on acceptance 

Fuel consumption (no fuel model is implemented, but possible to do afterwards?) 

Design 

Within group design, four conditions: 

1) Baseline (no eco-system) 

2) Continuous feedback 

3) Intermittent feedback 

4) Self-selected combination of continuous and intermittent feedback 

Each condition will be tested in a simulator session of approximately 15 min 

duration. The simulator scenario will consist of suburban and rural roads, and 

motorway. Eco-feedback will be given in situations such as crossings, crests, and 

changes in posted speed limit. The situations will have different levels of complexity. 

 

User-induced feedback will not be tested in the simulator, since the drivers probably 

will need far more than 15 min to get used to the system and to know how and 

when they will use it. Instead, user-induced feedback will be discussed in the 

interview after the simulator session. 

Baseline condition Yes. The participants will drive the scenario once without any eco-system. 
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VTI  

Pre-/in -/post-trip  
Mainly in-trip. 

Pre-/post-trip information will be considered to some extent in the interview. 

HMI solution 

Only visual. 

The continuous feedback will show: 

- Recommended speed as a green area on the speedometer 

- Average fuel consumption for the trip 

- Height profile indicating when to release the gas pedal (before crests) 

- Acceleration/deceleration bar indicating smooth (green) or hard (red) 

accelerations and decelerations 

The intermittent feedback will show: 

- A symbol indicating when to release the gas pedal before decreases in 

posted speed limit, red traffic lights and crests 

- A symbol indicating when the driver drives too fast 

- Stars/grades indicating the performance of e.g. gas pedal behaviour before 

crests or decreases in posted speed limit 

In the self-selected feedback condition, the driver will have the opportunity to 

choose between all of the features (symbols, indicators etc.) listed above. They can 

choose all, some or none. 

Participants 24 professional truck drivers 

Equipment 
Moving Base Truck Driving Simulator 

5-camera eye tracking system 

Deviations from 

guidelines 

Participants: no exclusion criteria regarding age or experience and one less than the 

advised number (in order to divide exactly by four). 

Instructions/scenario: the total driving time in the simulator will be about 65 min, 

i.e. somewhat longer than the guidelines suggest. 

Comments  
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5.3.2 Description of experimental procedure 

 

Simulator and equipment 

The experiment will be performed in VTI Driving Simulator II, which is a large motion-based truck 

simulator, Figure 13. The motion system provides a linear motion in the lateral direction, while 

longitudinal accelerations and decelerations are obtained by tilting the cabin. A vibration table allows 

for simulation of road unevenness. The visual system consists of six high resolution projectors which 

give a 120 degree forward field of view. The cabin is a Scania T112H. The simulator has an automatic 

gearbox and the cruise control will be deactivated in this study. 

 

 
Figure 13: VTI Driving Simulator II 

Visual behaviour will be investigated by a Smart Eye Pro eye tracking system (Smart Eye AB, 

Gothenburg, Sweden). The system consists of five eye tracking cameras, IR illumination and a server 

unit were all eye tracking data are merged, processed and stored. 

 

Eco-driving systems 

Prototypes of two eco-driving systems will be tested: one that gives continuous information and one 

that gives intermittent information. Three aspects of driving behaviour are addressed by the systems: 

 

¶ Speed (not driving too fast) 

¶ Acceleration (accelerate smoothly) 

¶ Deceleration (decelerate by rolling/coasting, avoid using the brake) 

 

The eco-driving information will be given on a 10-inch screen mounted on the instrument cluster, so 

that it covers the (original) speedometer and the trip computer. A new speedometer will be 

implemented and integrated into the eco-driving system and thus showed on the screen instead. The 

screen will also show a fuel tank gauge, an engine temperature gauge, and a simple trip computer 

showing time of day, time driven and vehicle weight, Figure 14. The original rpm gauge will be visible 

to the left of the screen. 
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Figure 14: Information showed by the screen that is mounted on the instrument cluster 

The continuous information HMI consists of four different eco driving constituents; average fuel 

meter (left in Figure 15), speed guidance (included in the speedometer in Figure 15), 

acceleration/deceleration guidance (below the speedometer in Figure 15), and coasting guidance at 

crests (curve in lower part of Figure 15). The average fuel meter indicates the mean fuel consumption 

for the current trip. The driverΩǎ ŦǳŜƭ ǎŎƻǊŜ ƛǎ ŘƛǊŜŎǘƭȅ ŎƻƳǇŀǊŀōƭŜ ǘƻ ŀ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ Ǝƻŀƭ ǎŜǘ ōȅ 

the road carrier. The speed guidance highlights the current speed limit. A region is used instead of a 

crisp line in order to make the tracking task easier. When a speed limit change is up ahead, the 

region is widened to encompass both the current and the upcoming speed limit. The motion of the 

border of the green area corresponds to the recommended speed profile (smooth eco-friendly 

acceleration/deceleration). Once the driver passes the speed limit sign, the green region gradually 

decreases to match the new speed limit. The acceleration/deceleration guide provides a real-time 

ǊŜƭŀǘƛǾŜ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ŘǊƛǾŜǊΩǎ ŦǳŜƭ ŜŦŦƛŎƛŜƴŎȅΣ ǿƘŜǊŜ ǘƘŜ ƎŀǳƎŜ ǎƘƻǿǎ ŀ ōŀǊ ǘƻ ǘƘŜ ǊƛƎƘǘ ƻŦ ŎŜƴǘǊŜ 

when the driver brakes or decelerates and a bar to the left of centre when the driver accelerates. 

Strong accelerations and decelerations (brakings) will results in red bars and thus, the goal is to keep 

the bars within the green areas. Finally, the coasting guide shows the height profile of the road. The 

truck's position on the road is shown by the red dot. Right before crests, a green area on the height 

profile tells the driver to release the gas pedal and coast over the crest. 

 

 
Figure 15: Illustration of the continuous feedback HMI 

The intermittent information HMI consists of three different eco driving constituents; an intelligent 

speed adaptation system (inside speedometer in Figure 16), feed forward advice (top left in Figure 
















































































































































































































































