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As soon as the products to design must not only deliver pure services but have also to exhibit esteem or subjective functions such as aesthetics, style, cultural values and ergonomic considerations, both individual and group product evaluations as well as product specification are difficult issues. Indeed, for both design tasks, designers must qualify the expected properties of a product and find relevant measurement scales to quantify them. In this paper, we propose a design method named COMPARE for understanding the perception of existing products (before starting the creation process), for defining the specifications for a new product and, finally, for evaluating the emerging design concepts under the expected properties (perceptual attributes). The originality of this method is to be based on elementary and qualitative Pairwise Comparisons of products under given perceptual attributes (and also further Principal Component Analysis). It results in two fundamental properties of userfriendliness for the designer and easiness for automatically generate measurement scales under perceptual attributes. The COMPARE method has been experimented on the analysis and the design of automotive dashboards.

Introduction

Many methods are committed in the design stages of specification and evaluation, two design tasks that are necessarily narrowly linked. Let us mention some important methods classified from their origin:

design methods: QFD [START_REF] Aungst | The Virtual Integrated Design Method[END_REF], axiomatic design [START_REF] Suh | The Principles of Design[END_REF], Pugh matrices [START_REF] Pugh | Total Design: Integrated methods for successful product engineers[END_REF].

multi-criteria decision-making (MCDM) methods: Analytic Hierarchy Process -AHP- [START_REF] Saaty | The Analytic Hierarchy Process[END_REF][START_REF] Saaty | Decision-making with the AHP: Why is the principal eigenvector necessary[END_REF], PROMETHEE [START_REF] Brans | How to Decide with PROMETHEE[END_REF][START_REF] Brans | How to select and how to rank projects: The PROMETHEE method for MCDM[END_REF] and pairwise comparisons -PC-techniques which are the core mechanisms within the two above-mentioned methods.

sensorial/perceptual design methods: Semantic Differential Method -SDM- [START_REF] Osgood | The measurement of meaning[END_REF], Multi-Dimensional Scaling -MDS- [START_REF] Shepard | Multidimensional scaling: Theory and applications in the behavioral sciences (Volume I: Theory)[END_REF].

No method is perfect to bring satisfaction on any of the four following important issues encountered when specifying and assessing products:

-How to name the expected or perceived properties of a product? This is the semantic issue.

-How to quantitatively assess a product under a semantic attribute without defining any precise measurement scale? -How to aggregate the variability of individual assessments into a specification or a product evaluation? -Which mix between experts and customers in the evaluation protocol?

We have tried to answer these four issues with a new method called COMPARE that provides an easy and flexible way to specify (a new product target) and evaluate candidate designs.

The proposed method COMPARE is an adaptation of AHP [START_REF] Saaty | The Analytic Hierarchy Process[END_REF], uses an inner original Pairwise Comparison method [START_REF] Limayem | Modèles de pondération par les méthodes de tri croisé pour l'aide à la décision collaborative en projet[END_REF][START_REF] Limayem | Generalization of the RCGM and LSLR Pairwise Comparison Methods[END_REF][START_REF] Limayem | Selective assessment of judgemental inconsistencies in pairwise comparisons for group decision rating[END_REF], takes some elements from Promethee (the preference functions), and results in the same profile vectors (of products under the set of criteria/attributes) than MDS but in a much more accurate and flexible manner. Moreover, it considers two types of evaluation sessions as recommended in perceptual design: one is an expert evaluation, the second is a customer evaluation. In addition, COMPARE uses the factorial analysis method. The COMPARE method has been experimented for the first time by [START_REF] Yannou | A methodology for integrating the customers' assessments during the conceptual design[END_REF] and [START_REF] Yannou | A methodology for integrating the customers' assessments during the conceptual design[END_REF] for table glasses. For this paper, we have applied it on 10 automotive dashboards of a same car segment.

The second section presents the whole protocol for collecting data and locating the tasks of specification of a new product and evaluation of product solutions within the design process. The expert workshop context is presented in section 3. Section 4 explains an original process for resulting in a collection of 15 relevant semantic attributes (or decision criteria) for dashboards. The design of the expert workshop is presented in section 5. In section 6, three successive assessment methods are applied and those collected data are successively processed, they are: Multi-Dimensional Scaling [START_REF] Osgood | The measurement of meaning[END_REF], Semantic Differential Method [START_REF] Shepard | Multidimensional scaling: Theory and applications in the behavioral sciences (Volume I: Theory)[END_REF] and our Pairwise Comparisons method (see [START_REF] Limayem | Generalization of the RCGM and LSLR Pairwise Comparison Methods[END_REF][START_REF] Limayem | Selective assessment of judgemental inconsistencies in pairwise comparisons for group decision rating[END_REF]). For this latter method, experts are asked to pairwise compare the 10 existing

The COMPARE method for easy and fast specification and design selection 3 dashboards of a given car segment in a non-hedonistic way, meaning they do not have to provide their personal subjective viewpoint but to neutrally locate properties on scales defined by antonyms words (like feminine-masculine). The principles of the PC method are briefly explained (see [START_REF] Limayem | Modèles de pondération par les méthodes de tri croisé pour l'aide à la décision collaborative en projet[END_REF][START_REF] Limayem | Generalization of the RCGM and LSLR Pairwise Comparison Methods[END_REF][START_REF] Limayem | Selective assessment of judgemental inconsistencies in pairwise comparisons for group decision rating[END_REF]) to the detriment of the suggested protocol for filling the comparison matrices (each expert must partially fill 15 10x10 matrices). The evaluation protocol consists within a whole day to show adapted pictures (depending of the considered semantic attribute) of dashboards to experts in a given order. Once the data collected, digital treatments are made to consider if there is one or several behavioral clusters. Next a factorial regression allows to graphically represent the products and the semantic attributes as well on a factorial plan to figure out the correlations between attributes and perceived proximity of dashboards.

Section 7 explains the specification task. Two convenient solutions are proposed to generate a specification or target vector (on the 15 attribute scales) within a customer evaluation session. The first is a classical one in a marketing department, it consists in defining a point that is graphically satisfactory in terms of relative location with other existing products and/or of levels on attribute scales. The aforementioned factorial analysis allows then to compute the target vector. The second method is original. It consists in specifying relative pairwise comparisons with existing products letting each customer choosing the compared products and the semantic attributes he/she feels the more inspired to do with. After a PC recomputation, the target vector is automatically generated. Here, a clear property of COMPARE appears since there is no need to define specific and complicated scales for the semantic attributes ; they are automatically generated through the PC mechanism. This property is well explained in the paper. Some additional information is added to complete the specification sheet: preference functions to figure out how much the dissatisfaction to be more or less close to the target is, and a weight vector to express the relative importances of semantic attributes in the new product.

Section 8 concerns the evaluation task to evaluate the proposed product concepts regarding the defined specification. It is made within a third evaluation session with experts. Again, we use with COMPARE the flexible mechanism of comparing the product concepts to any existing product under any semantic attribute (at least one product under one attribute, but it is not limited). After a PC re-computation, we come up with a score matrix that we transform into a dissatisfaction matrix (making differences with the target vector). Then, we use the AHP theory to roughly make a weighted average and come up with a final rank of existing and new products. Then the designer has just to check that its proposal is ranked first. He/she can also check which semantic property would be worthy to redesign on. We conclude in section 9 by summarizing the formal and practical properties and advantages of our COMPARE method.

Framework of the COMPARE method

Figure 1 presents the whole framework of the COMPARE method. Three different workshops must be considered at different moments. The first workshop is an experts workshop, its objective is to collect a large perceptual information on a set of similar existing products (within the same segment than the one we intend to design). After perceptual evaluations and processing of these data, a database has been built which is ready for the two next stages of specification generation and concept evaluation. But if the specification generation stage is performed by a clients panel, this is again an experts panel which performs the concepts evaluations since the experts are accustomed to the perceptual dimensions they have provided in the first stage (see also [START_REF] Zhou | Analyse des évaluations sensorielles des produits industriels par des techniques de calcul avancées en vue de la caractérisation des comportements des consommateurs[END_REF]). The main originality of COMPARE lies in the fact that both specification and concept evaluation stages are performed through qualitative comparisons with existing products in a very meaningful way for experts and/or customers. 

Setting the evaluation context

A set of 11 automotive experts (of sales departments) have been gathered for a whole day of evaluation of 10 dashboards of recent cars belonging to the same marketing segment (of small cars), namely: (1) Audi A2, (2) Citroën C2, (3) Fiat Idea, (4) Lancia Ypsilon, (5) Nissan Micra, (6) Peugeot 206, (7) Renault Clio, (8) Renault Modus, (9) Toyota Yaris, (10) Volkswagen Polo. The 11 subjects have been immerged in a decision context. They have been described a target client profile (with 5 filing cards like the one in Figure 2-left) and a purchasing situation (see Figure 2-right). During this workshop, the 11 subjects are asked to assess dashboard pictures without actually seeing or touching these dashboards. We are conscious that there is a bias but it is also a way to isolate the dashboards since the car brands are not displayed and they are even removed from the pictures (see Figure 3). 

Determination process of the semantic attributes

The process to determine the determining perceptual attributes, in a semantic form, has been quite original. It is the result of two concurrent processes:

-A deductive process (see Figure 4) starting from a functional analysis of a dashboard and a geometrical description of a typical dashboard structure. Several dozens of service functions exist with expected performances. After a converging process, we came up with only 5 determining semantic attributes: Understandability of instruments board, Satisfactory Space organization, Control button comprehensibility (intuitive understanding of the central board), Aerator layout (pleasant design style), Satisfactory arrangement (or filing) space (for maps, glasses, coins, mobiles, cans).

-An inductive process (see Figure 5) starting from a synthesis of commercial brochures to make appearing the most striking, relevant and frequent adjectives used. Again, a converging process has allowed to result in a subset of 10 semantic attributes: Comfort, Simplicity, Sportiveness, Masculinity, (perceived) Quality, Novelty, (design) Harmony, Modernity, Intelligence, Charming. 

Designing the workshop

The 11 subjects were in a room where they had to proceed to three series of exercises:

-a MDS (Multi-Dimensional Scaling) exercise (about 20 minutes), -a SDM (Semantic Differential Method) exercise (about 1 hour and 30 minutes), -a PC (Pairwise Comparisons) exercise (about 2 hours and 30 minutes).

It was quite a hard task, but we will se that it has not be to made each time a new design is proposed. The 11 subjects were facing a wall on which two projectors were projecting dashboard pictures (see Figure 6). These pictures have been carefully prepared to be perfectly adapted to each step of the three evaluation exercises (see for instance Figures 7 and8). The reader can find the details of the workshop in [START_REF] Harvey | Application of an integrated method to a study of the consumer perceptions of automobile dashboards[END_REF]. The COMPARE method for easy and fast specification and design selection 9 6. The three perceptual data analysis

Multi-Dimensional Scaling

The Multi-Dimensional Scaling [START_REF] Osgood | The measurement of meaning[END_REF] has consisted in asking the subjects to group apparently similar dashboards together. Some explanations could also be provided. Table 1 is an example of such a qualitative clustering. 
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A factorial analysis (PCA: Principal Component Analysis) is performed and the dashboards are represented along the two first factorial axes (see Figure 9). The closer two dashboards, the more likely they had to be grouped together by a subject. It is clear in Figure 9 that two groups of dashboards appear:

-On the left, 4 dashboards: Renault Modus, Lancia Ypsilon, Fiat Idea and Toyota Yaris all have their instrument board located in the middle of the dashboard.

-On the right, 4 dashboards: Audi A2, VW Polo, Renault Clio and Peugeot 206 all have a central board which has been assessed larger and more squared than for other dashboards.

These results reveal that the location of the instrument board and the shape of the central board are probably the most determining features which influence the customers perceptions.

Semantic Differential Method

The SDM method [START_REF] Shepard | Multidimensional scaling: Theory and applications in the behavioral sciences (Volume I: Theory)[END_REF] is often used in product design. In [START_REF] Hsu | A semantic differential study of designers' and users' product form perception[END_REF], the authors show that designers and users have different perceptions of the form of a product. In [START_REF] Jindo | Application studies to car interior of Kansei engineering[END_REF], the authors even study the perceptual evaluation of car interiors, a similar study of ours but in a different objective. The 11 subjects are asked to successively fill semantic profiles for a given dashboard, a dashboard being rated under the 15 semantic attributes via a 7-levels Likert scale. For that, the 15 semantic attributes of Figure 4 have been expressed in pairs of antonymous adjectives (see Figure 10). Again, a factorial analysis (PCA: Principal Component Analysis) is performed (see Figure 11) and the dashboards, as well as the semantic attributes directions are represented along the two first factorial axes. It allows to somewhat lower the number of necessary attributes for describing the problem from 15 to 11 attributes. Indeed:

-As soon as two semantic attributes which are almost synonymous are proved to be correlated (the attribute vectors in Figure 10 have the same direction), they can be merged. This is the case of (Harmony, Charming) and (Modernity, Intelligence, Novelty) which are merged into, respectively, Harmony and Novelty.

-As soon as the attribute vector is small enough, it may be neglected. This is the case of understandability.

Pairwise Comparisons

Here, a semantic profile is not obtained by rating straightforwardly but the 10 dashboard are successively pairwise compared under any of the 11 semantic attributes. The pictures of dashboards projected to the subjects are then adapted to the given semantic attributes to highlight like in Figures 7 and8 for, respectively, the "Arrangement space" attribute and the "Control button comprehensibility" attribute.

PC methods are well known methods of Multi-Criteria Decision Analysis. Instead of assessing a particular score for the performance of a product on a scale in an absolute manner, the idea is to estimate the relative importance of the scores of some pairs of products (most of the time the scores ratio) under a given criterion. This leads to a pairwise comparison (PC) matrix, which can be processed to extract a realistic normalized vector of scores. Pairwise comparisons are known to be easily administrated because decision makers assessing the products in our case, only focus on a pair of products and on a criterion instead of brutally facing the whole multiattribute issue. So as not to compel decision makers to fill the overall PC matrix as in the well known eigenvector method of Saaty [START_REF] Saaty | Decision-making with the AHP: Why is the principal eigenvector necessary[END_REF], we have preferred the Least Squares Logarithmic Regression (LSLR) PC method proposed by [START_REF] De Graan | Extensions to the multiple criteria analysis of T. L. Saaty[END_REF] and [START_REF] Lootsma | Performance evaluation of nonlinear optimization methods via multi-criteria decision analysis and via linear model analysis[END_REF]. Sparse PC matrices are then tolerated, which is preferable for the relative assessment of numerous products (more than eight). We have contributed to extend this LSLR PC method on several interesting aspects: qualitative comparisons can be expressed on a 7-levels Likert scale (see Figure 12: Much lower, Lower, Slightly lower, Equal, Slightly greater, Greater, Much greater), uncertainties may be expressed in the form of distributions, a consistency indicator (even parameterizable) may be computed for any comparison matrix and used to improve the decision quality. A detailed description of this PC method can be found in [START_REF] Limayem | Handling Imprecision in Pairwise Comparison -For Better Group Decisions in Weighting, in Integrated Design and Manufacturing in Mechanical Engineering[END_REF][START_REF] Limayem | Generalization of the RCGM and LSLR Pairwise Comparison Methods[END_REF][START_REF] Limayem | Selective assessment of judgemental inconsistencies in pairwise comparisons for group decision rating[END_REF]. In case of scarce comparison matrices like in Figure 12, one has to pay attention to the fact that the equation system be solved to obtain a score vector. In cases where a dashboard is compared to no-one, the system cannot be solved. This is why we have imposed the experts the following evaluation rules:

-For a given semantic criterion (e.g., space organization), choose a reference dashboard which is considered as median in term of satisfaction.

-Compare systematically all the other dashboards with the reference dashboard. It amounts to entirely fill the row and the column corresponding to the reference dashboard.

-Complete the matrix to 20 comparisons (i.e., 11 in addition) at least instead of filling the 45 possible. Of course, the user is supposed to compare the most meaningful comparisons for him/her between easily comparable dashboards.

These rules are easily understood by the experts and they have found it flexible. On the one side, the data are here in excess. This is why PC methods are known for delivering robust and precise score vectors. On the other side, PC methods automatically build here quantitative scales with no necessity to precisely define them. The PC evaluation stage is then a more sophisticated stage than the SDM stage, but the SDM stage has been useful for lowering the number of semantic attributes before. Again, a factorial analysis (PCA: Principal Component Analysis) is performed (see Figure 13).

Generation of a specification

At this stage, the lists of 11 score vectors for the 11 subjects constitute a sort of database of the perceptual evaluation of existing products of the same category.

Two solutions may exist to generate a target vector for a new design of dashboard. The first one is well known by those researchers and practitioners who use these SDM and factorial analysis approaches. It consists in locating in the factorial space (see Figure 13) a place that can be interesting to occupy for a product (relatively to other product proximity). The coordinates of a point in the factorial space are sufficient to immediately deliver the target score. But this is not a valuable solution since the target score provided is not very meaningful (the values mean nothing) to the designer to orientate his/her design and to be further used in a concept evaluation. This is why we propose a much convenient solution in the COMPARE method. It simply consists in defining the target by relative and qualitative constraints (or comparisons) with the existing dashboards under the different semantic attributes. For instance in Figure 14, the target dashboard is said to be less organized than dashboard #3 but equally organized than dashboard #9. A PC calculation is then restarted with one row and one column more for the PC matrices (see Figure 14). The target score for the "space organization" is obtained and the scores for the other existing dashboards are slightly modified. These modified scores prove that they do not have any profound meaning by themselves, the important and constant data being here the relative constraints of the target with the existing dashboards. Here the specification has been made in interviewing customers.

Evaluation of new designs

Let us imagine that once the target defined by relative comparisons with existing dashboards, two dashboard candidates be proposed by the designers (see Figure 15). The evaluation of these two candidate designs is made in several stages:

1. The two dashboard candidates are compared with the 10 existing dashboards, like for the target. I.e., two rows and two columns are added for any comparison matrix, leading to 13x13 matrices (including 10 existing dashboards, the target and the 2 new candidate designs). This is the very core of the COMPARE method.

2. A PC calculation is then restarted to obtain the final scores for the existing dashboards, but also the target and the two dashboard candidates as well.

3. The specifications must be now completed by a preference function (and corresponding thresholds) for each semantic attribute (see Table 2). The preference function Pi(.) of semantic attribute i is in charge of calculating a preference value Pi(Ti, Dij) (between 0 and 1) function of the target score Ti and the current score value Dij of the candidate design #j. One provides three types of such preference functions here (see Figure 16). These preference functions are classical for outranking methods like PROMETHEE (see [START_REF] Brans | How to select and how to rank projects: The PROMETHEE method for MCDM[END_REF] for instance).

4. Lastly, the specifications must be completed by a weight vector wi associated to the semantic attributes (see Table 2) because they are more or less important. Naturally, a last pairwise comparison is made between the 11 semantic attributes. This PC is based on customer interviews.

5. An AHP (Analytical Hierarchy Process) process is started with the calculation of preference vectors for all the dashboards (existing and candidates). Next, these preferences are normalized under each semantic attribute (i.e., only 1 point is dispatched over the normalized preferences of a semantic attribute). These two operations may be summarized by the following formula:

       N j ij i i ij i i ij D T P D T P p 1 , / ,
(1) 6. The final grade attributed to any dashboard j (existing and candidate) is given by the following formula:

   R i ij i p w j grade 1 . ) ( (2) 
R being the number of semantic attributes. A rank is finally established between the existing and candidate dashboards. 

Concluding remarks

The COMPARE method has been presented for defining a target specification and evaluating new candidate designs by merely comparing in a qualitative manner the designs under each semantic attribute. This method has turned out to be very easy, convenient and flexible to use. It has been proved on a practical example of the The COMPARE method for easy and fast specification and design selection 17 perceptual evaluation of 10 car dashboards belonging to the same marketing segment. The COMPARE method relies on a Pairwise Comparison method which has been already validated by the scientific community (see [START_REF] Limayem | Handling Imprecision in Pairwise Comparison -For Better Group Decisions in Weighting, in Integrated Design and Manufacturing in Mechanical Engineering[END_REF][START_REF] Limayem | Generalization of the RCGM and LSLR Pairwise Comparison Methods[END_REF][START_REF] Limayem | Selective assessment of judgemental inconsistencies in pairwise comparisons for group decision rating[END_REF]).

The perceptual evaluation process that is thoroughly explained herein has also been used to propose an original method for synthesizing tendencies on design parameters starting from expected levels of semantic attributes (see [START_REF] Ahmed | Kansei Engineering of Car Dashbaords via a Bayesian Network[END_REF]).
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 1 Figure 1: COMPARE framework for collecting data and locating the tasks of specification of a new product and evaluation of candidate designs within the design process.
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 2 Figure 2: The decision context is defined by target client profiles (left, in French as presented to the subjects) and a purchasing situation (right). Both graphical panels have been presented to the subjects.
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 45 Figure 4: The deductive process to determine the semantic attributes corresponding to objective service functions
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 67 Figure 6: The geometrical configuration of the evaluation workshop
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Table 1 :

 1 Example of a MDS evaluation

	group # Dashboard numbers	Keywords
	1	4, 6	Mix of colors
	2	1, 7, 10	Few oval shapes
	3	5, 8	Simple and nice
	4	2, 3, 9	Central part too heavy

Table 2 :

 2 Specification data in COMPARE

	Semantic attributes Target	Weight	Preference	Specification	Specification
	score Ti	wi	function	threshold x%	threshold y%
			type		
	Space organization	12%	1	30%	
	Comprehensibility	10%	2		30%
	Aerator layout	5%	1	30%	
	Arrangement space	15%	3	15%	15%
	Comfort	8%	2		30%
	Simplicity	6%	1	30%	
	Sportiveness	5%	3	15%	15%
	Masculinity	4%	2		30%
	Quality	11%	2		30%
	Novelty	14%	3	15%	15%
	Harmony	10%	1	30%	

Figure 16: Preference function types in COMPARE