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1. Introduction 

Usability of web sites, whatever their type is (e.g., internet, intranet, extranet, supranet) is today widely 
recognized as a major dimension required for user acceptance and use of web sites. This dimension 
even becomes more critical for electronic commerce web sites: a customer unsatisfied by poor usabil-
ity is likely to become a competitor’s customer. Moreover, the user population is expanding in age 
(ranging from young users to elderly people), in expectations (ranging from private use for leisure to 
professional use), in information needs (ranging from simple information to compound multimedia re-
sources), in task types (ranging from basic text searches to complex problem-solving methods), and in 
user abilities (ranging from the able-bodied person to any person with special needs, such as for mo-
tor-, auditory- or visually-impaired persons). Therefore, web sites should be usable enough to accom-
modate all these variations over time. 

Numerous evaluation methods help ensure that web sites are usable (Nielsen,94; Nielsen & Mack,94): 
inquiry methods, inspection methods, user testing, to name a few categories of them. These methods 
are so numerous and hard to differentiate that identifying which ones are suitable for a particular case 
study is challenging. This identification is often practically constrained by several needs, as: 

 The need for a cost-effective method: it is often heard that project resources in time, budget, and 
personal are so limited that they prohibit any use of evaluation method (Lynch, Palmiter & Tilt,98). 
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 The need for remote evaluation (Hartson et al.,96): to reach a wider audience and to cover multiple 
evaluation circumstances, evaluators may be separated in time and/or space from the users. 

 The need for challenging evaluations (Cooper,99b), such as very large web sites and dynamic web 
sites: very large web sites are characterized by being any large-scale, information abundant, inter-
actively rich web site installed in a distributed environment (e.g., in different physical locations) 
with heterogeneous software and hardware (e.g., on different servers). They are often designed by a 
wide variety of person having little or no experience on usability engineering. Yet they have access 
to powerful web development tool, but almost none of them incorporate any form of user guidance 
regarding usability. When a web site basically consists of pages generated dynamically on the fly 
according to different parameters, evaluating all possible combination of pages becomes impossi-
ble. Rather, a sample enhanced by user-related data should be considered. These two cases are rep-
resentative examples of situations where performing an evaluation is challenging because of the 
size, the complexity, or the dynamics. 

 The need for real-time evaluation: when a web site is rapidly changing over time, such as for dy-
namic web site, the organization often wants to keep the evaluation accurate and up to date with re-
spect to the current state of the web site. In this case, performing large-scale or expensive evalua-
tions is prohibited and incompatible with the rapidly changing nature. 

 The need for raising the usability awareness of designers and evaluators (Scholtz, Laskowski & 
Downey, 98): teaching usability to designers who are unaware of it as they use it or improving the 
experience of those who already are aware of it can be a very valuable process; their usability 
awareness and their skills to conduct it are likely to grow up as their experience is accumulated. 

 The need for reusable evaluation results: an evaluation method should produce tangible results that 
should be interpreted, processed in a straightforward manner so as to reuse them when the web site 
is updated or improved. If an evaluation method does produce results that designers cannot practi-
cally consider or interpret, the method is doomed to failure. For this purpose, concrete guidelines 
should be preferred to general guidelines. 

All these needs generally plaid for any evaluation method that is easy to use, cheap to manipulate, and 
quick to conduct. Therefore, rapid lightweight methods supported by software tools automating it par-
tially or completely are often considered relevant. The automation is highly desirable when designers 
or evaluators need to be released from repetitive, tedious tasks to focus on task-based aspects. 

For these reasons, our work is focusing on the use of web usability guidelines in heuristic evaluation. 
On the one hand, guidelines have become a popular form for conveying some usability wisdom that 
can be expressed, communicated, and propagated effectively and efficiently; on the other hand, a pro-
fusion of sources containing guidelines is available, letting thus believe that these resources can pro-
vide a valuable starting point for conducting heuristic evaluation. We define a usability guideline as 
any statement ensuring some adequacy of a particular user interface of a computer-based system (here, 
a web site) with respect to a particular context of use where a given user population has to fulfill inter-
active tasks with a given system in certain situations. 

Respecting these guidelines have already been proved to have a positive impact on usability (Com-
ber,95; Grose, Forsythe & Ratner, 98). For instance, Borges et al. showed that the average time to car-
ry out 5 tasks on a web site respecting 17 guidelines has been reduced by at least by 16% (Borges, Mo-
rales & Rodríguez,96). But this does not necessarily imply that a web site not addressing guidelines is 
unusable. Nor it is proved that a web site addressing all guidelines is the most usable site. In other 
words, guidelines are necessary, but insufficient, and should not be considered in isolation. Often 
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guidelines need to be supplemented by a suitable method and a clear process that leads them to unam-
biguous interpretation. 

Although guidelines can be used in conjunction with guidelines checklists, standard inspection, con-
sistency inspection, we chose a variant of heuristic evaluation where the usual set of 10 heuristics 
(Nielsen,94) is replaced by a set of specific guidelines. We did this because heuristics, albeit cost-
effective, have been considered too general and not expressive enough to be evaluated automatically. 
Conversely, lists of guidelines are potentially long and specific, taking a lot of time to evaluate them 
since the whole user interface and its components should be evaluated against them. But it is hoped to 
automate as far as possible this process. Our main goal in this work is consequently: 

 To define a framework that facilitates the structuring and the use of guidelines for design and eval-
uation. 

 To develop a tool that exploits this framework to provide automated testing of web sites against 
guidelines structured thanks to the framework. 

The rest of this paper is structured as follows: section 2 reports on the usability knowledge contained in 
web usability guidelines, where they come from, what are some of their shortcomings and review some 
software tools for working with these guidelines. A particular focus on automation will guide this re-
view. Section 3 summarizes five development milestones needed to obtain such a tool. As one of our 
goals is to develop a tool for automated testing of guidelines, we will discuss how these milestones can 
be browsed to reach such a tool, and what our approach is in achieving these milestones. Section 4 will 
exemplify the whole process of selected guidelines, sorted by order of complexity towards their auto-
mated testing. As several other evaluation method provide some automated evaluation, at least partial-
ly, we briefly review them in section 5 with respect to our current approach for automated testing. Sec-
tion 6 will outline several dimensions towards which this approach could evolve and will detail some 
of them that have been selected for future work. We conclude by emphasizing the need for a global 
theory for systematic and rigorous evaluation method based on guidelines. 

2. Web Usability Guidelines 

In this section, possible sources for collecting web usability guidelines are firstly indicated. Secondly, 
some shortcomings of guideline usage are discussed as they mostly affect the results produced by heu-
ristic evaluation. Their level of expressiveness is one major reason of concern. Thirdly, two categories 
of software tools for working with guidelines will be introduced and exemplified. The discussion of 
this entire section is valid for general guidelines. However, as this paper is dedicated to web usability 
guidelines, an emphasis will be put on relevant aspects. 

2.1 Sources for Web Usability Guidelines 

Many guidelines have been published in document sources throughout the literature. These sources fall 
into five categories (Vanderdonckt,99): 

1. Design rules: they comprise a set of functional and/or operational specifications that specify the 
design of a particular user interface. These specifications are presented in a form that requires no 
further interpretation, either from designers or from developers. Their straightforward format al-
lows an immediate exploitation (Fig. 1). 



 4

2. Compilations of guidelines: they comprise several prescriptions written for a wide range of user in-
terfaces. Each prescription is presented as a statement, sometimes along with examples, with or 
without clarifying explanations and comments. Each prescription generally results from a human 
consensus between guideline users. This consensus is less relevant once a prescription is experi-
mentally tested and verified. They can range from a small set of guidelines dedicated to a particular 
usability feature (e.g., interaction technique) to an extensive collection of guidelines covering a 
family of tasks and domains. For instance, guidelines for multimedia, interactive kiosks, accessibil-
ity (Vanderheiden et al., 97), for web site in general (Detweiler & Omanson,96). Some of these are 
validated by experimental results provided by user testing, laboratory experiences or others. 

3. Style guides: they comprise a set of guidelines and/or functional or non-functional specifications 
aiming at consistency for a collection of distinct user interfaces. This collection can be based on an 
operating system, on a software editor, by a particular physical environment such as SUN (Lev-
ine,96), by a domain of human activity or by a corporate. In particular, Ratner, Grose & Forsythe 
(1996) identified that only 20% of HTML relevant recommendations from established style guides 
were found in HTML style guides. 

4. Standards: they comprise a set of functional and/or operational specifications intended to standard-
ize design. Standards are promulgated by national or international organizations for standardiza-
tion. They can be military, governmental, civil or industrial. There is no web dedicated standard we 
are aware of, but some important general standards are good candidates to tailor their guidelines to 
suit the exact issues faced by web sites, e.g., ISO 9241 (ISO,99a,b), HFES/ANSI 200 (Hfes,97). 

5. Ergonomic algorithms: these aim to systematize one design aspect by building it in the same way, 
according to a same base of design rules. They appear as a software component that implements an 
algorithm rather than a paper procedure. Such algorithms are primarily intended to design a series 
of web pages that automatically respect some guideline (usually, design rules or style guides) by 
construction. In this way, they immediately enforce the address of guidelines without the need to 
take care of them. Of course, cascading style sheets or page templates can be resourceful, provided 
that their quality intrinsically mirrors the application of guidelines, which is not necessarily the 
case. For example, DON (Kim & Foley,93) is capable of automatically laying out widgets to min-
imize the screen space, while preserving label and fields alignments to fasten the reading path. We 
observed that we have not yet seen a true software providing designers with some assistance in de-
signing usable pages, but they may come. 

Contrarily to the domain of usability for graphical user interfaces, web usability guidelines in these 
categories are often produced by consensus, common sense or observation of best practices. Guidelines 
validated by experimental results are rare and hard to find out. Moreover, web usability guidelines tend 
to address web specific usability issues, but not necessarily usability issues for graphical user interfac-
es adapted or specialized for the web. These observations also formed one of our motivations: usability 
guidelines that are valid for graphical user interfaces must also be considered as potential usability 
guidelines for the web, unless some contradiction or invalidation is appearing. Only categories of rig-
orous sources providing experimentally validated guidelines are considered the most reliable. Such 
sources have been selected, while others have been discarded for this reason. 

 Each page should be terminated by the name of the person who is responsible for the information 
contained in the page and by a clickable e-mail of the person who authored, designed the page. 

 Each page should contain a KEYWORDS meta-tag. 
 The navigation toolbar should reflect the position of the page in the structure. 

Fig. 1. Examples of design rules. 
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2.2 Some shortcomings for guidelines 

Despite web usability guidelines have been proved useful as indicated, they still suffer from a series of 
shortcomings that impede their use and significantly reduce their scope. An extensive discussion can 
be found in (Vanderdonckt,99). We only focus here on some of them that are relevant for web sites. 

Firstly, the level of guideline expressiveness and the confidence in applying them highly depends on 
the source where the guidelines come from. Fig. 2 depicts that guidelines found in the five types of 
sources can range from a very abstract, yet general, form to a very concrete, yet specific, form. The 
more abstract guidelines are, the more general they become and the larger scope of domain they can be 
considered for. Conversely, as guidelines become very concrete, their application is often restricted to 
given contexts of use. Various names are used to refer to general guidelines: rules of thumb, usability 
factors, dimensions, and principles. 

Abstract
guidelines

Concrete
guidelines

General
guidelines

Specific
guidelines

Standards

Compilations of guidelines

Style guides

Ergonomic algorithms

Design rules

Abstract
guidelines

Concrete
guidelines

General
guidelines

Specific
guidelines

Standards

Compilations of guidelines

Style guides

Ergonomic algorithms

Design rules

Standards

Compilations of guidelines

Style guides

Ergonomic algorithms

Design rules

 
Fig. 2. Location of sources containing guidelines. 

Secondly, as a consequence of the previous observation, abstract guidelines cannot be applied per se, 
thus requiring some interpretation to become concrete for the intended context of use. On one hand, 
this abstraction can be benefit to put aside experimental conditions under which the guideline has been 
tested and validated; on the other hand, these conditions, which are required to ensure a correct inter-
pretation, may invalidate any such interpretation as they vanished. Concrete guidelines no longer re-
quire such interpretation, but are so specific that they prevent designers to apply them successfully in 
other situations without any risk of invalidity. Therefore, too high-level guidelines are difficult to for-
mulate and quantify when they need to be applied or evaluated. Test automation without formalization 
of guidelines is doomed to failure (Farenc, Liberati & Barthet,96). 

Thirdly, the jargon or specific vocabularies used in the sources coming from various disciplines (e.g., 
cognitive modeling, psychology, human factors, ethnography) may also prevent designers to appropri-
ately understand them and applying them correctly. Once again, extensive relevant experience may be 
needed to avoid incorrect abstraction or concretization of guidelines that will invalidate their results. 

Fourthly, guidelines can be classified according to their linguistic level, i.e. goal, pragmatic, semantic, 
syntactic, lexical, alphabetical, and physical. Guidelines located at the lower levels of this layered 
model are easier to interpret and to apply than those located at the higher levels. 

Fifthly, the workload involved by evaluating a single guideline is depending on several properties of 
the guidelines, namely, but not limited to: its linguistic level, the quality of its statement, and their 
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scope. A guideline can be relevant for one individual page at a time (Fig. 3a), for a series of related 
web pages (Fig. 3b), and for the whole site (Fig. 3c). 

 Since most viewers will use 13” colors monitors, make sure your web page fit comfortably within 
the parameters of these smaller displays (Detweiler & Omanson,96). 

 Give users control to specify the extent of their searches, e.g., locally within a section or subsection 
(Detweiler & Omanson,96). 

 Help orient users by establishing useful expectations about the site’s organization and/or function-
ality (Detweiler & Omanson,96). 

Fig. 3. Scope of different guidelines (a,b,c). 

2.3 Existing Tools for Working with Guidelines 

Two categories of tools exist to provide assistance to designers: 

1. Passive tools: this category only provides designers with powerful access to guidelines, but these 
guidelines are in no way executable in any sense. Facilities can be offered to gather guidelines, to 
select them, to build a report for evaluation purposes, or for documentation, illustration or teaching. 

2. Active tools: this category provides designers with tools capable of some form of processing guide-
lines, either at design time or at evaluation time. Representative tools belonging to this category are 
reported in (Vanderdonckt,99). In particular for the Web, there are validation checkers concentrat-
ing of the HTML Code (Clark & Dardailler,99), such as WebLint (Bower,96), HTML Validator 
(Yahoo,2000), but these verifications, although useful, are not related to usability. To our 
knowledge, only three tools are devoted to some form of automated testing of web usability guide-
lines: 

o Bobby (Cooper,99a;b), from CAST, automatically checks a web page or a series of web pages 
against accessibility guidelines promoted by the Web Accessibility Initiative (WAI) (WAI,98). 
Clicking on any Bobby hat appearing on the resulting page leads to a reference where the prob-
lem is detected and some comment on the guideline (fig. 4). WAI guidelines have been consid-
ered for implementation and evaluation through Bobby with three different levels of support: 
fully automated, partially automated, and manual, 49% of these shown non-manual. 
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Fig. 4. Location of accessibility errors identified by Bobby on a Web page. 

o WebSAT (Scholtz, Laskowski, and Downey,98), from the WebMetrics Suite (Scholtz,98) au-
tomatically test a single or a series of web pages against a predefined set of guidelines that are 
not necessarily focusing on accessibility. As Bobby, a static analysis of the HTML code is per-
formed and submitted to usability testing by a formal approach. Results are then summarized 
into six categories (fig. 5): accessibility (e.g., “All images not used as links should contain ALT 
tags”), form use (e.g., “The form should include a functionality for returning the completed 
form”), performance, maintainability, navigation, and readability (e.g., “Try to limit the density 
of the web page”). Similarly, explanation for each potential detected problem can be provided, 
as well as a check list of them. 

 
Fig. 5. Location of usability errors identified by WebSAT on a Web page. 

o Design Advisor (Faraday,99) automatically critiques a web page as the designer is modifying 
its elements. The critique is based on a visual hierarchy of perceptual guidelines assuming that 
page elements are searched according to a priority order: motion, size, images, color, text style, 
and position. From these guidelines, the tool automatically superimposes a scanning path on the 
web page, thus highlighting usability problems (fig. 6). Although this tool is primarily based on 
these specific guidelines, it is interesting to note here that they have been implemented as Pro-
log clauses and the attributes of web elements as facts. Having such an inference engine would 
be very practical for us, as adding, deleting, or modifying any guideline in the knowledge base 
would have no effect on their execution. But so far we are unsure that all guidelines can be re-
stricted to Prolog clauses. A deeper understanding of these possible restrictions, where any, is 
required. It is not certain that all guidelines can be implemented this way. 
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Fig. 6. Scanning path superimposed on a web page by Design Advisor. 

Our main goal is to produce a tool for automated testing of usability guidelines as far as they can be 
implemented. For this purpose, a specific tool for working with guidelines is needed. The next section 
explains how this goal can be reached. 

3. Development milestones 

To develop any tool for working with guidelines, five development milestones have been identified for 
reference and comparison purposes (Vanderdonckt, 99), but also for structuring the process to reach 
that goal. These steps are: guidelines collection, guidelines organization, incorporation of guidelines 
into approach, guidelines operationalization, and guidelines use. 

3.1 Guidelines collection 

The goal of this first step is to gather a useful subset of guidelines suitable for designing web pages. In 
this study, three sources containing guidelines have been selected (Mayhew,92; ISO,99b; Vander-
donckt,94) as they each consist in a somewhat extensive compilation of guidelines (respectively, 293, 
488, more than 3,000!). In the ISO general standard, only Part 12 “Presentation of Information”, Part 
13 “User guidance”, Part 14 “Menu dialogues”, Part 15 “Command dialogues”, Part 16 “Direct manip-
ulation dialogues”, and Part 17 “Form-filling dialogues” have been selected. These different sources 
are not especially dedicated to web usability. Rather, they focus more on graphical user interface in 
general, thus requiring some modification, adaptation, extension, and so forth (Ratner, Grose & For-
sythe,96). However, a previous compilation of web design guidelines was merged with these sources. 
Due to this high amount of guidelines considered and due to the high redundancy from one source to 
another, only unique guidelines have been kept. This process abundantly relied on generalization and 
specialization relationships, as a specific guideline found in one source often appeared as a specializa-
tion of a more general guideline found in another source. 466 guidelines resulted from this preliminary 
work. 

3.2 Guidelines organization 

This initial set of guidelines is copious and ranges over many levels of rigor and credibility.  Both can 
be ameliorated by a good organizational structure, which is the main goal of guidelines organization. 
The guidelines organization basically involves two steps: 
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1. Classifying each guideline by ergonomic criteria. An ergonomic criterion is hereby defined as a 
well-recognized usability dimension in human-computer interaction whose reliability effectiveness 
and impact on usability have been experimentally assessed (Bastien & Scapin, 95; Scapin & Bas-
tien, 97). These criteria have been successfully used for classifying web usability guidelines, too 
(Bastien, Scapin & Leulier, 99). Table 1 reproduces these ergonomic criteria. Leaf nodes in the de-
composition are called elementary criteria as they are not further decomposed into sub-criteria. 
Other criteria that can be decomposed into other sub-criteria are called composite criteria. Each 
guideline has therefore been classified to a unique ergonomic criterion based on its definition. For 
this purpose, guidelines have been submitted to operations like unfolding and coupling into two, 
three or even four parts. Indeed, the statement of some guidelines remained too general or was 
condensing several guidelines at the same time. Therefore, to individualize each guideline, these 
operations have been performed and assessed by a panel of experts. Some guidelines have been af-
fected to some criteria by consensus between the judging parties. The guidelines pool has been 
augmented by 74 individual guidelines, thus totalizing 540 resulting guidelines (Scapin et. al., 99). 
Fig. 7 graphically depicts the distribution of resulting guidelines by elementary criteria. It is worth 
to note here that the compatibility criterion received the most impressive attention by having the 
largest amount of resulting guidelines. The “Prompting” and the “Compatibility” criteria contain 
69 individual guidelines, respectively 134, whereas “Explicit actions” and “User experience” only 
have 3, respectively 7 guidelines. This does not necessarily mean that these criteria are unimportant 
for designing and/or evaluating web sites, but that they are understated in the guidelines set. Classi-
fying each guideline by ergonomic criteria goes beyond the simple indexation easiness: it can pro-
vide designers with a first idea on when and where the related guideline can be applied as well as 
some first idea of their absolute level of importance. For instance, a guideline related to task com-
patibility may be considered more important than a guideline related to grouping items by format. 

1. Guidance 
 1.1. Prompting (PROM) 
 1.2. Grouping / Distinction between items 
  1.2.1. Grouping / Distinction by location (GDLO) 
  1.2.2. Grouping / Distinction by format (GDFO) 
 1.3. Immediate feedback (FEED) 
 1.4. Legibility (LEGY) 
2. Work load 
 2.1. Brevity 
  2.1.1. Concision (CONC) 
  2.1.2. Minimal actions (MIAC) 
 2.2. Information density (INDE) 
3. Explicit control 
 3.1. Explicit actions (EXUA) 
 3.2. User control (USCO) 
4. Adaptability 
 4.1. Flexibility (FLEX) 
 4.2. User experience (USEX) 
5. Error management 
 5.1. Protection to errors (ERPR) 
 5.2. Quality of error messages (QUEM) 
 5.3. Error correction (ERCO) 
6. Homogeneousness / Consistency (CONS) 
7. Significance of codes (SICO) 
8. Compatibility (COMP) 

Table 1. Hierarchy of ergonomic criteria and sub-criteria. 
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Fig. 7. Distribution of guidelines by elementary ergonomic criteria. 

2. Further classifying each guideline: as the resulting set of guidelines is still huge, guidelines are 
further classified by alternate index keys. This classification allows multiple and flexible access 
paths to each guideline, rather than merely by ergonomic criteria (Bastien, Scapin & Leulier,99). 
Such accesses permit automatic identification of guidelines for a particular page element (e.g., for 
an image map), for a particular design aspect (e.g., information layout), or any combination (e.g., 
how to lay out information in an image map). Such identifications are required for specific evalua-
tion targets and/or to make guidelines applying directly linked to design options, thus making the 
evaluation process more constructive towards the ends of designers. These identifications also im-
prove the access efficiency to guidelines: when a given page element is modified across a set of 
pages, corresponding guidelines can be evaluated more rapidly as they are specific to the context. 
Each guideline is assigned to one or many index keys relevant for web sites (Table 2). 
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Actions (Seq. of) 
Alignment 
Animations/Video 
Buttons/Labels 
Buttons/Position 
Check Boxes 
Colours 
Colours/Black & White displays 
Downloading considerations 
Errors 
Forms 
Forms/Buttons 
Frames 
Graphics 
Graphics/Description 
Graphics/Downloading 
Graphics/Layout 
Graphics/Size 
Graphics/Text 
Grids 
Headings 
Help Facilities 
Helper Applications 
Icons 
Icons/Image maps 
Icons/Labels 
Image maps 

Image maps/hot areas 
Image maps/linked items 
Images/description 
Information Layout 
Information/Content 
Information/Organisation 
Items organisation 
Items/Presentation 
Language 
Lines 
Links 
Links/Organisation 
Links/visual codes 
List 
List/items 
List/Structure 
Menus 
Menus/Scrolling lists 
Menu/selected items 
Metaphors 
Navigation structure 
Navigational aids 
Navigational aids/Links 
Page Length 
Page Length/Links 
Page size 
Page structure 

Plug-in 
Printing 
Radio buttons 
Reading task 
Screen Layout 
Scrolling 
Search Facilities 
Site maps 
Sounds 
Tables 
Terms 
Terms/Graphics 
Text 
Text & background 
Text/Buttons 
Text anchors 
Text colours 
Text fields 
Text-only Browsers 
Text-only Browsers/Lines 
Text/Headers & footers 
Title 
URL 
Vocabulary 
Windows 
 

Table 2. Taxonomy of additional index keys. 

3. Each guideline is then assigned to one or many evaluation methods (e.g., user questionnaire, user 
testing, user observation, cognitive walkthrough, card sorting) that can be effectively used to assess 
the guideline. In particular, each guideline is examined to identify the extent to which its evaluation 
can be software supported, preferably with automation. Five levels are distinguished: full automatic 
(when the guideline can be evaluated by the system), semi-automatic (when the guideline can be 
evaluated partly by the system), questions-based (when the system is asking questions to the evalu-
ator to achieve the evaluation), delegated (when external methods or tools can provide evaluation 
support), or manual (when the guideline can be evaluated by the user only). Generaliza-
tion/specialization relations are then exploited to establish more precise links between related 
guidelines. Finally, a score is attached to each guideline to express the impact the guideline can 
raise being respected or violated (fig. 8). 

  Guideline: In order to support different levels of user skills, direct manipulation dialogues should be designed to mini-
mize the need for users to alternate between different input devices. 
Example: To fill in a form a user points and selects every field with the mouse and then enters text with the keyboard. 
As the experience grows the user moves the cursor from field to field with the tab key before entering text. Thereby the 
need for the user to alternate between input devices is minimized and efficiency is increased. 
Source: Ergonomic requirements for office work with visual terminals (VDTs) - Part 16: Direct-manipulation dia-
logues, ISO/DIS 9241-16. 
Guideline Number: (5.4.3) - Criteria: Users' experience - Index Key: Dialogue 
Evaluation method: user observation (manual) – Score: rather important. 

Fig. 8. Example of resulting guideline. 

3.3 Incorporation of guidelines into approach 
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Early consideration of web usability guidelines in the development life cycle of the web site requires 
an iterative and eager design process.  It is thus important to associate sections of guidelines with the 
different phases of a development life cycle. In this way, it is expected that sets of guidelines suitable 
for each phase can be more easily identified and accessed. The goal of this step is to locate points with-
in these phases where organized guidelines should be considered, to specify which should be consid-
ered by identifying local guidelines (for a phase), global guidelines (for all phases) or pervasive ones 
(for several continuous phases). For this purpose, the general development life cycle illustrated in fig. 9 
was used. Each guideline is consequently referred to any phase and sub-phases where suitable. 
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Fig. 9. General development life cycle for a web site. 

3.4 Guidelines operationalization 

Guidelines incorporated into a development life cycle are typically used manually.  To embody them in 
a software tool, a further stage of guidelines operationalization is thus aimed at re-expressing in a more 
formal way (e.g., Harrison & Thimbleby, 85) guidelines that can be directly evaluated through a soft-
ware tool. For this purpose, each guideline is formalized in a more systematic way by referring to the 
terms of a framework partially reproduced in Appendix 1. The aim of this framework is to enable ex-
pressing guideline with common scheme and vocabulary that should speed up human interpretation of 
any guideline and should clarify a procedure that can be effectively implemented for automated test-
ing, where possible. Another advantage of this framework relies in its ability to identify information 
required to apply the guideline at design time end/or to assess it at evaluation time. The ultimate goal 
of this being that the complete procedure is described in the terms of the framework. The next section 
exemplifies how some guidelines can be expressed and automated thanks to this framework. 

3.5 Guidelines use 

We have no good knowledge about the usability of software tools for working with guidelines.  And 
yet, it seems fundamental for HCI researchers that the UI of software tools for working with guidelines 
is usable.  An empirical study of the usability of such tools would be of great benefit. 

4. Some examples of automated testing of usability guidelines 

4.1 Design rules 

Let us imagine two design rules for the inclusion of a particular graphic: 
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 Each personal home page should contain the company logo at the top left corner. 
 Each personal home page should contain the photo of the person after the logo. 

According to the framework, the first guideline could be formalized as follows: 
1.1.1.5 Specific tasks 
   1.1.1.1.5.4 Search for personal home page /* definition of a particular task / 
1.1.2 Information needed 
   1.1.2.1. Nature: company logo /* definition of a domain object */ 
2.1.1.1 Specification C.E.-Compatibility-tasks /*First ergonomic criteria to be respected */ 
   2.1.1.1.1 Structure task: task should begin with displaying logo   
2.1.2.5. Specification C.E.-Guidance /*Second ergonomic criteria to be respected*/ 
   2.1.2.5.1.3.2.4 Picture: picture=company logo 
   2.1.2.5.2 Specification C.E.-Grouping/distinction 
      2.1.2.5.2.1 Spec. C.E.-By location: location=left corner 

The second can be formalized similarly. Capture-and-Replay testing tools (CR tools) represent some 
first attempt to automate compliance with design rules by performing four steps (Linz & Daigl,99): 

1. Capturing: the tool captures static properties of objects in page (e.g., color, size) as well as dynam-
ic properties (e.g., activation, deactivation). 

2. Programming: the properties are stored in a test script to be programmed with traditional algorith-
mic structures. 

3. Inserting checkpoints: checkpoints regarding properties are inserted into the script. 
4. Replaying: the test script is run on any page to be evaluated and any discrepancy with respect to 

reference properties and checkpoints is detected. 

Several design rules can be tested this way, such as “Ok and Cancel are always located at the bottom or 
on the right, but never on top or on the left”, “Submit and Reset push buttons in forms, if any, should 
be presented in this order”. Fig. 10 reproduces a screen capture where the two above design rules have 
been captured and subsequently replayed with Watchfire’s MacroBot (http://www.watchfire.com/-
products/macrobot). It basically consists of two test cases testing the presence of the graphics at their 
right location, plus the general composition. In this case, the two guidelines are not respected. 

CR tools are dependent on the very specific parameters of a guideline. In the recording process, it rec-
orded the index position of an image the user pointed to in the images array rather than more uniquely 
identifying information such as its source. Adding or removing a single image to the page would com-
pletely disrupt the test. Direct creation of JavaScript representations of guidelines instead of macro re-
cording could help avoid some of this, but the definition of guidelines in this tool is highly dependent 
on a document's particular structure. A more generic way of expressing guidelines that depends, for 
example, on an object's resultant position on the screen rather than its position in the document struc-
ture could be expected. 
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Fig. 10. Replaying a test script for two design rules. 

4.2 A guideline from a compilation 

Let us consider now a guideline extracted from a guidelines compilation 

 Select colors that will make your page easy to read by people with color blindness. One good test is 
to see if your page is readable in back and white (Vanderheiden et al., 96). 

This guideline is a typical one that can be used in requirements engineering (step  in fig. 9), in site 
specification (step  in fig. 9), and in site evaluation (step  in fig. 9). According to the framework, 
this guideline could be formalized as follows: 
1. Requirements engineering 
  1.2 Users 
    1.2.1.5 Handicaps: impairment = color blindness 
2. Site specification 
  2.1.1. Spec. C.E.-Compatibility 
    2.1.1.2.6 Accessibility: user limitation = lack of color differentiation 
    2.1.2.2.8 Colors: colors = readable by users 
5. Site evaluation 
    5.1.3.4 Color scheme = readable by users; legible in black & white 
 
This guideline, as it is represented, cannot be automated in a straightforward manner. However, if we 
refer to the research conducted by Murch (Murch,87), a restriction of this guideline can be expressed 
as: the combination between the background color and the foreground color should belong to the best 
color combination or should not belong to the worst color combinations. Fig. 11 represents the best 
color combinations for thin lines and text. It can be read as follows: for thin lines and text displayed on 
a white background, the best color is blue in more or less 94% of cases, then black in 63% of cases, 
and finally red with 25% of cases (Murch’s research is based on legibility tests). For thin lines and text 
displayed on a black background, the best color is white in 75% of cases followed by yellow in 63% of 
cases. The other lines can be interpreted similarly. 

Succeeded design 
rule test 

Failed design rule 
test 
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Background Thin lines and text

W hite Blue (94% )  Black (63% ) Red (25% )

Black W hite (75% )  Yellow (63% )

Red Yellow (75% ) W hite (56% )  Black (44% )

Green Black (100% ) Blue (56% ) Red (25% )

Blue W hite (75% )  Yellow (63% )  Cyan (25% )

Cyan Blue (69% )  Black (56% ) Red (37% )

Magenta Black (63% ) W hite (56% ) Blue (44% )

Yellow Red (63% ) Blue (63% )  Black (56% )

Background Thin lines and text

W hite Blue (94% )  Black (63% ) Red (25% )W hite Blue (94% )  Black (63% ) Red (25% )

Black W hite (75% )  Yellow (63% )Black W hite (75% )  Yellow (63% )

Red Yellow (75% ) W hite (56% )  Black (44% )Red Yellow (75% ) W hite (56% )  Black (44% )

Green Black (100% ) Blue (56% ) Red (25% )Green Black (100% ) Blue (56% ) Red (25% )

Blue W hite (75% )  Yellow (63% )  Cyan (25% )Blue W hite (75% )  Yellow (63% )  Cyan (25% )

Cyan Blue (69% )  Black (56% ) Red (37% )Cyan Blue (69% )  Black (56% ) Red (37% )

Magenta Black (63% ) W hite (56% ) Blue (44% )Magenta Black (63% ) W hite (56% ) Blue (44% )

Yellow Red (63% ) Blue (63% )  Black (56% )Yellow Red (63% ) Blue (63% )  Black (56% )  
Fig. 11. The best color combinations for thin lines and text. 

Fig. 12 represents the best color combinations for bold lines and panels. It can be read as follows: for 
bold lines and panels displayed on a white background, the best color is black in more or less 69% of 
cases, then blue in 63% of cases, and finally red with 31% of cases. We consequently observe that usa-
ble color combinations also depend of the text style or area. While identifying bold text is easy thanks 
to the <B> bold text </B> tag, identifying bold lines and panels remains more challenging. 

Background Bold lines and panels

White Black (69%) Blue (63%) Red (31%)

Black Yellow (69%) White (50%)  Green (25%)

Red Black (50%)  Yellow (44%) White (44%)

Green Black (69%) Red (63%) Blue (31%)

Blue Yellow (38%) Magenta (31%) Black (31%)

Cyan Red (56%) Blue (50%) Black (44%)

Magenta Blue (50%) Black (44%) Yellow (25%)

Yellow Red (75%) Blue (63%)  Black (50%)

Background Bold lines and panels

White Black (69%) Blue (63%) Red (31%)White Black (69%) Blue (63%) Red (31%)

Black Yellow (69%) White (50%)  Green (25%)Black Yellow (69%) White (50%)  Green (25%)

Red Black (50%)  Yellow (44%) White (44%)Red Black (50%)  Yellow (44%) White (44%)

Green Black (69%) Red (63%) Blue (31%)Green Black (69%) Red (63%) Blue (31%)

Blue Yellow (38%) Magenta (31%) Black (31%)Blue Yellow (38%) Magenta (31%) Black (31%)

Cyan Red (56%) Blue (50%) Black (44%)Cyan Red (56%) Blue (50%) Black (44%)

Magenta Blue (50%) Black (44%) Yellow (25%)Magenta Blue (50%) Black (44%) Yellow (25%)

Yellow Red (75%) Blue (63%)  Black (50%)Yellow Red (75%) Blue (63%)  Black (50%)  
Fig. 12. The best color combinations for bold lines and panels. 

Fig. 13 represents the worst color combinations for thin lines and text. It can be read as follows: for 
thin lines and text displayed on a white background, yellow induces a legibility problem in almost all 
cases, while Cyan does it in 94% of cases, and so forth. 

Background Thin lines and text

White Yellow (100%) Cyan (94%)

Black Blue (87%) Red (37%) Magenta (25%)

Red Magenta (81%) Blue (44%) Green (25%)

Green Cyan (81%) Magenta (50%) Yellow (37%)

Blue Green (62%) Red (37%) Black (37%)

Cyan Green (81%) Yellow (75%) White (31%)

Magenta Green (75%) Red (56%) Cyan (44%)

Yellow White (81%) Cyan (81%)

Background Thin lines and text

White Yellow (100%) Cyan (94%)White Yellow (100%) Cyan (94%)

Black Blue (87%) Red (37%) Magenta (25%)Black Blue (87%) Red (37%) Magenta (25%)

Red Magenta (81%) Blue (44%) Green (25%)Red Magenta (81%) Blue (44%) Green (25%)

Green Cyan (81%) Magenta (50%) Yellow (37%)Green Cyan (81%) Magenta (50%) Yellow (37%)

Blue Green (62%) Red (37%) Black (37%)Blue Green (62%) Red (37%) Black (37%)

Cyan Green (81%) Yellow (75%) White (31%)Cyan Green (81%) Yellow (75%) White (31%)

Magenta Green (75%) Red (56%) Cyan (44%)Magenta Green (75%) Red (56%) Cyan (44%)

Yellow White (81%) Cyan (81%)Yellow White (81%) Cyan (81%)  
Fig. 13. The worst color combinations for thin lines and text. 
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Fig. 14 represents the worst color combinations for bold lines and panels. It can be read as follows: for 
bold lines and panels displayed on a white background, yellow induces a legibility problem in nearly 
95% of cases, while Cyan does it in 75% of cases, and so forth. 

Background Bold lines and panels

White Yellow (95%) Cyan (75%)

Black Blue (81%) Magenta (31%)

Red Magenta (69%) Blue (50%) Green (37%)

Green Cyan (81%) Magenta (44%) Yellow (44%)

Blue Green (44%) Red (31%) Black (31%)

Cyan Yellow (69%) Green (62%) White (56%)

Magenta Cyan (81%) Green (69%) Red (44%)

Yellow White (81%) Cyan (56%) Green (25%)

Background Bold lines and panels

White Yellow (95%) Cyan (75%)White Yellow (95%) Cyan (75%)

Black Blue (81%) Magenta (31%)Black Blue (81%) Magenta (31%)

Red Magenta (69%) Blue (50%) Green (37%)Red Magenta (69%) Blue (50%) Green (37%)

Green Cyan (81%) Magenta (44%) Yellow (44%)Green Cyan (81%) Magenta (44%) Yellow (44%)

Blue Green (44%) Red (31%) Black (31%)Blue Green (44%) Red (31%) Black (31%)

Cyan Yellow (69%) Green (62%) White (56%)Cyan Yellow (69%) Green (62%) White (56%)

Magenta Cyan (81%) Green (69%) Red (44%)Magenta Cyan (81%) Green (69%) Red (44%)

Yellow White (81%) Cyan (56%) Green (25%)Yellow White (81%) Cyan (56%) Green (25%)  
Fig. 14. The best color combinations for bold lines and panels. 

Now, having these experimental results in mind, we could more easily think how to automate the test-
ing of this guideline. The different colors used in the HTML code should be identified for this purpose. 
Color is rendered on computer-based screens as an additive mixture of three primary colors: red, green, 
and blue, the intensity of which is indicated by a value ranging from 0 to 255. Thus, in the Red-Green-
Blue (RGB) model, each color consists in a triple (red-intensity, green-intensity, blue-intensity). This 
triple is represented in HTML as a hexadecimal code of the type #XXYYZZ, where XX,YY, and ZZ 
represents the different intensities respectively. Therefore, these codes need to be transformed into dec-
imal for comparison. When these values belong to the set {00,33,66,99,CC, FF}, the resulting colors 
are said to be principal as no other palette than the basic palette should be loaded to display the colors. 
The bgcolor and color HTML tags specify the foreground and the background text colors respectively. 
The resulting procedure for this automated testing is the following: 

ListOfBestColors1   := {see figure 11};  /* Definition of best color combinations for thin lines and text */ 
ListOfBestColors2   := {see figure 12};  /* Definition of best color combinations for bold lines and panels */ 
ListOfWorstColors1 := {see figure 13};  /* Definition of worst color combinations for thin lines and text */ 
ListOfWorstColors2 := {see figure 14};  /* Definition of worst color combinations for bold lines and panels */ 
ListOfPages = {URL1, URL2,…, URLn} /* List of the URLs of the web pages to be tested */ 
for i=1 to # (ListOfPages)                       /* for each web page to be tested */ 
  ListOfColorComb := DetectPresence ( ListOfPages(i), ColorCombinations ) 
     /* Detect the presence of multiple color combinations if any; for example, a same color background can be 
        used, while the foreground color may be varying within a same page. Each element of the list is character- 
        ized by a triple (fgbolor, bgcolor, bold) */ 
  if ListOfColorComb <>  then              /* if there is at least one color combination detected in the page */ 
    for k=1 to #(ListOfColorComb) 
      CurrentComb.fgcolor := HEX2DEC (ListOfColorComb (k).fgcolor); 
       /* Transform the hexadecimal code of the foreground color into decimal */ 
      CurrentComb.bgcolor := HEX2DEC (ListOfColorComb (k).bgcolor); 
      /* Same for background color */ 
      CurrentComb.bold := ListOfColorComb (k).bold; 
      /* Specifies if the bold tag has been detected at the same time */ 
     if CurrentComb.bold then 
        if CurrentComb in ListOfWorstColors2 then /* if the current combination belongs to the worst list… */ 
           AddUsabPblm (ListOfProblems (ListOfPages (i)), ColorCombPblm, 1, CurrentComb) 
                 /* Add to the list of usability problems detected for the i-th page the problem identified by 
                    ColorCombPblm, which is a reserved constant indicating the type of problem, with the highest 



 17

                    severity level (1) for the CurrentComb color combination */ 
           elseif CurrentComb not in ListOfBestColors2 then /* If the combination does not belong to any lists */ 
              AddUsabPblm (ListOfProblems (ListOfPages (i)), ColorCombPblm, 3, CurrentComb) 
               /* Add to the list of usability problems detected for the i-th page the problem identified by 
                  ColorCombPblm, which is a reserved constant indicating the type of problem, with the moderate 
                  severity level (3) for the CurrentComb color combination */ 
           endif 
        else 
           if CurrentComb in ListOfWorstColors1 then /* if the current combination belongs to the worst list… */ 
           AddUsabPblm (ListOfProblems (ListOfPages (i)), ColorCombPblm, 1, CurrentComb) 
           elseif CurrentComb not in ListOfBestColors1 then /* If the combination does not belong to any lists */ 
              AddUsabPblm (ListOfProblems (ListOfPages (i)), ColorCombPblm, 3, CurrentComb) 
           endif 
        endif 
     endfor 
  endif 
endfor 
This is a basic procedure which does not support the evaluation of hue, saturation and lightness: each 
composite color is reduced to its corresponding primary color, thus introducing a restriction of the ini-
tial guideline. Graphic backgrounds are not supported although the different colors used in GIF or 
JPEG files could be identified. But in this case, a spatial algorithm should take care of physical appear-
ance of text on top of graphical background colors, which is far more complex. As we can see here, the 
cost of developing the complete procedure for automated testing of a single guideline can be very high. 
However, this implementation being done, the guideline can be tested rapidly. 
 
4.3 A style guide guideline 

Style guide guidelines are important to check adherence to some corporate “Look & Feel” guidelines. 
Style guide compliance increases usability whereas violation will normally decrease it. Let us consider 
the following style guide example: 

 All data fields must be accessible via a tabulation key in the same order. If fields are grouped to-
gether, then tab must access the fields within the group (Levine,96). 

Fig. 15 shows an window where this guideline is not addressed: instead of relying on the tab order re-
quired by the task, it is relying on the order generated by the system. The different figures indicate the 
order according to which the different widgets are read or manipulated. 

 

Fig. 15. Disturbing order of fields (Source: http://www.iarchitect.com/controls.htm). 
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According to the framework, this guideline could be formalized as follows: 
1. Requirements engineering 
  1.1.1.2 Task order/sequencing: task order = domain objects sequence 
2. Site specification 
  2.1.1 Spec. C.E.-Compatibility 
    2.1.1.1.1.2 Task.order/sequencing: fields order = task order 

A procedure to automatically test this guideline would certainly exploit the appearance order of widg-
ets in the HTML code and check whether this order is compatible (hence, the compatibility ergonomic 
criteria above) with the order recommended by the task. For this purpose, the test can only be achieved 
if such an order can be provided either manually (e.g., at run-time) or automatically (e.g., from a task 
model declaratively maintained). 

4.4 A standard guideline 

Let us consider the following guideline re-expressed from the ISO 9241-Part 12 (ISO,99b) standard: 

 Error messages should not use humor. 

According to the framework, this guideline could be formalized as follows: 
3.1.10 Error information: information  no humor 
3.2.2 Conc. C.E.-Quality-ErrorMessages: message  humor words and expressions 
 
Evaluating this guideline on web pages automatically is quite complex since identifying error messag-
es on web pages is hazardous; testing if a text contains humor is even more hazardous as this is lan-
guage-, context-, and user-dependent. To solve these problems, a possible restriction of the above 
guideline could be to submit the text of each web page generated by HTTP error codes (e.g., HTTP 
404 File not found) to a detection of commonly used humorous words and expressions. In this case, the 
original guideline cannot be tested automatically, but its restriction is. The expressiveness and the 
completeness of the initial guideline have consequently been reduced in this transformation. Hence, it 
is important to warn the evaluator of this possible loss of expressiveness. It is indeed almost impossible 
to encompass all humorous words and expressions in a list to be tested for occurrence, even if this list 
is made user expandable. The resulting procedure for this automated testing is the following: 

HumorWords = {blablabla, aha, hmm, …}  /* To be enriched as experience is growing / 
Humor Expressions = {joke1,joke2,…} 
ListOfPages = {URL1, URL2,…, URLn} /* List of the URLs of the web pages to be tested */ 
for i=1 to # (ListOfPages)                      /* for each web page to be tested */ 
  ListOfMsg := DetectPresence ( ListOfPages(i), ErrorMessages ) 
     /* Detects the presence of error messages produced by HTTP protocol and returns the results in a list */ 
  if ListOfMsg <>  then                        /* if there is at least one error message detected in the page */ 
    for k=1 to #(ListOfMsg) 
      if IsThereHumWords ( ListOfMsg(k), WordIndex, HumorWords) or 
         /* Returns ‘true’ if a regular expression belonging to the list HumorExpressions is found in ListOfMsg(k) */ 
         IsThereHumExp ( ListOfMsg(k), WordIndex, HumorExpressions) 
         /* Returns ‘true’ if a word belonging to the list HumorWords is found in ListOfMsg(k) */ 
         then AddUsabPblm (ListOfProblems (ListOfPages (i)), HumMsgPblm, WordIndex, ListOfMsg(k)) 
                 /* Add to the list of usability problems detected for the i-th page the problem identified by 
                    HumMsgPblm, which is a reserved constant indicating the type of problem, at location WordIndex 
                    for the k-th message in the list */ 
      endif 
    endfor 
  endif 
endfor 



 19

4.5 Guidelines in an ergonomic algorithm 

Let us consider the following guideline re-expressed from an ergonomic algorithm (Kim & Foley,93): 

 Links should be consistent with related page titles. 

According to the framework, this guideline could be formalized as follows: 
2.1.2.5 Spec. C.E.-Guidance 
  2.1.2.5.1.3.2 Identification/Title 
    2.1.2.5.1.3.2.1 Windows: title = name of task  
3.1 Conc. C.E.-Consistency 
  3.1.5. Labels 
    3.1.5.1 Links: label = title 
 
Two situations for testing this guideline may occur: either the link label is exactly the related page title 
or at least one difference exists. The automation is straightforward in the first situation, while impossi-
ble in the second: from a semantic point of view, it is impossible to prove that a link label is semanti-
cally consistent with the related page title. However, a similarity score used in Information Retrieval 
can be computed from the amount of shared words and shared ordering: if the two expressions share a 
significant amount of terms in a relatively similar ordering, then it can be assumed that a syntactical 
consistency is established. Again, the resulting guideline is a restriction to the syntactic domain. The 
resulting procedure for this automated testing is the following: 

Threshold := constant;                           /* Definition of a certain threshold beyond which it is considered that 
                                                                  two different expressions are not syntactically related with respect 
                                                                  to the Similarity Factor */ 
ListOfPages = {URL1, URL2,…, URLn} /* List of the URLs of the web pages to be tested */ 
for i=1 to # (ListOfPages)                      /* for each web page to be tested */ 
  ListOfLinks := DetectPresence ( ListOfPages(i), Links ) 
     /* Detects the presence of links in the i-th page and returns their names in ListOfLinks */ 
  if ListOfLinks <>                               /* if there is at least one link detected in the page */ 
   then 
    for j=1 to #(ListOfLinks) 
      TargetTitle := DetectPresence ( ListOfLinks (j), Title) 
                            /* Returns the <TITLE> tag of the related web page if any */ 
      if TargetTitle =  
         then /* The target title is missing: another potential usability problem can de detected here */ 
            AddUsabPblm (ListOfProblems (ListOfPages (i)), MisTitlePblm, null, null) 
                 /* Add to the list of usability problems detected for the i-th page the problem identified by 
                    MisTitlePblm, which is a reserved constant indicating the type of problem */ 
         else /* The target title exists */ 
            SimilarityFactor := ComputeSimilarity (Name(ListOfLinks(j)), TargetTitle) 
                /* Compute the similarity factor used in information retrieval between the two expressions: 
                     the name of the link being currently used and the title of the related page */ 
            if SimilarityFactor <= Threshold  /* If this factor is not important enough, i.e. beyond a certain threshold */ 
               then AddUsabPblm (ListOfProblems (ListOfPages (i)), InconsTitlePblm, null, Name(ListOfLinks(j))) 
                 /* Add to the list of usability problems detected for the i-th page the problem identified by 
                    InconsTitlePblm, which is a reserved constant indicating the type of problem, for the name of the 
                    j-th link in this page */ 
           endif 
       endif 
    endif 
endfor 
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5. Related work 

Automatic Usability Software (AUS) consists in a client-installed system that monitors and record data 
on user actions as they are carrying out their interactive tasks (Chang & Dillon,97). Such data include 
for example the number of user request from or to the server, the mouse movements, keystrokes, the 
density of mouse clicks. It is similar to Wet (Etgen & Cantor,99) as it captures data on the client ma-
chine, but Wet is focusing more on user events to be sent to the server for analysis. Evaluators are able 
to copy/paste data files from any client workstation to their analysis system, provided that test users are 
carrying out the same tasks. AUS is also equipped with a playback facility that replays user actions 
from their definition in the files, such as in MacroBot (Fig. 10), AUS is claimed to be a tool for auto-
mated web site usability, but it is more intended to automate data capture rather than its evaluation, as 
no assistance is provided on how to process and analyze them (except an overall figure of merit). 
However, some data captured by AUS could easily inform the left-hand side of guidelines in Eval-
Web. 

Bauer & Scharl introduced a framework for assessing web sites divided into five classification criteria 
(i.e., content, interactivity, design, web-site management, and security), which are in turn decomposed 
into sub-criteria (Bauer & Scharl,99). A robot automatically examines web sites to capture the value of 
some of the (sub-)criteria, thus avoiding repetitive and error-prone human activities. While some (sub-
)criteria obviously affect the usability (e.g., the navigational structure is a nominal sub-criteria meas-
ured from the use of frames), there is no true usability evaluation of web sites. As for AUS, infor-
mation gathered in this framework may inform some EvalWeb guideline. 

Usability Testing and Analysis Facility (UTAF) is software for automatic interface inspection intended 
to automatically test high-risk software interface against NASA usability guidelines (Whitmore & 
Berman). It is highly related to Computer-Human Interaction Models (CHIMES), which is aimed at 
automatically test usability guidelines related to static interface properties such as button size, labeling, 
location, fonts, point size, and the use of colors (Jiang et al., 92a,b). These guidelines come from many 
sources: style guides (e.g., OSF/Motif style guide), compilation of guidelines (e.g., the Smith & Mosier 
document, Mayhew’s book), and standard (e.g., the MIL-STD-1472D standard). CHIMES can ac-
commodate both character-based user interface (CUI) and graphical user interfaces (GUI), but not web 
pages. An interesting feature of CHIMES concerns its ability to provide advice and comments why a 
particular guidelines is violated on a certain object. It does this by enabling the designer to request such 
advice in the context of the GUI being tested. 

KRI/AG automatically tests presentation guidelines (Löwgren & Nordqvist,92) from standards and 
OSF/Motif style guide for a Motif user interface whose description in captured in User Interface Lan-
guage (UIL). It is very similar to CHIMES in this aspect. Designers who tested KRI/AG complained 
namely that users and task characteristics are not considered in the usability testing because guidelines 
related to these aspects do not have access to relevant information or because they are merely to diffi-
cult to interpret or to implement (Löwgren & Laurén, 93). To overcome this shortcoming, our frame-
work is providing an explicit way of describing these information needs, thus clarifying the interpreta-
tion. As this information cannot be retrieved from HTML code, other sources might be investigated. 
Data contained in web log files appears the first eligible candidate. 

But at second glance, these log files are more intended to measure the utilization of the web pages ra-
ther than their usability. The utilization refers to the current usage of the web site by users, whether the 
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web site is usable or not. Conversely, usability refers to the adequacy on the current utilization of a 
web site with respect to the context of use, including cognitive capabilities and preferences of users. In 
isolation, utilization metrics do not enable us to easily detect usability problems. But when these are re-
lated to values provided by usability guidelines, some precise diagnostic can be produced. For in-
stance, the most frequently used path to information does not mean a lot in itself. But if the average 
time required by this path is known and compared to a reference value (e.g., which can be computed 
by action analysis, cognitive modeling, or predictive models; Kieras, Scott & Meyer,97), any signifi-
cant deviation between the current utilization (which is user observed) and the expected utilization 
(which is supposed to be usable) may predict the presence of a usability problem. 

Sherlock (Mahajan & Shneiderman, 96) automatically checks some individual usability guidelines and 
consistency guidelines across dialog boxes of Visual Basic user interfaces. It is capable of identifying 
variations in style, font, colors, in labels used in dialog boxes (e.g., “quit” vs. “Quit”), in buttons labels 
and order (e.g., Ok  Cancel vs. Cancel  Ok), in words not belonging to a dictionary, in words used 
for referencing to the same task, but in different dialog boxes. These guidelines are probably the most 
straightforwardly represented within our framework since it mainly invokes DetectPresence and Com-
pare functions. But these guidelines provide already an extensive set of ideas to test. 

Nevertheless, log files can be combined with other models, like user, dialog, and task models: this fam-
ily of solutions is best known as model-based approaches. In these methods, data could be collected 
from users as they carry out their interactive task and compared with the reference model. 

RemUSINE is considering this approach, but does not embed guidelines: only a comparison between 
log files and a task models (Lecere & Paternò,98). But usability aspects can be automated, for exam-
ple, one can deduce some results from the most frequently used pages path, errors, help requests, and 
so on (fig. 16). Provided results can be pertained to a single user or a group of users, but also for task-
related aspects. For instance, “the task model supported by the user interface imposes temporal con-
straints [that are] too rigid for the conceptual model of the user.” (Paternò & Ballardin, 99) 

 
Fig. 16. Results of RemUSINE tool. 
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USAGE (Byrne et al.,94) automatically analyzes user actions captured in log files obtained when users 
are carrying out their interactive tasks according to a GOMS approach (Kieras et al.,95). 

ÉMA (Balbo,95) is an automatic monitoring tool that captures users’ actions, too, compare them with a 
data-flow representation as dialog model of the interface being tested and automatically detects com-
mon behavioral patterns based on dialog guidelines. It consequently produces an analysis helping the 
designer to identify potential dialog usability problems. This work can substantially increase our dialog 
guidelines, which are more complex to interpret and thus to test than presentation guidelines. 

6. Conclusion and Future Work 

Our conclusion plaids for automated testing of web usability guidelines with an explicit definition of 
guidelines, with access to log files, and access to both user and task models. But it would be a tremen-
dous challenge to integrate all these into a single piece of software. Therefore, progress can be imag-
ined independently along several dimensions: 

 Dimension of guidelines: a complete and consistent definition for a Guideline Definition Language 
(GDL) is expected to uniformly represent the information they involve and to communicate how to 
apply them. Several guidelines can be automated while some other cannot. A wider taxonomy of 
the reasons why they can or cannot be automated is needed. Finally, an important future work 
would be to examine each EvalWeb guideline, to list information needed to evaluate them (manu-
ally or automatically) in GDL terms, to identify where in these tools and methods these data can be 
extracted, and to incorporate them in the evaluation process. Of course, at the moment, not all 
guidelines, whatever their type is, can be tested automatically without any human control and intel-
ligence. Especially until now, we have not yet fully formalized all existing guidelines nor check 
enough guidelines. They are increasing every day. On the other hand, guidelines that cannot be 
formalized (even after some framework adaptation) are likely to be non-testable and therefore 
should be considered instead as high-level principles. 

 Dimension of the heuristic evaluation method: usability testing can reveal usability flaws in poorly 
designed pages but cannot prove that a particular web page is well executed. This is a rather nega-
tive approach: if some usability problems are detected, then the corresponding pages are considered 
not usable and their lack of usability is proportional to the number of flaws revealed in the testing. 
If no flaws are detected against the guidelines, one can be sure that they guarantee some usability, 
but not the complete desired usability. Moreover, it is likely that some other flaws remain unre-
vealed because no existing guidelines are addressing them. Finally, for some very original, unique 
web sites (e.g., www.chman.com), little or no guidelines can be used to prove their original, yet us-
able, design. A more positive approach can be desired here. 

 Dimension of involved models: designers in the study conducted by Löwgren and Laurén (1993) 
reported that they wanted to customize the results of the critique to their needs, to have not always 
the same repeatedly message produced, to choose different levels of severity, and to have more 
control on the evaluation process. A significant contribution here would be to examine how these 
concerns can be addressed in the supporting tool and test if a benefit is resulting from it. 

 Dimension of supporting tools: this study identified some of the potential benefits and some short-
comings of automated testing of usability guidelines. A prototype is beginning to be implemented; 
but based on these preliminary results, it appears that a more fully developed version of the tool 
would be a promising contribution to automated testing of usability guidelines. 
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Appendix 1. Formalization framework 

1. REQUIREMENTS ENGINEERING 
1.1. TASKS 

1.1.1. Task Structure  
1.1.1.1. Task organization  
1.1.1.2. Task order/ Sequencing  
1.1.1.3. Task stability  
1.1.1.4. Timing  
1.1.1.5. Specific tasks  

1.1.1.5.1. Visual search  
1.1.1.5.2. User attention  
1.1.1.5.3. Discrimination 2 categories  
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1.1.2. Information needed  
1.1.2.1. Nature  
1.1.2.2. Status  
1.1.2.3. Order  
1.1.2.4. Groups  
1.1.2.5. Localisation  

1.1.3. Information about Tasks  
1.1.3.1. General  
1.1.3.2. General conventions  
1.1.3.3. Application domain conventions  
1.1.3.4. Language conventions  
1.1.3.5. Coding conventions  

1.2. USERS  
1.2.1. Users characteristics  

1.2.1.1. Several Populations w. Differents Skills/ Experience levels  
1.2.1.2. Level of experience in the tasks  

1.2.1.2.1. Reading level     
1.2.1.3. Level of experience with computers      

1.2.1.3.1. Unfamiliar with field format ?       
1.2.1.4. Cultural characteristics (e.g., language, reading order, etc .)      
1.2.1.5. Handicaps          

1.3. EQUIPMENT  
1.3.1. Compatibility color vs monochrome displays   

2. SITE SPECIFICATION  
2.1. SPEC. CONTENTS  

2.1.1. Spec. C.E.-COMPATIBILITY  
2.1.1.1. Spec. C.E.-COMPATIBILITY-Tasks  

2.1.1.1.1. Structure Tasks  
2.1.1.1.1.1. Task Organization  
2.1.1.1.1.2. Task Order/Sequencing  
2.1.1.1.1.3. Stability  
2.1.1.1.1.4. Timing/ ShortCuts  

2.1.1.1.2. Information Needed  
2.1.1.1.2.1. Nature  
2.1.1.1.2.2. Order  
2.1.1.1.2.3. Numbering  
2.1.1.1.2.4. Grouping  
2.1.1.1.2.5. Localisation  
2.1.1.1.2.6. Coding  
2.1.1.1.2.7. Formats  
2.1.1.1.2.8. Cursors  

2.1.1.1.3. Information about Tasks  
2.1.1.1.4. Other Task related 

2.1.1.2. Spec. C.E.-COMPATIBILITY-USERS  
2.1.1.2.1. Several Populations w. Differents Levels of’Experience/ Skills  
2.1.1.2.2. Task experience level  
2.1.1.2.3. Experience with computers  

2.1.1.2.3.1. Inexperienced  
2.1.1.2.3.2. Experienced  

2.1.1.2.4. Reading levels  
2.1.1.2.5. Cultural differences  
2.1.1.2.6. Accessibility (User Limitations)  
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2.1.1.2.7. Spec. C.E.-USERS’EXPERIENCE  
2.1.1.2.7.1. Other User related 

2.1.1.3. Spec. C.E.-COMPATIBILITE-EQUIPMENT  
2.1.2. Spec. Contenu Non Task/User/Equipment-Specific  

2.1.2.1. General  
2.1.2.1.1. General Spec. Displays  
2.1.2.1.2. General Spec. Dialogue & Controls  

2.1.2.2. Spec. C.E.-SIGNIFICANCE/CODING  
2.1.2.2.1. General  
2.1.2.2.2. Uniqueness   
2.1.2.2.3. Distinctness  
2.1.2.2.4. Coding schemes  
2.1.2.2.5. Showing Relationships  

2.1.2.2.5.1. Windows (Primary/ Secundary)  
2.1.2.2.6. Windows Control  
2.1.2.2.7. Abbreviations  
2.1.2.2.8. Colors  
2.1.2.2.9. Icons  
2.1.2.2.10. Geometric Shapes  
2.1.2.2.11. Blinking  
2.1.2.2.12. Sizes   
2.1.2.2.13. Voice  

2.1.2.3. Spec. . C.E.-Explicit Control  
2.1.2.3.1.1. Spec. . C.E.-EXPLICIT USER ACTION  
2.1.2.3.1.2. Spec. . C.E.-USER CONTROL  

2.1.2.4. Spec. . C.E.-WORKLOAD  
2.1.2.4.1. Spec. . C.E.-BREVITY  

2.1.2.4.1.1. Spec. . C.E.-CONCISENESS  
2.1.2.4.1.2. Spec. . C.E.-MINIMAL ACTIONS  

2.1.2.4.1.2.1. Cursor  
2.1.2.4.1.2.2. etc.  

2.1.2.4.2. Spec. . C.E.-INFORMATION DENSITY  
2.1.2.5. Spec. C.E.-GUIDANCE  

2.1.2.5.1. Spec. C.E.-PROMPTING   
2.1.2.5.1.1. Contents  

2.1.2.5.1.1.1. General  
2.1.2.5.1.2. Prompting Semantics  
2.1.2.5.1.3. Prompting Syntax  

2.1.2.5.1.3.1. Cues  
2.1.2.5.1.3.2. Identification/ Title  

2.1.2.5.1.3.2.1. Windows  
2.1.2.5.1.3.2.2. Icons  
2.1.2.5.1.3.2.3. Forms  

2.1.2.5.1.3.3. Special Prompting Codes  
2.1.2.5.1.3.3.1. Markers  
2.1.2.5.1.3.3.2. Line orientation  

2.1.2.5.1.3.4. Status  
2.1.2.5.1.3.5. Entry Fields  
2.1.2.5.1.3.6. Units of Measurements  
2.1.2.5.1.3.7. Showing Relationships  

2.1.2.5.1.3.7.1. Any Text  
2.1.2.5.1.3.7.2. Text Fields  
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2.1.2.5.1.3.7.3. Lists  
2.1.2.5.1.3.7.4. Tables  

2.1.2.5.1.3.8. Auditory  
2.1.2.5.1.3.9. Cursors  
2.1.2.5.1.3.10. Dragging  
2.1.2.5.1.3.11. Sizing  
2.1.2.5.1.3.12. Rotation  

2.1.2.5.2. Spec. C.E.-GROUPING/DISTING  
2.1.2.5.2.1. Spec. C.E.-BYLOCATION  
2.1.2.5.2.2. Spec. C.E.-BYFORMAT  

2.1.2.5.2.2.1. Cursor  
2.1.2.5.2.2.2. Windows  

2.1.2.6. Conc. C.E.-LEGIBILITY  
2.1.2.7. Spec. C.E.-FEEDBACK  

3. SITE DESIGN  
3.1. CONC. C.E.-CONSISTENCY  

3.1.1. Windows Format  
3.1.2. Areas to Distinguish   
3.1.3. Prompts  
3.1.4. Commands & Controls  
3.1.5. Labels  
3.1.6. Coding (& Messages)  
3.1.7. Home position  
3.1.8. Markers  
3.1.9. Status Information  
3.1.10. Error Information  
3.1.11. On line Help  
3.1.12. Modes  
3.1.13. Options Location  

3.2. CONC. C.E.-ERROR/MANAGEMENT  
3.2.1. Conc. C.E.-ERROR PROTECTION  
3.2.2. Conc. C.E.-QUALITY-ErrorMessages  
3.2.3. Conc. C.E.-ERROR CORRECTION  

3.3. CONC. C.E.-FLEXIBILITY  
3.4. CONC. HELP on LINE  
3.5. CONC. DOCUMENTATION  

4. SITE DEVELOPMENT (to be expanded) 
5. SITE USAGE AND EVALUATION (to be expanded) 
6. SITE MAINTENANCE (to be expanded) 

 


