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2.1. Bayesian networks 
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2.2. Unsupervised learning of Bayesian networks 
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Figure 1. The 10 dashboards evaluated by customers 
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Table 1. The technical characterization of the 10 dashboards 

Dashboards
Speedometer Dial 

position
Display lay-

out

Air 
conditioner 

control

Air vent 
shape

Dashboard 
color

Aerator 
Shape

Arrangement 
space

Style lay-
out

AUDI A2 behind steering wheel analogue button square signle colour square many Straight lines
CITROEN C2 behind steering wheel digital other rounded signle colour rounded few curved lines
FIAT Idea at the center analogue other square two colours square many Straight lines
LANCIA Ypsilon at the center analogue other square two colours square many curved lines
NISSAN Micra behind steering wheel analogue button rounded signle colour rounded few Straight lines
fewGEOT 206 behind steering wheel analogue other rounded two colours rounded few curved lines
RENAULT Clio behind steering wheel analogue other square signle colour square few Straight lines
RENAULT Modus at the center digital button rounded two colours rounded many curved lines
TOYOTA Yaris at the center digital other rounded signle colour rounded many curved lines
VW Polo behind steering wheel analogue other square signle colour square few Straight lines 	
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4.1. Model learning 
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Figure 2 Unsupervised learning to identify probabilistic relationships within the data (i.e. 
between dashboard physical - car icon - and perceptual - face icon - attributes) 
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Table 2  Conditional probabilities representing the causal relation between “Air vent 
Shape”, “Speedometer position” and “Novelty”. According to this table : P(novelty= very 

low�Speedometer dial position=at the center & Air vent shape=rounded)=13,6% 
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4.2. Model evaluation 
-(	�"����� 	���"���#	�$	��	"��"������	��� 	��	'�����	��0	,%#O3-&	������	�(	������� ��#	�$	

�(	����	����	�(	2�#����	��'��)	.2�/*	��	��	���	������	��	"�	�(	 ��	 �) �(���	�$	2�	����	�	

�������	�#	$���" �	.�/0	

���
= = =

−=
�

�

A�

(

=�

�

�(�(��(� ----3-#,
� � �

3 /� ��.P/�./.. �� 	 .�/	

4(�0	

• P	��	�(	��	�$	������"��	BQ0�Q1�R�Q�C&	�9*0&	

• ����	�(	���� 	�"���	�$	������"��&	

• Q�	��	��	������"�	'(��(	��)�	�� "�	$���	BQ�0�Q�1Q *C&	

• =����	�(	���� 	�"���	�$	�� "�	�$	Q�&	

• #	��	�(	����	��	����P&	

• 3-	��	�	2�#����	��'��)	���"��"�	���	P&	

• -	��	�	�"���	�$	��������	��	#&	

• ,�	��	�(	��	�$	������	�$	E�	��	2�	

•  �(	 -(	%�(	�������������	�$	
�	

• A�	��	�(	���� 	�"���	�$	�� "	������������	�$	,�	��	3-&	

• -�(�	��	�(	�"���	�$	����	��	#	��	'(��(	Q�*Q������	,�* �(	

• ��(	A	�
=

=�

�

-�(�
�

	

	

-(	  ��	  �) �(���	 ���"��	 (�'	 ���#	 ����	 ��	 ���	 ��	 ������	 �	 ����	 ��	 �(	 ������� ��#	
�������"����	
*	��	� ��	(��	�	���������� 	������������0	�(	(��(�	�(	 ��	 �) �(���&	�(	� ���	2�	��	��	

��� 	�(	������� ��#	�������"����	��	�(	����	�*		



��������	
���	��	���	 �	

-�	�����	�"�	"��"������	G����	��� &	'	�� ��	�(	����	����	�'�	�"����"��&	�	��������	��	.#�	������	

*�KDS	�$	�(	����	��/	���	�	������	��	.#����	*�1DS	�$	�(	����	��/*	4 	� ���	�(	������	��	��	�	

�(	����	����������	��	������ 	'��(	�����	��	�(	������� 	����*	��	�	�����	���&	'	 ����	�	2�	

"����	 �(	 ��������	 ��*	 -(�&	 '	 �������	 �(	  ��	  �) �(���	 �$	 2�	 ����	 #�	������	 ���	 �(	  ��	
 �) �(���	�$	2�	����	����*	-(	��� 	 ��	 ������� 	 �$	�(	�'�	�� "�	��	� ��&	 �**	 ���%,%#�	�������

�3-&&�∞����%,%#�����3-&&*	-(��	����	�(��	�(	��� 	��	�� 	��	������	"���	����	.�**	����/*		

6��%,%#�	��������3-&&*$10�JE	���	���%,%#�����3-&&*$1I�TK*	-(	��� 	$���	��	�(	������	��	��	'  	��	

��	�(	��������	��*	

��
 � �	��
���
���������


��	'	������	�"�	��	�(	 ������"�����&	�(�	����	"�	��������	�$	�"�	2�	��� 	 ��	������ *	4 	

�����	��(	�$	�(�	'��(	!� ������	!��� �	��	�(	$�  �'���	�"�5�������*	

5.1. Direct/analysis scenario 
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5.1.1. The impact of a technical attribute (e.g. “the speedometer dial position”) on the 
perceptual attributes 
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Figure 3. The influence of the speedometer dial position on the perceptual attributes 
characterizing a dashboard. 
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5.1.2. The interactions of a technical attribute (e.g. the “speedometer dial position”) with the 
other technical attributes 
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Figure 4. The interaction of the speedometer dial position with the 
technical attributes characterizing a dashboard. According to this figure, 

dashboards whose speedometer dial is located at the center have 
generally many arrangement spaces, two colors, curved lines style 

layout and digital display layout. 
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Figure 5. The optimal technical choices designer should carry out in order to improve 
the novelty perception of a dashboard 

	

Figure 6. The impact of improving the novelty perception of a dashboard. Improving 
the novelty perception of a dashboard may be coherent with the improvement of 

other perceptual attributes (e.g. quality, harmony), but it may also deteriorate some 
other perceptual attributes (e.g. control comprehensibility, space organization). 
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5.3. A compound scenario for designing under constraints 
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Figure 7. A compound scenario. A direct scenario is performed (“speedometer dial 
position” = “behind the steering wheel”) and then an inverse scenario is carried out 
(“novelty perception” = “High”) to know what are the other technical attributes the 

designer can tune to optimize the perceptual attribute (i.e. to maximize the novelty 
perception) 
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