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Abstract 

Over the last few decades, several usability knowledge-based systems have been developed to provide user interface designers with usability knowledge (e.g., heuristics, usability guidelines, standards). Such systems are intended to assist designers during the design process, and to improve the usability of the user interface being designed. However, the assumption that such systems actually improve the usability of the resulting user interface remains to be demonstrated: virtually no systems have been empirically tested by designers who create products. In order to confirm this assumption, we conducted an experimental study in which professional web designers had to create web pages either using a knowledge-based system - MetroWeb - or without it. This study was intended to determine the influence of MetroWeb on the professional web designers’ cognitive activity, and to find out whether MetroWeb actually assists them to develop a user-centered design. The results show that the web designers did not very often use MetroWeb while designing web pages, however, rather surprisingly, the designers who did use MetroWeb more often exhibited a user-centered activity than those working without MetroWeb. We conclude this paper by discussing these findings, and suggesting future possible ways of research intended to assist designers to adopt a user-centered approach to their activity.
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1 Introduction
Design is usually defined as a complex creative activity that involves bringing into being something new and useful (Jones 1981, Gero 1990). To make a useful product (regardless of  the nature of the product: software, web site, architectural plan, …), designers must adopt a user-centered approach to design (Norman and Draper 1986), i.e. they must consider what future users need from the product they are designing. However users and designers often have differing knowledge of the product, which makes it  very difficult for designers to consider users’ needs while they are designing; this observation led Norman (1986) to distinguish the “design model” from the “user’s model”, and to point out that both these models must contribute to  product development.

In order to support and assist the activity of designers, several knowledge-based systems have been developed in recent decades, but few of them have actually been tested by designers while they were being developed (apart from a few studies, such as Guerlain et al. 1994 or Bonnardel and Summer 1996). Such studies have shown that designers who used knowledge-based systems performed better than individuals who did not use such systems (see, e.g., Guerlain et al. 1994, Fu et al.1997, Guerlain et al. 1999). Nevertheless, even though such systems are intended both to assist the designers’ in their decision-making activities, and to increase the quality of the product, designers often do not use them because they think that they are too difficult to use (see, e.g., Löwgren and Laurén 1993). This means that it appears to be necessary to investigate exactly how they influence designers’ cognitive activities, and to find out whether knowledge-based systems can concretely help designers increase both their efficiency, and the quality of their products, especially with regard to users’ needs. 

To achieve this, we conducted an experimental study intended to compare professional web designers using the MetroWeb knowledge-based system with others who were not. We chose the field of web site design, because web sites are still considered difficult to use (see, e.g., Mc Crickard 2001, Teo et al. 2003, Bhatt 2004, Ling and van Schaik 2006), despite the large number of usability guidelines available (Mariage et al. 2005b).  The usability of web sites is a very important aspect of their quality (Shneiderman 2000, Trewin et al. 2004), and assisting web designers to develop a user-centered activity is a very important challenge in Human-Computer Interaction (HCI) research.

Although the vast majority of web designers do consider usability to be an important quality factor in their work, they do not really know how to integrate this into creating web sites (Mariage et al. 2005a), and they often experience difficulties incorporating usability aspects, such as usability criteria and guidelines, into their designs (Feyen et al. 2000, Chevalier and Ivory 2003a 2003b) because:

· They are often presented in a way that is not suitable for designers, which makes them difficult for designers to interpret and implement (Tetzlaff and Schwartz 1991). For instance, de Souza and Bevan (1990) showed that interface designers have trouble interpreting over 90% of the general guidelines. Moreover, the relevant assessment methods and tools are generally unknown to web designers (Polson et al. 1992, Löwgren and Laurén 1993, Rouse and Boff 1998, Vicente et al. 1998, Hornbæk and Frøkjær 2005, Mariage et al. 2005b). 

· The large number of guidelines (e.g., 944  listed by Smith and Mosier 1986), and the fact that they are still provided in paper copy form also prevents their general use (de Souza and Bevan 1990). 

· Many guidelines arise from a variety of different disciplines, and this makes them hard to reconcile and integrate effectively in a design case study (Vanderdonckt 1999).

To address these shortcomings, MetroWeb provides access to knowledge-based usability guidelines with precise usability guidelines that are appropriate for the purposes of web design. Unlike critiquing systems that provide users with automatic criticisms (passive versus active critiquing mode; see Silverman 1992), in MetroWeb the designer can consult the knowledge base of the system whenever s/he requires to do so. This leads us to surmise that MetroWeb may either have a positive impact on the designers’ cognitive activities, as well as helping designers to develop a user-centered approach to designing web sites, or on the contrary, may impair or even disrupt web designers’ activity. Before describing our study (Section 4), we provide an overview of the specificities of web designing (Section 2), and the functionalities of MetroWeb (Section 3). The study results are discussed in Section 5. We conclude this article by discussing the implications for web designers and for future studies (Section 6).

2 From the general characteristics of design activities to the specificities of web site design 

2.1 Design activity

From the ergonomic and cognitive psychology viewpoint, the process of designing is viewed as a very complex problem-solving activity. Indeed, the following problems are associated with design:

· It is an open-ended task, since there are several possible solutions rather than a single solution to each problem (Simon 1973).

· It is an iterative task, because several attempts may be required to obtain a reasonably usable user interface (Norman 1986, Sumner et al. 1997).

· It is ill-defined, because designers are never provided with complete specifications at the beginning of the assignment (Eastman 1969, Simon 1973, Simon 1995). This means that designers have, at least initially, only an incomplete and imprecise mental representation of the goals and specifications of the design they are working on. It is only through the problem-solving process itself that the designers can complete their mental representations by choosing design options. 

Several attempts have been made to describe the design process. For instance, based on empirical studies with designers, Akin and Lin (1995) divided an experienced engineering designer’s activity into three modes: drawing, examining and thinking. Roozenburg and Eekels (1995) described the design process more precisely by establishing a basic design cycle made up of the following activities: analysis, synthesis, simulation, evaluation and decision-making. Pahl and Beitz (1996) set out a general problem-solving process for design that takes into account four phases: statement of the problem, conceptual design, preliminary design and detailed design. In each phase, basic design activities (defined above) are carried out, and the design becomes progressively more clearly defined. According to Roozenburg and Eekels (1995), and to Pahl and Beitz (1996), the evaluation process is central to the progress of the design activity, because each successive evaluation step steers the activity of designing. 

Consequently, design activities have been described as being based on an iterative dialectic between problem framing and problem solving (Schön 1983, Simon 1995, Cross 1999, Kruger and Cross 2006). For instance, Dorst and Cross (2001) reported examples of co-evolution in which experienced industrial designers formulated a partial structure of the problem space, and then transferred that partial structure into the solution space. Designers develop the problem and solution simultaneously, and the evaluation process plays a central role. 

Along the same lines, in HCI, several models have been developed in which the stages are iterative. Among them, the Star model (Hix and Hartson 1993, Hix 1995) is a very interesting way to describe the web site design activity (see Figure 1). This model situates evaluation at the very centre of the entire development cycle, showing possible iterations between each stage. This model does not impose any order for performing the stages of the process, although in practice the development (or implemental) activities occur at the end of the cycle. While this flexibility may provide the designers with freedom, it does not provide them with any practical guidance about how to proceed between these stages.
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Figure 1. Star model (Hix 1995).
Based on these models and assumptions, and on previous experiments conducted in the field of web design (see Chevalier and Ivory 2003a, Chevalier and Vuillemin-Gioarà 2006, Chevalier and Cegarra 2006), we have developed a general model of web design activity, in which evaluation is a central process, especially the evaluation of constraints (Bonnardel and Summer 1996). More precisely, we divided the web design process into three main activities (see Figure 2): 

· Analysis of what already exists and of what is needed: in which the designer analyzes the schedule of conditions (i.e. the instructions), the documents provided by the client, existing web sites in the same field, and processes involved in the  interpretation of information and the storage in the memory of the information interpreted. An analysis of the needs and of what already exists is the first step towards structuring the problem (Goel and Pirolli 1992) and reflects the planning process.

· Paper prototyping in which the design defines the structure and the main content of the web pages. This activity combines problem structuring and problem solving (in line with Goel and Pirolli 1992).

· Implementation in which the designer develops the site in HTML. This activity corresponds to problem solving, but also may lead designers to notice problems in the paper prototype and so to modify them – and this corresponds to problem structuring (also in line with Goel and Pirolli 1992).

These three activities are not sequential, but iterative, i.e. they occur throughout the design process, as shown in Figure 2. The evaluation process is at the center of the design process, since it occurs at each stage, and it is often based on constraints (Bonnardel and Summer 1996).
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Figure 2. The three main high-order activities involved in web design process. Evaluation occurs throughout the design process
2.2 The role of constraints in web design

As we have already pointed out (see §2.1), at the beginning of their activity, designers have only an incomplete and imprecise mental representation of the problem to be solved. To complete their mental representations, and to develop a design solution, various cognitive processes are involved, such as analogical reasoning (see, e.g., Guindon 1990, Kolodner 1997, Ockerman and Mitchell 1999, Kim and Yoon 2005) and the management of constraints. Indeed, previous studies have shown that designers need to define new constraints progressively (see, e.g., Simon 1973 1995, Bonnardel 2000, Chevalier and Ivory 2003a) in order to satisfy various objectives (Chevalier and Cegarra 2006). Given that several design solutions are acceptable, designers may consider various constraints and may attribute different weightings to them. Janssen et al. (1989) distinguished validity constraints from preference constraints. Validity constraints correspond to requirements that affect the validity of the product to be designed. They are unavoidable and designers are forced to comply with them, whereas they may "get around to" preference constraints, if necessary.

In the field of web site design, studies have shown that there are at least two kinds of web designers (see Chevalier and Ivory 2003a, Chevalier and Bonnardel in press): web designers working in large companies, who can collaborate with many specialists, such as graphic designers, user interface designers, etc., and web designers working in smaller companies, who very often create web sites alone, and therefore have to develop skills in all these different areas. For the latter category of designer, although web site design may at first seem to be an isolated activity, at least two other participants are actually required for creating web sites. As in software design (see, e.g., Dix et al. 1993), we consider that the following stakeholders are also inevitably involved: 

· The designer's client, who owns the web site and is paying for its development. This stakeholder negotiates the features of the intended web site with the designer, although s/he is not the future user.

· The site's future users (or end-users), i.e. the future customers of the web site owner.

However, one or both of these stakeholders may not be present throughout the design process, so designers have to anticipate their expectations in individual design situations, especially the needs of the users. The  fact that designers take the potential and/or real needs of these stakeholders into consideration is reflected by their compliance with various constraints during the design process (Chevalier and Ivory 2003a, Chevalier and Cegarra 2006). In web design in particular two main kinds of constraints can be distinguished (Chevalier and Ivory 2003a): 

· Client-oriented constraints are explicitly prescribed or inferred from interactions between designers and their current or previous clients. These  constraints can be assigned to four categories: site originality constraints, branding usage constraints, sales improvement constraints, and site structure and content constraints.
· User-oriented constraints are inferred by designers from their experiences as web site designers and users. Such constraints may address aspects of general interest for users (e.g., esthetics), or aspects related to web site usability (e.g., ease of navigation). We refer to the latter class of constraints as usability constraints
. Usability constraints are categorized with regard to the usability criteria and recommendations defined by Scapin et al. (2000) and Nielsen (2000 2002), such as guidance or consistency criteria. 

In the present study, we focus mainly on user-oriented constraints, and especially on usability constraints, since these latter constraints contribute to the design of web sites fit to users’ needs, and they constitute the knowledge base of MetroWeb.

3 MetroWeb: a tool for helping web designers create sites that are easier to use

Under the broad term of “knowledge-based systems”, we include a wide spectrum of tools that could provide designers with guidance and assistance during their design activity. This assistance can take many forms, one of the most typical being on-line access to usability guidelines. For this purpose, different types of systems have been developed: hypertext (to support the guidelines provided by Smith and Mosier 1986), hypermedia (such as Sierra described in Vanderdonckt 1995), automated evaluation tools (e.g., KRI/AG used in Löwgren and Lauren 1993), critiquing systems (Silverman 1992), guideline checkers (e.g., Sherlock, described in Grammenos et al. 1998), or case-based reasoning systems (such as Guide described in Henninger 2001). These systems suffer from a series of shortcomings (Vanderdonckt 1999). For instance, guidelines are generally poorly documented, and the links between them remain very general, so that it is difficult to ask questions such as “what guidelines do I need for this interactive task?”, “what guidelines should I follow to ensure that a novice user can use my web page?” ; or, the incorporation of  guidelines in the system may not be accompanied by any particular method of evaluation, which is strange given there are numerous evaluation methods, such as heuristic evaluation (Nielsen 1993), cognitive walkthroughs (Blackmon et al. 2005), and ergonomic criteria (Scapin and Bastien 1997). For example, Blackmon et al. (2005) demonstrated that when usability guidelines are appropriately integrated in cognitive walkthroughs, they do indeed have the capacity to accelerate and improve the process of identifying usability violations and correcting them.

Many methods for evaluating web site usability are proposed, and they may or may not involve web users (for reviews, see John and Marks 1997, Ivory and Hearst 2001, Hornbaek 2006). These methods are generally used by individuals specialized in the human aspect of web design, and they are usually applied at the end of the design process (Dix et al. 1993, Burmester et al. 2002, Mariage and Vanderdonckt 2003). The fact that this evaluation is only carried out at the end of the design process, and is undertaken by individuals who are not web designers may lead to difficulties: corrections at the end of the design process are expensive, they have to be clearly explained to designers, and in certain cases, the design problems may be too deeply embedded to be modified (Dix et al. 1993, May and Barnard 1995). In order to integrate continuous evaluation by web designers throughout the design process, MetroWeb is intended to assist both the design and the evaluation processes (Mariage and Vanderdonckt 2003, Mariage 2005). 

For the evaluation process, MetroWeb is specifically intended to provide the heuristic inspection
 that can be used by the designer throughout her/his design activity. Despite the subjective aspect of this evaluation method, many errors can be detected, with a high cost-benefit ratio (Nielsen et al. 1994). But, tools able to do this are still in short supply and under-exploited (Ivory 2001). The central concept of the MetroWeb framework is therefore the usability guidelines, which consist of advice for user-interface designers (Smith and Mosier 1986, Löwgren and Laurén 1993).

The MetroWeb knowledge-based system differs from existing knowledge-based systems in the following respects: it manages multiple guideline bases simultaneously; these guidelines are highly detailed and structured according to a common classification scheme (as recommended by Bastien and Scapin, 1997), guidelines may either be modifiable at any time or kept unchanged (if they are based on a standard, for instance), they can be linked via a typology of semantic links, the software itself has a multi-platform capacity to avoid any platform- or standard-specific restriction, positive and negative examples of guidelines applications can be added, and an explicit link to the methodological aspects can be defined. In addition, several languages can be used (in this case, mainly English and French).

The guideline base used by MetroWeb in our study has deliberately been kept small in contrast to the large number of guidelines available (Thovtrup and Nielsen 1991): 40 rules linked to 11 examples (see Figure 3), from four different sources (Scapin et al. 2000, Nielsen 2000, Nielsen 2002, Nogier 2003). 

Different views of MetroWeb are proposed to the user, corresponding to her/his task (list of guidelines, detailed guidelines, detailed resources, etc.). The user (i.e. the designer or the evaluator) can switch between views by a single-click throughout the design process. The complete view presents the guidelines plus resources hierarchy, details, and links on the same screen, thus providing the end-user with a complete overview of a guideline, and the context in which a particular guideline could be applied (Figure 3). The concepts related to the guidelines, except the interface and object types, are implemented. This leaves the user free to navigate using a faceted navigation system, such as by criteria (e.g. what guidelines are related to this ergonomic criterion?), by task (what are the guidelines for a search task?), by user (what guidelines do I need to ensure accessibility for this type of user?), by order (in which order should I consider the guidelines?), etc. Each guideline in MetroWeb could be described in terms of the following aspects: the short title, the detailed statement, the development phase in which it is involved, the model(s) related to this guideline (e.g., for presentation, for navigation, for the task), for what type of context it is valid, what bibliographical references provide the empirical evidence of the guideline, in which evaluation method or step it is involved, the usability criteria (as defined by Scapin and Bastien 1997), the linguistic level (as defined by Nielsen 1993), the position in the table of contents, positive and negative examples of application, how to interpret the guidelines in certain contexts, the evidence level, additional properties, what type of user it is appropriate for, and a series of links between guidelines (such as ‘related to’, ‘is complementary to’, ‘is prior to’, ‘is contradictory with’, ‘should be considered with’). In addition, guidelines are contextualized in order to provide complete information about how to apply them in a web development cycle. The knowledge-base of MetroWeb is dynamic: The record of ergonomic violations, as well as information linked to these violations, can be adjusted by the person doing the evaluation (in our study: the designer). The traceability of these violations is proposed in order to monitor their evolution.
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	Part 1 is dedicated to the hierarchy of guidelines (one base consists of a hierarchy of sections and subsections), part 2 shows the resources hierarchy (example, references, etc.), part 3 edits the guideline information (title, comment, exception, etc.), part 4 edits the resource information (name of the author, date, etc.), part 5 links guidelines to resources (reference, evaluation method, etc.), and part 6 links resources to guidelines.


Figure 3. The complete view and description of MetroWeb 2.0.
(source: Mariage et al. 2005a)
4 Experimental study

4.1 Research problem, hypotheses and objectives

Studies have shown that designers try to understand users' needs and take them into consideration, but that they experience severe difficulties (see, e.g., Card et al. 1983, Olson and Olson 2003). Dix et al. (1993) underlined the fact that iterative design practices tend to incorporate crucial customer feedback early in the design process and so can inform critical decisions that affect usability. In web design, the needs of the “customer” reflect both the client’s needs and the web user’s needs. In real situations during the design process, the designer may occasionally interact with the client, but almost never with users, although it is essential to construct a coherent representation of users’ needs (Dix et al. 1993, Gulliksen and Lantz 2002, Chevalier and Ivory 2003a). This makes it very difficult for a web designer to take users’ needs into account effectively. Indeed, previous studies have shown that web designers did articulate constraints linked to users (user-oriented constraints), in particular constraints linked to product usability. However, web designers did not implement all these constraints, notably usability constraints
, in the web sites they created (Chevalier and Ivory 2003a, Chevalier and Vuillemin-Gioarà 2006).

Several hypotheses have attempted to explain why web designers articulated usability constraints, but did not apply these constraints to their web sites. We first hypothesized that designers did not manage to evaluate the web sites they produced, and this meant that they did not identify the usability errors of their web sites. We tested this hypothesis in a second study, in which web designers had to evaluate a web site with usability violations introduced by designers in Chevalier and Ivory’s study (2003a), that had been developed by another designer. The results showed that very few usability violations were identified by designers: regardless of the task to be performed (designing versus evaluating a web site), web designers had real difficulty in grasping users’ needs (Chevalier and Bonnardel in press). 

Secondly, we interpreted these results in terms of the status given to user-oriented constraints. Indeed, web designers seem to consider user-oriented constraints as preference constraints and client-oriented constraints as validity constraints (in line with Janssen et al. 1989). Designers managed to consider user-oriented constraints as validity constraints only when these constraints were prescribed in the schedule of conditions, because in this case they might have been provided by the client – and indirectly these constraints might reflect the client’s expectations (Chevalier and Vuillemin-Gioarà 2006).

Thirdly, in addition to the status attributed to user-oriented constraints, we argue that web designers have only very vague and limited grasp of web usability, and that this encourages them to focus on client-oriented constraints (these constraints may be easier to consider than user-oriented constraints). Indeed, web designers have become expert web users through practice, so some of the constraints linked to web site navigation have become automatic and self-evident to these expert users (Chevalier and Kicka 2006). As a result, these usability aspects do not bother them, and so they fail to taken them into consideration when creating web sites. This means that their understanding of whether a web site is easy to use can be considered to be superficial and intuitive. Indeed, qualitative analyses of web designers’ verbal protocols showed that most of the usability constraints that they articulated were too abstract or too general to be implemented in web sites. For instance, one web designer said "the web page must not be too long", which is different from "the web page must be viewable on low resolution screen (800 x 600 pixels)" (extract from Chevalier and Ivory 2003a). In this case, what exactly does the expression "not too long" mean for designers? It is possible that designers have a very vague idea about this usability guideline, and so they are not able to implement these constraints in their web sites.

In the MetroWeb knowledge base, the usability guidelines are illustrated by both very precise usability criteria and by guidelines. As a result, this tool should help to improve designers’ usability knowledge as well as enabling them to consider new usability constraints.

Moreover, MetroWeb does not intervene during the design process, for instance, by alerting the designer and/or by cooperative designing of web sites (one of the possible functionalities of a critiquing system, see e.g. Fischer et al. 1991, Silverman 1992, Guerlain et al. 1999). On the contrary, designers can consult the knowledge base of MetroWeb when they need to do so for their design activity. A system in which the user is free to consult the knowledge base, is less likely to generate a negative human-machine interaction than an automated system (Guerlain et al. 1994). Accordingly, MetroWeb will not hinder the designer, and so it will not interfere with his/her work. The designer does not have to collaborate with the system, s/he can simply consult if the need arises during the design process. 

To summarize, three hypotheses are proposed:

Hypothesis 1: Influence of MetroWeb on designers’ activities

Precise usability recommendations should contribute to and support the development of a solution, thus we hypothesize that MetroWeb should encourage designers to allocate more time to implementing web pages than to other activities (these activities were described in detail in §2.1).

Hypothesis 2: Status assigned to user-oriented constraints

If web designers really consider user-oriented constraints as preference constraints, regardless of their origin, MetroWeb would not help designers since they should allocate preference status to usability constraints on the basis of the knowledge base of MetroWeb. Accordingly, all designers should give more consideration to client-oriented constraints than user-oriented constraints (constraints that are articulated and complied with). Consequently, all designers tend to introduce numerous usability violations in their web pages, as we found in our previous studies.

Hypothesis 3: Lack of knowledge about users’ needs 

If designers really experience difficulties creating web sites that meet users’ needs, because of their lack of usability knowledge and their use of automatic procedures in web navigation, MetroWeb would help designers in recalling aspects linked to users’ needs. Designers using MetroWeb should therefore consider user-oriented constraints to a greater extent than those who did not use MetroWeb (articulated constraints as well as those that were complied with), and thus they would be expected to develop web pages with fewer usability violations than the designers who did not use MetroWeb.

Accordingly, this study sets out to determine the influence of MetroWeb: (1) while designers are using MetroWeb (for evaluating versus generating solutions); (2) on designers’ activities in terms of the three activities shown in Figure 2 (see §2.1); (3) the consideration of user-oriented constraints (versus client-oriented constraints); (4) the proportion of usability constraints taken from MetroWeb; (5) the compliance of the two web pages with the articulated constraints; (6) the usability quality of web pages created by designers. 

4.2 Participants and experimental design task

Eight professional web designers (all of them male) took part in this study. They had a mean age of 30.6 years (SD = 3.9), and they had been working in small companies for about four years. They were specialized in the development of e-commerce sites. They came from a variety of university backgrounds, such as computer sciences, arts, design. They had been involved in developing an average of 18 web sites. They navigate the Web for several hours per day for work and pleasure. The experimental task lasted about two hours, it was an individual task and involved two successive stages:

Stage 1: The designer had to answer a questionnaire intended to determine her/his level of expertise in web site design and Internet use. 

Stage 2: All the web designers were instructed to create two web pages for presenting to a seller of bathrooms (the homepage and another of their own choice to present a category of the client’s products). They had about an hour and a half to complete this stage. They were divided into the two following groups: 

1. Four designers had to create these two web pages using MetroWeb (experimental group). In this case, the investigator explained how MetroWeb works to the designers. After these explanations, the designers were given a short time to familiarize themselves with handling MetroWeb (a few minutes).

2. Four designers had to create two web pages without using MetroWeb (control group).

The designers created web pages based on the assigned instructions and conditions (see Appendix A), and we provided them with supporting paper and electronic documents (e.g., photographs of the client’s store and products, contact information for the store, etc.). All of the designers used an authoring tool, such as Macromedia Dreamweaver® or Adobe GoLive®, to create the web pages. While designing their two web pages, designers had to think aloud. Researchers often use this technique to study cognitive processes in design activities (e.g., Ericsson and Simon 1993, Gero and McNeill 1998, Dorst and Cross 2001, Kruger and Cross 2006).In this study, this method made it possible to identify the number and nature of the constraints that the designers articulated, as well as the progress of the design process.

At the end of the experiment, the designers who had used MetroWeb were required to answer a questionnaire about how useful MetroWeb had been, in terms of usability and effectiveness.
4.3 Data analyses

The designers’ verbal protocols were recorded, and then transcribed verbatim for analysis. Two different individuals analyzed the transcribed protocols so as to derive reproducible data. We analyzed the verbal protocols according to the typology of constraints presented in §2.2 - client-oriented constraints and user-oriented constraints- and the time allocated to the three activities involved in web design (described in §2.1). To find out whether the designers’ articulated constraints were linked to the client or to the users, two analysts categorized the constraints articulated by the designers (for examples, see Appendix B).

During this analysis phase, we counted every constraint articulated by at least one designer. For the final stage of the analysis – to find out whether designers had effectively complied with the articulated constraints in their web pages – the same two analysts examined the web pages created by the designers. The analysts looked particularly at each web page, and noted whether the designer had implemented their articulated constraints in the pages. In some cases, the constraints articulated were too vague or could not be assessed (e.g. whether the pages would improve sales); such constraints were not taken into consideration during the final analysis phase.

4.4 Results

The results are presented in the following order: when the designers used MetroWeb (for evaluating versus generating solution(s)), and the impact of MetroWeb on the designers’ activities (see §4.4.1), the articulation of constraints (by comparing client-oriented and user-oriented constraints; see §4.4.2), the compliance in the two web pages with the articulated constraints (see §4.4.3), the usability quality of web pages created by designers (see §4.4.4) and the subjective evaluation of MetroWeb (see §4.4.5).
4.4.1 Impact of MetroWeb on the design process
Surprisingly, only three out of the four designers provided with MetroWeb actually used it during the study. The data of the fourth designer are not included in the results that follow. Of the three designers who did use MetroWeb, two used MetroWeb for evaluating solution(s) at the end of the design process, and the other designer used it during the generation of solution(s) (see Figure 4). Only one of the two designers who used MetroWeb for evaluating their productions made a modification to correct a usability violation (this concerned the length of the text) in his web page. 
Contrary to hypothesis 1, the results showed that using MetroWeb had no significant effect on the time allocated by the designers to the three activities (see Table 1). On the other hand, the designers did not allocate equal lengths of time to the three activities: regardless of whether they were using MetroWeb or not, all of the designers allocated more time to the implementation than to the analysis of what already exists and of what is needed (p<0.0002), and than to the paper story-boarding (p<0.002), but no significant difference appeared between the analysis of what already exists and of what is needed and the paper story-boarding (p>0.1).
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Figure 4. Phases during which designers used MetroWeb

Table 1. Mean percentage (and standard error of the mean) of the time allocated by the designers to three phases during the design process. Total time: one hour and a half. Bold entries indicate significant differences.
	Design activities
	Condition
	Significance

	
	With MetroWeb
	Without MetroWeb
	

	Analysis of what already exists and of what is needed
	15.17 (3.89)
	10.14 (1.78)
	F(1,5)=1.676; p>0.1

	Paper prototyping
	12.3 (4.59)
	15.22 (7.27)
	F(1,5)=0.096; p>0.1

	Implementation


	72.53 (2.49)
	74.63 (8.07)
	F(1,5)=0.047; p>0.1

	Significance
	F(2,2)=54.27; p<0.002
	F(2,3)=21.204; p<0.002
	


4.4.2 Designers’ articulation of constraints

The designers who used MetroWeb did not articulate significantly more constraints than those who did not use MetroWeb (p>0.1): mean values, 52.34 (SEM=2.33) and 46.75 (SEM=2.96) respectively. The remainder of this section provides further analysis of articulated constraints, specifically on their associations with client's or users’ needs. 

In accordance with Hypothesis 3 (and contrary to Hypothesis 2), the designers who used MetroWeb articulated significantly more user-oriented constraints than those who did not use MetroWeb (see Table 2). Conversely, the designers without MetroWeb articulated significantly more client-oriented constraints than the designers who used MetroWeb (see Table 2). We also noticed that the designers who used MetroWeb articulated significantly more user-oriented constraints than client-oriented constraints, whereas those without MetroWeb articulated more client-oriented constraints than user-oriented constraints; there was a significant interaction effect (F(1,5)=46.24; p<0.001; see Table 2).

Table 2. Mean number (and standard error of the mean) of client-oriented and user-oriented constraints articulated by the designers. Bold entries indicate significant differences.

	Constraints
	Condition
	Significance

	
	With MetroWeb
	Without MetroWeb
	

	Client-oriented constraints
	17.67

(1.33)
	28.75

(1.79)
	F(1,5)=21.307; p<0.006

	User-oriented constraints
	34.67

(3.48)
	18

(2.45)
	F(1,5)=26.261; p<0.004

	Significance
	F(1,3)=19.837; p<0.05
	F(1,3)=158.486; p<0.002
	


As indicated, we focused specifically on the user-oriented constraints that designers were able to articulate and effectively take into consideration in their web pages.

Designers’ articulation of user-oriented constraints

User-oriented constraints articulated by designers were divided into two groups (as indicated in §2): constraints related to the site's general interest and usability constraints.

On the one hand, no significant difference appeared between designers who used MetroWeb and those who did not with regard to the number of  general interest constraints of the site. On the other hand, the designers who used MetroWeb articulated significantly more usability constraints than those who did not MetroWeb (see Table 3).
Table 3. Mean number (and standard error of the mean) of constraints related to the general interest and usability of the site articulated by the designers. Bold entries indicate significant differences.

	Constraints
	Condition
	Significance

	
	With MetroWeb
	Without MetroWeb
	

	Site’s general interest constraints
	10.67 (2.96)
	7 (0.71)
	F(1,5)=1.964; p>0.1

	Usability constraints
	24 (5.68)
	11 (1)
	F(1,5)=8.155; p<0.05


Designers’ articulation of usability constraints taken from MetroWeb
Among the usability constraints that professional designers articulated, surprisingly only two usability constraints were taken from MetroWeb by designer 2 ,who used it whilst generating a solution, and only one by designer 3, who used MetroWeb to modify a violation on his page. Moreover, designer 1, at the end of his design activity, evaluated the knowledge base of MetroWeb, but did not evaluate his work with respect to MetroWeb.

4.4.3 Designers’ compliance with articulated constraints

It should be noted that some of the constraints articulated by designers were not precise enough to be implemented, or to be discerned in their web pages. These constraints are not taken into account in the following results. The designers with MetroWeb complied with significantly more user-oriented constraints than those who worked without MetroWeb, while there is no significant difference for client-oriented constraints (see Table 4). In addition, the designers who worked without MetroWeb complied with significantly more client-oriented constraints than user-oriented constraints, while no corresponding significant difference appeared for the designers who used MetroWeb (see Table 4).

Table 4. Mean percentage (and standard error) of articulated client- and user-oriented constraints that designers complied with in their web pages. Bold entries indicate significant differences.

	Constraints
	Condition
	Significance

	
	With MetroWeb
	Without MetroWeb
	

	Client-oriented constraints
	93 (4.04)
	83.5 (4.63)
	F(1,5)=2.179; p>0.1

	User-oriented constraints
	84.55 (3.66)
	59.99 (4.57)
	F(1,5)=15.613; p<0.02

	Significance
	F(1,3)=2.162; p>0.1
	F(1,3)=51.959; p<0.006
	


More precisely, with regard to the user-oriented constraints that designers complied with in their web pages, the results showed that a important proportion of articulated usability constraints (63.54—89.37%) were complied with in designers’ web pages (see Table 5). In addition to the usability constraints, designers articulated 31 different non-usability constraints (i.e. constraints concerning the site’s general interest). Some of these constraints were not precise enough to be implemented or to be discerned in their web pages (e.g., “the homepage must have very nice colors”); these have not been taken into consideration in the following results. The results also showed that a high proportion of the site’s general interest constraints (50—75%) were complied with in the designers’ web pages. More precisely, using MetroWeb had no significant effect on compliance with the site’s general interest constraints in the designers’ web pages. On the other hand, the designers who used MetroWeb complied with significantly more articulated usability constraints than those who did not use MetroWeb (see Table 5).
Table 5. Mean percentage (and standard error of the mean) of constraints related to the site’s general interest and the ergonomic constraints that designers complied with. Each percentage reflects the ratio of constraints complied with to those articulated. Bold entries indicate significant differences.

Note: As previously, articulated constraints that were too vague or could not be implemented are not included in the table
	Constraints
	Condition
	Significance

	
	With MetroWeb
	Without MetroWeb
	

	Site’s general interest constraints
	75 (14.43)
	50 (6.8)
	F(1,5)=2.968; p>0.1

	Usability constraints
	89.37 (1.89)
	63.54 (5.2)
	F(1,5)=16.481; p<0.01

	
	F(1,2)=0.776; p>0.1
	F(1,3)=2.966; p>0.1
	


4.4.4 Usability of the designers’ web pages

Two analysts used the usability criteria defined by Nielsen (2000 2002) and Scapin et al. (2000) to examine the designers’ web pages in order to assess their usability quality by determining the number of constraint violations in their web sites. In accordance with hypothesis 3, we found that the designers who used MetroWeb introduced significantly fewer usability violations than those who did not use MetroWeb: a mean of 8.67 usability violations for the web pages created by designers using MetroWeb versus a mean of 14.5 for the other designers (t(6)=-2.646; p<0.05; see Figure 5).
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Figure 5. Mean number (and standard error of the mean) of usability violations identified in designers' web pages

4.4.5 Subjective evaluation of MetroWeb by the designers

At the end of the experiment, the designers who had used MetroWeb answered a questionnaire about the usability and usefulness of MetroWeb. The usefulness of MetroWeb was divided into two aspects: how usefulness MetroWeb was for the current design task (here, designing a homepage plus another page to present a seller of bathrooms), and how usefulness it was for designing tasks more generally (see Table 6). We compared the grades assigned by the designers to grade 4, which was the median grade and therefore reflected a neutral position.  Given that one out of the four designers who was provided with MetroWeb did not in fact use this tool while designing his site, we compared only the data for the three who did use MetroWeb while designing. Table 6 shows that the designers described MetroWeb as being easy to use, but the analyses do not show that they found it usefulness while designing web sites, either for the current design task being performed or in a more general way.  
	Usability aspects

Post-test questions on a 7-point scale
Note: the easier the participant found MetroWeb to use, the closer to 7 the score.
	Average rating (N = 3) and standard error of the mean

	1. Easy to use 
	1.33* (0.33)

	2. Satisfying 
	4.33 (1.66)

	3. Stimulating 
	5.33 (0.88)

	4. Quick 
	6.66* (0.33)

	5. Designed for all users
	6.33* (0.66)

	6. Easy to read
	6* (0.57)

	7. Information is clearly organized
	6* (0.57)

	8. Information is easy to understand
	7*** (0)

	9. The interface is friendly
	4 (0.57)

	Mean for the usability aspects


	5.33* (0.26)

	Usefulness aspects for the current design task to be performed

Post-test questions on a 7-point scale

Note: the more useful the participant found MetroWeb to use, the closer to 7 the score
	

	
	

	1. The guidelines helped me to develop an ergonomic web site
	4.33 (0.33)

	2. The bibliographic references encouraged me to use the guidelines
	4.33 (0.33)

	3. I have learned a lot about the ergonomics of web sites by using the tool
	4.33 (1.76)

	4. The use of the tool slowed down my design work

	3.33*** (0.33)

	Mean score for the usefulness aspects for the current task 
	4.92 (0.46)

	General usefulness aspects 

Post-test questions on a 7-point scale

Note: the more useful the participant found MetroWeb, the closer to 7 the score
	

	1. The tool can help me to learn about web site ergonomics
	2.66 (0.88)

	2. The tool can help me to locate ergonomic violations and to correct them
	2.66 (1.66)

	3. The tool can help me to create ergonomic web sites
	2.66 (0.88)

	Mean of general usefulness aspects
	2.66 (0.88)

	
	

	Mean of the total of usefulness aspects 
	3.79 (0.672)


5 Discussion

The results are discussed in terms of two points: the influence of MetroWeb on designers’ activities and whether it helped them to consider user’s needs (5.1), and its role in the development of design solution(s) (§5.2).
5.1 MetroWeb: an indirect influence on designers’ activities and their consideration of users’ needs

The results showed that MetroWeb did not directly affect the designers’ activities since, regardless of whether they used MetroWeb, all the designers took longer to implement web pages than to analyze what already existed, what was needed or to develop a paper prototype. This result may be explained by the fact that the designers who were instructed to create web pages with the help of MetroWeb, frequently did not actually use this system. Remember that only three out of the four designers
 used it at all, that the others used it only in a sporadic way, and that only very few usability violations were modified by the designers who did use MetroWeb. These results were corroborated by those obtained with the questionnaire about the usability and usefulness of MetroWeb. Indeed, in terms of usability, globally the designers evaluated MetroWeb as being easy to use, quick, designed for all types of user, easy to read and well organized. But, in terms of its helpfulness for the current experimental task or for designing in general, it was not evaluated as being significantly useful. This may explain, at least in part, why one designer did not use or consult MetroWeb at all while designing his web pages.
Although no significant difference was found between the designers who used MetroWeb and those who did not with regard to the time allocated to the three activities (defined in §2.1), and despite the fact that the designers did not use MetroWeb often, this system did have an indirect influence on their reasoning. Indeed, the web designers who used MetroWeb took user-oriented constraints into account more than the other designers, even though the vast majority of these constraints were not taken from MetroWeb. Specifically, the designers using MetroWeb articulated and more effectively complied with more usability constraints in their web pages than those who did not use MetroWeb, and they developed web pages that contained fewer usability violations. These findings can be explained and compared to those obtained by Bonnardel and Sumner (1996); in their study, professional designers supported by a critiquing system, anticipated criticisms of the critiquing system and were able to avoid them. In our study, these professional designers knew that MetroWeb consisted of usability recommendations, and it seems that they anticipated users’ needs in order to avoid having to consult the knowledge base of MetroWeb. As in Bonnardel and Sumner’s study (1996), knowing that the system could offer information about users’ needs influenced the designers, leading them to take into account more user-oriented constraints, and to look for deficiencies in their sites (that might cause trigger criticisms from the system, as in Bonnardel and Sumner’s study). Such an anticipation of users’ needs shows:

· That the designers are aware of the importance of users’ needs in their design activities,

· That designers are able to infer certain users’ needs and, above all, that designers can comply with these needs in their creations (this contrasts with the findings of previous studies, such as Chevalier and Ivory 2003a, Chevalier and Vuillemin-Gioarà 2006). 

Consequently, even if designers only occasionally used MetroWeb, this system encouraged them to change their viewpoint and focus their attention on users’ needs when designing web sites. This shift of perspective meant that the designers who used MetroWeb introduced fewer usability errors in their web pages than those who did not. Thus, as well as helping the designers to anticipate the needs of the users, MetroWeb also influenced the usability of their productions, without significantly modifying the time allocated to the three types of activity.

MetroWeb indirectly helps designers to focus on users’ needs rather than just on their client’s needs, as revealed in previous design situations (see Chevalier and Ivory 2003a, Chevalier and Vuillemin-Gioarà 2006). These results contrast with previous observations, where guidelines were virtually ignored (Tetzlaff and Schwarts 1991) in situations where the designers were not provided with any supporting tools. These findings can be attributed to the fact that these professional web designers were probably already aware of the web usability guidelines used by MetroWeb, but that they usually favor their client’s needs since s/he is paying for the web site, and is the first person to evaluate the resulting site (Newman and Landay 2000). Here, MetroWeb seems to help designers elicit users’ needs, and to implement them in the web pages they create. However, one interesting finding is that designers provided with MetroWeb focused on user-constraints without neglecting client-oriented constraints, which are also important for their design activity. Indeed, the designers using MetroWeb and those without MetroWeb did not differ significantly in terms of client-oriented constraints. Contrary to the findings of previous studies (Chevalier and Ivory 2003a, Chevalier and Vuillemin-Gioarà 2006), we found that designers using MetroWeb were able to consider both user-oriented constraints and client-oriented constraints as validity constraints (according to the assumption of Janssen et al. 1989), whereas those who did not use MetroWeb, continued to give preferential consideration to user-oriented constraints as preference constraints, and to client-oriented constraints as validity constraints. 

5.2 The effect of the system on the design produced

In order to gain further understanding of the results obtained, and especially because MetroWeb was found to have an indirect influence on designers’ activities and reasoning, we next analyzed the web pages created by designers. These analyses showed that the designers who used MetroWeb developed more finalized and detailed web pages than those who did not (see Figures 6 and 7), even though the designers using MetroWeb did not allocate significantly more time to implementation nor to paper prototyping than the designers who did not. For instance, by comparing a homepage developed by a designer using MetroWeb (Figure 6) with one created by a designer who had not used MetroWeb (Figure 7), we can see that the homepage in Figure 6 is more detailed than the one in Figure 7. The latter looks more like a first mock-up than a web page, whereas the homepage in Figure 6 looks like a final web page. 
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	Figure 6. Homepage created by a designer in the experimental group (with MetroWeb)
	Figure 7. Homepage created by a designer in the control group (without MetroWeb)


The fact that the designers using MetroWeb produced more developed web pages than those produced by designers who had not used MetroWeb suggests that MetroWeb may accelerate web designers’ activity. This finding fits perfectly with the usual findings of design studies, which show that designers tend to develop a single solution and focus on that without generating any (potentially better) alternative solution(s) (Ullman et al. 1988, Ball et al. 1994). Indeed, on the basis of studies of experienced mechanical engineering designers, Ullman et al. (1988) found that designers typically pursued only a single design, because they experienced difficulties in managing simultaneous objectives (also see, Chevalier and Cegarra 2006). In our study, MetroWeb seemed to encourage designers to create more detailed web pages, and so to focus on the development of a single version. 
Ball et al. (1994) regarded this behavior as indicative of fixation to initial concepts, and reliance on a simple ‘satisfying’ design strategy rather than a more motivated process of optimization. In certain situations, such behavior can result in poor design (especially with regard to usability). We should therefore say that MetroWeb could provide an alternative design solution (or solutions) that could help designers to overcome the restriction to a single design, and thus encourage creativity rather than hindering it. To achieve this, it would be very interesting to include a critiquing function into MetroWeb (Fischer et al. 1991, Silverman 1992). This would enable MetroWeb to evaluate designers’ current productions step by step and suggest an alternative solution (or solutions), especially with illustrative examples (e.g., screenshots or videos; see, e.g., Sutcliffe et al. 2006) that are easier to understand (Thovtrup and Nielsen 1991, Hornbæk and Frøkjær 2005). This critiquing function, in addition to providing alternative solution(s), would assist designers to apply usability criteria and guidelines. Among these alternative solutions, MetroWeb could suggest solutions that the designer had previously developed (which had initially been considered to be good usability solutions), since one of the particularities of MetroWeb is that it allows designers to store comments, guidelines and good usability designs that they have developed previously in its knowledge base. In this case, MetroWeb could propose alternative solutions based on previous ones (see, for instance, Kolodner 1997, Kim and Yoon 2005), i.e. MetroWeb could be integrated a case-based reasoning (CBR) module in which a problem previously encountered similar to the current problem is identified and shown to the designer with its solution, and a proposed modification of the current design. This approach has been already been shown to work in the Guide system (Henninger 2001). In this system, guidelines are organized by case study, and structured according to the time it takes to consider them. The solution to the prior problem is modified by analyzing the difference between the two problems (Maher and de Silva Garza 1997). This critiquing system could show designers the assistance that it could offer for creating web sites that would be better adapted to users’ needs, and this would make it really useful to designers, who would then actually use it.

6 Conclusion and future work

The objectives of this study were to determine both the influence of the MetroWeb knowledge-based system on professional web designers’ cognitive activities, and the help that MetroWeb can offer designers in developing a user-centered approach. 
The main results showed that MetroWeb indirectly affected the designers’ cognitive activities: it encouraged them to allocate validity status to user-oriented constraints, and therefore to pay more attention to users’ needs. MetroWeb seems to help designers elicit knowledge about users’ needs, and it assists the web designers who use it to build a better mental representation of users’ needs. As a result, the designers using MetroWeb created web pages with fewer usability violations. 

This very surprising but interesting result should be investigated further by additional studies using MetroWeb, particularly studies involving novice web designers. This is because in a previous study, we showed that, after a short training in applying usability criteria and recommendations, novice web designers were able to identify usability violations in web sites developed by someone else, and to correct about half of these violations (Chevalier and Ivory 2003b). So, it would be relevant to compare the influence of MetroWeb (with and without the critiquing function suggested in the previous section) on the activity of novice web designers in order to find out whether the system disconcerts novices, and particularly whether it can help novice designers to develop a user-centered design by eliciting knowledge about users’ needs (as it did in the case of professional designers), and whether novice designers follow the usability recommendations of MetroWeb, as Bonnardel and Sumner (1996) showed in their study (novices did indeed follow the guidance provided by the system).  If MetroWeb supports novice web designers, it could be integrated into university training programs in web design in order to familiarize students – i.e. future professional web designers – with developing a user-centered activity.

In addition, and as previously discussed (in §5.2), MetroWeb encouraged professional web designers to develop a single detailed solution, even if these designers did not in fact use MetroWeb. What happened was that professional designers did not think that MetroWeb would be helpful for their work, even though they did in fact introduce usability violations in their web pages. So it would be relevant to encourage professional designers to consider web usability guidelines while they are designing web sites, as well assisting them to consider several alternative solutions so as to increase their creativity. Creativity and user-centered design are two crucial aspects in design (Jones 1981, Gero 1990, Carroll 1996 2000, Meneely and Portillo 2005), and particularly in web design (Chevalier and Bonnardel 2003, Norman 2004): for instance, creative design may have an influence on esthetic aspects, and these may affect web users’ behavior (see, e.g., Hall and Hanna 2004, Lavie and Tractinsky, 2004). With respect to this point, many researchers have shown that analogical reasoning encourages creativity (e.g., Goel 1997, Bonnardel 2000, Hummel and Holyoak 2002). It would therefore be very interesting to study in greater detail the impact of a critiquing system on professional designers’ creativity. The provision of alternative usability design solutions could help designers to develop a user-centered approach without neglecting creativity. 

The potentially positive role of a system which provides comments, criticisms, or automated evaluation of guidelines has been already addressed (Ivory and Hearst 2001, Blackmon et al. 2005), but much remains to be done before we can hope to integrate a knowledge-based system (such as MetroWeb or some other similar tool) with a system that provides comments on an actual design based on the guidelines contained in the knowledge-based system. In this way, the design-evaluation-redesign loop can be kept smaller, and consistency can be conserved between the guidelines used during design and during evaluation. However, not all guidelines can be automated in the same way as they are processed manually, but at least some of them could be supported by a tool. We do hope that in the future it will be possible to obtain better integration of the usability knowledge in a tool for retrieving and testing this knowledge on-demand.
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Appendix A: study session and instructions given to the designers (translated from French)

For the conditions, "with MetroWeb" versus "without MetroWeb", the designers were provided with the same instructions:

“Mr. Degreef, director of the shop selling bathrooms at La Hulpe (Belgium), would like to display the products that he sells on the Web. Mr. Degreef wants a site that stands out from other sites of the same type. To this end, he has given you some documents about his business. These documents come in both electronic and paper versions. You are also provided with paper and pen if you need to write. 

He asks you to design a homepage and another web page of your choice about his business. For the second web page, you can choose to present one of these four models of bathrooms: K're, Reflex Family, Imagine, or Maxideco. 

While you are designing, we would like you to think aloud, i.e. speak aloud all that goes through your mind. When you are ready, you can start”.

Appendix B: Data analysis and an example of the coding of an extract of a designer's verbalization

The designers' verbalizations were recorded and transcribed. Two different analysts examined the transcribed protocols and then compared their results, and their separate analyses were found to be in agreement.

Number of articulated constraints

During this analytical phase, we counted each constraint articulated by each designer. An extract of a designer's verbalization corresponds to a constraint whenever it limits the scope of the research, and gives the designer a better representation of the site being created (see Appendix A). 

Type of articulated constraints

To find out whether the designers' articulated constraints were linked to the client or to the user, the two analysts categorized constraints as follows (as indicated in §2.2):

· Client-oriented constraints: These constraints typically referred to the client's need to improve sales, commercial arguments, etc. They were similar to the eleven prescribed constraints (given in Table 1) or in some cases, the designer had inferred them from previous interactions with other clients.

· User-oriented constraints: These constraints referred to site navigation (considered as corresponding to ergonomic constraints), and to esthetic aspects of the site (e.g., page layouts, colors, and photographs). They had been mentally constructed during the designers' prior experiences as web users.

Example of the coding of an extract of a designer's verbalization

	Verbal cuttings of articulated constraints (constraints are shown in bold characters)


	Type of constraint  

	On the homepage, I show the address and a map of how to get to the shop.

The logo of the shop is blue, so I will use a similar color for the background.

I will include a link on each page leading back to the homepage.

What shall I use as introduction? I will look for something in the documents provided by the client that will interest the web user.
	Two client-oriented constraints 

User-oriented constraint (usability constraint).

User-oriented constraint (site’s general interest constraint).
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� Here, usability constraints do not originate in checklists or usability criteria. They refer to the designers' knowledge about how easy web sites are to navigate.


� During a heuristic inspection, the evaluators (who may be experts in human factors) check a set of general usability principles including (Nielsen and Mack 1994): ease of use, the potential seriousness of any errors, efficiency, user "friendliness", and error frequency.


� Here, usability constraints do not originate in checklists, guidelines or usability criteria. They refer to the designers' knowledge about how easy it is to navigate web sites.


� For this dimension, the closer the grade was to 1, the more positive the evaluation was. Thus, MetroWeb was not evaluated to slow down the designers’ activity.


� Remember: one designer did not use MetroWeb, so his data were not taken into consideration in the results.
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