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Niveau d’implication des conducteurs dans
la conception d’interfaces homme-machine
poids lourd : effets sur l'utilisabilité, la
distraction et I’acceptation

Résumé

Le processus de conception des interfaces homme-machine poids-lourd a été
adapté afin de répondre aux enjeux humains et sécuritaires. Il est désormais
largement admis que la participation des utilisateurs dans le processus de
conception est un apport précieux. Actuellement dans l'industrie, les utilisateurs
sont principalement impliqués lors des étapes d'analyse et d'évaluation des
concepts, ces derniers étant définis par des professionnels. Cependant, la
littérature dans d'autres domaines rapporte des bénéfices d’une autre forme
d’implication des utilisateurs : la conception participative. Dans ce processus de
conception, les utilisateurs sont impliqués tout au long du développement des
produits, et en particulier lors de la définition des concepts. La conception
participative permettrait un meilleur accés aux besoins des utilisateurs, a leurs
attentes, et a leurs connaissances tacites. Ce projet a pour objectif d’étudier
comment le niveau d’implication des conducteurs dans le processus de
conception impacte I'utilisabilité, la distraction et l'acceptation des interfaces
homme-machine poids-lourd. Aprés une analyse préalable du contexte
d'utilisation, trois processus de conception de tableaux de bord ont été menés en
paralléle a l'aide d’'un équipement tactile. Les résultats de ces trois processus,
ayant des niveaux d’'implication différents, ont été évalués et comparés dans une
expérience sur simulateur de conduite. Les résultats ne permettent pas de
démontrer qu’une conception participative a un impact significatif sur I'utilisabilité,
la distraction et I'acceptation. Cette thése se conclut par des recommandations
aux praticiens et des perspectives de recherche.

Mots-clés

Interfaces homme-machine ; implication des utilisateurs ; conception centrée sur
I'utilisateur ; conception participative.



Level of driver involvement in trucks
human-machine interfaces design: effects
on usability, distraction and acceptance

Abstract

The design process of trucks human-machine interfaces has been adapted to
address human factors and road safety issues. It is now widely accepted that
user involvement in the design process is valuable. Currently in industry, users
are mainly involved in the stages of analysis and evaluation of concepts, the
latter being defined by professionals. However, the literature in other fields
reports benefits of a broader form of user involvement: participatory design. In
this design process, users are involved all along products development, and
particularly during concepts design. Participatory design would allow better
access to users' needs, expectations, and tacit knowledge. The objective of this
project is to study how the level of drivers’ involvement in the design process
impacts the usability, distraction and acceptance of trucks human-machine
interfaces. After a preliminary analysis of the context of use, three instrument
cluster design processes were conducted in parallel using a tactile equipment.
The outcomes of these three processes, differing in level of user involvement,
were evaluated and compared in a driving simulator experiment. The results do
not enable to demonstrate that participatory design has a significant impact on
usability, distraction and acceptance. This thesis concludes with
recommendations to practitioners and research perspectives.

Keywords

Human-machine interface; user involvement; user-centered design; participatory
design.



Contents

LIST OF PUBLICATIONS
PREFACE

INTRODUCTION
1. What are we studying?

2. What do we already know about it?
Paper |
SUB-PROJECT 1: ANALYSIS OF THE CONTEXT OF USE
1. Objectives
2. Method
3. Highlights and application
Report |
SUB-PROJECT 2: CONCEPTS DESIGN

1. Common scope and tools for the design processes
2. User-centered design

Report Il

Paper Il

Paper Il

Paper IV

3. Participatory design

SUB-PROJECT 3: CONCEPTS ASSESSMENT

1. Objectives
2. Method
3. Highlights and application
Paper V
Paper VI
DISCUSSION
1. Findings
2. Limitations and perspectives
3.  Recommendations to practitioners

CONCLUSION
RESUME SUBSTANTIEL EN FRANCAIS
REFERENCES
APPENDICES

10

1
11
15
21
35
35
35
36
37
67
67
71
73
99
109
123
135
141
141
141
141
143
161
175
175
184
188
189

191
213
217



List of publications

This thesis is based on the following papers and reports, which will be referred to in the text by the
following numerals:

Paper |

Report |

Report Il

Paper Il

Paper Il

Paper IV

Paper V

Paper VI

Francois, M., Osiurak, F., Fort, A., Crave, P., & Navarro, J. (2017). Automotive HMI
design and participatory user involvement: review and perspectives. Ergonomics, 60(4),
541-552.

Francois, M., Crave, P. (2015). Identify and specify MPV HMI Context of use. Volvo
Group Trucks Technology. Internal report: unpublished.

Frangois, M., Crave, P. (2016). Human-factors guidelines: a review for the design of
trucks HMI. Volvo Group Trucks Technology. Internal report: unpublished.

Francois, M., Osiurak, F., Fort, A., Crave, P., & Navarro, J. (2016). Analogue versus
digital speedometer: effects on Distraction and Usability for Truck Driving. In Morris, A.,
Mendoza, L. (Eds.). Proceedings of the European Conference on Human Centred Design
for Intelligent Transport Systems, Loughborough, UK, June 30st - July 1st 2016 (p. 18-
25). Lyon: Humanist Publications.

Francois, M., Crave, P., Osiurak, F., Fort, A., & Navarro, J. (2017). Digital, analogue, or
redundant speedometers for truck driving: Impact on visual distraction, efficiency and
usability. Applied Ergonomics, 65, 12-22.

Francois, M., Fort, A., Crave, P., Osiurak, F., & Navarro, J. (2017). Gauges design on
digital instrument cluster: efficiency, distraction, and satisfaction assessment for truck
driving. Manuscript submitted for publication.

Francois, M., Osiurak, F., Fort, A., Crave, P., & Navarro, J. (2017). Usability and
acceptance of truck dashboards designed by drivers: two participatory design approaches
compared to user-centered design. Manuscript submitted for publication.

Francgois, M., Fort, A., Osiurak, F., Crave, P., & Navarro, J. (2017). Efficiency and
distraction of truck dashboards designed by drivers: two participatory design approaches
compared to user-centered design. Manuscript in preparation.



Preface

A few years ago, a workshop was organized at Renault Trucks by the team in charge of
defining the storage spaces in trucks. Truck drivers were invited to build their “ideal storage”.
For this, they could hang boxes of different volumes in the cabin and fill them with the objects

they used to bring with them into the truck.

The team in charge of defining the human-machine interfaces was inspired, and had in mind
to let drivers define their interfaces to see the result. Unlike for storage, some concerns have
come forward such as the safety impact. Above all, questions have emerged: will drivers
know what they want? Will they be able to define easy-to-use and safe interfaces? How can
we organize workshops so that they can express themselves without going through our

constraints and complex software use?

We hope that this thesis will provide answers and perspectives to those who also ask

themselves these questions.

This project was carried out within the Renault Trucks company (Volvo Group) in
collaboration with the laboratory EMC (University Lyon Il) and the laboratory LESCOT
(IFSTTAR). As the Volvo Group is international, this thesis has been written in English.
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INTRODUCTION

Introduction

The objective of this research is to study how the level of drivers’ involvement in the design
process impacts the usability, distraction and acceptance of trucks human-machine
interfaces (HMI). In this introduction, the object of study will first be defined (trucks human-
machine interfaces, human-centered design and user involvement); followed by a brief
presentation of the state of knowledge on participatory design and HMI design (and the
missing areas of the literature); and then the objectives and structure of the project will be
exposed. Finally, the Paper | presents a review of the existing literature on the benefits of

participatory design and reveals perspectives for the design of automotive HMI.

1. What are we studying?

1.1. Trucks human-machine interfaces

Human-machine interfaces define all devices that allow communication between a
technology and its user. In a truck, HMI include all parts of the truck that allow the driver to
act on the vehicle (e.g. controls allow the driver to engage a function of the vehicle) and the
vehicle to provide information to the driver (e.g. instrument cluster displaying information

such as speed) (Fig. 1).

Figure 1: Renault Trucks human-machine interfaces (HMI) of the multi-purpose vehicles (MPV) in 2017

11



INTRODUCTION

Trucks HMI have several specificities:

= They are mainly used while driving. To avoid safety risks, trucks interfaces should be
conceived to minimize driver distraction (i.e. eyes-off-road time, hands-off-wheel duration,
and cognitive load while interaction with the interface) and to increase usability (mainly to
avoid errors). Marcus (2004) illustrated well this design challenge: “Imagine having to think
about safety, usability, and esthetics issues for the user interface of a two-ton mobile
device hurtling through space at 100 km/h. Now you get the picture” (p. 91).

= With technological advances, the information to be displayed is increasingly numerous and
complex (Gkouskos, Normark, & Lundgren, 2014). To avoid drivers’ errors while
interacting with a system, interfaces should be very usable. Designers should carefully
define which information to present to the driver, how to display it, and specify a logic of
interaction that ensures an easy, quick, and error-free access to information.

= |n today’s trucks, the same HMI is used in various contexts of use. Indeed, the same HMI
is designed for a range of vehicles. In this project, we focused on a specific range of
trucks: multi-purpose vehicles (MPV, Fig. 2). They are vehicles between 10 and 26 tons
mainly intended for the distribution of goods or light construction (e.g. delivery of
equipment on construction sites). They are different from heavy-duty vehicles; often used
for long haul or heavy construction. Multi-purpose vehicles are used in very various
contexts of use implying different needs in term of HMI. For example, the same instrument
cluster can be used by a fireman travelling at high speed, or by a novice distribution driver
delivering in a city center with many pedestrians around, or by an old driver reluctant to
new technologies driving a car-carrying truck on a highway. Therefore, in addition to being
easy to use and not distracting in all contexts, HMI design should ensure to cover all needs

of the users in the different contexts of use to provide a good acceptance.

Figure 2: Renault Trucks range of vehicles above 6,5 tons in 2017, with the segmentation between heavy-duty trucks (mainly for

long haul and heavy construction) and multi-purpose vehicles (MPV). This project focused on multi-purpose vehicles.

12



INTRODUCTION

1.2. Human-centered design

The design of trucks’ human-machine interfaces (HMI) has long been based on the extent of
features and technical constraints imposed by the technology. Nevertheless, the growing
amounts of in-vehicle devices and road safety issues led to a shift from a techno-centric
design to an anthropo-centric design. Human-centered design is an approach aiming at
conceiving usable and useful products (ISO 9241-210, 2010). The human and users’ needs
and requirements are in the center of the development process. The goal is to improve users’
comfort with the product and to counteracts potential adverse effects of its use (e.g. safety
risks). Human-centered design processes are divided into different phases (Fig. 3). A first
phase is an analysis, consisting in the identification and specification of the context of use
and user requirements. The users and their characteristics, their goals and tasks, and the
environment of the system are defined and transposed into requirements. In a second phase,
concepts are designed based on the requirements. The design of these concepts relies on
the outcomes of the first phase of analysis. The third phase is an assessment phase, in
which it is evaluated whether the concepts of the previous phase meet user requirements.
Based on the results of this phase, iteration can be made with previous phases until a
desired outcome is achieved (e.g. return to the analysis phase if new requirements are
discovered during the evaluation). This process can be applied to obtain feedback on initial
design concepts before requirements are finalized (early in the development process, before

design, verification and validation).

Plan the human-centred
design process

Understand and specify

Designed solution

meets user requirements /// the context of use
/
/
lterate, — _ _—————
/x where —-——_
appropriate T~
/ /pp p 8
4 \
[ \
Evaluate the designs \\ Specify the user
against requirements \ requirements

Produce design solutions
to meet user requirements

Figure 3: Human-centered design activities (ISO 9241-210, 2010)
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INTRODUCTION

1.3. User involvement

One of the principle of human-centered design is to actively involve users (Maguire, 2001). It
is widely acknowledged that user involvement in the design process provides a valuable
source of knowledge about the context of use, the tasks, users’ needs and expectations, and
the way they could react to a new product (Bekker & Long, 2000; Rogers, Sharp, & Preece,

2011). However, the nature and frequency of this involvement can vary among approaches.
Three levels of user involvement have been distinguished in the literature:

= The user can be considered as a source

= of relevant data. Eason (1995) characterizes this level as a “design for users”, the
involvement type is “informative” (Damodoran, 1996).

= The user can evaluate solutions. This level corresponds to a “consultative” involvement
(Damodoran, 1996), in a “design with users” (Eason, 1995).

= The user can participate in design. This “participative” involvement (Damodoran, 1996) is

implement in “design by users” (Eason, 1995).

A major aspect of user involvement is pointed out by Damodoran (1996): levels of user
involvement do not have clear boundaries, but can be characterized as being somewhere on

the continuum from informative, through consultative, to participative.

Human-centered approaches are manifold, e.g. ethnography (Blomberg, Giacomi, Mosher, &
Swenton-Wall, 1993), lead user approach (Herstatt & Von Hippel, 1992), contextual design
(Beyer & Holtzblatt, 1999), joint application design (Carmel, Whitaker, & George, 1993) and
empathic design (Leonard & Rayport, 1997). However, the two major design approaches are
user-centered design (UCD) and participatory design (PD) (Bekker & Long, 2000). Based on
these different levels of user involvement, the two approaches can be differentiated as
follows (Bekker & Long, 2000; Bratteteig & Wagner, 2016; Carroll, 1996; Kujala, 2003;
Sanders, 2002; Spinuzzi, 2005):

= User-centered design (UCD) would be a design for and with users, with informative and
consultative forms of involvement. Indeed, users are involved during the phases of
analyses, using techniques such as surveys, interviews, or activity analysis. They are also
involved during the assessment phase, where designers observe how they react to
concepts and collect their feedback (usability tests). In user-centered design processes,
concepts are designed by experts.

= Participatory design (PD) would correspond to a design by users, with a participative

involvement. Users are involved all along the development process. They participate in the

14



INTRODUCTION

analyses and assessment phases, but also during the concept design phase. During this

phase, techniques such as storytelling, journal, brain drawing, or prototyping are used.

Nowadays, user-centered design is widely used in trucks HMI design (e.g. Engstrom et al.,
2006; Hesse et al., 2011; Marberger, Dangelmaier, Widlroither, & Bekiaris, 2004). However,
there is a trend for more and more user involvement in design (Marcus, 2004; Sanders &

Stappers, 2008). Participatory design could therefore provide interesting perspectives.

2. What do we already know about it?

2.1. User-centered design benefits and limitations

Maguire (2001) summarized user-centered design benefits as follows:

= Increased productivity: users can complete tasks without requiring unnecessary time or
cognitive resources;

= Reduced errors: a development centered on usability aspects enables avoiding
inconsistencies, misunderstanding, or other defaults leading to errors;

= Reduced training and support: by producing more usable products, user-centered design
reduces learning time and the need of support;

= |Improved acceptance: as users assess concepts before market release, and conception is
centered on users’ needs, user-centered design product would be highly used and trusted;

= Enhanced reputation: benefits on a marketing point of view.

When designing concepts, designers take their decisions based on different information:
human-factors aspects, costs, timing of projects, brand image, etc. They have a holistic point
of view, considering all usages, drivers and tasks, but also considering all HMI
configurations. For example, when defining an eco-coaching interface to promote fuel

economy:

= |ndicators should be relevant for all road environment and vehicle load;

= |nformation displayed should be detailed enough for an expert driver in eco-driving but
easy to understand for a novice driver;

= The layout should be as good for a truck having the adaptive cruise control and for the

truck without any option.
Considerations are global and not individual.

Nonetheless, some limitations can be addressed to UCD. First, the controlling approach of

user-centered design is criticized (Lee, 2008). HMI concepts are created by experts and
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INTRODUCTION

users are only consulted to evaluate them. User-centered design focuses principally on how
users react to a prototype and misses what they could bring during concepts design. Second,
leading user-centered design on projects with many constraints can be rather exhaustive.
For example, when defining a new wiper stalk, the number of different HMI configuration is
limited. In this case, all configurations could be tested in a usability test to ensure which
configuration is the best. However, technological advances bring a new flexibility in HMI
design. If wiper controls would be implemented in a touchscreen on the dashboard, the
number of different representation, size, layout, or information to display would increase, and
all configurations would be less likely to be covered in one usability test. This is a
contemporary design challenge to face with the arrival of instrument clusters as screens.
Third, the quality of a UCD interface is impacted in part by what designers know — or not
know — about users (Weinschenk, 2011). Nevertheless, human-factors guidelines and
ergonomic knowledge are extensive, but not exhaustive. Getting information on the context
of use and getting feedback on users' reaction are time-consuming, and could not cover all

design decisions to be made.

One solution that would answer these limits would be that users know what they need and
what they process easily and efficiently. If this was the case, involving them in the design
would save time and increase quality. In other words, if users know what they need and
process well, they should participate in design, instead of designers spending time trying to

figure out what they need and process well.

2.2. Participatory design perspectives

The main benefits of participatory design are summarized by Damodaran (2006):

= Improved product quality due to better definition of user requirements;
= Avoidance of costly features that users do not need or use;

= Better acceptance;

Greater understanding of users;

= Increased participation in decisions making.

The rationales for a shift toward a participative involvement were stated by Carroll and
Rosson (2007): a moral aspect (i.e. users have a right to be involved in decision making) and
a pragmatic aspect (i.e. users’ experience and knowledge can offer insights for concepts
design). The moral aspect refers to the origins of participatory design. Participatory design
appeared in the Scandinavian countries in the 1970s and 1980s (Ehn, 1993; Floyd, Mehl,
Reisin, Schmidt, & Wolf, 1989). The implementation of computers in workspaces has

generated partnerships between researchers, trade unions and workers to optimize this
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change (Spinuzzi, 2005). The pragmatic aspect, with potential benefits on the ergonomic
quality of the interfaces, would rely on two factors. Users would have different levels of needs
(i.e. explicit, observable, tacit and latent) including implicit needs that could not be expressed
in talking or using a concept (Sanders, 2002). By making a concept, users would provide a
direct access to these needs, leading to more useful and thus more accepted products.
Users would also rely on tacit knowledge when interacting with an interface (i.e. implicit
knowledge). For example, when presenting a new instrument cluster to a driver, the location
of his/her first look will depend on different general and individual factors such as his/her
culture (e.g. direction of reading in his language), on general cognitive processes (e.g. a
blinking information in the peripheral vision will grab his/her attention), and on what he/she is
expecting based on his/her past experiences and tacit knowledge. Even if general aspects
can be addressed by human-factors guidelines, ergonomic knowledge, and explicit activities,
the individual implicit aspects are less accessible. In a participatory design, as the user is the
designer, he would use his implicit knowledge directly as resources for design. For example,
during his career, a truck driver interacts with several instrument clusters from different
brands. Based on his experiences, he builds a mental model of an instrument cluster, with
what he wants to see and where he wants to see it. When interacting with a new instrument
cluster, he will rely on this mental model. Therefore, if interfaces do not fit drivers’ mental
representations, they may lead to misuse, potentially hazardous situations, and rejection of
the system (Carroll & Olson, 1987). As they imply high variability and interpersonal
differences for HMI interaction, tacit knowledge acquired by drivers through experience and
automatization is crucial as input to user requirements. Taking this knowledge into account
would lead to interfaces that would be easier to use and more efficient (and therefore less

distracting).

2.3. What is missing?

Based on the existing literature, the remaining shadow areas would be the following. First,
there is a trend for more and more user involvement in design (Marcus, 2004; Sanders &
Stappers, 2008), but there is a lack of empirical and rigorous evidence in favor of this.
Indeed, even if benefits are reported for participatory design, they are not compared with the
potential benefits collected with a user-centered design on the same case. Second, there are
many evaluations of PD processes (Bossen, Dindler, & Iversen, 2016), but few rigorous
evaluations of PD outcomes. Bratteteig and Wagner (2006) stressed an urge to move the
attention from how to carry an approach to how successful outcomes are. Third, benefits are
often attributed globally to PD, however there are many other ways to collect a PD outcome

(Bratteteig & Wagner, 2016). The different participatory methods may differ in terms of cost,
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resources used, time spent, etc. Differences in outcomes should receive adequate attention
to guide practitioners towards the method that corresponds to their expectations. Finally,
unlike other types of interfaces where subjective criteria may prevail, efficiency and
distraction of instrument clusters are critical for road safety. It is essential to measure
rigorously the effects of PD on efficiency and distraction aspects. This aspect is even more

topical in a perspective of dashboard personalization (Marcus, 2004).

2.4. How will this thesis advance our knowledge?

This thesis aimed at improving knowledge on the more efficient way to involve drivers to
create easy to use and safe interfaces. Implementing different participatory methods on a
concrete application case allows experiencing different methodologies and answering to the
following questions: do drivers know what they want and what they will process well, i.e. do
they have accurate meta-representations of what they could use efficiently and safely. If so,
then participatory design should impact positively usability, distraction, and acceptance.
Besides that, there are a variety of participatory methods that can be implemented, requiring
different resources (e.g. time, cost, people). Studying the impact of the participatory method
used on the quality of the concepts generated is fundamental for practitioners. Additionally,
one of the objectives was to increase practitioners’ knowledge for user-centered design, by
providing an analysis of multi-purpose vehicles HMI context of use, reviewing, and

completing existing human factors guidelines.
More precisely, this thesis addressed the following research questions:

= RQ1: How the level of driver involvement in the design process impacts the usability,
distraction and acceptance of truck HMI?
= RQ2: Is the ergonomic quality of the interfaces impacted in the same way according to the

participative method implemented?

2.5. Research approach

The structure of this research, and the associated papers and reports are presented in

Figure 4.

This research was divided into three sub-projects, following the three steps of the human-
centered approach: analysis of the context of use, concepts design, and concepts
assessment. They were conducted sequentially, each sub-project using outputs from

previous activities.
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Paper I: State of the art

First, a preliminary state of the art was carried out before the first sub-project (Paper I). The
objective of this article was to provide a comprehensive literature review of the benefits of
participatory design and to report on the perspectives to meet automotive HMI challenges.

This enabled to define the objectives and the structure of the project.

Sub-project 1: Analysis of the context of use

In the first sub-project, the objective was to identify and specify the context of use of trucks
HMI. This includes an analysis of the vehicles and users on which this thesis focused.
Indeed, the human-centered design of a HMI requires considering certain information such
as the HMI configurations with which users interact, their tasks, the environment of use, and
the characteristics of the users. These data were used to determine the scope of the design
activity, which drivers to involve for participatory design, and served as input for the user-

centered design.

Sub-project 2: Concepts design
In a second sub-project, three instrument cluster design processes were conducted in

parallel using a tactile equipment:

= A user-centered design (UCD) process was first conducted (i.e. consultative involvement).
As design inputs, a preliminary review of the human-factors guidelines was carried out, as
well as three experiments to complement these recommendations (on speedometers and
gauges design). Drivers evaluated three concepts designed by HMI experts to reach a final
concept: the UCD concept.

= A participatory design workshop (PDWS) was conducted with four professional truck
drivers (i.e. participative involvement). Various activities performed during a one-day
workshop led to the design of a common concept: the PDWS concept.

» Individual participatory design (PDInd) sessions were carried out with twenty-seven
drivers. Each driver defined his own concept and evaluated it iteratively in a simulated
driving situation. Twenty-seven individual concepts were therefore collected (PDInd

concepts).

Sub-project 3: Concepts assessment

The third sub-project aimed at assessing the outcomes from the three processes conducted
in the second sub-project. The twenty-seven drivers assessed the UCD concept, the PDWS
concept, and their own concept. Usability, distraction and acceptance were measured on

truck simulator with predefined scenarios and tasks involving the use of the interfaces.
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Figure 4: Structure of the PhD Project
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Paper |

Automotive HMI design and
participatory user involvement:
review and perspectives

Francois, M., Osiurak, F., Fort, A., Crave, P., & Navarro, J.
(2017). Automotive HMI design and participatory user
involvement: review and perspectives. Ergonomics, 60(4), 541-
552.
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Sub-project 1: Analysis of the context of use

The knowledge of the context of use is recognized as an essential input in any human-
centered design process (Bevan, Kirakowski, & Maisse, 1991; Harvey, Stanton, Pickering,
McDonald, & Zheng, 2011; Maguire, 2001). Indeed, products have no intrinsic usability, but
rather an ability to be usable in a specific context, i.e. with the specified users, having

specified goals, performing specified tasks in a specified environment (Bevan, 2001).

In this thesis, identifying and specifying the context of use was therefore an essential first
step to have an accurate image of our object of study (MPV HMI) and users. The data of
these activities were used in the second sub-project to define the scope of the design
activities, as inputs for the user-centered design, and to select representative drivers for the
participatory design sessions. Outcomes were also used in the third sub-project, to conduct

the assessment in a realistic context.

1. Objectives

The objective of this sub-project was to identify and specify the context of use for which
multi-purpose vehicles (MPV) HMI are intended (i.e. drivers, usages, and activities). Indeed,
the application case of this thesis concerned a specific range of trucks (MPV) covering
diverse usages, environments, and users. In addition, trucks are not sold as standard, each
truck is “tailor-made” with several variants. Having a good representation of HMI

configurations used by users is therefore essential.

2. Method

In a first study, analyses were conducted on a database of 5 273 Renault Trucks MPV
(registered in France in 2013). Descriptive statistics presented MPV usages and applications.
A Multiple Correspondence Analysis (MCA) described in a synthetic way the large number of
variables used to characterize vehicles. Finally, a Hierarchical Clustering was performed to

create clusters of vehicles based on their HMI configurations.

In a second study, a survey was filled out by 68 MPV drivers. The goal was to characterize
MPV drivers with information such as general aspects (e.g. gender, age), job related
information (e.g. vehicle, number of deliveries per day), their relation to HMI and their

expectations.
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3. Highlights and application

Results showed that usages are diverse (about 10 categories), with various applications, and
HMI configurations. The cluster analysis distributed the 5 273 vehicles in four groups based
on their HMI. These four clusters described different and specific types of HMI

configurations.

The data from these studies helped to determine the scope of the design activity: as controls
were very distributed between the vehicles, the design case chosen was the instrument
cluster. For the participatory design, these data enabled to select representative participants
of end-users. Moreover, for the concepts assessment phase, the context of assessment has
been implemented to match as closely as possible the context of use of the first cluster of

vehicle (representing 60% of the multi-purpose trucks).
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Report |

Identify and specify MPV HMI
Context of use

Francois, M., Crave, P. (2015). Identify and specify MPV HMI
Context of use. Volvo Group Trucks Technology. Internal report:
unpublished.
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HMI conceivers have to specify many aspects of the interface such as which
information to display to the driver, how to display it, the layout of controls and
information, the control characteristics, the logic of interaction, etc. The objective is to
optimize safety, usability, and acceptance during HMI use. HMI conceivers take their
decisions based on their knowledge on the usages and the users, technical
constraints, and cognitive ergonomics.

Nowadays, the development of HMI concepts follows a human-centered design
process (International Organization for Standardization, 2010). The human-centered
design process splits into three stages through an iterative process: 1) analysis, 2)
concept design, and 3) concept assessment. The first phase of analysis aims at
specifying user, environment, and technical requirements. Methodological tools such
as surveys, activity analysis or focus groups were already used in the company to
collect these data. However, the data gathered were often limited by the fact that they
were collected on a small sample of customers, and the generalization can be
difficult. A stronger input for HMI design would be to have a wider vision of who are
our users, what are their activity and their actual HMI, and have a broader access to
their needs and expectations.

1.2. HMI Context of use

The context of use can be defined as all the characteristics of the users, tasks and
environment in which HMI are used. User factors can cover different information
such as their goals, their age, their relation to new technologies, if the population of
users is composed of more than one user type, etc. Environment factors include the
luminosity conditions, the frequency of use, the duration of the task, etc. For in-
vehicle devices, six major aspects of the context of use are identified in the literature
(Harvey et al., 2011): dual task environment, environmental conditions, range of
users, training provision, frequency of use, and uptake. In our case study (the HMI of
Multi-purpose Vehicles [MPV]), to identify and specify the context of use is essential
for several reasons.

First, to consider the context of use can improve HMI usability. Bevan (2001) stated
that a product does not have “intrinsic usability” rather “a capability to be used in a
particular context”. The extent to which a HMI is usable depends on the context, i.e.
the specified users, having specified goals and needs, performing specified tasks in a
specific environment. User experience or training provision can lead to different
choices in term of HMI complexity, due to the varying importance of the ‘learnability’
criterion. Similarly, the frequency of use is important, not only in term of prioritization,
but also to know on what functions a particular work will be performed for the criterion
of memorability. Regarding the range of users, age and experience are essential
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= Collect information on potential relationship between some variables (e.g. the
characteristic 'withOffRoad’ could be related to 'withRearDiffLock’ which are
two functions used on rough roads),

= Characterize the groups of trucks that have a similar HMI configuration.

A Multiple Correspondence Analysis (MCA) has been performed on all MPV trucks of
the sample. This statistical tool was chosen because trucks are described by a set of
categorical variables. In the analysis, active variables were each HMI parts of the
truck (e.g. variable ‘Air conditioning’ with two modalities ‘withAirConditioning’ and
‘withoutAirConditioning’). Three illustrative characteristics were used as
supplementary categorical variables: usages, bodyworks, and truck models.

Finally, a Hierarchical Clustering has been performed to create clusters of individuals
based on their HMI configurations. The number of cluster has been determined
automatically by R based on the loss of total inertia gain. Euclidian metric was used
to calculate distances and the method of Ward was used to build the tree.

3.3. Sample description

5 273 vehicles were analyzed in the sample (all Renault Trucks MPV registered in
France in 2013). Among them, 244 were Renault Trucks Lander, 3 103 were Renault
Trucks Midlum, and 1 926 were Renault Trucks Premium D.

4. Results
4.1. MPV usages and applications
4.1.1. The destinations of MPV

Description. Renault Trucks MPVs are mostly destined to Europe (and France in
particular). 45% of RT MPVs were sold in France in 2013. The second destination is
Algeria with 10% of MPV RT but it is also a gate to Maghreb and Africa. Globally,
vehicles destined for Europe represent 72% of the RT MPV. 12 countries represent
90% of MPV destinations, with the half in Europe (Fig. 4).
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5. Discussion

Lessons learned. As expected, MPV usages and applications are diverse.
Compatibility with all usages has to be a key point during the HMI conception. The
high proportion of renters (23%) implies a need to promote learnability. A work on
HMI efficiency is also needed regarding the part of fire trucks in the sample (7%).

Concerning HMI parts repartition, a high number of functions have a limited
presence, and it can help HMI conceivers when they face decisions requiring trade-
offs.

The 4 clusters resulting of this study are interesting because they present very
specific HMI configurations and are also linked to the usages. They can provide a
basis for conception and a target to ensure that a new concept will match with all
configurations.

Limitations. The first limitation is the date of the data (2013). Indeed, data collected
concern the previous range of Renault Trucks vehicles. However, there were no
more recent registration documents available. These analyses should be replicated
on the new range for more validity.

Second, the HMI parts present in a vehicle do not only depend on the customer need
or the usages for which the truck is dedicated. Indeed, some commercial packs imply
automatically the presence of some functions.

Third, the usages reported here are not very detailed. The data source was the
French registration documents and the classification is not very precise (e.g. local
and regional distributions are in the same category).

Finally, the presence of functions provides no information on their frequency of use,
although this measure is determinant for HMI conception.

Future researches perspectives. An activity analysis could complement this study
by measuring frequency of use for each HMI part.
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Study 2: Identify and specify MPV Drivers

1. Objectives

The objectives of this survey were:

= To specify MPV drivers’ profiles
» Toincrease knowledge on MPV drivers relation to HMI
» To prioritize their HMI needs and expectations

2. Method
2.1. Material

The questionnaire was composed of 29 items (Fig.9). These items were grouped in
four parts: 'your profile’; 'your job’; 'your dashboard’; and 'your idea dashboard’.

All questions are presented in appendix 2.

In the first part, general characteristics were addressed (e.g. gender, age). In the
second part, job related information was addressed (e.g. vehicle, number of
deliveries per day). In the third and the fourth parts: 11 target HMI functions were
selected to collect information on actual use and expectations.

The 11 target functions were the following:

- Speed limiter

- Cruise control

- Eco coaching systems

- Parking heater

- Driving times information in the instrument cluster
- Bluetooth connection to the cell phone

- Tire pressure management system

- Integrated GPS

- Reverse camera

- Trip and fuel consumption information in the instrument cluster
- Load indicator system

These functions were chosen because they represented a special interest for HMI
professionals.
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drivers are quite young, but drivers over 45 years old (24%) have to be considered
during HMI conception and evaluation as they can be prone to a cognitive decline.

The fact that drivers report a good vision and audition is important for HMI
conception. Indeed, it is a good input while creating sound warnings, or deciding the
size of the texts to display. The percentage of color-blind drivers is coherent with the
rate in the total men population in France (about 8%).

3.1.2. Connectivity

Description. To the question concerning their relation to new technologies (Likert
scale in five points, from ‘quite reluctant to new technologies’to ‘always at the cutting
edge of technology’): 75% of drivers answered 4 or 5/5; 22% answered 3; and 4%
answered 1 or 2/5.

Most of the drivers have one or two cell phones. Among the 47% who have one
phone, 69% are smartphones. Among the 44% of drivers who have two phones, 73%
are one mobile and one smartphone. Globally, 76% or the respondents have at least
1 smartphone.

Concerning technological devices that are often brought in the cab (multiple choice
questions with 4 response options: tab, laptop, GPS, Speed camera alert system):
the GPS is often brought in the cab by 71% of drivers, 18% bring a tablet, 10% bring
a laptop, and 7% often bring a speed camera alert system.

An open question was asked about the Mobile apps used in relation to their job. GPS
apps (Google Maps, Waze, TomTom, Michelin, Mappy) are cited by 40% of drivers.
Other apps cited are far behind: social networks (‘Facebook’; 3 drivers /68), phone
book app (‘Pages Jaunes’; 2/68), speed camera alert app (‘iCoyote’; 1/68), and own
company app (1/68).

Interpretation. The fact that % of MPV drivers are comfortable with technology and
the familiarity with smartphones is interesting for HMI conception. Indeed, it indicates
that they can adapt to new interaction modes (e.g. swiping on a touchscreen).
However, ease of use and learnability has to be also assessed for the remaining
25%.

The high importance of GPS (both external device and mobile app) indicates a need,
and direction information should have a convenient location on the dashboard.
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constraints (e.g. concerning the messages to display at the Bluetooth linkage
between the cell phone and the radio).

3.3. MPV drivers relation to HMI

3.3.1. Attitude

Description. 50% of respondents quoted HMI importance at 5/5 (‘Very important’).
35% considered it as ‘important’ (4/5). 15% answered the average score (3/5).

At the question evaluating their perceived self-performance with HMI (from 1:°/ have
difficulties to perform the actions | want to do’; to 5: ‘I know all switches and functions
of the dashboard’). 41% answered 5/5; 49% answered 4/5; 9% answered the
average (3/5); and one driver answered 1.

63% of drivers estimated that their actual HMI information available on the instrument
cluster (number, nature, ease of read, etc.) is good or excellent. On the other hand,
37% consider it as bad or average (2 and 3/5).

Interpretation. HMI is considered as important for the respondents and they know
well how to use truck functions.

We could not link the satisfaction with their actual HMI with the brand due to the
reduced size of the sample and the high variability in brands repartition.

3.3.2. HMI actual use

Description. For the 11 target functions, frequency of use (in four points between
‘very rarely’ and ‘very often’) were asked when drivers had the function in their truck
(Fig. 13).
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Limitations. The first limitation is the size of the sample (68 respondents). With an
online diffusion, we hoped to collect more data. This limitation did also not allow
performing multivariate data analyses and clustering. However, this method was less
costly (time and money) than face-to-face interviews for the same sample size.
Concerning the representativeness of the sample, not all activities are represented
(here mainly regional distribution, city distribution, and light construction). Moreover,
the fact that most of the respondents came from Facebook can overestimate the
results on their level of connectivity.

Second, some limitations are associated with the tool used (questionnaire). The
number of items is limited, and multiple choice questions were mostly used. Only 11
target functions were investigated (due to questionnaire length and duration). Some
questions were difficult to analyze (e.g. car driver, other trucks driven) without further
explanations from the respondent (level of equipment of the car, frequency of use of
other trucks, etc.). Besides, some important questions were filled in an incomplete
way (open questions). For the vehicle brand and model, drivers often only wrote the
brand of their truck.

Third, although the questionnaire had been pre-tested with drivers, the vocabulary for
some items was not enough understandable. For example, some drivers answered
that the Bluetooth connection is not important in the trucks, but added a remark on
the usefulness of a hands-free communication with the mobile phone. Similarly, the
high rate of drivers reporting having a speed limiter compared to the number of speed
limiter sold on the market may suggest that they answered for the mandatory
limitation of the trucks to 90km/h (and not for the speed regulation system).

Future researches perspectives. Online surveys seem to be adapted for heavy
duty trucks drivers (in our case 169 respondents). This method is easy to implement
and less costly than face-to-face interviews.
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Conclusion
Highlights

The knowledge of HMI context of use (i.e. characteristics of the users, tasks and
environment in which HMI are used) is an essential input for HMI conception. The
first study aimed at identifying and specifying MPV usages and applications. 5273
vehicles and their HMI configuration were analyzed (Renault Trucks MPV registered
in France in 2013). Results showed that usages are diverse (about 10 categories),
but 3 main applications represent more than the half of the vehicles: renters,
administrations and services, and local and regional distribution. The three
bodyworks corresponding (accounting for 54% of MPV) are van body, refuse
collection body and tipper (conditioned body represent also more than 1 vehicle on
10). A further analysis revealed that a high number of HMI functions have a limited
presence in MPV sold (almost the half of HMI parts are present in less than 10% of
the vehicles). A cluster analysis defined 4 clusters of trucks based on their HMI
configuration. It is interesting to see that only 4 types of configuration (and very
specific) can describe the range, and that they are highly linked with usages. The first
cluster represents 60% of RT MPV, vehicles are mainly van and conditioned body,
with some tipper for local and regional deliveries (directly or through renters); and a
basic and driving oriented HMI. The second cluster represents 20% of RT MPV;
vehicles are mainly tipper, tanker, and vehicle transporters for commerce and light
construction (directly or through administrations and collectivities). Their HMI is more
specific (functions dedicated to their usage) with a high number of switches on the
dashboard and a great comfort level. The third cluster represents 17% of RT MPV;
vehicles are refuse collection trucks and fire trucks. Their HMI is specific with
functions dedicated to their usage. The fourth cluster represents only 3% of RT MPV
(fire trucks), with a specific HMI and a poor comfort level (except for the IC).

The second study aimed at specifying MPV drivers’ profiles and increase knowledge
on their relation to HMI. A survey composed of 29 items was proposed online
(Facebook) and in a training center. Sixty-eight questionnaires were collected from
MPYV drivers. Results showed that MPV drivers’ average age is 38 (with an equivalent
repartition in all age class). Few MPV drivers are beginners; we can therefore except
they know well HMI functions. They are mainly comfortable with technology (and
smartphones), and HMI is important for them. Questions aiming to prioritize their HMI
needs and expectations highlighted 5 ‘must-have’: ‘Cruise control’, ‘Driving times
information in the instrument cluster’, “Trip and fuel consumption information in the
instrument cluster’, ‘Integrated GPS’ and ‘Reverse camera’.
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Perspectives

These findings are an essential basis for the MPV HMI conception. It is also an
important input to provide contextual validity to the assessment phase. The four
clusters identified and the activities associated will help to define scenarios and tasks
for the evaluation tests. Moreover, those results inform us quantitatively about the
representativeness of our context of measurement (e.g. French participants are
representatives for 45% of MPV drivers).
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Sub-project 2: Concepts design

In this sub-project, three concepts were defined using different processes. In order to
compare rigorously the outcomes of the three processes, the designs were carried out on the
same design case and with the same equipment. The only aspect that varied between the
three concepts was therefore the design process and the level of user involvement. The

three concepts generated during this phase will be evaluated in sub-project 3.

In a first part, the scope of the design activities and the prototyping tool used in this research
are described. Then, the user-centered design conducted is presented, with preliminary
studies on human-factors recommendations. Finally, the two participatory processes are

presented. A more detailed description of the processes methods is presented in Paper V.

1. Common scope and tools for the design processes

1.1. Scope

As mentioned in the introduction, trucks HMI cover many parts of the vehicle such as the
controls, the stalks, the remote controls, the steering-wheel switches, or the instrument
cluster. However, the sub-project 1 showed that the configurations of controls were very
different among trucks. As the benefits of participatory design would rely in part on direct
access to drivers’ knowledge and experiences, it did not seem adapted to propose to drivers
to work on functions they do not use. Besides, the stalks implied technical restrictions for the
participatory workshops, particularly because their design is mainly based on standards and
regulations which reduces design degrees of freedom. The choice of the design case has

therefore moved towards the instrument cluster.

Moreover, instrument clusters presented interesting contemporary challenges related to
technological evolutions. Indeed, the instrument clusters tend to become screens, which
brings a freedom and a flexibility of design for the interfaces. When instrument clusters were
electro-mechanical, the technical constraints were much more present in the development of
an interface. To choose the screen instrument cluster as design case was interesting for

several reasons:

» To increase knowledge about ergonomic design on this type of support;

* To have a great freedom of conception (few restrictions by the technical aspects);
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» The free space to display information is generally smaller than on electro-mechanical
displays due to the cost of the screens: there is a need to prioritize the information;

= Possibility to have a high-fidelity prototype that is functional for the assessment;

= In the future, screen instrument clusters can offer personalization possibilities: the stakes

and risks are very close to those of participatory design.

Trucks instrument clusters contain a lot of different information (in average more than 900).
Everything could not be covered in design sessions for time and technical reasons (difficulty
in addressing depth with menus, pages, sub menus, dynamic alerts, etc.). The design
therefore focused on essential driving functions (basic HMI reported for the cluster 1 in the
sub-project 1). This ensured that the drivers knew and used this information, and this
enabled an assessment on the driving simulator. For example, if we had conducted the
design session on specific displays such as differential lock (i.e. a function that will put more
power on some wheels depending on the choice of the driver, to leave a muddy area for
example), drivers might not know this function, and the assessment would have been
conducted in a realistic context of use (e.g. construction site). Essential driving functions are
also relevant because they have a high frequency of use, and therefore a potentially greater

impact on usability, distraction, and acceptance.

1.2. Prototyping tool

For the participatory design sessions, the tool used for conception is a key point. Sanders
(2002) pointed out that an appropriate “make-tool” is essential to let users express
themselves. A good make-tool would be visual and projective to facilitate exchange between
the design stakeholders. As designers and users often do not share a common language and
have different cultural backgrounds, the tools should improve communication and
cooperation in the design activities (Bruno & Muzzupappa, 2010). Sanders, Brandt, and
Binders (2010) classified three types of tools: 2D collages (e.g. timelines, diaries), 2D
mapping (e.g. maps, mind mappings) or 3D mock-ups (e.g. using foam, clay, Legos, Velcro-

modeling). The choice of the tool depends on the design case.

The conception of a specific prototyping tool was essential for this project. Indeed, in a user-
centered design process, designers are professionals and experts in the use of design
software. However, for the participatory design, drivers are not qualified in the use of these
designers’ tools. One of the solutions would be to ask drivers to give instructions to an expert

using the computer. In this case, the user would not be directly the designer and some social
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biases might occur (e.g. social desirability; Scariot, Heemann, Padovani, 2012). Another
solution would be to use a directly accessible design tool. This is often the case when
“paper-pencil tools” are used. In our case, this would have been problematic for two reasons:
the first is that not everyone is comfortable with drawing and the design of an interface
requires some detail; the second is that the drawings do not allow a simulation scenario and
a self-evaluation of the prototype on a driving simulator. In this case, we would face a limit
addressed to the participatory design by Bruno and Muzzupappa (2010): the physical mock-
up of the concept often appears late in the development process, causing a delay in

discovering design or interaction problems.

The idea was therefore to design a home-made tool with which the driver could create his

interface easily and autonomously. A touchscreen was used for the direct access (Fig. 5).

In the prototyping software, some parameters were imposed:

= The size and shape of the stage (active zone of 8 inches);

= 17 functions categories were presented, with a total of 186 different available widgets
(Appendix 1);

= Users could not invent new widgets;

» Users had to choose the following information: speed, gearbox information (mode and

lever position), retarder, mode and target speed of the ADAS.

Each widget proposed in the software was created based on a preliminary exploration of
existing representations in today’s trucks on the European market, and on the available
representations in cars’ full dynamic clusters. Widgets were grouped in functions categories
to help the user to find the desired information. Users had the possibility to move, resize, or
delete widgets on the stage. The touchscreen was installed on a mid-fidelity driving
simulator. Thus, the user could see the concept designed replicated behind the wheel
(important to auto-assess visibility and accessibility), but above all, he could drive with the
concept. During the design session, user could then define the concept on the touchscreen,

drive with it, make changes, drive again, etc.

69



SUB-PROJECT 2: CONCEPTS DESIGN

Figure 5: Equipment of the design sessions
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2. User-centered design

The goal of the sub-project 2 was to define three concepts of instrument clusters thanks to
three processes differing in level of user involvement. In this part, the user-centered design
process is exposed. During a user-centered design, experts design concepts based on their
knowledge of users, usages, environment of use, and ergonomic recommendations. Prior to
design, a review of human-factors guidelines was conducted. This review is presented in
Report Il. In addition, experiments have been carried out to enrich these recommendations
for the design of interfaces on screen instrument clusters. Two experiments were conducted
on the design of speedometers (Paper Il and lll), and a study was carried out on the design

of gauges on screen instrument clusters (Paper V).

2.1. Human-factors guidelines review

2.1.1. Objectives
The objective of this review was to gather existing technical literature, in which guidelines or
recommendations were presented to promote usability, distraction and acceptance while

designing in-vehicle HMI.

2.1.2. Method
Guidelines, standards, and ergonomic research articles were used in this report. This review
addresses the instrument cluster, but also the controls to bring a wider knowledge that the

company can use in future projects.

2.1.3. Highlights and application

Recommendations were reported on global aspects (e.g. colors, text), presentation and
layout of information and controls, and on controls characteristics. For example, elements
spatially close are perceived as belonging to each other (Gestalt law of proximity) and boxes

can be used around groups to improve visual perception of grouping (ISO 9241-12, 1998).

This knowledge was used during the design phase by the experts. For example, in the user-
centered design concept, the principle of functional grouping was followed (SAE J1138,
2009; ISO 9241-12, 1998) and the number of “chunks” did not overpass seven, as required
to facilitate memorization (ISO 9241-12, 1998).
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Report |l

Human-factors guidelines: a review
for the design of trucks HMI

Francois, M., Crave, P. (2016). Human-factors guidelines: a
review for the design of trucks HMI. Volvo Group Trucks
Technology. Internal report: unpublished.
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practical and easy use. References presented in the document give access to more
detailed descriptions.

1.2. Scope

This review is leaded within the PhD project ‘HMI defined by driver and follows
therefore the PhD scope (i.e. instrument panel, steering wheel switches, primary
cluster information, and screen instrument cluster). Alerts and warnings, secondary
displays, GPS, sounds, pedals, telematics, cameras, and HUD are not addressed
here.

Guidelines and human-factors articles were used in this review. Among guidelines,
generic guidelines on visual interfaces (e.g. colors) refer to electronic visual displays
in general (e.g. desktop computers). Guidelines dedicated to motor vehicles were
also used. Among them, many guidelines were intended for cars interfaces and not
for commercial vehicles and trucks (see details in the reference table). The principal
differences between car drivers and trucks drivers to keep in mind are that:

= Truck drivers spend more time behind the wheel (up to 56 h in any given work
week) than car drivers

= The literature reports that the sustained mental workload associated with
long-term tasks may cause performances deterioration (Lim et al., 2010;
cited in Bedinger, Walker, Piecyk, & Greening, 2015). Long-term exposure
to noise and vibration that may affect the ability to engage with vehicle
feedback (Majumder et al., 2009; cited in Bedinger et al., 2015). They
could present stronger stress reactions to traffic conditions and more risky
driving behaviors (Oz et al., 2010; cited in Bedinger et al., 2015).

= Truck drivers use their vehicle in a professional context

= The literature reports that they present higher technical knowledge
(Donmez et al., 2006; cited in Bedinger et al., 2015). Naturalistic data
suggested that professional drivers have faster response times when
performing an evasive manoeuver when compared to car drivers (Dozza,
2013). They would also be more heightened critical toward automation
(Bedinger et al., 2015).

= Vehicle characteristics impact drivers’ behavior

= The driving position is higher in trucks than in cars. The normal line of sight
is more distant to instrument cluster and panel. Moreover, the number of
controls and information to display is much higher than in cars.
The specificity of the activity (i.e. volume and vehicle load, specific regulations) and
the socio-professional context do not allow a generalization of all results concluded
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2.2. Text and symbols

The typeface used in displays has an impact on text legibility and reading efficiency.
In a recent study, Reimer et al. (2014) confirmed that the typeface design in an
automotive user interface impacts task completion time and visual demand while
driving (e.g. a difference of more than 10% of total glance time was found between
two typefaces). In the HARDIE Design Guidelines Handbook, no more than two
different fonts and two types of emphasis are recommended (Ross et al., 1996).
Ornate typefaces should be avoided (Green, Levison, Paelke, & Serafin, 1993; Ross
et al., 1996). Sans serif fonts are recommended (Stevens et al., 2002), particularly in
case of quick reading under adverse conditions (e.g. poor lighting; US Department of
Defense, 2012). Although fonts with serif may be preferred for continuous reading, it
is not the case for isolated words, labels and short messages (Ross et al., 1996).
Text effects are also not recommended (e.g. italic, light, bold, condensed, outlines,
shading or shadow effects) due to their negative impact on legibility (Ross et al.,
1996). Left justify is recommended for texts in fields, and right justify for numbers
when they are alone (Green, Levison, Paelke, & Serafin, 1993).

Concerning the size of characters, the minimum should be 16" of arc, with a
recommendation of 20’ to 22’ of arc (ISO 9241-303, 2008). At a distance of 70 cm, it
would represent a minimum of 3mm and a recommended height of 5mm. For reading
while driving, another guideline suggests a 6mm letter height for a driver-display
distance of 60 cm (Ross et al., 1996), corresponding to 34’ of arc.

The use of symbols and icons is recommended (Ross et al., 1996). Among other
advantages, Ells and Dewar (1979, cited in Ross et al., 1996) highlighted that drivers
react faster to symbols than to text in an on-road study, and particularly under
visually degraded conditions. Another clear advantage is the gain of understanding;
this point is addressed in a further section (2.3). Research reported that a
combination of text and symbol produced better performance than each one
presented alone (Baber & Wankling, 1992; Coury & Pietras, 1989). For symbols, a
maximum of four symbol sizes should be used (Ross et al., 1996). Key symbols size
would be 30’ of arc (i.e. height of 6mm at 70cm), 20’ of arc for critical symbols (i.e.
height of 4mm at 70cm), and 16’ of arc for non-critical symbols (i.e. height of 3mm at
70cm; ISO 9241-303, 2008).
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4. Layout of controls and information

4.1. Density and clutter

Interface layout should help the drivers to direct their attention to the relevant
information, encourage an easy understanding, and an easy response to that
information. Besides grouping, displays should therefore be simple in overall density
and local density (Stevens et al., 2002). High information density may cause
overload and increase errors and difficulties in finding appropriate information.

Blank space is recommended to provide structure in a visual interface (Stevens et
al., 2002). A balanced screen layout is suggested with plenty of 'white space' around
information groups (at least 50% 'white' space for text screens). Similarly, these
guidelines recommend keeping backgrounds simple and muted (BSI, 1996; cited in
Stevens et al., 2002; ESOP, 2007).

Displays should not contain irrelevant information or rarely needed. Indeed, non-
relevant information competes with relevant information as distractors during visual
search (Stevens et al., 2002). Information that the driver needs to read should be
minimized (Green et al.,, 1993). Campbell et al. (1997) define text messages
complexity in terms of information units, i.e. one information unit correspond to one
key noun or adjective contained within a message. A text messages should contain a
maximum of 4 information units when the vehicle is in motion in order to minimize the
eyes—off-road time (Campbell et al., 1997). They also reports that a message with a
high complexity is composed of more than 9 information units (the processing time
would exceed 5 seconds), and a low complexity message would be composed of 3 to
5 information units.

4.2. Grouping

The layout of controls and information is critical for HMI interaction quality. Displays
should be well structured, and related information should be coded so that it can be
perceived as such (Ross et al., 1996; Stevens et al., 2002). Groups of controls or
information should be visually distinct ‘chunks’ to increase visual search efficiency.
The number of groups should be minimized (ISO 9241-12, 1998), the number of 7+2
groups is recommended (corresponds to the short term memory span; Miller, 1956).

Perceptual grouping relies on the Gestalt Law of perception (Ross et al., 1996). The
law of proximity implies that elements spatially close are perceived as belonging to
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Table 1. Spatial positioning standards recommended in guidelines. The reference plane is a
vertical longitudinal plane through the steering wheel center.

Control Location

Master lighting control Lelkef reforsnie: plans

Source

Left panel
Headlamp beam switching Left plane behind the steering wheel
Headlamp Dimmer Left of reference plane

Left of reference plane

Headlamp Flasher Left plane behind the steering wheel

Left of reference plane

Tum Signal Left plane behind the steering wheel
Power Door Lock Left of reference plane
Power Mirror Left of reference plane
Power Windows Left of reference plane
_Right of reference plane
Audio Controls Right panel

Or right side of the steering wheel

Right of reference plane

Climate Controls

Right panel
Gearshift Right of reference plane
Hand Brake Right of reference plane
Telephone Right of reference plane
Windshield Defroster i!ght sl UL

Right panel

Center of the steering wheel
Alidipts hom Left plane behind

or center of the steering wheel
Hazard flasher Right of reference plane

Windscreen washer and wiper Right or left of the reference plane

control Left reference plane

Cruise control On the steering wheel

According to guidelines, some functions can be grouped such as the windscreen
washer and wiper controls (ISO 4040, 2010; Turner & Green, 1987), or the optical
warning and headlight-beam switching (ISO 4040, 2010). On the contrary, the master
light control shall not be operated by the same control as the audible warning, the
windscreen wiping, the windscreen washing and the turn signal (ISO 4040, 2010).
The retarder control should also be independent from the turn indicator (ISO 4040,

2010).

For the radio, Turner and Green (1987) recommend to avoid push button (e.g. up and
down) for manual tuning, whether a knob control (in order to feel the change in force

and estimate where the radio has been tuned).
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More globally, it is recommended to locate controls close to their associated display
(Stevens et al.,, 2002), and to keep coherence between stimulus and response
location. Indeed, reactions are usually more accurate and faster when the stimulus
occurs in the same relative location as the response required (called Simon Effect in
psychology). An example for in-vehicle interfaces is the recommendation to place the
auditory alert of the lane departure warning system on the side of the lane crossed
(e.g. Campbell et al., 2007).

Prioritized controls should be positioned closer to the driver than others (e.g. horn
and windshield washer quickly reachable; Turner & Green, 1987); more details on
prioritization in the section 2.2.

4.3.2. Information

For information display, spatial positioning should follow reading habits (in Europe,
left to right and top to bottom; Green et al., 1993). Moreover, information at the top
and to the left is perceived to be more important (i.e. natural hierarchy; Green et al.,
1993). Information relevant to driving, and prioritized information should be located
closer to the normal line of sight (i.e. when the driver look at the road; ESOP,
2007; JAMA, 2004; Stevens et al.,, 2002). Such positioning also maximizes the
possibility for the driver to use peripheral vision to monitor the roadway while
principally looking at the display.

When text and images are presented, it seems that words would be quicker identified
when they are located in user’s right visual field, and images would be identified
quicker in the left visual field (Kolb & Whishaw, 2009). This corresponds to
hemisphere specialization and help reducing the cognitive load of the user.

Concerning information display elements, Turner and Green (1987) suggest locating
radio display at the top of the right panel (because of its frequent use, to minimize
how far away from the road the driver must look). Standards recommend that the
speedometer should be visible without head movement (ISO 4040, 2010), as well as
designated tell-tales and indicators (e.g. critical condition for the engine oil pressure;
ISO 4040, 2010).
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Table 2. Suggested control type for different types of control functions.

Control function Suggested control type Source

Two—position stalk

Rocker switch

Selection among two discrete

positions Push-button
(e.g. on/off)
Toggle switch
Slide

Push—pull knob

Multipurpose stalk

Three—position toggle

Push—buttons (for three alternatives only)

Key pad

Touch screen

Selection among three of more
discrete positions

(e.g. climate air flow directions) Slide

Discrete rotary knob

Continuous rotary knob

Continuous precise adjustment

(e.g. radio volume)

Thumbwheel (when readout is required)

Continuous gross adjustment
(e.g. intermittent windshield
wiper)

Continuous rotary knob

Lever

Touch screen

Large force application

(e.g. column tilt)

Lever

Some operation recommendations are addressed in the SAE J1139 guideline (2010):

5.2.

For windows lift, rockers (arranged in a 2*2 and not 1*4 configuration) or push-
pull buttons can be used (push to the bottom to lower the window).

For the turn signal, the left stalk should be raided and low.

For the wipers, the left stalk should be rotated over the top or raised.

Finally, when headlights are on a stalk, rotating over the top should turn on the
headlamps and pulling the stalk should turn the high beam on.

Affordance of control

A control is affordable when its qualities or properties define its possible uses or
make clear how it can or should be used. Affordances rely on user mental models
and guidelines strongly recommend following this standards to promote usability
(Stevens et al., 2002; Turner & Green, 1987). Standards are reported in Table 3.
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Conclusion

This document gathered existing technical literature, in which guidelines or
recommendations were presented in order to promote usability while designing in-
vehicle HMI. The goal is to reduce initial and running costs and to increase functional
performance and sustainability of the HMI at the beginning of concepts design.
Further studies have to be performed to complement these recommendations with
data collected on trucks. Moreover, advancements in display technologies are now
making it possible for interface designers to explore information and controls designs
that are radically different from the conventional mechanical dashboards. With such
rapidly changing in-vehicle interfaces, it is becoming important to consider human
factors to avoid complex and difficult to use HMI that could be detrimental for road
safety.
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2.2. Provide human-factors gquidelines on speedometer design

As mentioned above, experts rely on ergonomic recommendations to ensure that their
concepts consider human capabilities and limitations. In this sense, the review of the existing
guidelines is extensive, but not exhaustive. For example, one of the major elements of the
instrument clusters is the speedometer, with a high frequency of use. Nevertheless, the
existing literature did not allow to conclude which speedometer type is better for truck driving
on a screen instrument cluster from an ergonomic point of view. This input was important for

experts in user-centered design, therefore, two studies were conducted (Papers Il and lIl).

2.2.1. Objectives

The speedometer is an essential part of instrument clusters. Its design is crucial for road
safety. However, the existing literature does not draw conclusions as to which speedometer
type is better for truck driving. A digital speedometer would be more beneficial when
obtaining absolute and relative readings, while an analogue speedometer would be more

efficient and less distracting when detecting dynamic speed changes.

2.2.2. Method

In a first study, the usability and distraction of a digital speedometer and an analogue
speedometer were compared in simulated truck driving. The objective was to confirm if the
results presented in the literature were applicable on screen instrument cluster for truck

driving.

Based on this study, a second experiment assessed and compared both types of
speedometer against a redundant speedometer (which simultaneously present digital and
analogue speedometers). Efficiency, usability and visual distraction measures were collected

for all three types of speedometers in a simulated truck driving setting.

2.2.3. Highlights and application

The digital speedometer was more beneficial when obtaining absolute and relative readings,
while the analogue speedometer was more efficient and less distracting when detecting
dynamic speed changes. The redundant speedometer combined the benefits of each type

presented separately.

This result was applied by HMI experts in the following user-centered design process

(display of a redundant speedometer).
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Paper I

Analogue versus digital
speedometer: effects on Distraction
and Usability for Truck Driving

Francois, M., Osiurak, F., Fort, A., Crave, P., & Navarro, J.
(2016). Analogue versus digital speedometer: effects on
Distraction and Usability for Truck Driving. In Morris, A.,
Mendoza, L. (Eds.). Proceedings of the European Conference
on Human Centred Design for Intelligent Transport Systems,
Loughborough, UK, June 30st - July 1st 2016 (p. 18-25). Lyon:
Humanist Publications.
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Paper lll

Digital, analogue, or redundant
speedometers for truck driving:
Impact on visual distraction,
efficiency and usability

Frangois, M., Crave, P., Osiurak, F., Fort, A.,, & Navarro, J.
(2017). Digital, analogue, or redundant speedometers for truck
driving: Impact on visual distraction, efficiency and usability.
Applied Ergonomics, 65, 12-22.
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Fig. 3. Total off-road glance duration in milliseconds (with standard deviation) for the three speedometers on the six tasks.

Glance frequencies

>
©
2 1,5 6
§ 5
58 2
=) ; 3
SE 05 2
2§ 1
=* @ 0
z Taskl Task2 Task3 Task4 Task5
©
g Task

@Digital ®Analogue & Redundant

Fig. 4. Mean number of glances away from the road (with standard deviation) for the three speedometers on the six tasks.
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Fig. 5. Task completion times in milliseconds (with standard deviation) for the three speedometers on the six tasks.

the redundant). The 3 x 2 repeated-measures ANOVA revealed
significant main effects of the speedometer (F(2,34) = 18.57,
p <0.001, 73 = 0.23), the tasks (F(1,17) = 33.29, p < 0.001, n3 = 0.72),
and the two-way interaction (F(2,34) = 35.90, p < 0.001, n; = 0.67).

Tukey HSD post-hoc test showed that task completion times were
significantly longer for the task 5 than for the task 2 for with the
digital speedometer (Task 2: 827ms, Task 5: 1177ms; p < 0.001) and
with the redundant speedometer (Task 2: 921ms, Task 5: 1189ms;
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2.3. Provide human-factors guidelines on gauges design

As for the design of the speedometer, input data was needed by the experts for the definition
of the gauges. Indeed, when defining these, the experts take many design decisions (e.g.
shape, orientation, type of pointer). It is therefore essential for them to increase the
knowledge on the processing of the gauges according to these various parameters so as to
ensure a fast and accurate reading of the gauges while driving. This study, presented in
Paper IV, was intended to complete human-factors knowledge and serve as input data for

the user-centered design.

2.3.1. Objectives
On instrument clusters, and particularly in trucks, there are many gauges requiring a quick
and safe reading. This study aimed at increasing knowledge on the best way to design safe

and efficient gauges.

2.3.2. Method
Eighteen truck drivers assessed eight gauges with different shapes, orientation, and

indicators on three reading tasks (quantitative, qualitative and check reading).

2.3.3. Highlights and application

Results showed that basic changes in gauge design can impact task completion times, eyes
off-road duration, and satisfaction. Horizontal gauges and pointer indicators were more
efficient and less visually distracting. On the subjective side, circular and horizontal gauges
were preferred by drivers. Specific gauge designs implied a gain in visual distraction up to
250ms.

In the following user-centered design concept, experts chose gauges based on these
findings. For example, they defined the tachometer as a linear-horizontal-pointer gauge.

Indeed, this gauge design was found efficient, safe, and satisfying.
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Paper IV

Gauges design on digital instrument
cluster: efficiency, distraction, and
satisfaction assessment for truck
driving

Frangois, M., Fort, A., Crave, P., Osiurak, F., & Navarro, J.
(2017). Gauges design on digital instrument cluster: efficiency,
distraction, and satisfaction assessment for truck driving.
Manuscript submitted for publication.
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Gauges design on digital instrument cluster:
efficiency, distraction, and satisfaction
assessment for truck driving.

Mathilde Frangois'?, Alexandra Fort3, Philippe Crave?, Frangois Osiurak'#, Jordan Navarro'#

" Laboratoire d'Etude des Mécanismes Cognitifs, Université de Lyon, Bron, France

2 Volvo Group Trucks Technology (GTT), Saint Priest, France
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Objective: This study aims at increasing
knowledge on the best way to design trucks’
gauges on digital instrument clusters.

Background: Trucks are equipped with many
gauges that the driver has to monitor while driving.
The arrival of digital instrument clusters offers new
design possibilities and the human factors litera-
ture presents only limited answers on safe and
efficient gauge designs.

Methods: Eighteen truck drivers assessed eight
gauges with different shapes, orientation and indi-
cators on three reading tasks (quantitative, qualita-
tive and check reading).

Results: Results showed that gauge design im-
pacts task completion times, eyes off-road duration
and satisfaction. Horizontal gauges and pointer
indicators were more efficient and less visually
distracting. On the subjective side, circular and
horizontal gauges were preferred by drivers. Spe-
cific gauge designs implied a gain in visual distrac-
tion up to 250ms.

Conclusion: For the design of gauges on digital
instrument cluster, information processing can be
facilitated thanks to basic design changes.

Application: This article provides supported
and easy to apply requirements to surface vehicles
HMI designers.

Keywords: Distraction; HMI design; Interface eva-
luation; Display design principles; Commercial
vehicles dashboards

1. Introduction

Instrument clusters become more and more
digital, with information displayed on screens ra-
ther than physical dashboards. This technological
advance brings many benefits (e.g. flexible and
dynamic interfaces), but reading information from a
screen could affect human performance. Indeed,
studies in instructional design comparing paper
and screen reading reported that reading from

screens would be slower and less effective for
learning and remembering (Dillon, 1992; Mangen,
Walgermo & Brgnnick, 2013). If this effect is also
true for automotive instrument clusters, this im-
pairment could be particularly critical due to the
increase in visual distraction while driving. There-
fore, the definition of human-machine interfaces
(HMI) on digital clusters is a contemporary concern
for interface designers to optimize driver-vehicle
interaction.

Within dashboards, gauges have always been
major components. Oil level gauge was the first
instrument installed inside vehicles around 1900
before speedometers (Akamatsu, Green & Beng-
ler, 2013). Nowadays, several gauges are dis-
played in automotive dashboards to monitor vehi-
cle information, and this is especially true for
trucks (Figure 1). Compared to passenger cars,
trucks’ mechanical configuration and high amount
of functions imply an increased number of infor-
mation to be monitored by the driver (e.g. up to
two air pressure circuits, regeneration filters level,
fuel additive tank level, etc.). This study focuses on
engine gauges excluding the particular case of the
speedometer. Indeed, the speedometer context of
use is singular, with factors such as temporal
pressure, linked with external signals, and con-
nected with speed management systems
(Francois, Crave, Osiurak, Fort & Navarro, 2016).
Some truck gauges are monitored at vehicle start
(e.g. air pressure gauge), but other gauges can be
used while driving at a high speed with traffic
around (e.g. fuel gauge). Any improvements in
gauge design that could reduce the effort needed
to monitor the truck could increase the amount of
resources available to perform safely the primary
driving task.

In the human factors literature, three types of
gauge reading are distinguished: quantitative read-
ing, qualitative reading, and check reading (Ends-
ley, 1988; Sanders and McCormick, 1993).






time on the road in a professional context (up to
56h in any given work week; Bedinger et al.,
2015). Their expertise and their particular relation
to the vehicle could impact their gauge monitoring
process. Most of the assessments were conducted
using mechanical or physical supports, and it is
essential to investigate if previous findings are
confirmed on screen instrument clusters.

Interfaces quality determining in part the driver’s
ability to perform the primary driving task while
monitoring his cluster, it is essential to deliver to
practitioners clear and directly applicable design
requirements (Frangois, Osiurak, Fort, Crave &
Navarro, 2016). This study addressed the following
research questions:

= Does gauge design impact efficiency, dis-

traction and satisfaction?

= What attributes really matter in gauge defini-

tion?

= Which kinds of gauge displays are best for

specific tasks?

Eight gauge designs based on a factorial exper-
imental design with three attributes: shape (circular
or linear), orientation (horizontal or vertical), and
indicator (pointer or bargraph), were assessed on
quantitative, qualitative, and check reading.

2. Material and methods
2.1 Participants

Eighteen trucks drivers took part in this experi-
ment (all men, mean age: 43 years, SD: 5.3). All
participants held valid truck licenses for 13 years
on average (SD: 8.6). Most participants drove a
truck several times a month (78%). All reported
normal or corrected-to-normal vision and audition.
Written informed consent was obtained from each
participant.

2.2 Equipment

The fixed-base medium-fidelity driving simulator
was composed of a truck seat, two thirds of a real
dashboard, and a 65 inches plasma screen using
Oktal SCANeR™ for traffic scenario and truck
model. Throttle pedal, brake pedal, and steering
wheel were original parts of a Renault Trucks T. A
highway environment was used, with a random
traffic around the vehicle. A 15.4 inches screen
was located in place of the instrument cluster be-
hind the steering wheel to display stimuli (height:
332mm, width: 207mm, resolution: 1280x800,
refresh rate: 60Hz). A binocular head-mounted eye
tracker was used to capture the eye gaze (Tobii
Glasses 2; scene camera resolution: 1920x1080;

eye camera tracking frequency: 50Hz). Gaze raw
data were filtered using the Tobii I-VT fixation filter
configured so that short fixations were not discard-
ed (Olsen, 2012).

2.3  Material

Gauges. Eight gauge representations (Figure 2)
were presented centered in upper half of the
screen. Gauges were generic (non-associated to a
function, e.g. fuel level) for generalizability rea-
sons. They were presented without scale markers
and units. Scales were monochromes, divided in 4
parts with internal graduations (block types), with
the last half part in red to indicate a warning zone
(always at the end of the gauge, such as for a
temperature gauge type). A zero marker indicated
the reading direction of the gauge. Three gauge
attributes were presented and mixed across the
eight gauge representations:

= Shape: circular (demi circular gauge; di-
ameter: 40mm) and linear (length:
62.8mm)

= Indicator: pointer (length: 20mm/16mm)
and bargraph (white filling of the scale)

= Orientation: horizontal and vertical (90°
anti-clockwise rotation)

Tasks performed. The participants were re-
quired to perform a primary driving task which was
to follow a red car on a highway. Moreover, each
gauge was tested on three reading types:

= Task1 (quantitative reading): ‘What is the
gauge value between 0 and 1007’ (an-
swer: a number between 0 and 100)

= Task2 (qualitative reading): ‘In which quar-
ter is the gauge value?’ (answer: one, two,
three or four)

= Task3 (check reading): ‘Is the gauge value
in the red zone or not?’ (answer: yes or
no)

For the task 1 and for the task 2, four stimuli
were presented for each gauge (1 with the value
randomly chosen between 5 and 24; 1 between 25
and 49; 1 between 50 and 74; and 1 between 75
and 95). For the task 3, four stimuli were present-
ed for each gauge (1 with the value randomly cho-
sen between 8 and 47; 1 between 48 and 87; and
2 between 88 and 95).

2.4  Procedure

Before the experimental phase, participants
were informed of the details of the study and com-
pleted a consent form. Afterwards, the eye tracking
device was positioned and calibrated. For each
test drive, participants were required to follow a
red car on a highway. The question drivers had to












3.3 Satisfaction

Pairwise comparisons were led for each attrib-
ute using Wilcoxon tests (Figure 5a). Globally,
circular gauges (mean score: 11.17) are preferred
to linear gauges (4.10; Z=3.223, p=.001). Similarly,
horizontal gauges (9.04) are preferred to vertical
gauges (6.22; Z=3.462, p=.001). Friedman test
reported significant differences between gauges
(x3(7) = 70.70, p<.001). A hierarchical cluster anal-
ysis enables to gather the 8 gauges into clusters
which would correspond to different satisfaction
levels (Figure 5b). Three clusters resulted from the
analysis: a first cluster with the highest satisfaction
level (Gauge 1: mean score: 13.11; Gauge 2:
13.17; Gauge 3: 9.87; and Gauge 4: 9.17); a sec-
ond cluster with a mid-satisfaction level (Gauge 5:
5.70; and Gauge 6: 5.37); a third cluster with the
lower satisfaction level (Gauge 7: 2.48; and Gauge
8: 2.94). For the three tasks, similar satisfaction
results were found. The effect of the shape was
significant (task 1: respectively 11.17 and 4.10,
Z=3.223, p=.001; task 2: 11.39 and 4.22, Z=3.092,
p=.002; task 3: 11.43 and 4.06, Z=3.593, p<.001),
such as the effect of orientation (task 1: respec-
tively 9.04 and 6.22, Z=2.548, p=.011; task 2: 9.38
and 6.24, Z=2.417, p=.016; task 3: 9.60 and 5.89,
Z=3.332, p=.001). The satisfaction scores of the
eight gauges were significantly different (task 1:
x3(7) = 4255, p<.001; task 2: x*7) = 41.65,
p<.001; task 3: x*7) = 53.93, p<.001) with the
same repartition of gauges into the three clusters
that for the global results presented above.

4. Discussion

Based on these results, answers to the research
questions are listed below.

4.1 Does gauge design impact efficiency, dis-
traction and satisfaction?

Findings showed that gauge design has an im-
pact on task completion times, eyes off-road dura-
tion, and satisfaction (gap of visual distraction up
to 280ms between two gauge designs). However,
no impact was found in term of accuracy of read-
ing. Satisfaction and objective results were incon-
sistent. For instance, drivers reported a clear pref-
erence for circular gauges even fif little difference
of performance was found between circular and
linear gauges. Similarly, Gauge 4 (circular-vertical-
bargraph) was part of the higher satisfaction clus-
ter, even if its performance measures were lower
than for other gauges. On the contrary, Gauge 5
(linear-horizontal-pointer) implied good objective
results and was part of the mid-satisfaction cluster.
Driver preference could rely on other factors such

as aesthetics or familiarity (Kurosu & Kashimura,
1995).

4.2 What attributes really matter in gauge def-
inition?

The shape of the gauge had a high impact on
satisfaction. Circular gauges were clearly preferred
by drivers compared to linear gauges. However,
the shape was not determining on objective
measures. An effect of the shape was only found
for the qualitative reading (Task 2), with a low im-
pact on task completion (gap of 47ms — 4%) and
eyes off-road times (gap of 66ms — 9%). The supe-
riority of circular gauges on linear gauges was also
observed in previous researches (Carveth & Ad-
ams, 1964; Graham, 1956; Green, 1988; Sleight,
1948). Mayer and Laux (1992) reported however
no effect on detection reaction times, but an im-
pact on the primary task. It would then be interest-
ing to confirm these results with driving perfor-
mance measures.

The orientation of the gauge had a more signifi-
cant impact on objective criteria. Horizontal gaug-
es were more efficient and less visually distracting
than vertical gauges (gap of 126ms — 10%). More-
over, horizontal gauges were greatly preferred by
drivers. These results, consistent with previous
findings (Graham, 1956; Murrell, 1965; Sleight,
1948), have been explained by physiological rea-
sons. Indeed, the visual field being wider than
taller, horizontal eye movements would be easier
than vertical ones (Green, 1988).

The indicator type had a low implication in
gauge efficiency (gap of 50ms — 3%) and distrac-
tion (gap of 65ms — 8%). Connell (1950) proposed
that the surface of the indicator would help detec-
tion, which could explain the benefit of a pointer
against a bargraph. Indicator was also not decisive
in drivers’ order of preference.

4.3 Which kinds of gauge displays are best for
specific tasks?

For gauges requiring quantitative reading (Task
1; e.g. tachometer), horizontal gauges were more
efficient and less distracting. Eyes off-road dura-
tion was decreased by 126ms (10%) compared to
vertical gauges. The indicator type also impacted
visual distraction, but less significantly, with an
eyes off-road duration decreased by 65ms (5%).
Linear-vertical-pointer gauges (Gauge 7) should
be avoided, considering that they implied a visual
distraction increase by about 280ms (20%) com-
pared to other gauge design (Gauge 1: circular-
horizontal-pointer or Gauge 5: linear-horizontal-
pointer should be preferred). This difference is
particularly significant, considering that 280ms






Second, gauges were assessed individually on
each of the three reading tasks. In a vehicle, the
same gauge can be used for different reading. For
instance, the gauge of air pressure could be used
to judge the rate of increase at starting up (i.e.
qualitative reading), to set the pressure at a specif-
ic value (i.e. quantitative reading), or to ensure that
the system is not impaired (i.e. check reading).
The requirements for these different uses may
conflict, and it will be necessary to evaluate which
is the main reading task (based on relevancy for
driving, criticality, urgency, and frequency of use
criteria).

Third, gauges were here presented in isolation
for finer experimental control. Reading can yet be
affected by the layout and the clutter of the cluster.
High information clutter may cause overload, in-
creased errors, and difficulties in finding appropri-
ate information (Stevens, Quimby, Board, Kersloot,
& Burns, 2002). Gauges may also be operated
interdependently (e.g. speedometer and tachome-
ter readings) and the arrangement of multiple
gauges has been showed relevant (Green, 1988;
Warrick & Grether, 1948). A perspective would be
to evaluate if each gauge of a truck dashboard
should be designed according to its main reading
type (based on the results of this study), or if con-
sistency should be applied. Mayer and Laux
(1992) provided a start of an answer reporting that
combining dissimilar designs would not make it
harder to detect critical values on one gauge.

5. Conclusions

Gauges are major components of trucks dash-
boards, with direct safety considerations. It is
therefore essential to deliver design requirements
to practitioners with the following objectives: pro-
vide the information in a quick and accurate way to
the driver, and minimize eyes-off-road duration.
With the arrival of digital instrument clusters, the
human factors literature presents only limited an-
swers to contemporary concerns. This experiment
updated existing literature and deepened
knowledge on the design attributes impact on
gauge information processing. The findings of this
paper have direct design implications for surface
vehicles dashboards: globally, horizontal gauges
and pointer indicators should be favoured and
circular gauges are preferred by drivers; gauges
requiring quantitative reading should be horizontal
and linear-vertical-pointer gauges should be
avoided; gauges requiring qualitative reading
should be linear and circular-vertical-bargraph
gauges should be avoided; gauges requiring check
reading should have pointer indicators. The linear-
horizontal-pointer gauge performed well on all
reading tasks (see Gauge 5, Figure 2).
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Key points

o Different gauge designs are best for differ-
ent reading tasks

e Horizontal gauges and pointer indicator
are more efficient and less visually dis-
tracting

e Circular and horizontal gauges are pre-
ferred by truck drivers

e For quantitative reading, eyes off-road
time can be decreased by 280ms by
changing the design of a gauge
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SUB-PROJECT 2: CONCEPTS DESIGN

2.4. Concept design

Based on the data collected in the first sub-project and in the studies on human-factors
guidelines, the user-centered design was carried out. The process exposed in this part is one
of the three parallel processes leaded in this project. The outcome of this design process

was evaluated in sub-project 3.

2.4.1. Objectives
A user-centered design process was conducted to provide an outcome corresponding to a

consultative involvement (i.e. drivers evaluate concepts designed by experts).

2.4.2. Method
The sub-project 1 and the previous works on ergonomic recommendations was used as input

for the design session (Fig. 5).

Figure 5: Steps to define the user-centered design concept
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SUB-PROJECT 2: CONCEPTS DESIGN

Experts defined three concepts based on human factors guidelines, cognitive ergonomics
literature, and their knowledge on truck drivers and usages. For this, they used the
equipment described in sub-project 2-1.2 during a four-hours design session. After that, nine
drivers were involved to assess the three concepts. They could drive on the driving simulator
with each concept on a straight road and without specific instruction or task to complete.
Their spontaneous remarks, their order of preference, and satisfaction scores (between 0
and 10) for each concept were collected. Based on these data, experts redesigned a final

concept.

2.4.3. Highlights and application
The resulting redesigned concept (UCD concept) was compared to the two participatory
design concepts in the third sub-project. The UCD concept is described in more details in

Paper V.

3. Participatory design

Two participatory processes were conducted with two different methods (one collective and
one individual) on the same design case (instrument cluster) and with the same tool than the
user-centered design. First, the global methodological considerations prior to participatory
design implementation are described. Second, the participatory workshop method (collective)

is presented. Finally, individual participatory design sessions method is exposed.

When planning the participatory design sessions, methodological decisions were made on

different aspects:

= The objective: To produce instrument clusters concepts.

= The selection of users: For the users involved to be representative of the end-users, the
characteristics of the users defined in the first sub-project were used as selection criteria.
All drivers were French, they were selected based on their activity (city or regional
distribution), age (between 18 and 66 years old) and gender (men). They were recruited as
temporary workers.

= The number of stakeholders: To avoid an imbalance situation, the number of users
involved was equal to or greater than the number of designers. Regarding the number of
users involved in the workshop, as reported by Sanders et al. (2010), participatory design
sessions can be conducted with either individuals or with people in groups. The group size

can vary from two to many users. Moreover, within the group situation, participants can
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SUB-PROJECT 2: CONCEPTS DESIGN

work either individually or collectively. They stated that innovation would occur better in a
collaborative generation activity. In this research, the two scenarios were tested: collective
and individual participatory design. These two methods involve very different resources
(i.e. cost, time) and it seemed interesting to evaluate the differences in terms of outcomes.
Stakeholders roles: Roles of designers during design sessions can vary, on a continuum
from co-designers to facilitators (Sanders & Stappers, 2008; also called “emancipators” by
Bekker & Long, 2000). In this thesis, we focused on an advanced form of participatory
design, the “design by users”, in which users have a role of designers (and ‘expert of their
experiences’) and designers become facilitators (Sleeswijk Visser, Stappers, & Van der
Lugt, 2005). During the session, designers have the responsibility for framing, leading,
guiding, and ‘providing scaffolds as well as clean slates’ to encourage user to design
(Sanders & Stappers, 2008).

The location: Participatory workshops can take place in a professional site, in users’
context of use, in a neutral place, on-line, etc. In our case, the constraint of the equipment
was decisive to determine where to conduct the participatory workshops. The location was
a spacious room at the company, with a part with tables for group work and a part with the
driving simulator and the prototyping tool (Fig. 6).

The duration: Workshops can be led in one long session, or in many short ones with days
of break in between. For practical reasons (costs, drivers’ recruitment for one day), we
decided to conduct the workshop in one session with breaks. It allowed drivers to have
time to think about and to limit tiredness.

Activities: Sanders et al. (2010) suggested that “the ideal situation” for a participatory
design session is to lead a workshop containing three types of activities: telling, making,
and enacting. For our design case, the “telling activity” would correspond to narrative tools
that address drivers’ experiences, needs, and feelings. The “making activity” would relate
to the design session using an appropriate tool. The “enacting activity” would imply a
driving situation to contextualize the created concept.

The ambiance: As in any workshop, attitudes and social aspects should also be
considered carefully. For example, a negative or constrained attitude could prevent free
and spontaneous expression from users. One of the rules expressed at the beginning of
the workshops was thus to address others as “tu” (informal form of “you” in French), and
calling by first names (name tags on the tee-shirts). No physical distinction was made
between designers and users (e.g. no “staff” shirts). Designers had a role of facilitators,
and thus were asked to encourage the expression of ideas and never to bully or negatively
judge what was said. Moreover, at the beginning of the session, a time was spent to get to

know and “break the ice”, with a convivial introduction around a coffee.
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SUB-PROJECT 2: CONCEPTS DESIGN

Figure 6: Room of the workshops

3.1. Participatory workshop

The participatory workshop was one of the participatory methods experimented in this

research.

3.1.1. Objectives

The participatory design workshop was conducted to provide an outcome corresponding to a
participatory involvement (i.e. drivers generate concepts and evaluate them) (Fig. 7).
Workshop with several users is a method widely used in participatory design (e.g. Cinto,
Avila, & De Souza, 2015; Dickinson, Lochrie, & Egglestone, 2015; Khaled & Vasalou, 2014;
Lamas, Burnett, Cobb, & Harvey, 2015; Lindsay, Jackson, Schofield, & Olivier, 2012;
Palaigeorgiou, Triantafyllakos, & Tsinakos, 2011). The advantage of workshops in groups

would rely on consensus building and collective intelligence (Sanoff, 2007).
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Figure 7: Steps to define the participatory design workshop concept

3.1.2. Method
Four professional truck drivers and three HMI practitioners participated in the workshop.

During this workshop, different activities were led: narrative activities, concept design in
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groups, and a pooling session at the end. During the design activities, drivers iteratively
designed and drove on the driving simulator to assess the concept.

3.1.3. Highlights and application
The resulting concept was compared to the two other concepts in the third sub-project

(PDWS concept). This participatory concept is described in mode details in Paper V.

3.2. Individual participatory design sessions

Individual participatory design sessions was the second participatory method experienced

during this thesis.

3.2.1. Objectives
Individual participatory design sessions were conducted to provide an outcome
corresponding to a participatory involvement, in which drivers generate concepts and

evaluate them individually.

3.2.2. Method

In total twenty-seven truck drivers participated in individual sessions (Fig. 8). Drivers were
different from those who attended the participatory workshop. During the design session,
each driver was with a facilitator. After a narrative activity, the driver could move to the
driving simulator and define his concept while evaluating it iteratively in a free driving

situation.

3.2.3. Highlights and application
The resulting concept (PDInd concept) was compared to the two other concepts (UCD and
PDWS concepts) in the third sub-project. This participatory concept is described in mode

details in Paper V.
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Figure 8: Steps to define the participatory design individual concepts
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Sub-project 3: Concepts assessment

During the second sub-project, three concepts of instrument clusters were designed,
according to three different design processes. In this third sub-project, the goal was to

assess and compare rigorously these three concepts.

1. Objectives

The aim of this sub-project was to evaluate and compare the three concepts of instrument
cluster in terms of usability, distraction and acceptance. Indeed, there is a trend for more and
more user involvement in design, but with a lack of empirical and rigorous evidence in favor
of this. Moreover, some benefits are addressed globally to participatory design whatever the

method implemented, although there are significant differences between them.

2. Method

Twenty-seven truck drivers were asked to perform eleven different tasks in a simulated drive
to compare the three concepts of trucks instrument clusters (the UCD concept, the PDWS
concept, and their own concept defined the same day in the individual participatory design

session).

3. Highlights and application

Paper V and VI respectively subjective findings (perceived usability and acceptance) and
objective data (efficiency and distraction obtained within this sub-project. On the subjective
side, results showed that concepts resulting from user-centered design and individual design
sessions were perceived as more usable and accepted than the concept resulting from the
participatory workshop. On the objective side, the concept generated with the UCD process

implied lower task completion and eyes-off-road times than both PD outcomes.

These findings question PD benefits and encourage focusing more on the different PD

approaches.
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Paper V

Usability and acceptance of truck
dashboards designed by drivers:
two participatory design
approaches compared to user-
centered design

Frangois, M., Osiurak, F., Fort, A., Crave, P., & Navarro, J.
(2017). Usability and acceptance of truck dashboards designed
by drivers: two participatory design approaches compared to
user-centered design. Manuscript submitted for publication.
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Previous literature reported that Participatory De-
sign (PD) results in more satisfying products and
presents other subjective benefits. PD implies an
active involvement of users during all steps of the
design process, including during concepts design
(contrary to user-centered design). This study inves-
tigates whether PD could improve usability and
acceptance of trucks dashboards, and whether sub-
jective benefits would be preserved whatever the
participatory approach implemented. Two PD ap-
proaches were led on the same design case and
with the same equipment: a participatory workshop
and individual design sessions. The concepts re-
sulting from these two approaches were assessed
and compared to a concept generated by HMI ex-
perts in a user-centered design process. Results
showed that concepts resulting from user-centered
design and individual design sessions were per-
ceived as more usable and accepted than the con-
cept resulting from the participatory workshop.
These findings question PD benefits and encourage
focusing more on the different PD approaches.

Keywords: Participatory design; participatory workshop;
personalization; truck interfaces; automotive dashboards

1. Introduction

On trucks dashboards, human-machine inter-
faces (HMI) mediate all interactions between the
driver and the truck. The driver can communicate
with the truck through controls, stalks, remotes,
etc. Inversely, communication from the vehicle to
the driver is mainly provided through the instru-
ment cluster. The instrument cluster, often located
behind the steering wheel, provides information
such as vehicle state (e.g. truck speed, engine
speed), function feedbacks (e.g. turn signal indica-
tor light), or mechanical issues (e.g. telltales,
alerts). When designing a new instrument cluster,
some human factors considerations have to be
taken into account in order to face today’s chal-
lenges.

1.1. Truck dashboard design: usability and ac-
ceptance challenges

Designing an instrument cluster consists in de-
fining which information to present to the driver,
how to display them, and specifying a logic of in-
teraction. The major consideration when designing
truck instrument cluster is that this interface will
mainly be used while driving (Marcus, 2004). In
this dual task situation, every interaction with the
cluster can create interference with the primary
driving task. Distraction caused by the interaction
is therefore an essential criterion of assessment of
an interface, and distinguishes automotive HMI
from other user interfaces (Harvey, Stanton, Pick-
ering, McDonald, & Zheng, 2011). Objective
measures linked to usage should be minimized,
such as time required performing a task, amount of
cognitive resources engaged, or eyes off road
duration while interacting with the cluster (Harvey
et al., 2011). Besides objective criteria, interpretive
and subjective aspects have to be considered by
designers. Indeed, they play a key role in driver
comfort and increase system willingness to use.
These subjective aspects can be grouped under
two criteria: perceived usability and acceptance
(Frangois, Osiurak, Fort, Crave, & Navarro,
2017a). Nielsen (2012) defined usability as ‘a qual-
ity attribute that assesses how easy user interfac-
es are to use’. He broke down usability into five
constructs: an interface should be easy to learn
(i.e. learnability); it should allow the user to per-
form a task without requiring unnecessary re-
sources (i.e. efficiency); it should be easy to re-
member how to use it after a non-use period (i.e.
memorability); it should be used without causing
errors (i.e. errors); and using the interface should
be pleasant (i.e. satisfaction). This notion of usabil-
ity is very close to the concept of acceptance. Ac-
ceptance is defined as ‘the degree to which an
individual intends to use a system and, when
available, to incorporate the system in his/her driv-
ing’ (Adell, 2010). Davis, Bagozzi, and Warshaw
(1989) proposed that acceptance (i.e. intention to



use) is dependent of two factors: perceived useful-
ness and perceived ease of use. For example, a
driver could neglect a system that he would not
need, or if he would have too much difficulty using
it. Thus, usability (i.e. ease of use) would be a
predictor of user acceptance of a system (Ven-
katesh & Davis, 2000). The two notions are based
on user perceptions, beliefs, attitudes, and inten-
tions (Davis et al., 1989).

Usability and acceptance are important criteria
in the design process of trucks’ instrument clus-
ters. From a marketing point of view, the difference
between vehicles from different brands is moving
further away from technical aspects. The comfort
of the driver and its satisfaction in use became
determinant (Marcus, 2004). Different factors are
challenging usability and acceptance during trucks
interfaces design. First, information number and
complexity increased (Gkouskos, Normark, &
Lundgren, 2014). Twenty years ago, the main
technical information available was basic vehicle
information (e.g. speed). Today, some complex
information can be displayed to the driver, such as
the following distance set for the adaptive cruise
control or the remaining driving time with regard to
the legislation. Second, for the same truck instru-
ment cluster, there is a high diversity of contexts of
use. There are a broad range of truck drivers in
terms of experience level, motivation, age, exper-
tise, emotional status, time pressure, relation to
technology, etc. Moreover, regarding environment
factors, there are a wide range of road and traffic
environments (e.g. city, construction areas, high-
way) and different tasks and usages with different
needs in terms of information (e.g. fire trucks,
tanker, moving trucks). Finally, instrument clusters
in vehicles become display screens bringing with
them dynamic and flexibility, but also many possi-
ble interface layouts that cannot all be tested in
classical usability tests.

1.2. From a design with users to a design by user

Human-centered design puts the user into the
center of design, instead of the extent of techno-
logical features and technical constraints imposed
by the technology. During a human-centered de-
sign process, three stages follow each other in an
iterative process: analyses (understand and speci-
fy the context of use and user requirements), con-
cept design (produce design solutions to meet
user requirements), and concept assessment
(evaluate the designs against requirements) (In-
ternational Organization for Standardization [ISO]
9241-210, 2010). The ISO 9241-210 guideline
(2010) recommends an active involvement of us-

ers during the design process. Nevertheless, users
can be involved at different times and in different
ways. Different levels of user involvement in de-
sign processes were defined (Damodaran, 1996;
Eason, 1995). First, a design for users — informa-
tive involvement — consists in involving users as a
source of information. Designers collect infor-
mation during the analyses phase, using tech-
nigues such surveys, interviews, observations,
activity analysis, etc. Second, a design with users
— consultative involvement — considers users as
objects of observation and commentators. Users
are involved during the analyses phase, but also
during the assessment phase. They evaluate one
or several products defined by designers, to identi-
fy usability issues and collect data or user perfor-
mance and satisfaction (usability test). Finally, in a
design by users — participative involvement —, us-
ers are actively involved all along the process.
That is to say during analyses and assessment
phases, but also during the concept design phase.
User involvement in real case studies is not as
clear and delimited. Damodaran (1996) stressed
that forms of involvement can be characterized on
a continuum from informative to participative. Even
if boundaries are not clear, two major human-
centered approaches can be differentiated (Bekker
& Long 2000; Carroll, 1996; Kujala, 2003; Sand-
ers, 2002; Spinuzzi, 2005):

= User-centered design (UCD) would imply a
consultative involvement (users are involved
during analyses and assessment phase, con-
cepts are design by experts)

= Participatory design (PD) would imply a partic-
ipative involvement (users are involved during
analyses and assessment phase, but also to
the concept design phase)

Today, instrument clusters for trucks are mainly
defined using user-centered design processes.
HMI designers define concepts considering vari-
ous aspects and requirements such as industrial
engineering, cognitive ergonomics, technical pos-
sibilities, project-lead times, brand image, etc.
Moreover, involving drivers during the phases of
analyses and assessment allow considering inter-
face usability and users’ needs and expectations.
However, user-centered design focuses principally
on how users react to a concept, and fails to cap-
ture what they could bring to the concept design.
Carroll and Rosson (2007) stated that a shift from
user-centered design towards participatory design
could bring two types of benefits. First, a ‘moral’
benefit would rely on the fact that users would
have a right to be involved in decision-making.
Second, a ‘pragmatic’ benefit would be due to the
fact that users’ experience and knowledge can
offer insights and increase the chances of a suc-



cessful design outcome (Carroll & Rosson, 2007).
Sanders (2002) pointed up that what we can learn
from what users say/think and do/use is not
enough. Explicit knowledge and observed experi-
ence do not give access to what users feel and
implicitly know (i.e. tacit knowledge; Spinuzzi,
2005). Kujala (2003) stated that, in a consultative
involvement, users can easily say what is wrong or
difficult to use and could silent what is essential for
them because they are too familiar using it. One
way to access these aspects would be to let users
make a concept. In this situation (and with appro-
priate ‘make tools’), skills and past experiences
would be direct resources in the design process
(Sanders, 2002). Drivers’ implicit knowledge and
experiences used as resources in the concept
design stage could thus lead to better efficiency,
learnability, memorability, a lower error rate and
therefore increased HMI usability (Frangois et al.,
2017a). Prototyping concepts would also give an
access to different levels of driver's needs (i.e.
explicit, tacit, and latent) (Sanders, 2002). This
would promote the usefulness of the concepts
generated. By improving the ease of use, as well
as the usefulness of the concepts, a participative
design would have a beneficial effect on the ac-
ceptance of the outcomes. Although there is a lack
of systematic and rigorous assessment of partici-
patory design outcomes (Frangois et al., 2017a),
previous studies in other fields reported subjective
benefits directly linked to usability and acceptance:
self-confidence (Clement & Van den Besselaar,
1993); personal relevance (Kujala, 2003); satisfac-
tion (Abelein, Sharp, & Paech, 2013); and system
usage (Kujala, 2003). Moreover, in the automotive
field, Normark and Gustafsson (2014) reported a
high acceptance and usability of in-vehicle sys-
tems customized by car drivers.

1.3. A design by drivers: different participatory
design methods

As defined in the preceding paragraph, partici-
patory design would cover all approaches involving
users during the three phases of the design pro-
cess, including concept design. However, there is
variety of ways to lead design sessions with a par-
ticipative involvement (Sanders, Brandt, & Binder,
2010). Furthermore, roles of designers during de-
sign sessions can vary, on a continuum from co-
designers to facilitators (Sanders & Stappers,
2008; also called ‘emancipators’ by Bekker &
Long, 2000). In this article, we focused on an ad-
vanced form of participatory design, the ‘design by
users’, in which users have a role of designers
(and ‘expert of their experiences’) and designers
become facilitators (Sleeswijk Visser, Stappers, &
Van der Lugt, 2005). During the session, designers
have the responsibility for framing, leading, guid-

ing, and ‘providing scaffolds as well as clean
slates’ to encourage user to design (Sanders &
Stappers, 2008). In order for them to take on this
role, one key point is to give to users the appropri-
ate tools for expressing themselves (Sanders,
2002). Indeed, users have no design degree and
professional tools can be difficult to master in a
limited time. Moreover, without an appropriate
visual ‘make-tool’, the potential difference of lan-
guage and cultural background between designers
and users can lead to misunderstanding and
communication difficulties (Sanders, 2002). This
has long been a limit to participatory design. Bruno
and Muzzupappa (2010) suggested that users
prefer discussing around existing products, and
expensive prototypes are often realized too late in
the design process. Nevertheless, advances in
technologies addressed this point. Touchscreens
or virtual reality (Bruno & Muzzupappa, 2010) are
tools that are easy to use and allow users to have
the full designer role during participatory design
sessions.

Kujala (2003) cited two typical participatory de-
sign methods: workshops and prototyping. Sand-
ers et al. (2010) suggested that ‘the ideal situation’
for a participatory design session is to lead a
workshop containing three types of activities: tell-
ing, making, and enacting. For our design case,
the ‘telling activity’ would correspond to narrative
tools that address drivers’ experiences, needs, and
feelings. The ‘making activity’ would relate to the
design session using an appropriate tool. The ‘en-
acting activity’ would imply a driving situation to
contextualize the created concept. Sanders et al.
(2010) also reported that workshops can be con-
ducted either with users in groups or individually.
Participatory workshops with users in group is
widely used (e.g. Cinto, Avila, & De Souza, 2015;
Dickinson, Lochrie, & Egglestone, 2015; Khaled &
Vasalou, 2014; Lamas, Burnett, Cobb, & Harvey,
2015; Lindsay, Jackson, Schofield, & Olivier, 2012;
Palaigeorgiou, Triantafyllakos, & Tsinakos, 2011).
The number of users involved depends on the
design case: small groups allow providing inten-
sive support, while larger groups allow collecting a
wider range of inputs (International HIV/AIDS Alli-
ance, 2001). The advantage of workshops in
groups would rely on consensus building and col-
lective intelligence (Sanoff, 2007). This would re-
duce the bias exposed by Madrigal and McClain
(2011), suggesting that users would design for
their personal wants and needs, and not in a
common interest. Besides participatory workshops
with several users, individual design sessions
could present other benefits. Even if it is more
time-consuming than group sessions, Sleeswijk
Visser et al. (2005) reported that individual ses-
sions bring out detailed information and a better



access to individual experiences. Moreover, indi-
vidual design sessions are in line with the trend of
personalizable products which is becoming in-
creasingly widespread. Fan and Poole (2006)
pointed out that during personalization, design
outcomes are more influenced by particular indi-
vidual needs rather than by group norms and ste-
reotypes. Mugge, Schoormans, and Schifferstein
(2009) also specified that personalization have the
advantage of including actual users in the design
instead a subset of users that would represent
them.

1.4. Objectives and hypotheses

The objective of this study was to assess and
compare three instrument cluster concepts gener-
ated with three different methodologies. The three
concepts corresponded to two levels of driver in-
volvement: user-centered design (UCD) and par-
ticipatory design (PD). Two participatory ap-
proaches were experimented: a participatory
workshop, and individual design sessions. The
three concepts were assessed and compared in
terms of usability and acceptance using question-
naires.

Based on the literature, participatory design
would increase usability and acceptance thanks to
a direct access to drivers’ need and tacit
knowledge. However, there is a lack of rigorous
comparative studies of the outcomes from different
levels of user involvement (Bratteteig & Wagner,
2016; Francois et al., 2017a). Moreover, subjective
benefits are often addressed globally to participa-
tory design whatever the approach implemented,
although there are significant differences between
them.

The following research questions are raised:

= RQ1: Does the level of driver involvement
influence usability and acceptance of instru-
ment clusters?

= RQ2: Is there a usability and acceptance gap
between what a driver has defined for him, and
what other drivers have defined for him?

To investigate these questions, the first step
consisted in the generation of the three concepts.
During the second step, the three concepts were
compared in a simulator test with questionnaires
measuring acceptance and usability.

2. Step 1: Concept generation

Three concepts of instrument clusters were
generated according to three design methods:

= User-centered design (UCD): two professional
HMI designers defined a concept

= Participatory workshop (PDWS): four drivers
were invited to a one-day workshop to define
together a concept

= Individual participatory design (PDInd): 27
drivers participated on individual sessions,
each driver defined a concept by himself

The equipment, instructions, and scope were
the same for the three methods.

2.1. Equipment

Concept generation was made using specific
software on a touchscreen. The touchscreen was
installed on a fixed-base medium-fidelity driving
simulator to allow iterative driving during concepts
design (Fig. 1). The software, as a ‘make tool’, was
developed especially for this study in order to de-
fine all concepts with the same equipment. It was
developed with Adobe Flash, and displayed on a
22 inches touchscreen. A ‘function panel was
presented on the left of the screen (list of functions
available: e.g. speed), and the stage was present-
ed on the right with an empty instrument cluster
(Fig. 1). When a function was selected on the
‘function panel’ (e.g. speed), a ‘widget panel’ ap-
peared with all the available representations for
this function (e.g. digital speed, circular analogue
speedometer, linear horizontal analogue speed-
ometer). The user could then select the widget he
wants to display. The selected widget appears on
the stage and could be moved, rescaled, or delet-
ed. Each widget proposed in the software was
created based on a preliminary exploration of ex-
isting representations in today’s trucks on the Eu-
ropean market, and on the available representa-
tions in cars’ full dynamic clusters. 17 functions
categories were presented, with a total of 186 dif-
ferent available widgets. The background, size and
shape of the stage were imposed (Fig. 1). It con-
sisted in a kind of Booth oval form including in the
center an 8 inches surface and telltales around
(white and black). The goal was to simulate an
oval hardware containing telltales, and a screen
instrument cluster of 8 inches. Users were allowed
to arrange widgets in the 8 inches screen surface
only.

While building the instrument cluster on the
touchscreen, the content was instantaneously
displayed to scale on a screen behind the steering
wheel. This 15.4 inches screen was located in
place of a classic instrument cluster (height:
332mm, width: 207mm, resolution: 1280x800).
While driving on the simulator, widgets were func-
tional and interactive (e.g. driven speed update,
level of resting fuel updated, radio station listened).






and 10) for each concept were collected. One of
three concepts was significantly preferred by driv-
ers. Based on the remarks, redesign was made on
the basis of the preferred concept with some adap-
tations (e.g. bigger tachometer, retarder level pre-
sented with the icon, date-hour-external tempera-
ture grouped).

2.2.3. Concept description

After redesign, the UCD concept contained 23
widgets (including 4 graphical separators; Fig. 2).
The size of 16 widgets was modified by designers
(5 of them were made bigger and 11 smaller). To
give an idea of the visual density of the concept,
the percentage of white was 10.60%.

The human factors design principles were ap-
plied. Some examples are listed below:

= Information was grouped by function (e.g.
driving and break times), or by groups that are
semantically related and meaningful to the us-
er (e.g. retarder and gearbox information).
Seven groups were formed: speed mode in-
formation (cruise control on the tip left), speed
and tachometer (center), retarder and gearbox
(top right), vehicle gauges (right), radio infor-
mation (bottom right), comfort information
(hour, date, external temperature on the bot-
tom). The principle of functional grouping was
followed (SAE J1138, 2009; ISO 9241-12,
1998), and the number of ‘chunks’ did not
overpass seven, as required to facilitate mem-
orization (1ISO 9241-12, 1998).

= Representation chosen supported drivers’
mental model of reality, as recommended by
Ross et al. (1996). Indeed, vertical bargraph
gauges were chosen for fuel and diesel ex-
haust fluid, as tanks that would be filled. More-
over, representations were carefully chosen to
minimize reading time. For example: clock was
displayed digitally (clock read would be faster
on digital than on analogue displays; Zeff,
1965), and speed was presented with a re-
dundant speedometer (both digital and ana-
logue, minimizing reading and off-road glance
times compared to digital or analogue alone;
Frangois, Crave, Osiurak, Fort, & Navarro,
2017b).

= The layout used both location and size coding
(Ross et al., 1996). Groups were visually sepa-
rated according to the Gestalt Law of proximity
(elements spatially close are perceived as be-
longing to each other), and boxes were used
around groups to improve visual perception of
grouping (ISO 9241-12, 1998).

= Guidelines also recommend to group infor-
mation with their related controls (Stevens,
Quimby, Board, Kersloot, & Burns, 2002). Spa-
tial compatibility with command was respected:
radio, gearbox and retarder information was

located on the right; so as their associated
stalks. Similarly, as cruise control switches are
located on the left on the steering wheel, in-
formation were located on the left of the in-
strument cluster.

= Information was prioritized based on four crite-
ria: relevance for the primary driving task, criti-
cality, urgency, and frequency of use (Stevens
et al., 2002). Guidelines also recommend that
information relevant to driving and prioritized
information should be located closer to the
normal line of sight (i.e. when the driver look at
the road; Commission of the European Com-
munities, 2007; Japan Automobile Manufac-
turers Association, 2004; Stevens et al., 2002).
For this reason, primary driving information
was presented at the top of the instrument
cluster, contrary to secondary driving infor-
mation and infotainment. Moreover, standards
mention that the speedometer should be visi-
ble without head movement (ISO 4040, 2009).
Therefore, speedometer was presented on the
centre of the display and size coded to facili-
tate reading.

2.3. Participatory workshop (PDWS): a concept
defined by a group of 4 drivers

2.3.1. Participants

4 truck drivers (all men, mean age: 36 years,
SD: 12) took part in the workshop. They were re-
cruited as temporary workers for the day of the
workshop. They were selected based on their pro-
fessional activity (city or regional distribution), age
(between 18 and 66 years old) and gender (men)
to be representative of the French population of
distribution drivers (Volvo Group Trucks Technolo-
gy, 2015). Written informed consent and form of
right to one's image were obtained from each par-
ticipant. All participants held valid truck licenses.
All participants were employed as distribution truck
drivers, with a professional experience between 1
year and more than 10 years. All reported normal
or corrected-to-normal vision. All of them were
used to interact with a smartphone.

3 Renault Trucks employees also participated to
the workshop as facilitators. Their role was to drive
the activities according to the planning, to help
drivers to express themselves in a confident way,
and to ensure a positive working environment.
Both of them were the HMI experts that defined
the UCD concept.

2.3.2. Procedure

The workshop started with an informal moment
around a coffee to get to know each other, and
‘break the ice’. To help participants to express






5.94/7, SD= 1.26; attitude: M= 6.06/7, SD= 0.68;
self-efficacy: M= 6.25/7, SD= 0.96; desired partici-
pation: M= 6.75/7, SD= 0.5).

2.3.3. Concept description

The PDWS concept contained 22 widgets (in-
cluding 3 graphical separators; Fig. 3). The size of
7 widgets was modified by drivers (2 of them were
made bigger and 5 smaller). The percentage of
white in the concept was 10.87%. Even if infor-
mation chosen is very close to the UCD concept,
widget representations and layout differed. Re-
garding information chosen, content is similar to
the UCD concept, except one function that was not
chosen (‘radio preset’) and three functions added
(‘odometer’, ‘air pressure level’ and ‘fuel endur-
ance’). Regarding widget representations, drivers
chose a circular tachometer, horizontal gauges for
fuel and diesel exhaust fluid, or added speed and
distance to the ‘adaptive cruise control time gap’
widget. Regarding the layout, as for UCD, speed
was presented in the center and other information
was arranged around. However, specific infor-
mation was prioritized. For example, the gearbox
information was located at the top on the center of
the cluster. Functional grouping was not always
applied, as for cruise control widgets that were
divided between the top right corner and the left
part of the cluster.

2.4. Individual participatory design (PDInd): a
concept specific to each driver

2.4.1. Participants

27 truck drivers (all men, mean age: 38 years,
SD: 9) participated in individual design sessions.
All drivers were different from those who attended
the participatory workshop. They were recruited as
temporary workers for one day. As for the work-
shop, they were selected based on their activity
(city or regional distribution), age (between 18 and
66 years old) and gender (men) to be representa-
tive of the French population of distribution drivers
(Volvo Group Trucks Technology, 2015). Written
informed consent and form of right to one's image
were obtained from each participant. All partici-
pants held valid truck licenses. All participants
were employed as distribution truck drivers. 22%
had between 1 and 5 years of professional experi-
ence, 37% between 5 and 10 years, and 41% has
more than 10 years of experience. All reported
normal or corrected-to-normal vision. 89% of them
used a smartphone. A Renault Trucks employee
was also present during sessions as facilitator (this
person already participated as facilitator at the
participatory workshop).

2.4.2. Procedure

The procedure of the session was quite similar
to that of the participatory workshop, with activities
less, given that the total time of the session was
half a day (versus one day for the workshop). The
session started with an introduction to the theme
around a coffee to ‘break the ice’. Afterwards, a
semi-directive interview was led to determine driv-
er profile. Then, the design activity started. The
driver installed directly at the driving simulator and
created his own concept on the touchscreen. He
could drive at any moment to self-assess his con-
cept on a highway environment and without specif-
ic instructions. He should include mandatory func-
tions (the same as the UCD and PDWS concept).
When he thought that the concept was completed,
a debriefing was conducted with the facilitator in
order to collect explanation about his choices.

2.4.3. Concepts description

27 concepts were collected (one per driver; ex-
amples in Fig.4). Concepts contained in average
17.85 widgets (SD= 2.77; graphical separators
representing 2.09% of the total). The mean num-
ber of widgets for which the size was modified was
8.35 widgets per driver (SD=3.72). The percentage
of white in the concept was 10.12% in average
(SD=0.93). Among functionalities chosen by driv-
ers, most of them are common with the UCD and
PDWS concepts. However, some important differ-
ences appeared. Air pressure level was chosen
individually by 89% of drivers, but was not present
in the UCD concept. Similarly, oil level was chosen
by 63% of drivers, but was not present in UCD and
PDWS concepts. On the contrary, the ‘break time’
was presented in the UCD and PDWS concepts,
but has been chosen only by 33% of drivers indi-
vidually. This is also the case for the odometer and
fuel endurance information, which were chosen by
drivers at the workshop, but selected respectively
by only 26% and 22% of drivers individually. Even
more different, the ‘radio preset’ information was
presented in the UCD concept, and was not se-
lected by any of the drivers individually. Regarding
widgets representations, some clear preferences
appeared. For example, the digital speedometer
was chosen by 63% of drivers (22% chose an
analogue speedometer and 11% a linear one).
Similarly, to display the ADAS mode, 74% of driv-
ers chose the pictogram against 26% for the text
representation (e.g. ‘speed limiter’). For the clock,
78% of drivers chose a digital representation (11%
the analogue clock). Regarding the retarder infor-
mation, 67% of drivers chose to display the picto-
gram and the level of activation (19% only the
pictogram, and 15% only the level). Layout were
diverse across drivers, however, we could distin-
guish global patterns. 41% of concepts were orga-
nized as the UCD and the PDWS concepts,






against both UCD and PDWS concepts. All drivers
were different from those who attended the partici-
patory workshop.

3.2. Equipment

The assessment was led on the same driving
simulator than the design sessions. The driving
simulator was a fixed-base medium-fidelity driving
simulator. The simulator was composed of a truck
seat, two thirds of a real dashboard, and a 65
inches plasma screen using Oktal SCANeR™ for
traffic scenario and truck model. Original accelera-
tor pedal, brake pedal and steering wheel of a
Renault Trucks T were used. Concepts of instru-
ment cluster were displayed on the 15.4 inches
screen behind the steering wheel (height: 332mm,
width: 207mm, resolution: 1280x800).

3.3. Material

3.3.1. Concepts

The three concepts generated during the design
sessions were compared (descriptions in step 1).
Each driver therefore tested three concepts: the
UCD concept, the PDWS concept, and the per-
sonal concept he defined the same morning.

3.3.2. Driving scenario and tasks

Each of the three driving scenarios lasted about
20 minutes. The driving environment mixed 1/3 of
country roads (speed limited to 70km/h) and 2/3 of
city roads (speed limited to 50km/h), with a ran-
dom traffic around the vehicle. Along the scenari-
os, tasks were enunciated through the radio.
Tasks were arranged at different locations on the
course. Participants verbally reported the answers
or completed the required action, referring to the
dynamically updating dashboard display. 11 differ-
ent tasks were replicated twice per scenario (Table
1). The goal with these tasks was to put the driver
in a situation of use of the interfaces.

3.3.3. Questionnaires

Three questionnaires were chosen to evaluate
usability. First, the Rating Scale Mental Effort
(RSME) was used to measure subjective mental
workload. Drivers had to tick the graduated line of
150mm to rate their perceived mental effort re-
quired (the measurement in mm giving a score on
150). Second, the System Usability Scale was
used as a global indication of usability. 10 items
from ‘strongly disagree’ to ‘strongly agree’ gave a
global score of usability on 100 points. Third, a
questionnaire aimed at measuring in more detail

the five constructs of usability, as defined by Niel-
sen (1992). It consisted of a 5 items questionnaire
(one per construct: learnability, efficiency, memo-
rability, errors, and satisfaction) with 5 points Likert
scales, from ‘1 = strongly disagree’ to ‘5 = strongly
agree’ (see Francois et al., 2017b for details).

Regarding acceptance, the acceptance scale of
Van der Laan , Heino, and De Waard (1997)
measured two dimensions of acceptance: utility
and satisfaction. Both scores are determined
thanks to a 10 items questionnaire. All these ques-
tionnaires were presented after each test drive
carried out with the concept tested.

At the end of the experiment, driver satisfaction
was investigated in a relative way (after the driver
interacted with the three concepts). The order of
preference (from 1 to 3) was collected orally. One
represented the most satisfying concept, and three
represented the least satisfying concept. A satis-
faction score was also collected for each concept
using an 11 point Likert scale (zero meaning ‘not
satisfying at all', and ten meaning ‘very satisfying').

The interest to evaluate concepts thanks to sev-
eral questionnaires was to explore different as-
pects of satisfaction, usability, and acceptance.
Moreover, to assess if results were consistent
between questionnaires was also significant to
ensure internal validity. The choice of the ques-
tionnaires was made according to their length and
understandability. The goal was to have it easy to
follow and easy to respond to.

3.4. Procedure

Participants spent the half of the day designing
their own concept before this phase. The assess-
ment started after a long break (more than 30
minutes) to prevent driver’'s weariness.

At the beginning of the assessment phase, the
procedure and instructions were exposed. The test
was composed of three test drives (one per con-
cept tested). Before each test drive, participants
were given a 10 min trial, in order to familiarize
with the tested concept. They could drive and in-
teract freely with the concept, without specific in-
struction. During each test drive, tasks instructions
were randomly announced through the radio. The
driver could then give his answer aloud or com-
plete the required action. After each test drive,
usability and acceptance questionnaires were filled
by the driver regarding the tested concept. At the
end of the experiment, participants were asked to
report their preferences, by providing the order of
preference and assigning satisfaction scores to
each concept.

Each participant was tested individually, and
each participant experienced all conditions. The



Table 1. Instructions and expected answer of the eleven tasks performed during the test drive.

Tazl;rnum- Task instruction Expected answer
1 Which is the gear engaged? Verbal answer: e.g. 5
2 How fast do you drive? Verbal answer: e.g. 45 km/h
3 Do you still have at least 1/4 of gasoline? Verbal answer: yes or no
. . Action: turn the thumbwheel until reaching
4 Set the radio station to ... the required station
5 Do you drive above or below 30 km/h? Verbal answer: yes or no
; Action: activate the cruise control, set the
6 Set your cruise control to 70 km/h. : : :
target speed with plus and minus switches
- Action: activate the speed limiter, set the
Setyour speed imiter to 50 kin/h, target speed with plus apnd minus switches
8 Is the retarder activated? Verbal answer: yes or no
9 What is your driving time? Verbal answer: e.g. 3h02
10 What time is it? Verbal answer: e.g. 14h45
11 Is the speed limiter activated? Verbal answer: yes or no

order in which the experimental condition were
presented was counterbalanced by following a
Latin square crossing the three concepts. The total
test duration was approximately three hours.

4. Results
4.1. Usability

4.1.1. Perceived mental effort

A Friedman test was run to determine if there
were differences regarding the perceived mental
effort required to interact with the three concepts.
Pairwise comparisons were performed using Wil-
coxon tests (Fig. 5). Perceived mental effort was
statistically significantly different between the three
concepts, x? (2) = 11.370, p= .003. Post hoc anal-
ysis revealed statistically significant differences in
RSME scores between UCD (Mdn= 26) and
PDWS concepts (Mdn= 38) (Z= 3.01, p= .003, r=
0.41), and between PDInd (Mdn= 28) and PDWS
concepts (Z= 2.34, p= .019, = 0.32), but not be-
tween UCD and PDInd concepts.

4.1.2. System usability scale

A Friedman test examined differences in SUS
scores between the three concepts, and revealed
a statistical trend (x2 (2) = 4.796, p= .091). Usabil-
ity scores were higher with the UCD concept
(Mdn= 90) than for the PDWS concept (Mdn= 80)
(Z= 2.45, p= .014, r= 0.33). Similarly, the PDInd
concept (Mdn= 87.50) revealed better SUS scores
than the PDWS concept (Z= 2.37, p= .018, r=
0.32). The difference between the UCD and the
PDInd concepts was not statistically significant.

4.1.3. Usability questionnaire

Friedman tests and pairwise comparisons were
led for each dimension of the questionnaire for the
three concepts using Wilcoxon tests. Friedman
tests revealed significant differences between the
three concepts for all dimensions (learnability:
x3(2)= 13.000,p =.002; efficiency: x3(2)=
18.778, p< .001; memorability: x?(2)= 11.485, p=
.003; errors: x3(2)= 11.855, p= .003; and satisfac-
tion: x2(2)= 6.583, p=.037). The UCD concept was
scored significantly better than the PDWS concept
on four of the five dimensions (learnability: M=
4.44 and M= 3.78, Z= 2.19, p= .029, r= 0.30; effi-
ciency: M= 4.30 and M= 3.44, Z= 2.88, p= .004, r=
0.39; memorability: M= 4.56 and M= 3.81, Z= 2.75,
p=.006, r= 0.37; and errors: M= 4.19 and M= 3.41,
Z=2.79, p= .005, r= 0.38). On satisfaction, the fifth
dimension, the difference between UCD (M= 4.07)
and PDWS (M= 3.59) was not significant but a
trend (Z= 1.85, p= .065, r= 0.25). Similarly, drivers
scored significantly better the PDInd concept than
the PDWS concept on the all dimensions (learna-
bility: M= 4.78 and M= 3.78, Z= 3.28, p= .001, r=
0.44; efficiency: M= 4.48 and M= 3.44, Z= 3.41, p<
.001, = 0.46; memorability: M= 4.52 and M= 3.81,
Z= 2.58, p= .010, = 0.35; errors: M= 4.22 and M=
3.41, Z= 2.77, p= .006, r= 0.38; satisfaction: M=
4.30 and M= 3.59, Z= 2.35, p= .019, r= 0.32). No
significant difference was found between the UCD
and the PDInd concepts.

4.2. Acceptance

4.2.1. Acceptance scale

Friedman tests were run to determine if there
were differences of utility and satisfaction between










On the contrary, results showed that there were
no significant difference on all measures between
the UCD concept and the PDInd concept. Both
concepts were perceived as requiring few mental
efforts, with good overall usability (as well as all
sub dimensions). Acceptance was also good for
both concepts, with slightly higher utility and satis-
faction scores for the individual concepts than for
the UCD concept (with no significant difference).
This effect was also found in the order of prefer-
ence and the satisfaction scores collected at the
end of the evaluation. The individual concept was
chosen first by more than half of the drivers (52%)
with a median satisfaction score of 7/10. The UCD
concept was ranked first by 33% of drivers (with a
slightly higher rating: Mdn= 7.5/10). 85% of drivers
chose their personal concept in first or second
position of order of preference, against 67% for the
UCD concept. Even if these effects are not signifi-
cant, this preference for the individual concept has
been found in all measures of satisfaction whatev-
er the questionnaire (M= 4.3 against M= 4.1 at the
satisfaction dimension of the usability question-
naire; M= 1.28 against M= 0.98 for the satisfaction
dimension of the Van der Laan et al. question-
naire).

The first consideration regarding results is that
usability and acceptance gaps were not linked to
the level of driver involvement, but to the imple-
mented approach. Indeed, differences with the
UCD concept were not consistent between the two
PD approaches. The ‘pragmatic’ benefit of partici-
patory design (Carroll & Rosson, 2007) would then
be relative to the participatory method employed.
Second, these results highlighted that experts can
create more usable concepts than a group of users
in a workshop, and as usable and accepted than
concepts created individually by drivers. Sanders
(2002) argued that user-centered design would
lack access to users' implicit knowledge. However,
without accessing to drivers’ implicit knowledge,
the UCD concept was perceived as usable by
drivers. The application of human-factors guide-
lines and a design centered on usability aspects
would therefore also be effective to create usable
interfaces. Similarly, the good results of ac-
ceptance for the UCD concept revealed that de-
signers have a good knowledge of users' needs
and expectations. Indeed, drivers preferred an
instrument cluster created for them by experts than
an instrument cluster created for them by drivers.
Contrary to what Sanders and Stappers (2008)
stated, user-centered design is not dead and can
address the ‘scale or the complexity of the chal-
lenges we face today’. However, compared to
individual concepts, the UCD concept orders of
preference were more distributed (33% first rank,
33% second rank, 33% third rank). This would
suggest that the concept conceived by experts
would be less univocal in terms of satisfaction.

5.1.2. RQ2: Is there a usability and acceptance
gap between what a driver has defined for
him, and what other drivers have defined for
him?

Results showed a marked difference between
the individual concept and the concept resulting
from the participatory workshop. On all measure-
ments carried out, the individual concept was per-
ceived as more usable: perceived mental effort
was significantly lower and global usability scores
were significantly better (such as for each of the
five dimensions of usability). Concerning concepts
acceptance, individual concepts were perceived as
more useful and satisfying than the concept gen-
erated from the participatory workshop. Findings
also revealed a strong preference for the individual
concept compared to the PDWS concept: more
than half of participants ranked their own concept
as the better concept, while more than half of par-
ticipants ranked the workshop concept as the
worse concept. Similarly, although the difference
was not significant, personal concepts were scored
better than the PDWS concept concerning satis-
faction (respectively Mdn= 7 and Mdn= 6).

The results are without appeal and constant be-
tween all measurements. Drivers perceive their
concept as easier to use and more acceptable
than a concept created for them by a group of
drivers. The participatory workshop did not result-
ed in a concept meeting the needs and expecta-
tions of drivers. This result contradicts the idea that
the process of group interaction would lead to
more insightful and powerful outcomes than the
sum of individual perspectives (Sanoff, 2007).
Consensus building and collective intelligence
(Sanoff, 2007) would not lead to more usable and
accepted concepts. Fan and Poole (2006) pro-
posed an explanation: group design would consid-
er more group norms and stereotypes than indi-
vidual needs. The subset of four users would have
failed to translate the needs of actual end users
(Mugge, Schoormans & Schifferstein, 2009). On
the contrary, individual participatory design ses-
sions would allow drivers to conceive easy to use
dashboards that they intend to use. These results
are in line with the study of Normark and Gus-
tafsson (2014) on cars cockpit personalization.
The argument that users don't always know what
they want (Madrigal & McClain, 2011) has been
shown to be false. On the contrary, the result of an
individual participatory process closely matches
the end user’s individual needs and taste (Mugge
et al 2009). Individual participatory design could
thus be a promising approach towards interfaces
adapted to each user, including the ‘odd users’
(Huh & Ackerman, 2009).



5.2. Limitations and perspectives

Some limitations to these results can be pointed
out. First, findings showed that results depended
of the design approach implemented, whatever the
level of user involvement. Therefore, our results
are not generalizable to user-centered design or
participatory design in general. Indeed, there could
have been several other ways to collect a user-
centered design outcome on the same design
case (e.g. with others or more designers, more
iterations, more drivers to test concepts). Similarly,
there is variety of ways to achieve a participatory
design result (Bratteteig & Wagner, 2016) and
other participatory approaches could have been
implemented (e.g. different roles for users and
designers, other design activities, a higher number
of drivers involved). This study, although it does
not compare all the approaches for each level of
involvement, has the merit of investigating different
approaches rigorously on the same case of design
and with the same tools. This meets a need of
evidence and strict comparisons between design
processes (Bratteteig & Wagner, 2016; Francois et
al., 2017a).

Second, we demonstrated that the outcome of
the participatory workshop was found less usable
and accepted. However, we tested the resulting
concept and not the method or another type of
outcomes such as new knowledge, skills and col-
laborations (Bratteteig & Wagner, 2016). The par-
ticipatory workshop brought a lot of narrative in-
formation about the activities and needs of drivers.
Even if the resulting concept is not as efficient as
expected, this method can be envisaged different-
ly, for example as input for the design phase by
the experts in a UCD (as proposed in the ISO/TR
16982, 2002).

Third, even if findings of this study open per-
spectives for trucks dashboard personalization,
other aspects have to be investigated between
letting drivers on the road with their own instru-
ment cluster. Among them, other assessment cri-
teria should be examined, such as the impact on
driver distraction, efficiency, or driving perfor-
mance. Moreover, there was in this study a short
delay between the design activity and the assess-
ment of usability and acceptance. It would be es-
sential to investigate the dynamic of these criteria
on long term use. For example, Nurkka (2016)
showed that owners of connected watch continue
to use the customization features over 6 months
after purchase. The usability and acceptance of
their concepts could thus have been evolved.

6. Conclusion

In this simulator study, drivers compared three
concepts of trucks instrument cluster: a concept
created in a user-centered design process (defined
by HMI experts and assessed by drivers), a con-
cept created during a participatory workshop (with
several drivers), and their own concept (defined in
an individual participatory design session). After a
test drive interacting with each concept, they filled
out usability and acceptance questionnaires. The
key findings of this study were the followings:

= The concept resulting from the user-centered
design process was not significantly different
than the individual concepts in terms of usabil-
ity and acceptance

= The concept generated during the participatory
workshop was significantly perceived as less
usable and accepted than both UCD concept
and individual concepts

= The individual participatory sessions resulted
in concepts perceived as very usable, ac-
ceptable, and satisfying

= Even if satisfaction was slightly lower than for
individual concepts, the user-centered design
concept was found very usable and acceptable

These findings question benefits attributed
globally to PD and encourage focusing more on
the different PD approaches. Moreover, these
results show that a design by experts for and with
users can produce usable and accepted out-
comes.
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Objective: The aim of this study was to evaluate and
compare three concepts of instrument cluster in terms of
efficiency and distraction. The concepts were defined
using three design processes differing in level of user
involvement (user-centered design [UCD] and two dif-
ferent participatory design [PD] methods).

Background: There is a trend for more and more us-
er involvement in design, but with a lack of empirical and
rigorous evidence in favor of this. Moreover, some bene-
fits are addressed globally to participatory design what-
ever the method implemented, although there are signif-
icant differences between them.

Methods: Twenty-seven truck drivers were asked to
perform eleven different tasks in a simulated drive in
order to compare three concepts of trucks instrument
clusters: a concept created in a user-centered design
process (defined by HMI professionals and assessed by
drivers), a concept created during a participatory work-
shop (with several drivers), and their own concept (de-
fined in an individual participatory design session).

Results: Results showed that the concept generated
with the UCD process implied lower task completion and
eyes-off-road times than both PD outcomes. Differences
of efficiency and distraction were found between the
concepts from the two PD methods.

Conclusion: The findings do not support higher effi-
ciency and lower distraction of instrument clusters de-
veloped with PD. Additionally, significant differences
existed among PD outcomes.

Application: Participatory design for in-vehicle inter-
faces is challenged. Further research and design efforts
are needed to investigate the effect of user involvement
on design outcomes.

Keywords: Distraction; HMI design; Interface evalua-
tion; Participatory ergonomics; Commercial vehicles
dashboards

1. Introduction

1.1. Trucks dashboards design

On trucks dashboards, the instrument cluster is
the main way of communication from the vehicle to
the driver, displaying information such as vehicle

state, gauges, function feedbacks, or mechanical
issues. While designing a new instrument cluster,
designers have to face several challenges. The
first consideration is of course that the interface
will mainly be used while driving. The dual task
situation can create interferences with the primary
driving task, implying potential road safety issues.
Instrument clusters should be designed to mini-
mize cognitive load and eyes-off road time during
interaction (Marcus, 2004). Second, information to
fit in instrument clusters has increased in number
and complexity (Gkouskos, Normark, & Lundgren,
2014). Designers should carefully define which
information to present to the driver, how to display
it, and specify a logic of interaction that ensure an
easy, quick, and error-free access to information.
Third, an instrument cluster is designed for a range
of trucks, which involves a wide diversity of drivers
using it (e.g. different experience level, age, rela-
tion to technology), for different activities (e.g. fire
trucks, tanker, city delivery), and in various envi-
ronments (e.g. city, construction areas, highway).
The interface must meet the needs of each user in
the different contexts of use. Finally, instrument
clusters in vehicles become display screens. This
enable dynamic and flexibility (Marcus, 2004), but
it also brings many layout possibilities that cannot
all be tested in classical usability tests.

In order to address these design challenges,
professionals focus on three design and assess-
ment criteria: usability, distraction, and acceptance
(Frangois, Osiurak, Fort, Crave, & Navarro, 2017a;
Harvey, Stanton, Pickering, McDonald, & Zheng,
2011). First, acceptance is defined as the intention
to use a system and “to incorporate the system in
his/her driving” (Adell, 2009). Drivers’ intention to
use a system is closely linked to users’ subjective
experience and depends of drivers’ perceived use-
fulness and ease of use (Davis, Bagozzi, and
Warshaw 1989). Second, the usability of an inter-



face defines “how easy user interfaces are to use”
(Nielsen, 2012). Usability can be divided in five
constitutive aspects: learnability (i.e. ease of learn
how to use the interface), efficiency (i.e. amount of
resources needed to use the interface), memora-
bility (i.e. ease of remember how to use the inter-
face after a non-use period), errors (i.e. propensity
to avoid and recover from errors), and satisfaction
(i.e. pleasure to use the interface) (Nielsen, 2012).
Finally, a well-designed interface should minimize
driver distraction (i.e. physical, visual, and cogni-
tive) to preserve drivers’ ability to perform primary
driving tasks while using the instrument cluster
(Strayer et al., 2015). Two aspects of these three
criteria can be dissociated: the interpretive and
subjective aspect, and the objective aspect. On the
subjective side, acceptance and perceived usabil-
ity are based on user perceptions, attitudes, and
intentions towards the interface. They are measur-
able using qualitative data such as questionnaires.
From an objective perspective, actual usability and
distraction are measurable using quantifiable data
such as error rate, user performance, or time taken
to complete tasks. Tractinsky, Katz, and lkar
(2000) pointed out that actual and perceived usa-
bility can be treated separately as they evolve
independently. Both aspects are complementary
and fundamental to create a safe and comfortable
driver experience.

1.2. User-centered design versus Participatory
design

Human-centered design processes include dif-
ferent approaches focusing on the use of a system
and applying human factors, ergonomics, and
usability knowledge and tools (International Organ-
ization for Standardization [ISO] 9241-210, 2010).
Three iterative steps are led in a human-centered
design process: analysis of the context of use,
concept design, and concept assessment. The
ISO 9241-210 (2010) highly recommends user
involvement during this process. The different hu-
man-centered approaches contrast on when and
how users are involved. Even if forms of involve-
ment do not have clear boundaries (Damodaran,
1996), two major human-centered approaches can
be differentiated (Bekker & Long, 2000; Bratteteig
& Wagner, 2016; Carroll, 1996; Kujala, 2003;
Sanders, 2002; Spinuzzi, 2005):

= User-centered design (UCD) would imply an
informative and consultative involvement
(Damodaran, 1996). Users are involved during
the analyses and assessment phases, but
concepts are designed by experts. According
to the classification of Eason (1995) on user
involvement in product design, UCD corre-
sponds to a design for and with users.

= Participatory design (PD) would imply a partic-
ipative involvement (Damodaran, 1996). Users
are involved during the analyses and assess-
ment phases, but also during the concept de-
sign phase. This approach corresponds to a
design by users (Eason, 1995).

The main distinction between the two approach-
es would then be the involvement of users in the
design phase in PD, which is absent from UCD.

On this basis, there are a variety of ways to ar-
rive at a PD outcome (Bratteteig & Wagner, 2016;
Sanders, Brandt, & Binder, 2010). During the de-
sign sessions, many aspects can vary such as the
roles of users and designers (from facilitator to co-
designer; Sanders & Stappers, 2008), the ‘make-
tool’ used to design (from papers and pencils to
interactive prototypes; Sanders, 2002), the type of
workshop activities (from telling to enacting activi-
ties; Sanders et al., 2010), or the number of users
involved in the workshop (in group of individually;
Sanders et al., 2010). On this last point, two ideas
are facing each other. Participatory workshops in
group would benefit from consensus building and
collective intelligence (Sanoff, 2007). On the con-
trary, individual design sessions would enable the
elicitation of individual particular needs (Fan &
Poole, 2006; Sleeswijk Visser et al., 2005). It is
important to investigate the benefits of each meth-
od, especially considering that individual design
sessions are in line with the trend of customizable
products which is becoming increasingly wide-
spread.

1.3. Participatory design: a perspective towards
safer and more efficient interfaces

Today, instrument clusters for trucks are mainly
defined using user-centered design. Concepts of
instrument clusters are defined by HMI profession-
als based on the previous phase of analyses and
on their knowledge (i.e. driver needs, cognitive
ergonomics, technical possibilities, project-lead
times, brand image, etc.). These concepts are then
assessed by drivers before redesign. Neverthe-
less, two ideas go in the direction of a beneficial
shift from UCD towards PD. A ‘moral’ benefit relies
on the fact that users would have a right to be
involved in decision-making (Carroll & Rosson,
2007). A ‘pragmatic’ benefit would be due to the
fact that users’ experience and knowledge can
offer insights and increase chances for a success-
ful design outcome (Carroll & Rosson, 2007).
Gathering better outcomes compared to a UCD
would be based on two rationales. First, users
would have implicit needs (i.e. tacit and latent
needs) that they could not express only by ‘saying’
or ‘using’ a concept (Sanders, 2002). Only the fact



of ‘making’ would allow access to these needs and
thus enable an increased acceptance. Second,
users would have tacit knowledge engaged when
interacting with an interface (e.g. user's mental
models, user’'s experiences, procedural skills). PD
would elicit this implicit knowledge by incorporating
it as a direct resource in the design phase (Spi-
nuzzi, 2005). The resulting outcomes would there-
fore be more usable and less distracting (Francois
et al.,, 2017a). In this sense, Marcus (2004) sug-
gested that even if customization of a vehicle user
interface can be risky due to the criticality of the
driving task, it can still be beneficial. He proposed
that it would reduce complexity, avoid cognitive
and sensory overload, and result in faster and
safer tasks completion.

Previous studies in other fields reported several
PD benefits, such as an improvement of product
quality (Bachore & Zhou, 2009; Damodaran,
1996), better outcomes effectiveness (Kujala,
2003), or a greater understanding of the system
resulting in more effective use (Damodaran, 1996).
Moreover, in the automotive field, Normark and
Gustafsson (2014) reported that car drivers did not
feel that driving with a customized cockpit nega-
tively affected their driving. On the other hand,
DeSmet et al. (2016) led a meta-analysis reporting
that medical serious games would be more effec-
tive when designed by professionals and tested by
users, than resulting from a PD process.

1.4. Aim and Research Questions

This study follows a previous article based on
the same experiment, reporting the results on sub-
jective measures (acceptance and perceived usa-
bility) (Frangois, Osiurak, Fort, Crave, & Navarro,
2017b). Findings showed that a concept generated
using a participatory workshop (with several users;
PDWS) was perceived significantly less usable
and accepted than both concepts resulting from
user-centered design (UCD) and individual partici-
patory design sessions (PDInd). On the other
hand, the UCD concept and the PDInd concepts
did not differ in usability and acceptance (high
scores for both), even if drivers slightly preferred
their own concept.

In the present article, the aim was to evaluate
and compare the outcomes from different ap-
proaches (UCD, PDWS, and PDInd) in terms of
objective measures (actual usability - or efficiency
- and distraction). Indeed, there is a trend for more
and more user involvement in design (Marcus,
2004; Sanders & Stappers, 2008), but there is a
lack of empirical and rigorous evidence in favor of
this. There are many evaluations of PD processes
(Bossen, Dindler, & Iversen, 2016), but few rigor-

ous evaluations of PD outcomes (Bratteteig &
Wagner, 2016). Benefits are often attributed glob-
ally to PD, although it is essential to investigate
further the different PD methods (Francois et al.,
2017b). Finally, efficiency and distraction of in-
strument clusters are critical for road safety. It is
essential to measure the effects of PD on objective
aspects, even more in a perspective of dashboard
personalization (Marcus, 2004).

The following research questions were then
raised:

= RQ1: Does the level of driver involvement
influence efficiency and distraction of instru-
ment clusters?

= RQ2: Is there an efficiency and distraction gap
between what a driver has defined for him, and
what other drivers have defined for him?

2. Method

2.1. Participants

Twenty-seven truck drivers (all men, mean age:
38 years, SD: 9) were recruited as temporary
workers for one day. On the morning, they partici-
pated in the individual design sessions to define
their own concept (i.e. the PDInd concept). The
assessment was conducted on the afternoon. All
drivers were different from those who attended the
participatory workshop. Participants were selected
based on their activity (city or regional delivery),
age (between 18 and 66 years old) and gender
(men) to be representative of the French popula-
tion of delivery truck drivers (Volvo Group Trucks
Technology, 2015). Written informed consent and
form of right to one's image were obtained from
each participant. All participants held valid truck
licenses and reported normal or corrected-to-
normal vision.

2.2. Equipment

The assessment was led on the same driving
simulator than the design sessions. The driving
simulator was a fixed-base medium-fidelity driving
simulator. The simulator was composed of a truck
seat, two thirds of a real dashboard, and a 65
inches plasma screen using Oktal SCANeR™ for
traffic scenario and truck model. Concepts of in-
strument cluster were displayed on the 15.4 inches
screen behind the steering wheel (height: 332mm,
width: 207mm, resolution: 1920x1080). To capture
driver's eye gaze, a binocular head-mounted eye
tracker was used (Tobii Glasses 2; scene camera
resolution: 1920x1080; eye camera tracking fre-
quency: 50Hz). Gaze raw data were filtered using



the Tobii I-VT fixation filter configured so as short
fixations were not discarded (Olsen, 2012).

2.3. Material
2.3.1. Concepts

The three concepts of instrument clusters were
defined using the same equipment, instructions,
and scope. Concept generation was made using
specific touchscreen software installed on a driving
simulator (Fig. 1). This allowed iterative driving to
assess and contextualize concepts during design.
While building the instrument cluster on the
touchscreen, the content was instantaneously
displayed to scale on a screen behind the steering
wheel, and widgets were interactive and updated
during driving (connected to the dynamic model of
the driving simulator). Users could select infor-
mation among 17 functions categories (e.g. speed)
with a total of 186 different available widgets (e.g.
analogue semi-circular speedometer, digital
speedometer, linear vertical speedometer). A list of
mandatory functions to display was made available
to them: speed, gearbox information (mode and
lever position), retarder, mode and target speed of
the ADAS. They also could move and resize widg-
ets on the stage. The following instruction was
given to users for the design activities: to create
the main page of a dashboard containing the in-
formation necessary for a delivery truck.

The method and equipment of the design ses-
sions is explained in more details in Francois et al.
(2017b).

The concept from the user-centered design pro-

cess (UCD)

The UCD concept was designed first by two pro-
fessional HMI experts from Renault Trucks (a man
and a woman; respectively 40 and 42). They de-
fined the concept considering various aspects and
requirements such as cognitive ergonomics, hu-
man factors design guidelines, drivers’ profiles, city
and regional delivery activity, brand image, etc. In
a first design session of four hours, three different
concepts were proposed. After a usability test per-
formed with nine internal truck drivers (working at
Renault Trucks), redesign was made on one final
concept considering drivers’ feedback and sugges-
tions (Fig. 2).

The concept from the participatory design work-
shop (PDWS)

The PDWS concept was defined during a partic-
ipative workshop involving four professional truck
drivers (all men, mean age: 36 years, SD: 12) and
three HMI practitioners (two of them participated in
UCD). During this workshop, different activities
were led (i.e. narrate, prioritize, and create activi-
ties) in order to encourage drivers to define an

instrument cluster. HMI practitioners had a role of
facilitators and experts. After a pooling phase, the
drivers validated a final concept (Fig. 2).

The concepts from individual participatory design
sessions (PDInd)

The PDInd concepts were created the same
morning by each driver participating in the as-
sessment. The 27 truck drivers were different from
those who attended the participatory workshop.
During the design session, each driver was with a
facilitator. After a narrative activity, he sat on the
simulator to construct his concept and evaluate it
iteratively in a driving situation. The driver decided
when his concept was complete. Examples of
PDInd concepts are presented in Fig. 3.

2.3.2. Driving scenario and tasks

The assessment contained three driving scenar-
ios, each lasting about 20 minutes. Participants
had to respect the arrows displayed on the road
screen to drive in the requested direction. In each
scenario, the driving environment mixed 1/3 of
country roads (speed limited to 70km/h) and 2/3 of
city roads (speed limited to 50km/h) with a random
traffic around the vehicle. At different locations of
the scenario, task instructions were enunciated
through the radio. Participants verbally reported
the answers or completed the required action,
referring to the dynamically updating dashboard
display. Eleven different tasks were replicated
twice per scenario (Table 1). Task instructions
were chosen to match with actions carried out
frequently by delivery drivers during their activity.

2.4. Procedure

Participants spent half of the day designing their
own concept before this experimental assessment
phase. The assessment started after a long break
(more than 30 minutes) to prevent driver's weari-
ness. At the beginning of the assessment phase,
the procedure and instructions were exposed. The
eye tracker was set up and calibrated. The test
was composed of three test drives (one per con-
cept tested). The order in which the three concepts
were presented was counterbalanced by following
a Latin square. For the UCD and the PDWS con-
cepts, the information given to the participant was
that it was concepts created by other people with-
out further detail. Before each test drive, partici-
pants were given a 10 min trial, in order to familiar-
ize with the tested concept. They could drive and
interact freely with the concept, without specific
instruction. During each test drive, tasks instruc-
tions were randomly enunciated through the radio.
The driver could then give his answer aloud or
complete the required action. The total test dura-
tion was approximately three hours.






Table 1. Instructions and expected answer of the eleven tasks performed during the test drive.

Task ID Task instruction

Expected answer

Task 1 Which is the gear engaged?

Verbal answer: e.g. 5

Task 2 What is your current speed?

Verbal answer: e.g. 45 km/h

Task 3 Do you still have at least 1/4th of gasoline?

Verbal answer: yes or no

Task 4 Set the radio station to ...

Action: turn the thumbwheel until reaching the required
station

Task 5 Do you drive above or below 30 km/h?

Verbal answer: above or below

Task 6 Set your cruise control to 70 km/h.

Action: activate the cruise control, set the target speed with
plus and minus switches

Task 7 Set your speed limiter to 50 km/h.

Action: activate the speed limiter, set the target speed with
plus and minus switches

Task 8 Is the retarder activated?

Verbal answer: yes or no

Task 9 What is your driving time?

Verbal answer: e.g. 03:02

Task 10  What time is it?

Verbal answer: e.g. 14:45

Task 11 Is the speed limiter activated?

Verbal answer: yes or no

3. Results

Due to the large number of variables, only the
significant results are reported below. The com-
plete results are presented in Table 2, Table 3,
and Table 4.

3.1. Efficiency and visual distraction
3.1.1. Global results

For each participant and each task, a normaliza-
tion procedure was used to generate z-scores for
the task completion times and eyes-off-road times
(Fig. 4). This allowed making global comparisons
across tasks, without suffering from the different
orders of magnitude of the eleven tasks. A two-
way multivariate analyses of variance (MANOVA)
was run with two independent variables (concept
and task) and two dependent variables (task com-
pletion times and eyes-off-road times).

There was a statistically significant effect of the
concept on the combined dependent varia-
bles, F(4, 23)= 4.606, p= .007, partial n?= .445.
Follow up MANOVAs showed a statistically signifi-
cant difference between the UCD concept (M= -
0.13 for the task completion times, and M= -0.20
for the eyes-off-road times) and the PDWS con-
cept (respectively M= 0.13 and M= 0.13) on the
combined dependent variables (F(2, 25)=
8.013, p= .0.002, partial n?= .391). The differences
between the UCD concept and the PDInd con-
cepts resulted in a statistical trend (M= 0.00 and

M= 0.05; F(2, 25)= 3.059, p= .064, partial n2=
197).

3.1.2. Results per task

One-way multivariate analyses of variance were
run for each task to determine the effect of the
tested concept on the tasks completion times (Fig.
5) and the eyes-off-road times (Fig. 6).

For the task 2, the differences between the con-
cepts on the combined dependent variables re-
vealed a trend toward significance, F(4, 23)=
2.236, p= .087; partial n2= .288. LSD post-hoc
tests showed that for task completion times, the
PDInd concept collected statistically significantly
higher times (M=2565) than the UCD concept
(M=2179; p= .010) or the PDWS concept
(M=2247; p= .031). For eyes-off-road times, post-
hoc tests showed that the PDInd concept also
collected significantly higher times (M=1315) than
the UCD concept (M=878; p= .002) or the PDWS
concept (M=945; p= .007).

Concerning task 3, the MANOVA showed a sig-
nificant difference between the concepts on the
combined dependent variables, F(4, 23)=
8.600, p< .001; partial n?= .599. LSD post-hoc
tests showed that for task completion times, the
PDWS concept collected statistically significantly
higher times (M=4530) than the UCD concept
(M=3801; p< .001) or the PDInd concept (M=3952;
p< .001). Similarly, the PDWS concept also col-
lected significantly higher eyes-off-road times
















involvement in terms of accuracy and driving per-
formance.

Regarding results, we can conclude that effi-
ciency and distraction were better with the instru-
ment cluster resulting from the user-centered de-
sign process than with the two participatory design
instrument clusters. Even if the differences were
observed significantly only on four tasks, the over-
all standardized analysis emphasized a global
trend between the three concepts tested. Although
differences were smalls for some tasks, they were
constant in term of order: the UCD concept tended
to be more efficient and less distracting than the
PDInd concept, and was significantly better than
the PDWS concept. Moreover, for some tasks, the
mean gain in visual distraction with the UCD con-
cept amounted to more than three seconds (com-
pared to the PDWS on the task 7) which could be
critical for road safety. These findings demonstrat-
ed that professional designers can rely on their
knowledge and expertise to design effective dash-
boards and minimize distraction. On the contrary,
drivers would not have a good meta-representation
of what they could use efficiently and safely. This
is in line with the results of DeSmet et al. (2016)
showing that PD can be counterproductive in ef-
fectiveness for medical serious games. The ‘prag-
matic’ benefit of PD (Carroll & Rosson, 2007) is
questioned for the design of products for which
objective criteria such as efficiency are crucial. The
trend for more and more user involvement in de-
sign (Marcus, 2004; Sanders & Stappers, 2008) is
challenged and should be investigated further.

4.1.2. RQ2: Is there an efficiency and distraction
gap between what a driver has defined for
him, and what other drivers have defined for
him?

Differences between the two concepts resulting
from two different participatory methods have been
demonstrated. The concepts from the individual
participatory design sessions were significantly
better than the concept from the participatory
workshop to read the fuel gauge (task 3; gain of
task completion times: 579ms/15%; gain of eyes-
off-road times: 631ms/35%). When drivers were
asked to set speed limiter (task 7), the reduction in
visual distraction was even more marked (2
129ms/35%) and the task tended to be completed
with less errors with individual concepts than with
the PDWS concept. On the contrary, for the task 2
(i.e. read the speed), task completion times and
eyes-off-road times were lower with the PDWS
concept than with the PDInd concepts (gain of task
completion times: 319ms/14%; gain of eyes-off-
road times: 370ms/39%). However, these gaps of
efficiency and distraction seemed to be isolated on
these three tasks, as there were no significant

differences in terms of global normalized results.
These findings showed that significant differences
exist between the efficiency and distraction of in-
strument clusters developed with PD, suggesting
that certain methods of PD could be more effec-
tive. This idea matches the results reported by
DeSmet et al. (2016), which highlighted differ-
ences in effectiveness of medical serious games
according to the participative method implement-
ed. Nevertheless, we cannot conclude in favor of
one or the other method, because differences
were isolated on certain tasks and go in either
direction depending on the task performed. Be-
sides that, the absence of negative impact on driv-
ing performance for both participatory concepts
corroborates and objectifies the feeling reported by
the drivers in the study of Normark and Gustafsson
(2014) that driving with a customized cockpit did
not affect driving.

4.2. Limitations and perspectives

The findings of this study should be considered
in light of some limitations. First, the results cannot
be extended to UCD or PD in general. There are
many other ways to collect a UCD outcome (e.g.
with others or more designers, other levels of de-
signer expertise, more iterations, more drivers to
test concepts) or to achieve a PD result on the
same design case (e.g. different roles for users
and designers, other design activities, a higher
number of drivers involved). The results could vary
depending on these factors, so it would be inter-
esting to continue the evaluations in a methodical
way on the outcomes of the different approaches.

Second, this study attempts to compare the
three concepts rigorously on the same basis.
However, it would be interesting to investigate
whether these results vary over time, all the more
in a perspective of personalization. Additionally,
the three resulting concepts were compared in
order to indirectly evaluate the design method, but
it would be interesting to identify and specify the
parameters that vary between the different con-
cepts, such as the display clutter that can affect
visual-search efficiency (Moacdieh & Sarter, 2015)
or the efficiency of the chosen representations for
each function.

Third, the results of this article call into question
the benefits of PD in terms of objective measures.
However, it is important to stress that it does not
reduce the weight of other benefits such as new
knowledge, skills, collaborations (Bratteteig &
Wagner, 2016), ot the consideration of inter-
individual differences (Lo, Pluyter, & Meijer, 2016)
and cultural aspects (Kisaalita, Katimbo, Sempiira,
& Mugisa, 2016).



Finally, the non-correspondence between these
objective results and the subjective benefits re-
ported in Francois et al. (2017b) is a key point.
This mainly questions the links between perceived
usability and current usability and between use
and acceptance. Complementary data would be
useful to clarify these issues (e.g. analysis of the
temporal dynamic).

Key points

= The instrument cluster generated with the
user-centered design process was more effi-
cient and less distracting than the participatory
workshop concept.

= Although the difference was smaller, the user-
centered design concept was found better in
efficiency and distraction than individual partic-
ipatory concepts.

= The two participatory concepts differed on
certain tasks, with deviations going in one di-
rection or the other depending on the task per-
formed.

= No difference was found between the three
concepts in terms of accuracy and driving per-
formance.

References

Adell, E. (2010). Acceptance of driver support systems.
In Proceedings of the European conference on hu-
man centered design for intelligent transport sys-
tems(Vol. 2, pp. 475-486).

Bachore, Z., & Zhou, L. (2009). A critical review of the
role of user participation in IS success. AMCIS 2009
Proceedings, 659.

Bekker, M., & Long, J. (2000). User involvement in the
design of human-computer interactions: Some simi-
larities and differences between design approaches.
In People and Computers XIV—USsability or Else! (pp.
135-147). Springer, London.

Bratteteig, T., & Wagner, I. (2016, August). What is a
participatory design result?. In Proceedings of the
14th Participatory Design Conference: Full papers-
Volume 1 (pp. 141-150). ACM.

Bossen, C., Dindler, C., & Iversen, O. S. (2016, August).
Evaluation in participatory design: a literature survey.
In Proceedings of the 14th Participatory Design Con-
ference: Full papers-Volume 1 (pp. 151-160). ACM.

Carroll, J. M. (1996). Encountering others: Reciprocal
openings in participatory design and user-centered
design. Human—Computer Interaction, 11(3), 285-
290.

Carroll, J. M., & Rosson, M. B. (2007). Participatory
design in community informatics. Design stud-
ies, 28(3), 243-261.

Damodaran, L. (1996). User involvement in the systems
design process-a practical guide for users. Behaviour
& information technology, 15(6), 363-377.

Davis, F. D., Bagozzi, R. P., & Warshaw, P. R. (1989).
User acceptance of computer technology: a compari-
son of two theoretical models. Management
science, 35(8), 982-1003.

DeSmet, A., Thompson, D., Baranowski, T., Palmeira,
A., Verloigne, M., & De Bourdeaudhuij, I. (2016). Is
participatory design associated with the effectiveness
of serious digital games for healthy lifestyle promo-
tion? A meta-analysis. Journal of medical Internet re-
search, 18(4).

Eason, K. D. (1995). User-centered design: for users or
by users?. Ergonomics, 38(8), 1667-1673.

Fan, H., & Poole, M. S. (2006). What is personalization?
Perspectives on the design and implementation of
personalization in information systems. Journal of Or-
ganizational Computing and Electronic Com-
merce, 16(3-4), 179-202.

Francgois, M., Osiurak, F., Fort, A., Crave, P., & Navarro,
J. (2017a). Automotive HMI design and participatory
user involvement: review and perspec-
tives. Ergonomics, 60(4), 541-552.

Francgois, M., Osiurak, F., Fort, A., Crave, P., & Navarro,
J. (2017b). Usability and acceptance of truck dash-
boards designed by drivers: two participatory design
approaches compared to user-centered design. Man-
uscript submitted for publication.

Gkouskos, D., Normark, C. J., & Lundgren, S. (2014).
What drivers really want: Investigating dimensions in
automobile user needs. International Journal of De-
sign, 8(1).

Harvey, C., Stanton, N. A., Pickering, C. A., McDonald,
M., & Zheng, P. (2011). Context of use as a factor in
determining the wusability of in-vehicle devic-
es. Theoretical issues in ergonomics science, 12(4),
318-338.

International Organization for Standardization (2010).
ISO 9241-210 - Ergonomics of human-system inter-
action — Human-centered design for interactive sys-
tems. International Organization for Standardization.

Kisaalita, W. S., Katimbo, A., Sempiira, E. J., & Mugisa,
D. J. (2016). Cultural Influences in Women-Friendly
Labor-Saving Hand Tool Designs: The Milk Churner
Case. Human factors, 58(1), 27-42.

Kujala, S. (2003). User involvement: a review of the
benefits and challenges. Behaviour & information
technology, 22(1), 1-16.

Lo, J. C., Pluyter, K. R., & Meijer, S. A. (2016). Individual
Markers of Resilience in Train Traffic Control: The
Role of Operators’ Goals and Strategic Mental Mod-
els and Implications for Variation, Expertise, and Per-
formance. Human factors, 58(1), 80-91.

Marcus, A. (2004). The next revolution: vehicle user
interfaces. Interactions, 11(1), 40-47.

Moacdieh, N., & Sarter, N. (2015). Display clutter: A
review of definitons and measurement tech-
niques. Human factors, 57(1), 61-100.

Nielsen, J. (2012). Usability 101: Introduction to Usabil-
ity. Nielsen Norman Group. Retrieved
from https://www.nngroup.com/articles/usability-101-
introduction-to-usability/



Normark, C. J., & Gustafsson, A. (2014). Design and
evaluation of a personalisable user interface in a ve-
hicle context. Journal of Design Research, 12(4),
308-329.

Olsen, A. (2012). The tobii i-vt fixation filter. Tobii Tech-
nology. Retrieved from
https://stemedhub.org/resources/2173/download/Tobi
i_WhitePaper_Tobiil VTFixationFilter.pdf

Sanders, E. B. N. (2002). From user-centered to partici-
patory design approaches. Design and the social sci-
ences: Making connections, 1(8).

Sanders, E. B. N., Brandt, E., & Binder, T. (2010, No-
vember). A framework for organizing the tools and
techniques of participatory design. In Proceedings of
the 11th biennial participatory design conference (pp.
195-198). ACM.

Sanders, E. B. N., & Stappers, P. J. (2008). Co-creation
and the new landscapes of design. Co-design, 4(1),
5-18.

Sanoff, H. (2007). Special issue on participatory de-
sign. Design Studies, 28(3), 213-215.

Sleeswijk Visser, F., Stappers, P. J., Van der Lugt, R., &
Sanders, E. B. (2005). Contextmapping: experiences
from practice. CoDesign, 1(2), 119-149.

Spinuzzi, C. (2005). The methodology of participatory
design. Technical communication, 52(2), 163-174.

Strayer, D. L., Turrill, J., Cooper, J. M., Coleman, J. R.,
Medeiros-Ward, N., & Biondi, F. (2015). Assessing
cognitive distraction in the automobile. Human fac-
tors, 57(8), 1300-1324.

Tractinsky, N., Katz, A. S., & lkar, D. (2000). What is
beautiful is usable. Interacting with computers, 13(2),
127-145.

Volvo Group Trucks Technology (2015). Identify and
specify MPV HMI Context of use. Internal report: un-
published.

About the Authors

Mathilde Frangois is an industrial PhD student in
Cognitive Science at Volvo Group Trucks Tech-
nology and University Lyon 2 (E.M.C laboratory).
She graduated from University Lyon 2 with a Mas-
ter's degree in Cognitive Science in 2013.

Francgois Osiurak is a professor (full) at the Univer-
sity Lyon 2 (E.M.C. laboratory) and appointed at
Junior Member at of the “Institut Universitaire de
France”. He received a PhD in Psychology from
the University of Angers in 2007.

Alexandra Fort is a researcher at the Laboratory
Ergonomics and Cognitive Sciences applied to
Transport (IFSTTAR-TS2). She obtained a PhD in
Cognitive Science at University Lyon 2 in 2002.

Philippe Crave is an HMI designer for more than
10 years at Volvo Group Trucks Technology. He
received his Master's degree in Mechanical engi-
neering from University of Technology of Com-
piegne (UTC) in 1999.

Jordan Navarro is lecturer in cognitive psychology
at the University Lyon 2 (E.M.C laboratory) and
appointed at Junior Member at of the “Institut Uni-
versitaire de France”. He graduated from the Uni-
versity of Nantes with a PhD in Psychology in
2008.



DiscussION

Discussion

This thesis aimed at improving knowledge on the more efficient way to involve drivers to
create easy to use and safe truck interfaces. The effects of the level of driver involvement in
trucks HMI design process was investigated in terms of usability, distraction and acceptance.
Moreover, two participatory methods were compared: a collective participatory workshop and
individual design sessions. After a preliminary literature review of the benefits of participatory
design in other fields, the first sub-project aimed at identifying and specifying the context of
use of multi-purpose vehicles HMI. Then, the second sub-project consisted in conducting
three design processes of instrument cluster using the same tactile equipment. Finally, the
third sub-project aimed at assessing the outcomes from the three processes generated in the
second sub-project. Usability, distraction and acceptance were measured with predefined

scenarios and tasks involving the use of the interfaces.

In this part, the main findings of each sub-project are summarized and discussed. Then the
limitations of this research are exposed (on the object of study and on the design processes)
as well as the research perspectives. Finally, recommendations to practitioners are

proposed.

1. Findings

1.1. State of the art

At the beginning of this project, a state of the art was conducted to review the benefits of
participatory design and to link them to the current challenges of HMI design. This review
offered a global vision of HMI design in a holistic and practical framework. The conventional
approach of automotive HMI design was presented, and light was shed on issues of user-
centered design. Participatory design was proposed as a potential alternative, already
employed in other fields of human-factors research. An important argument for the
employment of participatory design seems to be that this approach may allow to access
drivers’ tacit knowledge. Such knowledge about the drivers may improve the usability and
safety of HMI. Furthermore, the consideration of drivers' tacit needs and preferences may
also improve the acceptance of HMI. Besides that, a lack of formal evaluation was reported,
with the necessity to conduct a relative comparison between the different levels of user
involvement to gauge the gap in terms of outcomes ergonomic quality. The potential

limitations of participatory design were also highlighted to ensure a global view (i.e. a lack of
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formalized methodology, a low validity of processes evaluation, and the doubts on users’
ability to add value in the concept design phase). Reviewing literature on participative design
and shedding light on a potential alternative to face HMI contemporary challenges could be

helpful for researchers and practitioners.

1.2. Sub-project 1: Analysis of the context of use

In human-centered design processes, the knowledge of the context of use (i.e.
characteristics of the users, tasks and environment in which systems are used) is an
essential input. In this project, the goal was to design and evaluate concepts from different
human-centered approaches. Therefore, a prior analysis of the context of use was conducted

through two studies.

The first study was an analysis of multi-purpose trucks in terms of usages, activities, and
environment of use. Quantitative data from a database of more than 5 000 trucks were
collected and analyzed. Results showed that MPV usages and applications are diverse. A
multiple correspondence and a cluster analysis divided vehicles into four groups. The first
group, representing 60% of multi-purpose vehicles, was chosen as target for our design
activities. In this group, vehicles were mainly van and conditioned body for local and regional
deliveries. In this sense, the context of assessment of the third sub-project consisted in
country and city roads. Additionally, the drivers involved in participatory design sessions
were local or regional professional delivery drivers. The data also demonstrated that the
configurations of controls on the dashboard were various between trucks. The instrument
cluster, common to all vehicles, was thus chosen as object of study for the design activities.
The HMI configuration of these trucks was mainly basic and driving oriented HMI. The scope
of the design activities consequently concentrated on basic driving functions. Nevertheless,
the main limitation of this study was that the reported data indicated the presence or absence
of a function in vehicles. However, the presence of functions in vehicles does not provide any
information on their frequency of use, although this measure is determinant for HMI
conception. An activity analysis could complement this study by measuring frequency of use
for each HMI part.

The second study presented the results of a survey aiming at improving MPV driver
knowledge. Sixty-eight MPV drivers answered a questionnaire on their profile, their job, their
actual HMI, and their expectations for a future HMI. Results showed that few MPV drivers
were beginners (we can therefore except they know well HMI functions) and that they were
mainly comfortable with technology (and smartphones). Based on this, the choice of a tactile

prototyping tool was comforted. Questions aiming at prioritizing their HMI needs and
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expectations highlighted 5 “must-have”: “Cruise control”, “Driving times information in the
instrument cluster’, “Trip and fuel consumption information in the instrument cluster”,
“Integrated GPS” and “Reverse camera”. These data were used by experts in the user-
centered design process. Indeed, cruise control and driving times information were prioritized
in the UCD concept. The survey results showed that MPV drivers were mostly men between
18 and 66 years old. This information was used for the selection of drivers participating in
participatory activities, to ensure the representativeness of end-users. This survey was
innovative in the way to access drivers (i.e. Facebook and training center). However, one
limitation is the size of the sample (68 respondents). This small size did not enable to
perform multiple correspondence and clustering analyses on MPV drivers (quantitative

“personas”; Maguire, 2001).

On the whole, findings from the sub-project 1 allowed to have a better representation of
users and usages. Moreover, the quantitative techniques used for the analysis of the context

of use provided a synthetic overview that could be transferrable to other fields.

1.3. Sub-project 2: Concepts design

1.3.1. User-centered design

The user-centered design was one of the three design processes conducted in parallel in this
study, and whose resulting concept was evaluated in the third sub-project. This concept
corresponded to a consultative level of involvement (i.e. drivers evaluate concepts designed
by experts). Consequently, experts needed inputs to define concepts. The data from the first

sub-project were used, and a work was carried out on human-factors guidelines.

Indeed, a review of existing human-factors guidelines was first conducted. This document
gathered existing technical literature, in which guidelines or recommendations were
presented to promote usability while designing in-vehicle HMI. The overall view offered by

this document could be used in automotive industry.

Besides that, some experiments were leaded to complement these guidelines. First, two
experiments investigated the more efficient and satisfying way to display the speedometer on
a screen instrument cluster. A first study comparing a digital speedometer and an analogue
speedometer replicated previous results of the literature (i.e. the better speedometer
depends on the task performed). Based on it, a second study assessed and compared both
conventional speedometers and a redundant speedometer on contemporary use cases.
Second, an experiment on gauges’ design compared eight gauges mixing different attributes
(i.e. shapes, orientation, and indicators). Results showed that eyes off-road time can be

decreased by 280ms by changing the design of a gauge, or by more than 600ms when using
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a redundant instead of an analogue speedometer. These findings underlined the need to

conduct human-factors studies to design more efficient and safe interfaces.

These data were used by experts while defining the user-centered design concept. For
example, the speedometer chosen in the UCD concept was a redundant one. However, it is
interesting to note that experts had to choose between ergonomic principles were competing.
Indeed, in one hand, linear-vertical-bargraph gauges were found less efficient, more visually
distracting, and less satisfying for qualitative reading than a linear-horizontal-pointer gauge.
In the other hand, guidelines recommend that representation chosen should support drivers’
mental model of reality (Ross et al. ,1996). Therefore, linear-vertical-bargraph gauges were
chosen by experts for fuel and diesel exhaust fluid, as tanks that would be filled. Experts first
generated three concepts, and invited nine internal drivers to assess them. Afterwards,
experts redesigned a final concept. However, weaknesses of the process (i.e. few drivers

involved during the assessment and no iteration) can be underlined.

1.3.2. Participatory design

Two participatory design processes were conducted, differing in the number of drivers
involved during the design session. First, a collective workshop was carried out with four
professional drivers. Second, individual design sessions were leaded. The resulting concepts

were compared to the user-centered design concept in the third sub-project.

Regarding the implementation of participatory design for trucks HMI design, one of the
limitations reported for participatory design was the broad range of practices used, without
formalized methodology (Haines, Wilson, Vink, & Koningsveld, 2002; Pilemalm & Timpka,
2008; Spinuzzi, 2005). To overcome this limitation, Spinuzzi (2005) proposed a PD
methodology composed of three stages: initial exploration of the work, discovery process,
and prototyping. In this research, the three stages were applied: the first sub-project of
analysis corresponded to stage 1, the narrative activities corresponded to stage 2, and the
design sessions around the prototyping tool corresponded to stage 3. Moreover, a particular
interest was given to the prototyping tool, essential to let users express themselves
(Sanders, 2002). The touchscreen seemed to be an appropriate visual and projective tool to
facilitate exchange (already used by Normark, 2015). Additionally, the combined use with the
driving simulator allowed users to iterate between design and assessment. Bruno and
Muzzupappa (2010) reported that, in many participatory studies, the physical mock-up of the
concept often appears late. In this study, the “making activities” and the “enacting activities”

(Sanders et al.,, 2010) were mixed to contextualize designs. This brought validity to the
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concepts created by drivers, who did not content to stack ideas or draw unrealizable patterns

as it can be the case in participatory paper-pencil workshops.

Another potential limitation often reported for participatory design is the gap between
participation and involvement. Indeed, Barki and Hartwick (1994) pointed out that user
participation is not always a gage of involvement. They clarified the two notions as follows:
participation would refer to “a set of behaviors or activities performed by users in the system
development process”, while involvement would be defined as “a subjective psychological
state reflecting the importance and personal relevance of a system to the user”. In this study,
measures of user involvement were performed (scale used in the study of Hunton and
Beeler, 1997; based on the original questionnaire of Barki and Hartwick, 1994). For the two
participatory methods, the scores of users’ involvement — based on items on importance and
personal relevance — were high (values close to 6 on a scale of 7 for both concepts).
Similarly, user attitude (> to 5.67), perceived self-efficacy (> to 5.93), and desired
participation (> to 6.56) collected high scores. In both methods, drivers gave a positive

feedback on their participation, and reported a high level of involvement.

1.4. Sub-project 3: Concepts assessment

The aim of this sub-project was to evaluate and compare the three concepts of instrument
cluster in terms of usability, distraction and acceptance. Twenty-seven drivers assessed the
UCD concept, the PDWS concept, and their own concept. Usability, distraction and
acceptance were measured on truck simulator with predefined scenarios and eleven tasks
involving the use of the interfaces. Previous studies already compared human-centered
approaches. For instance, Carmel et al. (1993) compared joint application design and
participatory design. Carroll (1996) compared PD and UCD, and Bekker and Long (2000)
compared UCD, PD, socio-technical design, soft systems methodology, and joint application
design. However, these comparisons were more theoretical, aiming at defining approaches
boundaries and specificities. Bratteteig and Wagner (2006) stressed an urge to move the
attention from how to carry an approach to how successful outcomes are. Here, the two
human-centered approaches were systematically compared on the same design case and
with the same equipment. What differentiated the outcomes from the three processes were
the people who defined them. Moreover, the assessment was carried out rigorously in

accordance with the experimental method.
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1.4.1. RQ1: How the level of driver involvement in the design process impacts the
usability, distraction and acceptance of truck HMI?
Regarding the impact of user involvement on usability, distraction and acceptance, two

impact patterns were revealed (Table 1).

Table 1: Summary of the results for each variable for the differences between the user-centered design (UCD) and the
participatory design workshop (PDWS) concept, and between the UCD and the individual participatory design (PDInd) concepts,
ns = non-significant, 1= trend (.1<p<.05), * = p<.05, ** = p<.01

UCD vs PDWS UCD vs PDInd
Perceived mental effort (RSME) UCD better ** ns
Global usability (SUS) UCD better * ns
Usability di . Learnability UCD better * ns
Usability Sa(l-liérynel-r;:lzzons Efficiency UCD better ** ns
- . emorability etter ns
M bilit UCD better **
questionnaire based s
on Nielsen criteria) Errors UCD better ns
Satisfaction UCD better ns
Acceptance Utility ns ns
(Van der Laan) Satisfaction UCD better * ns
Acceptance
. . Order of preference ns ns
Global satisfaction - -
Satisfaction score ns ns
Global (z-scores; all tasks; combined variables) UCD better ** UCD better
Efficiency and Task 3: UCD more efficient ** Task 2: UCD more e_fﬂcEnt
- ) e and less distracting
visual and less distracting X A -
’ N Per task . S e Task 5: UCD less distracting
distraction Task 7: UCD more efficient . -
h o ew Task 7: UCD more efficient T
and less distracting h A
and less distracting 1
Accuracy Accuracy scores ns ns
Average speed ns ns
Driving Speed variability ns ns
performances Average lateral position ns ns
Lateral position variability ns ns

First, on subjective aspects (acceptance and perceived usability), it seems that gaps were
not linked to the level of driver involvement, but to the implemented approach. Indeed,
differences with the UCD concept were not consistent between the two PD approaches: the
UCD concept was perceived as more usable and accepted than the PDWS concept, but was
not significantly different from the PDInd concept (high scores of usability and acceptance for
both).

Second, on objective measures (efficiency and visual distraction), the UCD concept was
globally better than the two PD concepts. The UCD concept implied lower task completion
and eyes-off-road times than the concept of the participatory workshop. This effect was
global on all tasks on the combined variables (efficiency and visual distraction). The
difference between both concepts resulted to be significant for two tasks, with differences up
to 4 870ms/48% in task completion times and 3 526ms/81% in visual distraction reduction
(task 7: set the speed limiter). Similarly, although the difference is reduced, the UCD concept
also collected better results than the individual concepts. All tasks combined, task completion
and eyes-off-road times tended to be lower. On three tasks, the UCD concept was measured

as better than the PDInd concept (task 2: read the speed value; task 5: compare the speed
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to 30 km/h; and task 7: set the speed limiter). However, the amplitude of the gains was lower
(gain of 387ms/18% in task completion and 438ms/50% in eyes-off-road times for task 2, and
a statistical trend for task 7). On the other side, no significant difference was found between
the outcomes of the two levels of user involvement in terms of accuracy and driving

performance.

Based on the literature, the hypothesis was that the “pragmatic” benefit of participatory
design (Carroll & Rosson, 2007) compared to user-centered design would rely on the access
to users’ implicit needs and knowledge (Sanders, 2002). Access to implicit needs would have
led to more useful interfaces, which would have increased their acceptance. Nevertheless,
the UCD concept collected better acceptance scores than the PDWS concept, and scores
were as good as those of individual concepts. The lack of significant difference for the utility
dimension of the acceptance test is also interesting. Indeed, this would mean that the UCD
concept addressed well users’ needs and expectations. Another interpretation could be that
the design of the study could not have allow access to these needs. Indeed, the degree of

freedom in design was limited to functions, size and presentation of information.

Moreover, drivers preferred an instrument cluster created for them by experts than an
instrument cluster created for them by drivers. Experts, based on the explicit activities of
analysis, would have a good knowledge of what users need and want. Likewise, there were
few differences in terms of functions included in the instrument cluster between the UCD

concept and participatory concepts (more than 80% of common functions).

Access to users’ tacit knowledge should have led to more usable and less distracting
interfaces. However, the UCD concept was perceived as more usable than the PDWS
concept, and the actual usability and visual distraction measures were also significantly
better than with the PDWS concept. The application of human-factors guidelines, and a
design centered on usability aspects, would therefore be more effective to create usable,
efficient, and non-distracting interfaces than a participatory workshop. Regarding individual
concepts, they were perceived to be as usable as the UCD concept. Nevertheless, the actual
usability was higher, and visual distraction lower, with the UCD concept than with the PDInd
concepts. There are two interpretations of this discrepancy between subjective and objective
aspects. First, actual and perceived usability could be totally independent. Individual
participatory sessions would result in good perceived usability, without positive impact on
objective measures. In this sense, Tractinsky, Katz, and lkar (2000) proposed that actual and
perceived usability can be treated separately as they would evolve independently. Second,
drivers could over-estimate their production. Indeed, people value choice (Leotti, lyengar, &

Ochsner, 2010) and choice-making would even have an impact on the subjective experience

181



DiscussION

through an activation in brain regions associated with motivation and reward (Leotti &
Delgado, 2011). In all cases, individual design sessions showed subjective benefits.
Although differences were not significant, after testing the three concepts, more than half of
drivers chose their concept first (52%), against 33% for the UCD, and 15% for the PDWS
concept. On objective measures and under the conditions of this study, the fact that UCD
showed better results could indicate that drivers had poor meta-representations of what they
could process well. On the contrary, professional designers can rely on their knowledge and
expertise to design effective dashboards and minimize distraction. This is in line with the
results of DeSmet et al. (2016) showing that PD can be counterproductive in effectiveness
for medical serious games. To conclude, experts would know better how to design safe and
efficient instrument clusters than drivers, and they can define concepts as usable and

accepted than drivers (or even more usable and accepted).

The main contribution on this research question is that “UCD is not dead”. The race towards
ever more user involvement (Marcus, 2004; Sanders & Stappers, 2008), and the questioning
of the ability of user-centered design to face contemporary challenges (Sanders & Stappers,
2008) have been called into question. Indeed, the UCD concept was assessed as usable,

safe, and accepted. It is therefore essential to pursue research on human-factors guidelines.

1.4.2. RQ2: Is the ergonomic quality of the interfaces impacted in the same way
according to the participative method implemented?
The results again showed two different gaps between participatory methods according to

subjective and objective measures (Table 2).

On the subjective side, the difference between concepts resulting from the two PD methods
was very marked. The individual concept was perceived as more usable and acceptable than
the PDWS concept. Moreover, drivers strongly preferred their concept (more than half of
them ranked it first), while more than half of participants ranked the PDWS concept as the
worse concept. On the objective side, gaps between the two participative concepts were
smaller. Differences seemed to be isolated on three tasks, as there was no significant

difference in term of global efficiency and visual distraction (combined variables on all tasks).
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Table 2: Summary of the results for each variable for the differences between the participatory design workshop (PDWS) and

the individual participatory design (PDInd) concepts, ns = non-significant, 1= trend (.1<p<.05), * = p<.05, ** = p<.01

PDWS vs PDInd
Perceived mental effort (RSME) PDInd better *
Global usability (SUS) PDInd better *
Usability di . Learnability PDInd better **
Usability SRl Efficiency PDInd better **
(Home-made s P
. X Memorability PDInd better
questionnaire based =
on Nielsen criteria) Errors PDInd better
Satisfaction PDInd better *
Acceptance Utility PDInd better **
(Van der Laan) Satisfaction PDInd better **
Acceptance -
’ ’ Order of preference PDInd better
Global satisfaction : :
Satisfaction score ns
Efficiency and Global (z-scores; all tasks; combined variables) ns
visu;ll Task 2: PDWS more efficient * and less distracting **
distraction Per task Task 3: PDInd more efficient ** and less distracting **
Task 7: PDInd less distracting *
Accuracy Accuracy scores Task 7: PDInd more accurate t
Average speed ns
Driving Speed variability ns
performances Average lateral position ns
Lateral position variability ns

The first consideration regarding these results is that usability, distraction and acceptance
are not impacted in the same way between the two participatory methods implemented.
Perceived usability and acceptance were clearly better for the PDInd concept than the
PDWS concept. On the other hand, the gaps of actual usability and distraction were smaller
between concepts. Participatory design covers all methods involving users in the design of
the concepts. However, during the design sessions, many aspects can vary such as the roles
of users and designers (from facilitator to co-designer; Sanders & Stappers, 2008), the
“make-tool” used to design (from papers and pencils to interactive prototypes; Sanders,
2002), the type of workshop activities (from telling to enacting activities; Sanders et al.,
2010), or the number of users involved in the workshop (in group or individually; Sanders et
al., 2010). Bratteteig and Wagner (2016) stressed that there are many ways of arriving at a
participatory design results. This project compared two PD methods, showing differences in
term of outcomes quality, suggesting that some PD methods would be more effective than
others. This meets the results reported by DeSmet et al. (2016), which highlighted
differences in effectiveness of medical serious games according to the participative method
implemented. It is therefore essential to investigate further participatory design by

considering the variety of methods.

Besides that, these results showed an increased usability and intention to use for personal
designs compared to the concept of the workshop in group. Three interpretations are
possible. First, as mentioned above, choice-making could have influence the subjective
experience. Second, individual design sessions would enable the elicitation of individual
particular needs (Fan & Poole, 2006; Sleeswijk Visser et al., 2005) that would be specific to

every individual and not shared collectively. Finally, the subset of four users would have
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failed to translate the needs of actual end users (Mugge, Schoormans, & Schifferstein,
2009). In this sense, the consensus building and collective intelligence processes specific to
the workshops in groups (Sanoff, 2007) would not be as beneficial as expected on the

outcome.

Another key finding is the differences found regarding subjective and objective results for the
PD interfaces. This non-correspondence demonstrated that objective and subjective data
should be considered in the evaluation of HMI, the best interface being those that will
optimize the two types of data. This result also provides perspectives of research on the link
between actual and perceived usability (independent in this study, as suggested by
Tractinsky, Katz, & lkar, 2000). Moreover, the inter-relation between use and acceptance is

discussed. Complementary data would be useful to clarify these issues.

This study answered a need for rigorous assessment of PD outcomes. Bossen, Dindler and
Iversen (2010) proposed that “user gains” in PD can be indirect (democratic aspect) or more
direct (improvement of personal skills or quality of work). Regarding the direct user gains,
one of the limitations reported for PD was the lack standardized, reliable, and validated
measures of system success, system use, and user satisfaction (Cavaye, 1995; Ives &
Olsson, 1981). Many qualitative evaluations of the participatory process were conducted
(Bossen et al., 2016) without significant objective and quantitative measures on outcomes
quality. In this research, the subjective aspects were measured using several quantitative
questionnaires. The results were consistent across questionnaires, demonstrating a good
validity of the findings. The objective measures were collected using precise tools. It was
even more important regarding that the subjective benefits, widely reported for PD (Kujala,

2003), were not in line with the objective results.

2. Limitations and perspectives

This project rigorously compared different design processes and has brought concrete
results on the effects of user involvement in design, which could be useful for HMI
researchers and practitioners. Nevertheless, the results must be interpreted in light of some
limitations to ensure a global view. In this part, the limitations linked to the object of study
(trucks HMI) are firstly exposed. Second, the limitations regarding the design processes

conducted are reported. Finally, perspectives are proposed for future research.
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2.1.1. Object of study

When implementing participatory design for trucks HMI, some obstacles were faced. Trucks
HMI design implied many constraints such as difficulties to use software, HMI are not
standard, but rather should be designed for each truck configuration, the design should
follow regulations and imply knowledge on technical aspects. In this research, drivers were
representative of a subset of drivers (from cluster 1 identified in the first sub-project), worked
on a subset of functions (primary driving functions), and did not explore all points addressed

by professional designers (e.g. depth of the menus).

Besides that, the three concepts differed in user involvement during the process, but not
only. The three resulting concepts were compared in order to indirectly evaluate the design
method. However, it would be interesting to identify and specify the parameters that vary
between the different concepts, such as the display clutter that can affect visual-search
efficiency (Moacdieh & Sarter, 2015) or the efficiency of the chosen representations for each
function. It would be for example interesting to select several criteria in order to characterize
the distance between concepts. This could help to estimate if the UCD concept had a higher
degree of difference with the PDWS concept than with PDInd concepts. Moreover, it would
allow to highlight the variables maximizing differences between the concepts (e.g.
differences in clutter, layout, sizes, or functions chosen). For this, a Multiple Correspondence

Analysis could be conducted.

2.1.2. Design processes

The first limitation regarding the design processes is that other methods could have been
tested. Spinuzzi (2005) proposed three criteria to assess the participatory design processes
involving industrial workers: quality of life for workers (i.e. improving workers’ quality of life
both in terms of organizational empowerment and ease of performing their given task),
collaborative development (i.e. representative users or average users have to be fully
involved, with a determination of a common language and common aims) and iterative
process (i.e. continual participation of workers during several stages ensuring a sustained
reflection). To transfer this idea to our application case, the criteria would be: better HMI
quality, active involvement of drivers, and iterative process through the different stages. The
three criteria were respected in this research. However, there are many other ways to collect
a UCD outcome (e.g. with others or more designers, other levels of designer expertise, more
iterations, more drivers to test concepts) or to achieve a PD result on the same design case

(e.g. different roles for users and designers, other design activities, a higher number of
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drivers involved). It would be interesting to collect data on other UCD and PD processes to

validate these findings.

Second, other roles could have been tested. In this project, specific roles were experimented,
with a design by users in the strict sense. Indeed, drivers had a full role of designers, and
experts a role of facilitators. We experimented these roles because (1) technological
advances allowed such roles, (2) it was part of the moral aspect of participatory design
(empowerment of users), (3) users’ freedom of expression was not hampered by social
aspects or technical constraints put forward by the experts, and (4) it opened perspectives
for trucks dashboard personalization. Some of the PDInd instrument clusters would never
have been produced by experts but resulted in a high driver's satisfaction. It remains
therefore an interesting input for designers. However, the ISO 9241-210 (2010) suggests that
“the effectiveness of user involvement increases as the interaction between the developers
and the users increases”. Moreover, Ehn (1993) proposed that the benefits of participatory
design would rely on the meeting between users’ tacit knowledge and experts’ more abstract,
analytical knowledge. In this research, this combination of both knowledge may have been
missed. A collaboration with equivalent roles of designers for experts and users would allow
meeting designers knowledge and skills (e.g. holistic point of view, costs, technical
constraints, brand image, human factors and ergonomic knowledge) with user knowledge
(e.g. context of use, experience with other brands and devices, more comfortable with trade-

offs, individual perspective).

Finally, other tasks could have been used in the evaluation. Indeed, the eleven tasks were
selected to match with actions carried out frequently by delivery drivers during their activity.
However, this relies on the expert knowledge and experience, and was not quantified thanks

to an activity analysis.

2.1.3. Future research

Future research could explore further PD rationales that were questioned in this study.
Indeed, PD benefits would rely on the access to users’ tacit and latent needs and to users’
tacit knowledge. However, this study showed that user-centered design could address users’
needs and result in easy to use and safe interfaces. According to Nielsen (2008), three
degrees of differences between experts and users can be distinguished. The first level
contains developers who are users, meaning that they take part of the target audience. The
second level includes developers who understand the product, because they use it
themselves and therefore know user's needs. The third level represents the bigger gap

between developers and users, when developers conceive for a foreign domain. Trucks HMI
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experts are in the latter situation (contrary to automotive designers for example). However,
the success of the UCD concept may suggest that they also have access to tacit knowledge
of users. Indeed, Nonaka, Takeuchi, and Umemoto (1996) proposed a model of knowledge
conversion. In this model, they proposed that tacit knowledge can be transmitted to another
person thanks to socialization (i.e. practice, guidance, imitation, and observation). Moreover,
tacit knowledge would be made explicit through externalization mechanisms (e.g. using
metaphor). Therefore, tacit knowledge could be accessed and internalized by experts during
the analyses phase in contact with users, their context of use, and their anecdotes (e.g.

during activity analyses) and thus be used as input in user-centered design too.

Another perspective for future research is to assess long-term effects of the different levels of
user involvement. Clement and Van den Besselaar (1993) reported that there is little data on
the long-term effects of PD. Because of time constrains, this aspect was not addressed in
this research. Nevertheless, these data are essential to assess the effects of user
involvement over time, with potential behavioral adaptations. Moreover, in this study, the
delay between individual concepts design and assessment was short. Although it would
match the real context of use of personalization, and although this effect was reduced by the
familiarization drive with the two other concepts, further studies could increase this delay.
Additionally, previous studies reported changes in usability over time (e.g. Guerreiro,
Nicolau, Jorge, & Gongalves, 2009; Sonderegger, Zbinden, Uebelbacher, & Sauer, 2012;
Von Wilamowitz-Moellendorf, Hassenzahl, & Platz, 2006). Karapanos, Zimmerman, Forlizzi
and Martens (2009) proposed a framework of product use over time with three phases:
orientation (user’s first experience with the product), incorporation (integration of the product
into the user’s daily life), and identification (product becomes part of the user’s self-identity).
He suggested that the first phase would be impacted by the aesthetics and learnability of a
product, the second phase by long-term usability and usefulness, and the last phase by
social and personal aspects. A long-term study investigating these three phases would also

be an interesting indicator of design approaches sustainability.

Finally, individual participatory design experienced in this research opens perspectives
toward dashboard personalization. The findings of this research for the individual
participatory design sessions clearly meet the perspective of truck dashboards
personalization. Fan and Poole (2006) reported that one way to make the most out of the
individual user's needs is to let the user explicitly personalize the product. Moreover,
Normark (2015) proposed an experimental setup close to that of this research to investigate
a touch-based customizable in-vehicle user interface. They reported a positive effect on
drivers’ subjective experience. The results of the present research showed a high usability

and acceptance score for individual concepts, corroborating this idea. However, contrary to
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what Marcus (2004) hypothesized, individual concepts did not result in faster and safer task
completion compared to user-centered design. Further research could explore the effects of

different dashboard customization levels on efficiency and distraction criteria.

3. Recommendations to practitioners

Two key findings were reported in this project for practitioners. First, it is essential to keep
investing efforts in user-centered design. Indeed, this research demonstrated that UCD can
result in usable, accepted, and safe instrument clusters. Moreover, the UCD concept was
globally better than both PD outcomes (subjective and objective measures combined). To
express it more amusingly, professionals cannot yet put foot on their desk, users are not
ready to do their job for them. However, it is important to highlight that concepts are the
results from the designers’ interpretations of the users’ needs and requirements. User
involvement should be carefully and rigorously implemented during the analyses and
assessment phase. Indeed, it is important to keep in mind that the quality of an interface is
impacted in part by what designers know — or not know — about users (Weinschenk, 2011).
Second, even if results were not concluding regarding objective measures, participatory
design should not be thrown in the trash. This project showed that participatory outcomes
can be perceived as usable and accepted (PDInd concepts). Additionally, this study explored
only part of the possibilities offered by participatory design (e.g. specific roles). Future
research will help to determine more precisely what participatory design can offer. It is also
important to stress the findings of these study do not reduce the weight of other benefits such

as new knowledge, sKkills, or collaborations (Bratteteig & Wagner, 2016).
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Conclusion

The benefits of participatory design in other fields brought perspectives for optimizing the
ergonomic quality of trucks HMI. Using a tactile prototyping tool on a driving simulator, three
concepts of instrument clusters were generated. User-centered design corresponded to a
consultative level of involvement. Two participatory methods have been implemented: a
collective workshop and individual sessions, corresponding to a participative level of
involvement. The results did not demonstrate that participatory design had a significant
impact on usability, distraction and acceptance. The user-centered design concept has
proven to be more efficient, safer, and so —or more — usable and acceptable than
participatory concepts. In addition, differences were reported between the two participatory
methods implemented, calling for a more rigorous consideration of the methods used.
Finally, the results demonstrated the importance of measuring the subjective and objective
aspects, which proved to be independent and complementary. At a higher level, these results
questioned users’ ability to decide for them, and invite to investigate further the underlying
determinants of the subjective benefits reported for participatory design. For example, if
benefits were based solely on the possibility to choose and make decision, proposing several
concepts designed by experts would be sufficient to improve the user experience without
weakening the objective aspects. What Marcus wrote in 2004 is still true: “the road ahead is

a wide and challenging one”.
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Résumé substantiel en francais

1. Présentation

Ce projet de recherche avait pour objectif d’étudier comment le niveau d’implication des
conducteurs dans le processus de conception des interfaces homme-machine poids-lourd
impacte ['utilisabilité, la distraction, et I'acceptation. Ce résumé présente dans un premier
temps l'objet d’étude (i.e. les interfaces poids-lourd, la conception centrée sur 'humain, et
'implication des utilisateurs). Dans un second temps, I'état de la connaissance actuelle sur la
conception participative est exposé, en insistant sur les points restants a explorer. Enfin, les

objectifs et la structure de ce projet sont présentés.

1.1. Objet d’étude

Les Interfaces Homme-Machine (IHM) définissent tous les dispositifs permettant la
communication entre une technologie et son utilisateur. Dans un camion, le conducteur peut
agir sur le véhicule (e.g. boutons permettant au conducteur d'engager une fonction du
véhicule), et le véhicule fournit des informations au conducteur a travers les interfaces (e.g.

afficheur du tableau de bord affichant des informations telles que la vitesse).
Les IHM poids-lourd présentent plusieurs spécificités :

= Elles sont principalement utilisées pendant la conduite. Afin d’éviter de potentiels risques
de sécurité routiére, les interfaces poids-lourd doivent étre congues pour minimiser la
distraction des conducteurs. Cela consiste a réduire autant que possible le temps passé
avec les yeux en-dehors de la route, la durée avec les mains en dehors du volant, et la
charge mentale impliquée par I'interaction avec linterface. Marcus (2004) illustre bien ce
défi de conception en exprimant : « Imaginez avoir a penser a la sécurité, a I'utilisabilité et
a l'esthétique de l'interface utilisateur d'un appareil mobile de deux tonnes qui traverse

I'espace a 100 km/h. Maintenant, vous avez I'image en téte » (p. 91).

= Avec les avancées technologiques, les informations a afficher aux conducteurs sont de
plus en plus nombreuses et complexes (Gkouskos, Normark, & Lundgren, 2014). Afin
d’éviter les erreurs humaines lors de l'interaction avec un systéme, les interfaces doivent
étre congues de fagon utilisable. Les concepteurs doivent sélectionner les informations
pertinentes a présenter au conducteur, déterminer le mode d’affichage, et spécifier une

logique d'interaction qui assure un acces a I'information facile, rapide et sans erreur.
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» Dans les camions actuels, les mémes interfaces sont utilisées dans différents contextes.
En effet, la méme IHM est congue pour une gamme compléte de véhicules. Dans ce
projet, nous nous sommes concentrés sur une gamme spécifique de camions : les
camions de distribution (Multi-purpose vehicles [MPV]). Ce sont des véhicules entre 10 et
26 tonnes destinés principalement a la distribution de biens ou a la construction Iégére
(e.g. la livraison d'équipements sur des chantiers). lls sont différents des véhicules « long-
routiers », principalement destinés au transport longue distance ou a la construction
lourde. Les camions de distribution sont utilisés dans de multiples contextes d'utilisation
impliquant des besoins divers en termes d'IHM. Par exemple, le méme tableau de bord
peut étre utilisé par un pompier conduisant a grande vitesse ; par un conducteur de
distribution novice qui conduit en centre-ville entouré de piétons ; ou par un conducteur
agé réticent aux nouvelles technologies qui conduit un porte-voitures sur autoroute. Par
conséquent, en plus d'étre faciles a utiliser et non-distrayantes dans tous les contextes
d'utilisation, les IHM MPV doivent couvrir tous les besoins des utilisateurs dans les
différents contextes d'utilisation afin de garantir une bonne acceptation de la part des

conducteurs.

'y a vingt ans, la conception des interfaces homme-machine poids-lourd dépendait
principalement des caractéristiques et des contraintes imposées par la technologie sous-
jacente. Néanmoins, I'accroissement des dispositifs a bord du véhicule et les enjeux de
sécurité routiére ont provoqué un changement d’'une conception techno-centrée vers une
conception anthropocentrée. La conception centrée sur 'humain est une approche visant a
concevoir des produits utiles et utilisables (ISO 9241-210, 2010). La conception est axée sur
les caractéristiques de I'humain, les besoins, et les attentes des utilisateurs. L'objectif est
d'améliorer le confort des utilisateurs et d'atténuer les potentiels effets négatifs liés a
l'utilisation d’un systéme (e.g. les risques sécuritaires). Les processus de conception centrée
sur 'humain se divisent en différentes phases. La premiere phase est une phase d’analyse.
Elle consiste a identifier et spécifier le contexte d'utilisation et les contraintes liées aux
utilisateurs. Dans une deuxiéme phase, plusieurs concepts sont congus sur la base des
données de la phase précédente. La troisitme phase est une phase d'évaluation dans
laquelle les concepts générés sont comparés aux critéres requis. Sur la base des résultats

de cette phase, plusieurs itérations peuvent étre réalisées avec les phases précédentes.

L'un des principes de la conception centrée sur 'humain est une participation active des

utilisateurs (Maguire, 2001). Il est désormais reconnu que la participation des utilisateurs au
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processus de conception est une source précieuse de connaissances sur le contexte
d'utilisation, les taches, les besoins, les attentes des utilisateurs, et sur leur réaction a un
nouveau produit (Bekker & Long, 2000 ; Rogers, Sharp, & Preece, 2011). Cependant, la
nature et la fréquence de cette participation des utilisateurs peuvent varier selon les
approches de conception implémentées. On peut distinguer trois niveaux de participation

des utilisateurs dans le processus de conception :

= ['utilisateur peut étre considéré comme une source de données. Eason (1995) caractérise
ce niveau comme une conception pour les utilisateurs. Le type de participation est

informatif (Damodoran, 1996).

= ['utilisateur peut étre impliqué afin d’évaluer des concepts. Ce niveau correspond a une
participation consultative (Damodoran, 1996), dans un processus de conception avec les

utilisateurs (Eason, 1995).

= |'utilisateur peut participer a la phase de conception. Cest le niveau dimplication
participatif (Damodoran, 1996) qui correspond a une conception par les utilisateurs
(Eason, 1995).

Un point-clé de l'implication des utilisateurs est souligné par Damodoran (1996) : les niveaux
de participation n'ont pas de limites strictes, et peuvent étre caractérisés comme étant sur un

continuum partant d’une implication informative, puis consultative, et enfin participative.

Les approches centrées sur 'humain sont multiples. Cependant, les deux principales
approches centrées sur 'humain sont: la conception centrée sur I'utilisateur (UCD) et la
conception participative (PD) (Bekker & Long, 2000). Sur la base des différents niveaux de
participation des utilisateurs, les deux approches peuvent se différencier ainsi (Bekker &
Long, 2000 ; Bratteteig & Wagner, 2016 ; Carroll, 1996 ; Kujala, 2003 ; Sanders, 2002 ;
Spinuzzi, 2005) :

= La conception centrée sur Il'utilisateur (UCD) correspondrait a une conception pour et avec
les utilisateurs, avec des formes d’implication informatives et consultatives. En effet, les
utilisateurs participent d’abord a la phase d’analyse, avec des techniques telles que des
enquétes, des entretiens, ou des analyses d'activité. lls sont également impliqués pendant
la phase d'évaluation, ou les experts en IHM observent comment ils réagissent aux
concepts et recueillent leurs commentaires (tests d'utilisabilité). Les utilisateurs ne sont
cependant pas impliqués lors de la phase de définition des concepts, ces derniers étant

congus par les experts.
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= La conception participative (PD) correspondrait a une conception par les utilisateurs, avec
une implication participative. Les utilisateurs sont impliqués tout au long du processus de
conception. lls participent non seulement aux phases d'analyse et d'évaluation, mais
également lors de la définition des concepts. Au cours de cette phase, des techniques
telles que des activités narratives, des journaux d’activités, des cartes mentales, ou des

activités de prototypage sont utilisées.

Aujourd’hui, la conception centrée sur l'utilisateur est largement utilisée pour la conception
des IHM poids-lourd (e.g. Engstrom et al.,, 2006 ; Hesse et al., 2011 ; Marberger,
Dangelmaier, Widlroither, & Bekiaris, 2004). Cependant, certains auteurs recommandent une
implication croissante des utilisateurs dans le processus de conception (Marcus, 2004 ;
Sanders & Stappers, 2008). La conception participative ouvrirait ainsi des perspectives

intéressantes.

1.2. Etat de la connaissance

Maguire (2001) a résumé les avantages de la conception centrée sur I'utilisateur :

= Augmentation de la productivité : réalisation des tadches sans sollicitation de ressources

temporelles ou cognitives inutiles ;

= Réduction des erreurs : une conception axée sur [lutilisabilité permet d'éviter les

incohérences, les incompréhensions, ou d'autres défauts entrainant des erreurs ;

= Réduction de la formation et de I'assistance : en produisant des produits plus utilisables, la
conception centrée sur [l'utilisateur réduit le temps d'apprentissage et la nécessité

d’assistance ;

= Amélioration de l'acceptation : la considération des besoins de [utilisation, et les
évaluations réalisées en amont permettent d’augmenter I'intention d’usage et la confiance

des utilisateurs ;
= Réputation de I'entreprise : bénéfice d'un point de vue marketing sur 'image de la marque.

Lors de la définition des concepts, les experts prennent leurs décisions selon plusieurs
facteurs : les facteurs humains, les codts, le planning des projets, I'image de la marque, etc.
lls adoptent une vision holistique et compléte, en tenant compte de tous les usages, des
configurations de véhicules, mais également des différentes configurations d’IHM possibles.

Par exemple, lors de la définition d'une interface promouvant I'écoconduite :

= Les indicateurs doivent étre pertinents pour tous les environnements de conduite et les

différentes charges de véhicules ;

194



RESUME SUBSTANTIEL EN FRANGAIS

= Les informations affichées doivent étre suffisamment détaillées pour un éco-conducteur

expérimenté mais également faciles a comprendre pour un conducteur novice ;

= La disposition des informations doit étre aussi adaptée pour un camion possédant un

régulateur de vitesse adaptatif que pour un camion dénué d’options.

Les considérations des experts sont donc globales et non individuelles.

Néanmoins, certaines limitations peuvent étre adressées a la conception centrée sur
I'utilisateur. Tout d'abord, le fort niveau de contréle est critiqué (Lee, 2008). En effet, les
concepts d'IHM sont créés par des experts et les utilisateurs ne sont uniquement consultés
pour les évaluer. La conception UCD se concentre donc principalement sur la facon dont
l'utilisateur réagit a un concept et omet ce qu'il pourrait apporter lors de la définition des
concepts. Deuxiemement, la conception centrée sur l'utilisateur peut étre facilement
applicable et exhaustive sur des projets présentant peu de contraintes. Par exemple, lors de
la définition d'une nouvelle commande d'essuie-glace, le nhombre de configurations d'lHM
différentes est limité. Toutes les configurations possibles pourraient étre testées lord d’un
test d'utilisabilité afin de s'assurer de la configuration la plus adaptée. Cependant, les
progrés technologiques apportent une nouvelle flexibilité dans la conception d’IHM. Si les
commandes d'essuie-glace devaient étre présentées sur un écran tactile, le nombre de
représentations, de tailles, de dispositions ou d'informations a afficher augmenterait, et
toutes les configurations seraient moins susceptibles d'étre traitées de maniere exhaustive
dans un test d'utilisabilité. Ce défi de conception est particulierement d’actualité avec
larrivée des tableaux de bord de type écran. Troisiemement, la qualité d'une interface est
affectée en partie par ce que les concepteurs connaissent — ou ne connaissent pas — des
utilisateurs (Weinschenk, 2011). Cependant, les recommandations facteurs-humains et les
connaissances ergonomiques sont nombreuses mais non exhaustives. Collecter des
informations sur le contexte d'utilisation, sur le ressenti des utilisateurs, et sur leur réaction a
des prototypes est colteux temporellement et ne pourrait objectiver toutes les décisions de

conception a réaliser.

Il serait évident de répondre a ces limites si les utilisateurs savaient ce dont ils ont besoin, et
ce quils traiteraient facilement et efficacement. Si c’était le cas, les impliquer dans la
conception permettrait de gagner du temps et d’optimiser la qualité des interfaces. En
d'autres termes, si les utilisateurs savent ce dont ils ont besoin et ce qu’ils traiteraient
facilement et efficacement, ils devraient participer directement lors de la conception, pour
éviter que les experts passent du temps a essayer de comprendre ce dont ils ont besoin et

ce qu'ils traitent facilement.
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Concernant la conception participative, ses principaux avantages sont résumés par
Damodaran (2006) :

= Amélioration de la qualité du produit grace a une meilleure définition des besoins des

utilisateurs ;

= Non-implémentation de caractéristiques colteuses dont les utilisateurs n'ont pas besoin

ou n'utilisent pas ;
= Amélioration de 'acceptation des utilisateurs ;
= Amélioration de la compréhension des utilisateurs ;
= Participation accrue a la prise de décisions.

Deux raisons encouragent le changement vers une conception participative (Carroll &
Rosson, 2007) : un aspect moral (i.e. les utilisateurs ont le droit d'étre impliqués dans la prise
de décision) et un aspect pragmatique (i.e. I'expérience et les connaissances des utilisateurs
peuvent offrir des idées pour la conception). L'aspect moral réféere aux origines de la
conception participative. En effet, la conception participative est apparue dans les pays
scandinaves dans les années 70 et 80 (Ehn, 1993 ; Floyd, Mehl, Reisin, Schmidt, & Wolf,
1989). Elle a été mise en place lors de l'introduction des ordinateurs dans les espaces de
travail. Des collaborations entre chercheurs, syndicats, et travailleurs ont été menées afin
d’accompagner ce changement (Spinuzzi, 2005). L'aspect pragmatique de la conception
participative présente des avantages potentiels sur la qualité ergonomique des interfaces.
Ces avantages reposeraient sur deux facteurs. Les utilisateurs ont différents niveaux de
besoins (i.e. explicites, observables, tacites, et latents) y compris des besoins implicites qui
ne peuvent étre exprimés par la parole ou lors de l'utilisation d’un prototype (Sanders, 2002).
En concevant activement un concept, les utilisateurs fourniraient un acces direct a ces
besoins, menant a des produits plus utiles et donc plus acceptés. Lors de l'interaction avec
une interface, les utilisateurs impliqueraient également des connaissances tacites (i.e. des
connaissances implicites). Par exemple, lorsqu’on présente un nouveau tableau de bord a
un conducteur, la direction de son premier regard va dépendre de plusieurs facteurs
généraux et individuels, tels que sa culture (e.g. sens de lecture de la langue), les processus
cognitifs (e.g. une information qui clignote en vision périphérique va attirer son attention), et
ce qu'il s’attend a voir en fonction de ses expériences passées et de ses connaissances
tacites. Méme si les aspects généraux peuvent étre abordés a travers les directives de
conception facteurs-humains, les recommandations ergonomiques, et les activités
explicites ; les aspects implicites et individuels sont plus difficilement accessibles. Lors d’une

conception participative, comme [I'utilisateur est également le concepteur, il utiliserait
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directement ses connaissances implicites en tant que ressources. Par exemple, au cours de
sa carriere, un conducteur de camion a interagi avec plusieurs tableaux de bord de
différentes marques. Sur cette base, il a construit un modéle mental de tableau de bord,
avec ce qu'il s'attend a voir et ou il s’attend a le voir. En interagissant avec un nouveau
tableau de bord, il s'appuiera sur ce modéle mental. Par conséquent, si les interfaces ne
correspondent pas aux représentations mentales des conducteurs, elles peuvent entrainer
une mauvaise utilisation, de potentiel risques, ou un rejet du systéme (Carroll & Olson,
1987). Les connaissances tacites impliquent une grande variabilité interindividuelle pour
l'interaction avec les IHM. Ces connaissances, acquises par les conducteurs grace a
I'expérience et l'automatisation des processus, sont donc essentielles pour répondre aux
besoins des utilisateurs. Tenir compte des aspects implicites permettrait de produire des

interfaces plus faciles a utiliser et plus efficaces (et, par conséquent, moins distrayantes).

Sur la base de la littérature existante, certains points restent a explorer. Tout d'abord, la
tendance actuelle s’oriente vers une implication de plus en plus accrue des utilisateurs
(Marcus, 2004 ; Sanders & Stappers, 2008). Cependant, il existe un manque de preuves
empiriques et rigoureuses en faveur de cela. En effet, méme si des avantages ont été
rapportés suite a des projets participatifs, ceux-ci n‘ont pas été comparés aux potentiels
avantages collectés avec une conception centrée sur l'utilisateur sur le méme cas d’étude.
Deuxiemement, il existe de nombreuses évaluations des processus de développement
participatifs (Bossen, Dindler, & Iversen, 2016), mais peu d'évaluations rigoureuses des
résultats de ces processus. Bratteteig et Wagner (2006) ont insisté sur la nécessité de
passer d’une évaluation des processus a une évaluation des résultats. Troisiemement, les
avantages sont souvent attribués globalement a la conception participative. Néanmoins, il
existe de nombreuses maniéres d’arriver a un résultat participatif (Bratteteig & Wagner,
2016). Les différentes méthodes de conception participative peuvent différer en termes de
colt, de ressources utilisées, de temps passé, etc. Les différences en termes de résultats
devraient recevoir I'attention appropriée afin de guider les praticiens vers les meilleures
méthodes a utiliser. Enfin, contrairement a d'autres types d'interfaces ou les critéres
subjectifs peuvent prévaloir sur les critéres objectifs, I'efficacité et la distraction des tableaux
de bord sont essentiels pour la sécurité routiere. Il est nécessaire de mesurer
rigoureusement les effets de la conception participative sur les aspects d'efficacité et de
distraction. Cet aspect est d’autant plus actuel dans une perspective de personnalisation des
tableaux de bord (Marcus, 2004).
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1.3. Objectifs

Cette thése vise a améliorer les connaissances sur la maniére la plus efficace d'impliquer les
conducteurs routiers afin de créer des interfaces faciles a utiliser et sécuritaires. La mise en
ceuvre de deux méthodes participatives sur un cas d'application concret permet
d'expérimenter concréetement ces méthodologies et de répondre aux questions suivantes :
les conducteurs savent-ils ce qu'ils veulent et ce qu'ils traiteront bien (d’'un point de vue
cognitif), c'est-a-dire ont-ils des méta-représentations correctes de ce qu'ils pourraient utiliser
efficacement et de fagon sécuritaire. Si c’était le cas, la conception participative pourrait avoir
un impact positif sur l'utilisabilité, la distraction, et I'acceptation des interfaces. De plus, il
existe une variété de méthodes participatives qui peuvent étre mises en ceuvre, nécessitant
des ressources différentes (i.e. temps, colt, personnes impliquées). L'étude de I'impact de la
méthode participative utilisée sur la qualité des concepts générés est fondamentale pour les
praticiens. En outre, I'un des obijectifs était d’enrichir les connaissances des praticiens pour
la conception centrée sur I'utilisateur, en fournissant une analyse du contexte d'utilisation des
IHM MPV, en synthétisant les recommandations ergonomiques existantes, et en les

enrichissant avec de nouvelles études.

Plus précisément, cette thése a pour objectif de répondre aux questions de recherche

suivantes :

= Comment le niveau de participation du conducteur dans le processus de conception

affecte-t-il I'utilisabilité, la distraction, et I'acceptation des IHM poids-lourd ?

» La qualité ergonomique des interfaces est-elle impactée de la méme maniére selon la

méthode participative mise en ceuvre ?

Avant tout, un état de I'art a été réalisé. L’objectif de cet article était de résumer les différents
bénéfices obtenus pour la conception participative dans d’autres domaines, et de les mettre
en regard avec les défis actuels de la conception d’'IHM. Cette premiére étape a permis de

définir les objectifs et la structure du projet.

Puis, cette recherche a été divisée en trois sous-projets, suivant les trois étapes de la
conception centrée sur I'humain: lanalyse du contexte d'utilisation, la définition des
concepts, et I'évaluation des concepts. lls ont été menés de fagcon séquentielle, chaque

sous-projet utilisant des données des activités précédentes.

Dans un premier sous-projet, I'objectif était d'identifier et de spécifier le contexte d'utilisation
des IHM MPV. Cela comprend une analyse des véhicules et des utilisateurs sur lesquels

cette thése s'est concentrée. En effet, la conception centrée sur ’humain nécessite de
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prendre en compte certaines informations telles que les configurations IHM avec lesquelles

les utilisateurs interagissent, leurs taches, I'environnement d'utilisation, et les caractéristiques

des utilisateurs. Ces données ont permis de déterminer le cadre de I'activité de conception et

de déterminer les conducteurs a impliquer pour la conception participative.

Dans un second sous-projet, trois processus de développement paralléles ont été menés sur

le méme cas de conception et avec le méme équipement :

Un processus de conception centrée sur l'utilisateur (user-centered design [UCD]) a
d'abord été mené (i.e. implication consultative). Afin de fournir des données d’entrées aux
experts, un examen préliminaire des recommandations facteurs-humains a été réalisé,
ainsi que trois études visant a compléter ces recommandations (portant sur la définition
des compteurs de vitesse et des jauges). Des conducteurs ont évalué trois concepts

congus par les experts afin d’atteindre un concept finalisé : le concept UCD.

Un atelier de conception participative collectif (participatory design workshop [PDWS]) a
été réalisé avec quatre conducteurs poids-lourd professionnels (i.e. implication
participative). Les différentes activités réalisées au cours de cet atelier d'une journée ont

conduit a la réalisation d'un concept collectif : le concept PDWS.

Des séances de conception participative individuelle (individual participatory design
[PDInd]) ont été réalisées avec vingt-sept conducteurs. Chaque conducteur a pu définir
son propre concept et I'a évalué itérativement dans une situation de conduite simulée.

Vingt-sept concepts individuels ont donc été recueillis (concepts PDInd).

Le troisieme sous-projet avait pour objectif d’évaluer et de comparer les concepts résultant

des trois processus menes dans le deuxiéme sous-projet. Les vingt-sept conducteurs ont

évalué le concept UCD, le concept PDWS, et leur propre concept. L'utilisabilité, la distraction

et l'acceptation ont été mesurées sur un simulateur de camion avec des scénarios et des

taches prédéfinis impliquant I'utilisation des interfaces.

2. Principaux résultats et discussion

2.1. Etat de l'art

Au début de ce projet, un état de l'art a été mené afin d’examiner les avantages de la

conception participative au regard des défis actuels de la conception des IHM. Cet article

offre une vision globale de la conception des IHM dans un cadre holistique et pratique.

L'approche conventionnelle de la conception des interfaces automobiles a été présentée et
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les limites de la conception centrée sur l'utilisateur ont été mises en lumiére. La conception
participative a été proposée comme une alternative potentielle, déja utilisée dans d'autres
domaines de la recherche facteurs humains. Un argument important pour I'emploi de la
conception participative semble étre que cette approche permettrait d'accéder aux
connaissances tacites des conducteurs, avec un potentiel impact positif sur l'utilisabilité et la
distraction des interfaces. L’accés aux besoins implicites des conducteurs pourrait
également améliorer |'acceptation des interfaces. En outre, un manque d'évaluation formelle
a été souligné, avec la nécessité de procéder a une comparaison entre les différents niveaux
de participation de I'utilisateur afin de mesurer les écarts en termes de qualité ergonomique
des résultats. Les limites potentielles de la conception participative ont également été mises
en évidence afin d’assurer une vision globale (i.e. un manque de rigueur méthodologique,
une faible validité de I'évaluation des processus, et une remise en cause de la capacité des
utilisateurs a ajouter de la valeur dans la phase de conception). Le résumé de la littérature
sur la conception participative et la mise en lumiére d'une alternative potentielle pour faire

face aux défis de conception actuels pourraient étre utiles aux chercheurs et aux praticiens.

2.2. Sous-projet 1 : Analyse du contexte d’utilisation

Dans les processus de conception centrée sur 'humain, la connaissance du contexte
d'utilisation est une contribution essentielle (i.e. les caractéristiques des utilisateurs, les
taches et I'environnement dans lequel les systéemes sont utilisés). Dans ce projet, I'objectif
était de concevoir et d'évaluer des concepts a partir de différentes approches centrées sur
I'hnumain. Par conséquent, une analyse préalable du contexte d'utilisation a été menée a

travers deux études.

La premiere étude était une analyse des camions MPV en termes d'usages, d'activités, et
d'environnement d'utilisation. Les données quantitatives, provenant d'une base de données
de plus de 5 000 camions, ont été collectées et analysées. Les résultats ont montré que les
usages et les applications MPV sont divers. Différentes analyses de données ont permis de
regrouper les véhicules en quatre groupes. Le premier groupe, représentant 60% des
véhicules, a été choisi comme cible pour les activités de conception. Dans ce groupe, les
véhicules étaient principalement équipés de carrossages de type fourgons et frigorique, et
utilisés pour des livraisons locales et régionales. Dans ce sens, I'évaluation du troisiéme
sous-projet a été menée dans un contexte urbain et péri-urbain. En outre, les conducteurs
impliqués dans les séances de conception participative étaient des professionnels de la
distribution locale et régionale. Les données de cette étude ont également montré que les

configurations de boutons sur le tableau de bord différaient significativement d’un véhicule a
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l'autre. Le tableau de bord, commun a tous les veéhicules, a donc été choisi comme cas de
conception. La configuration d’interfaces de ces camions était basique et comportait
principalement des fonctions de conduite. Lors des activités de conception, les fonctions
principales de conduite ont donc été investiguées. La principale limitation de cette étude était
que les données disponibles indiquaient la présence ou non d'une fonction dans les
véhicules. Cependant, la présence ou I'absence de fonctions ne renseigne pas sur leur
fréquence d'utilisation, bien que cette mesure soit déterminante pour la conception des IHM.
Une analyse d'activité pourrait ainsi compléter cette étude par des mesures de fréquence

d'utilisation pour chaque partie des IHM.

La deuxieme étude présentait les résultats d'un questionnaire ayant pour objectif d’améliorer
la connaissance des conducteurs MPV. Soixante-huit conducteurs ont répondu a un
questionnaire sur leur profil, leur travail, leur IHM actuelle, et leurs attentes pour les
interfaces futures. Les résultats ont montré que les conducteurs MPV étaient plutét
expérimentés (ce qui suggére qu'ils connaissent bien les fonctions des interfaces) et qu'ils
étaient globalement a l'aise avec la technologie (et les smartphones). Sur cette base, le
choix d'un outil de prototypage tactile a été conforté. Les questions visant a prioriser leurs
besoins et leurs attentes en matiére d'IHM ont mis en évidence cing fonctions importantes :
le régulateur de vitesse, les informations sur les temps de conduite, les informations de
consommation de carburant, le GPS, et la caméra de recul. Ces données ont été utilisées
par les experts dans le processus de conception centrée sur l'utilisateur. En effet, les
informations liées aux temps de conduite et au régulateur de vitesse ont été priorisées. Les
résultats de l'enquéte ont également montré que les conducteurs MPV étaient
majoritairement des hommes de 18 a 66 ans. Cette information a été utilisée pour la
sélection des conducteurs participant aux activités participatives, afin d'assurer une bonne
représentativité des utilisateurs finaux. Ce sondage était innovant dans sa maniéere d'accéder
aux conducteurs (i.e. par Facebook et dans un centre de formation). Cependant, la limite
principale de cette étude était la taille de I'échantillon (68 répondants). Cela n'a pas permis
d'effectuer des analyses de données plus poussées (e.g. pour I'élaboration de personas

quantitatifs ; Maguire, 2001).

Ces résultats ont apporté une représentation synthétique des utilisateurs et des usages. De
plus, les techniques quantitatives utilisées pour I'analyse du contexte d'utilisation peuvent

étre transférées a d'autres domaines.
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2.3. Sous-projet 2 : Définition des concepts

2.3.1. Conception centrée sur l'utilisateur

La conception centrée sur l'utilisateur était I'un des trois processus de conception menés en
parallele dans cette étude et dont le concept a été évalué dans le troisieme sous-projet. Ce
concept correspondait a un niveau de participation consultatif (i.e. les conducteurs évaluent
les concepts congus par des experts). Pour cela, les experts ont besoin de données d’entrée
afin de définir les concepts. Les données du premier sous-projet ont été utilisées et un travail

a été mené sur les recommandations ergonomiques.

En effet, un examen des recommandations facteurs humains existantes a d'abord été mené.
Ce document a rassemblé la documentation existante dans laquelle des directives ou des
recommandations étaient présentées pour promouvoir I'utilisabilité lors de la conception des
interfaces. La vision synthétique offerte par ce document pourrait étre utilisée dans l'industrie

automobile.

De plus, des expériences ont été conduites dans cette thése dans le but de compléter les
recommandations existantes. Tout d'abord, deux expériences ont permis d'étudier le moyen
le plus efficace et satisfaisant d'afficher le compteur de vitesse sur des tableaux de bord de
type écrans. Une premiere étude comparant un compteur de vitesse numérique et un
compteur de vitesse analogique a répliqué les résultats existants de la littérature (i.e. le
meilleur compteur de vitesse dépend de la tache effectuée). Sur cette base, une deuxieme
étude a évalué et comparé les compteurs de vitesse conventionnels et un compteur de
vitesse redondant sur des cas d'utilisation contemporains. Deuxiéemement, une expérience
sur la définition des jauges a comparé huit jauges mélangeant différents attributs (i.e. forme,
orientation, et indicateur). Les résultats ont montré que le temps de regard en dehors de la
route peut étre diminué de 280 ms en changeant la représentation d'une jauge, et de plus de
600 ms lorsqu'un compteur de vitesse redondant est présenté au lieu d'un compteur de
vitesse analogique. Ces résultats soulignent la nécessité de mener des études sur les

facteurs humains afin de concevoir des interfaces plus efficaces et plus sdres.

Ces données ont été utilisées par les experts lors de la conception centrée sur I'utilisateur.
Par exemple, le compteur de vitesse choisi dans le concept UCD était un compteur de
vitesse redondant. Cependant, il était intéressant de noter que les experts ont di choisir
entre des principes ergonomiques qui entraient en compétition. En effet, d'une part, les
jauges de type linéaire-verticale-remplissage ont été mesurées comme moins efficaces, plus
distrayantes et moins satisfaisantes pour la lecture qualitative qu’une jauge linéaire-
horizontale-pointeur. D'autre part, les documents existants recommandent que la

représentation choisie supporte les modéeles mentaux de la réalité des conducteurs (Ross et
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al., 1996). Par conséquent, des jauges de type linéaire-vertical-remplissage ont été choisies
par les experts pour les niveaux de carburant et d’additifs, comme des réservoirs qui se
rempliraient. Les experts ont d'abord généré trois concepts et ont invité neuf conducteurs
internes a les évaluer. Ensuite, les experts ont redessiné un concept final. Cependant,
certaines faiblesses peuvent étre soulignées concernant la démarche adoptée dans cette

thése (i.e. peu de conducteurs lors de I'évaluation et pas d'itération).

2.3.2. Conception participative

Deux processus de conception participative ont été menés, différant par le nombre de
conducteurs impliqués lors de la session de conception. Premiérement, un atelier collectif a
été réalisé avec quatre conducteurs poids-lourd professionnels. Deuxiemement, des
séances de conception individuelle ont été menées. Les concepts résultants ont été

compares au concept de conception centrée sur l'utilisateur dans le troisiéme sous-projet.

En ce qui concerne la mise en ceuvre de la conception participative pour la conception des
interfaces poids-lourd, I'une des limitations adressées a la conception participative était la
diversité des pratiques utilisées, sans méthodologie formalisée (Haines, Wilson, Vink et
Koningsveld, 2002 ; Pilemalm & Timpka, 2008 ; Spinuzzi, 2005). Pour surmonter cette
limitation, Spinuzzi (2005) a proposé une méthodologie composée de trois étapes :
exploration initiale du travail, processus de découverte, et prototypage. Dans cette
recherche, les trois étapes ont été appliquées : le premier sous-projet d'analyse
correspondait a I'étape 1, les activités narratives correspondaient a la phase 2 et les séances
de conception autour de l'outil de prototypage correspondaient au stade 3. De plus, un
intérét particulier a été apporté a l'outil de prototypage, indispensable pour permettre aux
utilisateurs de s'exprimer (Sanders, 2002). L'écran tactile semble étre un outil visuel et
projectif approprié pour faciliter I'échange (déja utilisé par Normark, 2015). De plus,
['utilisation combinée avec le simulateur de conduite a permis aux utilisateurs d'itérer entre la
conception et ['‘évaluation. Bruno et Muzzupappa (2010) ont signalé que, dans de
nombreuses études participatives, la maquette physique du concept apparait souvent
tardivement. Dans cette étude, les « activités de conception » et les « activités de
contextualisation » (Sanders et al., 2010) ont été mélangées pour contextualiser les
conceptions. Cela a apporté de la validité aux concepts définis par les conducteurs, en effet,
ils ne consistaient pas uniguement en un enchainement d’'idées ou de dessins irréalisables

comme cela peut étre le cas dans des ateliers participatifs de type papier-crayon.

Une autre limitation potentielle souvent rapportée pour la conception participative est la

différence entre participation et implication. En effet, Barki et Hartwick (1994) ont souligné
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que la participation des utilisateurs n'est pas toujours un facteur d'implication. lls ont clarifié
les deux notions ainsi : la participation se réféere a « un ensemble de comportements ou
d'activités réalisés par les utilisateurs dans le processus de développement du systéme »,
alors que limplication serait définie comme « un état psychologique subjectif reflétant
I'importance et la pertinence personnelle d'un systéme pour l'utilisateur ». Dans cette étude,
des mesures d’implication des utilisateurs ont été effectuées (échelle utilisée dans I'étude de
Hunton et Beeler, 1997, sur la base du questionnaire original de Barki et Hartwick, 1994).
Pour les deux méthodes participatives, les scores d’'implication des utilisateurs - basés sur
les dimensions d’'importance et de pertinence personnelle - étaient élevés (valeurs proches
de 6 sur une échelle de 7 pour les deux concepts). De méme, l'attitude de I'utilisateur (> a
5,67), l'auto-efficacité percue (> a 5,93) et la participation souhaitée (> a 6,56) ont recueilli
des scores élevés. Avec les deux méthodes, les conducteurs ont donc rapporté un niveau

d’implication élevé.

2.4. Sous-projet 3 : Evaluation des concepts

Le but de ce sous-projet était d'évaluer et de comparer les trois concepts de tableaux de
bord en termes d'utilisabilité, de distraction, et d'acceptation. Vingt-sept conducteurs ont
évalué le concept UCD, le concept PDWS, et leur propre concept. L'utilisabilité, la distraction
et I'acceptation ont été mesurées sur un simulateur de conduite a l'aide de scénarios et de
onze taches prédéfinies impliquant I'utilisation des interfaces. Des études antérieures avaient
déja comparé des approches centrées sur I’humain (Bekker & Long, 2000 ; Carmel et al.,
1993 ; Carroll, 1996). Cependant, ces comparaisons étaient plus théoriques, visant a définir
les limites et les spécificités des approches. Bratteteig et Wagner (2006) ont insisté sur la
nécessité de passer d’une évaluation des processus a une évaluation des résultats. Ici, les
deux approches centrées sur 'humain ont été comparées de maniere systématique sur le
méme cas de conception et avec le méme équipement. Ce qui différenciait les résultats des
trois processus étaient les approches adoptées et les personnes impliquées pour les définir.
De plus, l'évaluation a été effectuée de maniére rigoureuse en suivant la méthode

expérimentale.

2.4.1. Comment le niveau de participation du conducteur dans le processus de
conception affecte-t-il I'utilisabilité, la distraction, et I'acceptation des IHM poids-
lourd ?

Les résultats ont révélé que les interfaces étaient impactées de deux maniéres différentes.
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Tout d'abord, sur les aspects subjectifs (acceptation et utilisabilité pergue), il semble que les
effets n'étaient pas liés au niveau de participation du conducteur, mais a l'approche mise en
ceuvre. En effet, les différences avec le concept UCD n'étaient pas cohérentes entre les
deux approches participatives : le concept UCD était plus utilisable et accepté que le concept
PDWS, mais n'était pas significativement différent du concept PDInd (scores élevés

d'utilisabilité et d'acceptation pour les deux concepts).

Deuxiemement, sur les mesures objectives (efficience et distraction visuelle), le concept
UCD était globalement meilleur que les deux concepts participatifs. Le concept UCD
impliquait des temps de complétion de la tache et des temps de regard en dehors de la route
plus faibles que le concept congu lors de l'atelier participatif collectif. Cet effet était global :
toutes taches confondues sur les deux variables combinées (efficience et distraction
visuelle). La différence entre les deux concepts s’est révélée significative lors de la
réalisation de deux taches, avec des différences allant jusqu'a 4 870ms / 48% pour les temps
de complétion et 3 526ms / 81% pour la réduction de la distraction visuelle (tadche 7 : activer
le limiteur de vitesse). De méme, bien que la différence soit réduite, le concept UCD a
recueilli de meilleurs résultats que les concepts individuels. Toutes taches combinées, les
taches ont eu tendance a étre réalisées plus rapidement et avec un temps de regard en
dehors de la route plus faible. Sur trois des taches, le concept UCD s’est révélé meilleur que
les concepts PDInd (tache 2 : lire la valeur de la vitesse, tache 5 : comparer la vitesse a 30
km/h, et tache 7 : activer le limiteur de vitesse). Cependant, I'amplitude des gains était plus
faible (gain de 387ms / 18% dans la réalisation de la tadche et 438ms / 50% pour le temps de
regard en dehors de la route pour la tache 2 ; ainsi qu’une tendance statistique uniquement
pour la tache 7). D'autre part, aucune différence significative n'a été trouvée entre les
interfaces des deux niveaux d'implication en termes de précision et de performance de

conduite.

La littérature existante proposait I'nypothése selon laquelle le bénéfice pragmatique de la
conception participative (Carroll & Rosson, 2007) reposerait sur I'accés aux besoins et aux
connaissances implicites des utilisateurs (Sanders, 2002). L'accés aux besoins implicites
aurait d0 mener a des interfaces plus utiles, et donc plus acceptables. Néanmoins, le
concept UCD a recueilli de meilleurs scores d'acceptation que le concept PDWS, et les
scores étaient aussi bons que ceux des concepts individuels. L’absence de différence
significative pour la dimension de I'utilité du test d'acceptation est également intéressante.
En effet, cela signifierait que le concept UCD a répondu aux besoins et aux attentes des
utilisateurs. Une autre interprétation pourrait étre que les conditions de cette étude n'ont pas

permis d'accéder a ces besoins. En effet, les degrés de liberté de conception étaient limités
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aux fonctions, a la taille, et aux représentations de l'information. En outre, les conducteurs
ont préféré le tableau créé pour eux par les experts, plutét que le tableau de bord créé pour
eux par des conducteurs. Les experts, sur la base des activités d'analyse explicites, ont donc
une bonne connaissance des besoins des utilisateurs et de leurs attentes. De méme, il y a
eu peu de différence entre les fonctionnalités incluses dans les tableaux de bord entre le

concept UCD et les concepts participatifs (plus de 80% de fonctions communes).

L'accés aux connaissances tacites des utilisateurs aurait d0 conduire a des interfaces plus
utilisables et moins distrayantes. Cependant, le concept UCD a été percu comme plus
utilisable que le concept PDWS, et les mesures d'utilisabilité et de distraction visuelle étaient
significativement meilleures qu'avec le concept PDWS. L'application des recommandations
ergonomiques et une conception centrée sur l'utilisabilité seraient donc plus efficaces pour
créer des interfaces utilisables, efficientes et non distrayantes qu'un atelier participatif
collectif. En ce qui concerne les concepts individuels, ils ont été percus comme aussi
utilisables que le concept UCD. Néanmoins, I'utilisabilité objective mesurée était plus élevée,
et la distraction visuelle inférieure, avec le concept UCD qu'avec les concepts PDInd. Il y a
deux interprétations possibles a cette non-correspondance entre les aspects subjectifs et
objectifs. L'utilisabilité pergue et I'utilisabilité réelle pourraient étre totalement indépendantes.
La conception participative individuelle résulterait en une augmentation de [l'utilisabilité
percue, sans améliorer I'utilisabilité réelle. En ce sens, Tractinsky, Katz et lkar (2000) ont
proposé que l'utilisabilité réelle et pergue soient traitées séparément car elles évolueraient
de fagon indépendante. Deuxiéemement, les conducteurs pourraient surestimer leur
production. En effet, I'attrait pour le choix (Leotti, lyengar, & Ochsner, 2010) et la prise de
décision ont un impact sur l'expérience subjective, allant méme jusqu’a une activation
cérébrale des circuits associés a la motivation et a la récompense (Leotti & Delgado, 2011).
Dans tous les cas, les ateliers de conception individuelle ont démontré des avantages
subjectifs. Bien que les différences n'étaient pas significatives, aprés avoir testé les trois
concepts, plus de la moitié des conducteurs ont classé leur concept en premiere position
(52%), contre 33% pour le concept UCD, et 15% pour le concept PDWS. En ce qui concerne
les mesures objectives et dans les conditions de cette étude, le fait que le concept UCD ait
montré de meilleurs résultats indiquerait que les conducteurs auraient des méta-
représentations incorrectes de ce qu'ils pourraient traiter de fagon efficace et sécuritaire. Au
contraire, les experts pourraient s'appuyer sur leurs connaissances et leur expertise pour
concevoir des tableaux de bord efficaces et minimisant la distraction liée a leur usage. Ceci
est conforme aux résultats de DeSmet et al. (2016) montrant que la conception participative

peut étre contre-productive en efficacité pour des applications médicales. En somme, les
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experts ont su concevoir des tableaux de bord plus sécuritaires et efficients que les

conducteurs, et aussi (voire plus) utilisables et acceptables.

2.4.2. La qualité ergonomique des interfaces est-elle impactée de la méme maniere
selon la méthode participative mise en ceuvre ?
A nouveau, les mesures subjectives et objectives ont été impactées différemment entre les

deux concepts participatifs.

Sur le plan subjectif, la différence entre les concepts résultant des deux méthodes
participatives était trés marquée. Les concepts individuels ont été percus comme plus
utilisables et acceptables que le concept PDWS. En outre, les conducteurs ont fortement
préféré leur concept (plus de la moitié d'entre eux l'ont classé en premier), tandis que plus de

la moitié des participants ont classé le concept PDWS en derniére position.

Sur le plan objectif, les écarts entre les deux concepts participatifs étaient réduits. Les
différences semblaient isolées sur trois taches, sans différence significative globale en

termes d’efficience et de distraction visuelle (variables combinées sur toutes les taches).

La premiere considération au regard de ces résultats est que I'utilisabilité, la distraction et
l'acceptation ne sont pas affectées de la méme maniére entre les deux méthodes
participatives mises en ceuvre. L'utilisabilité percue et l'acceptation étaient nettement
meilleures pour les concepts PDInd que pour le concept PDWS. Cela suggére que certaines
méthodes PD seraient plus efficaces que d'autres. Cela correspond aux résultats rapportés
par DeSmet et al. (2016) qui ont mis en évidence des différences d'efficacité selon les
méthodes participatives appliquées. Il est donc essentiel d'étudier la conception participative
en considérant la variété des méthodes possibles. En outre, ces résultats ont démontré une
utilité et une intention d'utilisation accrues pour les conceptions personnelles par rapport au
concept collectif. Trois interprétations sont possibles. Tout d'abord, comme mentionné ci-
dessus, le choix et la prise de décision pourrait avoir une influence sur l'expérience
subjective. Deuxiemement, les sessions de conception individuelle permettraient d'éliciter les
besoins individuels (Fan & Poole, 2006 ; Sleeswijk Visser et al., 2005), qui seraient
spécifiques a chaque individu et non partagés collectivement. La troisieme hypothése serait
que le groupe de quatre utilisateurs impliqués lors de I'atelier collectif n'aurait pas réussi a
traduire les besoins des utilisateurs finaux (Mugge, Schoormans, & Schifferstein, 2009).
Selon cette derniére hypothése, les mécanismes de consensus et d’intelligence collective
spécifiques aux ateliers en groupe (Sanoff, 2007) ne seraient pas aussi bénéfiques

gu’attendu sur les résultats.
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2.5. Limites et ouvertures

Plusieurs limites sont a prendre en compte. Tout d’abord les limites liées a I'objet d’étude
sont présentées, puis les limites liees aux méthodologies employées, pour finir sur des

recommandations pour de futures recherches.

2.5.1. Limites liées a l'objet d’étude

D’abord, plusieurs obstacles ont été rencontrés lors de la mise en place de la conception
participative pour la conception d'IHM poids-lourd. En effet, la conception des IHM implique
de nombreuses contraintes telles que des logiciels difficiles a utiliser, les interfaces ne sont
pas de série et doivent couvrir toutes les configurations de veéhicules, les aspects
réglementaires doivent étre pris en compte, des connaissances sont nécessaires sur les
aspects techniques. Dans cette recherche, les conducteurs étaient représentatifs d'un sous-
ensemble de conducteurs (identifié dans le cluster 1 du premier sous-projet), ils ont travaillé
sur un sous-ensemble de fonctions (fonctions essentielles de conduite) et n'ont pas exploré

tous les points abordés par les experts (e.g. profondeur des menus).

Deuxiemement, les trois concepts testés différaient en termes de niveau d’implication des
utilisateurs pendant le processus de conception, mais également selon d’autres aspects. Les
trois concepts ont été comparés afin d'évaluer indirectement la méthode de conception, mais
il serait intéressant d'identifier et de spécifier les paramétres qui varient entre les différents
concepts, tels que la densité de l'affichage qui peut affecter I'efficacité de la recherche
visuelle (Moacdieh & Sarter, 2015), ou l'efficacité des représentations choisies pour chaque
fonction. Il serait par exemple intéressant de sélectionner plusieurs critéres permettant de
caractériser une distance entre les concepts. Par exemple, cela permettrait d’estimer si le
concept UCD avait un degré de différence plus élevé avec le concept PDWS qu'avec les
concepts PDInd. En outre, cela permettrait de mettre en évidence les variables les plus
impliquées dans les différences entre les concepts (e.g. densité visuelle, disposition, tailles,
ou fonctions choisies). Pour cela, une analyse des correspondances multiples pourrait étre

réalisée.

2.5.2. Limites liées aux processus implémentés
D'autres méthodes auraient pu étre étudiées. Spinuzzi (2005) a proposé trois critéres pour
évaluer les processus de conception participative impliquant des travailleurs industriels: la

qualité de vie des travailleurs (i.e. améliorer la qualité de vie des travailleurs, en termes
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d'autonomisation organisationnelle et de facilité d'exécution de leur tache), le développement
collaboratif (i.e. les utilisateurs sont pleinement impliqués, avec la détermination d'une
langage et des objectifs communs), et enfin un processus itératif (i.e. participation continue
des travailleurs pendant plusieurs étapes assurant une réflexion soutenue). Pour transférer
cette idée a notre cas d’étude, les critéres seraient : une meilleure qualité des IHM, une
implication active des conducteurs, et un processus itératif a travers les différentes étapes du
processus. Les trois critéres ont été respectés dans cette recherche. Cependant, il existe de
nombreuses autres facons de collecter un résultat correspondant a une conception centrée
sur l'utilisateur (e.g. avec d'autres ou plus d’experts, plus d'itérations, plus de conducteurs
évaluant les concepts), ou pour obtenir un résultat participatif sur le méme cas de conception
(e.g. différents réles pour les utilisateurs et les experts, d'autres activités de conception, un
nombre plus élevé de conducteurs impliqués). Il serait intéressant de collecter des données

sur d'autres processus UCD et PD afin de valider ces résultats.

De méme, d'autres réles auraient pu étre testés concernant la conception participative. Dans
ce projet, des réles spécifiques ont été expérimentés, avec un design par les utilisateurs au
sens strict. En effet, les conducteurs jouaient pleinement leur réle de concepteurs, et les
experts avaient un réle de facilitateurs. Nous avons expérimenté ces rbles pour plusieurs
raisons : (1) les progrés technologiques ont permis I'émergence de tels réles, (2) cela faisait
partie de I'aspect moral de la conception participative (donner du pouvoir aux utilisateurs), (3)
pour ne pas entraver la liberté d'expression des utilisateurs par des aspects sociaux ou des
contraintes techniques avancées par les experts, et (4) pour les perspectives que cela
pouvait ouvrir sur la personnalisation des tableaux de bord. Certains des tableaux de bord
participatifs n'auraient jamais été produits par des experts et ont entrainé une grande
satisfaction du cété des conducteurs. Ces données sont donc une contribution intéressante
pour les experts. Cependant, I'SO 9241-210 (2010) suggére que « l'efficacité de la
participation des utilisateurs augmente a mesure que l'interaction entre les développeurs et
les utilisateurs augmente ». De plus, Ehn (1993) a proposé que les avantages de la
conception participative reposeraient sur la rencontre entre les connaissances tacites des
utilisateurs et les connaissances analytiques plus abstraites des experts. Dans cette
recherche, cette combinaison des deux types de connaissances a peut-étre été manquante.
Une collaboration avec des rbles équivalents entre les experts et les utilisateurs permettrait
de combiner les connaissances et les compétences des concepteurs (e.g. point de vue
holistique, connaissance des colts, des contraintes techniques, de I'image de marque, des
facteurs humains et des recommandations ergonomiques) avec la connaissance des
utilisateurs (i.e. expertise du contexte d'utilisation, expérience avec d'autres marques et

dispositifs, certainement plus a l'aise avec les compromis, perspective individuelle).
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2.5.3. Perspectives de recherche

Les effets a long-terme devraient étre évalués. Clement et Van den Besselaar (1993) ont
rapporté le manque de données sur les effets a long terme de la conception participative.
Faute de temps, cet aspect n'a pas pu étre abordé dans ce projet. Néanmoins, ces données
sont essentielles pour évaluer les effets de I'implication de I'utilisateur au fil du temps, avec
de potentielles adaptations comportementales. En outre, dans cette étude, le délai entre la
conception individuelle et la phase d’évaluation des concepts était réduit. Bien que cela
correspondrait a un contexte réel de personnalisation, et bien que cet effet ait été réduit par
les temps de familiarisation avec les deux autres concepts, d'autres études pourraient
augmenter ce délai. De plus, des études antérieures ont rapporté des évolutions d’utilisabilité
au fil du temps (e.g. Guerreiro, Nicolau, Jorge, & Gongalves, 2009 ; Sonderegger, Zbinden,
Uebelbacher, & Sauer, 2012 ; Von Wilamowitz-Moellendorf, Hassenzahl, & Platz, 2006).
Karapanos, Zimmerman, Forlizzi et Martens (2009) ont proposé un modéle de I'utilisation
d’'un produit au fil du temps composé de trois phases : l'orientation (premiére expérience de
l'utilisateur avec le produit), I'incorporation (intégration du produit dans la vie quotidienne de
l'utilisateur), et l'identification (produit fait partie de l'identité de soi de I'utilisateur). Il a
suggéré que la premiére phase serait affectée par I'esthétique et la facilité d’apprentissage
du produit, la deuxieme phase par l'utilisabilité a long terme et I'utilité, et la derniére phase
par des aspects sociaux et personnels. Une étude a long terme portant sur ces trois phases

serait également un indicateur intéressant sur la durabilité des approches de conception.

Enfin, la conception participative individuelle ouvre des perspectives pour la personnalisation
des tableaux de bord. Fan et Poole (2006) ont indiqué que l'un des moyens de tirer le
meilleur parti des besoins individuels de I'utilisateur est de permettre a [I'utilisateur de
personnaliser explicitement le produit. En outre, Normark (2015) a proposé un équipement
expérimental proche de celui utilisé dans cette étude afin d’étudier la personnalisation des
interfaces voitures a l'aide d’'un écran tactile. Il a reporté un effet positif sur I'expérience
subjective des conducteurs. Les résultats de ce projet ont montré un fort niveau d'utilisabilité
et d'acceptation pour les concepts individuels, corroborant cette idée. Cependant,
contrairement a I'hypothése suggérée par Marcus (2004), les concepts individuels n'ont pas
permis une réalisation des taches plus rapide et plus sécuritaire que pour le concept issu de
la conception centrée sur l'utilisateur. De futures recherches pourraient explorer les effets
des différents niveaux de personnalisation du tableau de bord sur les critéres d’efficience et

de distraction.
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3. Conclusion

Les avantages de la conception participative rapportés dans d'autres domaines ont ouvert
des perspectives d’optimisation de la qualité ergonomique des IHM poids-lourd. A I'aide d'un
outil de prototypage tactile sur simulateur de conduite, trois concepts de tableaux de bord ont
été générés. La conception centrée sur I'utilisateur correspondait a un niveau d’implication
consultatif. Deux méthodes participatives ont été mises en ceuvre : un atelier collectif et des
sessions individuelles, correspondant a un niveau d’'implication participatif. Les résultats ne
permettent pas de démontrer qu'une conception participative a un impact significatif sur
I'utilisabilité, la distraction et I'acceptation. Le concept issu de la conception centrée sur
l'utilisateur s'est révélé plus efficace, plus sdr, et aussi — voire plus — utilisable et acceptable
que les concepts participatifs. En outre, des différences ont été montrées entre les deux
méthodes participatives mises en ceuvre, appelant a une étude approfondie des méthodes
participatives utilisées. Enfin, les résultats ont démontré I'importance de mesurer de fagon
conjointe les aspects subjectifs et objectifs, qui se sont révélés indépendants et
complémentaires. A un niveau plus global, ces résultats questionnent la capacité des
utilisateurs a décider pour eux-mémes et invitent a étudier plus en détail les déterminants
des avantages subjectifs de la conception participative. Par exemple, si les avantages
reposaient principalement sur la possibilité de choisir et de prendre des décisions, proposer
plusieurs concepts congus par des experts suffirait a améliorer I'expérience des utilisateurs

sans impacter les aspects objectifs.
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Appendices

Appendix 1: Widgets available for each function

Function categor Widget

Elements SeparatorHorizontalLine
SeparatorVerticalLine

ADAS ADASAccFront
ADASAccFrontCombo
ADASAccSide
ADASAccSideCombo
ADASPiIcto
ADASTargetSpeed
ADASText

AdBlue AdBlueCircularHorizontalBargraph
AdBlueCircularHorizontalPointer
AdBlueLinearHorizontalBargraph
AdBluelLinearHorizontalPointer
AdBluelLinearVerticalBargraph
AdBlueLinearVerticalPointer
AdBlueSemiCircularHorizontalBargraph
AdBlueSemiCircularHorizontalPointer
AdBlueSemiCircularLeftBargraph
AdBlueSemiCircularLeftPointer
AdBlueSemiCircularRightBargraph
AdBlueSemiCircularRightPointer
AdBlueText

AirPressure AirPressureCircularHorizontalBargraph
AirPressureCircularHorizontalPointer
AirPressureLinearHorizontalBargraph
AirPressureLinearHorizontalPointer
AirPressureLinearVerticalBargraph
AirPressureLinearVerticalPointer
AirPressureSemiCircularHorizontalBargraph
AirPressureSemiCircularHorizontalPointer
AirPressureSemiCircularLeftBargraph
AirPressureSemiCircularLeftPointer
AirPressureSemiCircularRightBargraph
AirPressureSemiCircularRightPointer
AirPressureText

Battery BatteryCircularHorizontalBargraph
BatteryCircularHorizontalPointer
BatteryLinearHorizontalBargraph
BatteryLinearHorizontalPointer
BatteryLinearVerticalBargraph
BatteryLinearVerticalPointer
BatterySemiCircularHorizontalBargraph
BatterySemiCircularHorizontalPointer
BatterySemiCircularLeftBargraph
BatterySemiCircularLeftPointer
BatterySemiCircularRightBargraph
BatterySemiCircularRightPointer
BatteryText
BatteryHoursText

Comfort ComfortAlarmClockText
ComfortCompassText
ComfortDateText
ComfortExternalTemperatureText
ComfortHourClock
ComfortHourText
ComfortTimerText

DPF DPFCircularHorizontalBargraph
DPFCircularHorizontalPointer
DPFLinearHorizontalBargraph
DPFLinearHorizontalPointer
DPFLinearVerticalBargraph
DPFLinearVerticalPointer
DPFSemiCircularHorizontalBargraph
DPFSemiCircularHorizontalPointer
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DPFSemiCircularLeftBargraph
DPFSemiCircularLeftPointer
DPFSemiCircularRightBargraph
DPFSemiCircularRightPointer
DPFText

EngineTemp EngineTempCircularHorizontalBargraph
EngineTempCircularHorizontalPointer
EngineTempLinearHorizontalBargraph
EngineTempLinearHorizontalPointer
EngineTempLinearVerticalBargraph
EngineTempLinearVerticalPointer
EngineTempSemiCircularHorizontalBargraph
EngineTempSemiCircularHorizontalPointer
EngineTempSemiCircularLeftBargraph
EngineTempSemiCircularLeftPointer
EngineTempSemiCircularRightBargraph
EngineTempSemiCircularRightPointer
EngineTempTelltale
EngineTempText

Fuel FuelCircularHorizontalBargraph
FuelCircularHorizontalPointer
FuelLinearHorizontalBargraph
FuelLinearHorizontalPointer
FuelLinearVerticalBargraph
FuelLinearVerticalPointer
FuelSemiCircularHorizontalBargraph
FuelSemiCircularHorizontalPointer
FuelSemiCircularLeftBargraph
FuelSemiCircularLeftPointer
FuelSemiCircularRightBargraph
FuelSemiCircularRightPointer
FuelText

Gearbox GearboxGear
GearboxGearMode
GearboxGearPosition
GearboxGearPositionMode
GearboxPattern
GearboxScale

oil OilCircularHorizontalBargraph
QilCircularHorizontalPointer
OilLinearHorizontalBargraph
QilLinearHorizontalPointer
OilLinearVerticalBargraph
QilLinearVerticalPointer
QOilSemiCircularHorizontalBargraph
OilSemiCircularHorizontalPointer
OilSemiCircularLeftBargraph
OilSemiCircularLeftPointer
OilSemiCircularRightBargraph
OilSemiCircularRightPointer
QilText

Radio RadioFrequencyText
RadioModeText
RadioPresetText
RadioStationText
RadioVolumeText

Retarder RetarderLevel
RetarderPicto
RetarderPictoLevel

Speed SpeedCircularHorizontalBargraph
SpeedCircularHorizontalPointer
SpeedDigital
SpeedLinearHorizontalBargraph
SpeedLinearHorizontalPointer
SpeedLinearVerticalBargraph
SpeedLinearVerticalPointer
SpeedSemiCircularHorizontalBargraph
SpeedSemiCircularHorizontalPointer
SpeedSemiCircularLeftBargraph
SpeedSemiCircularLeftPointer
SpeedSemiCircularRightBargraph
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SpeedSemiCircularRightPointer

Tacho TachoAvailabilityTimeText
TachoBreakTimeText
TachoDailyDrivingTime
TachoDrivingTimeText
TachoWeek1TimeOdometer
TachoWeek2TimeOdometer
TachoWorkingTimeText

Tachometer TachometerCircularHorizontalBargraph
TachometerCircularHorizontalPointer
TachometerDigital
TachometerLinearHorizontalBargraph
TachometerLinearHorizontalPointer
TachometerLinearVerticalBargraph
TachometerLinearVerticalPointer
TachometerSemiCircularHorizontalBargraph
TachometerSemiCircularHorizontalPointer
TachometerSemiCircularLeftBargraph
TachometerSemiCircularLeftPointer
TachometerSemiCircularRightBargraph
TachometerSemiCircularRightPointer

TripComputer TripComputerAdBlueConsumptionAverageText
TripComputerAdBlueConsumptionVolumeText
TripComputerAverageSpeedText
TripComputerFuelAverageConsumptionText
TripComputerFuelConsumptionVolumeText
TripComputerFuelEndurenceText
TripComputerldleEngineHoursText
TripComputerOdometerText
TripComputerTotalEngineHoursText
TripComputerTripOdometerText

219



220



