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Abstract. In this paper, we examine how the task of creating usable
websites can be made more efficient. Models and generation of websites
have been a central issue for Web Engineering over recent years. However,
usability tool integration has not been a primary focus – few usability
validators take advantage of models which describe the website. After a
look at existing tools, we examine how information stored in models can
help to improve validation. Furthermore, we highlight additional prop-
erties which, if present in models, would improve validation quality. We
present the prototype of a model-based usability validator. Given the
presentation model of an existing web page, it verifies a set of guide-
lines. Web Engineering methods need to take usability into account at
many levels. Beyond the extension of models, this requires further semi-
automated and manual steps for user testing.

1 Introduction

A basic demand of any website is that its web application must work in the sense
that it must be possible to use the website for its intended purpose – this is ad-
dressed by research into Web Engineering methods, models and tools. However,
there is also the equally important demand that the web application must be
usable by the visitors of the website. Usability research includes work on sets
of guidelines which help to improve website usability. Additionally, established
procedures like user tests provide information about issues which make a site
difficult to use. In this paper, we build upon existing research results in both of
the above areas. We have analysed state-of-the-art Web Engineering solutions
in previous work [2] and concluded that usability has not been their primary
focus so far. Regarding usability, we have looked at a variety of different sources,
including the W3C’s Web Accessibility Initiative (WAI) and related documents
[9], the Yale Web Style Guide [8] and Jakob Nielsen’s alertbox series [7].

So far, research effort has concentrated either on development of Web
Engineering models (and associated page generation tools) or on usabil-
ity/accessibility validators, despite the fact that the information stored in Web



Engineering models could be very useful to these validators. The main contri-
bution of this work is the analysis of how usability validation of websites can be
improved when abstract information from models is available.

Section 2 of this paper examines the limits inherent in validating HTML
pages without having a model which describes certain properties of these pages.
Section 3 highlights the benefits of model-based usability validation in a system-
atic approach, taking into account presentational, navigational and functional
aspects, and section 4 lists a number of proposed model extensions. After the
presentation of the prototype validator in section 5, section 6 discusses the ben-
efits of combining knowledge from the fields of Web Engineering and usability
research, and presents some areas which should be addressed in future research.

2 Current Usability Validation Approaches

There exists a large number of usability and accessibility guidelines which is
validated by current tools just by analysing the HTML pages, CSS (cascading
style sheets) and other content that can be retrieved from a website.

However, the implementation of checks for these guidelines often suffers from
the problem that no model is available, i.e. no abstract description of certain
properties of the web page (or its parts). This way, the validator either fails
to find certain usability problems in the pages or it outputs too many general
warning messages. For instance, it is straightforward to check given HTML code
for high colour contrast [4] and the use of a limited number of different font faces,
but it is not possible to do this reliably for images which contain a rendered
version of some text, unless a model provides information regarding the text
contained in the image.

As part of our research, we have looked at the following usability and acces-
sibility validators:

• A-Prompt (http://aprompt.snow.utoronto.ca)
• Bobby (http://bobby.watchfire.com)
• EvalIris [1]
• Kwaresmi (http://www.isys.ucl.ac.be/bchi/research/Kwaresmi.htm)
• LIFT (http://www.usablenet.com)
• NAUTICUS (http://giove.cnuce.cnr.it/nauticus/nauticus.html)
• WAVE (http://wave.webaim.org)
• WebTango [5]

None of these tools works with a presentational or navigational model taken
from a Web Engineering solution like UWE [6] or OO-H [3]. Furthermore, none
allows interactive “reverse-engineering” of models from existing web pages, or
annotating them with abstract information like the tool prototype we present in
section 5. Looking at the output of the tools, it becomes clear that the lack of
additional, more abstract information about the pages is a problem: Many tools
output messages which tell the user to perform manual checks for some of the
page content.

http://aprompt.snow.utoronto.ca
http://bobby.watchfire.com
http://www.isys.ucl.ac.be/bchi/research/Kwaresmi.htm
http://www.usablenet.com
http://giove.cnuce.cnr.it/nauticus/nauticus.html
http://wave.webaim.org
http://www.rashmisinha.com/webbyawards.html


3 Automatic Usability Checking Based on Models

The quality of automated usability tool support can be increased significantly by
taking advantage of the models which are available in current Web Engineering
solutions. For instance, UWE and OO-H both feature navigational models which
provide details on the ways the site is intended to be traversed, and presenta-
tional models which define abstract properties of the page layout – for example,
they allow us to assign meaning to parts of the page layout, like “this is adver-
tisement”. Due to space constraints, this section only gives a few examples of
possible improvements.

3.1 Presentational Aspects

Standard page layout With a model which describes the different page
areas, we can check whether the page design follows one out of a number of
de-facto standards, for example “three columns with header, site name at top,
navigation at left, advertisement at right”. Related to this, it is possible to check
whether the layout of content is consistent across all pages.

Liquid layout Using the model, we can easily say which part of the page has
the main content. Consequently, the rule that a page’s width should adjust to
the browser window width can be made more accurate: It is desirable that the
main content’s width increase with the browser window width.

Essential content Finally, a tool can alert the user if page areas with certain
content are missing. Content which should normally be present on every page
includes the page creator’s identity, a “last changed” note and a link to the
site’s entry page. Additionally, a complex site’s main page will benefit from the
presence of a search facility, a “news”-style list of recently updated site content,
and other similar items.

3.2 Navigational and Functional Aspects

Navigation paths A model-based tool can analyse the possible navigation
paths of the site in a variety of ways. For instance, the click distance between
arbitrary pages can be calculated. The web developer can subsequently specify
e.g. “there should only be 3 clicks from the product view to the final ‘thank you
for buying’ message”.

Interaction patterns The models of current Web Engineering solutions fea-
ture support for certain patterns, such as a “guided tour”, i.e. a series of pages
connected with “previous” and “next” buttons. It is possible to offer tool sup-
port for automatic recognition of such patterns, e.g. by looking for sequential
steps in the model’s activity diagrams. This way, it is ensured that typical ways
of interacting with a site use appropriate, established interaction patterns.



Intended audience The model for a website could specify properties of the
site’s intended audience. For instance, the audience can be assigned a “literacy”
value, ranging from “children” to “academic person”. An automated check can
subsequently warn about site content which exceeds the target audience’s vocab-
ulary. Another example is the audience’s type of Internet access – if it is slow,
the pages must not contain too many large graphics.

4 Extending Web Engineering Models

If attributes related to usability are included in the Web Engineering models,
this will allow tools to increase usability automatically or to warn the developer
when certain guidelines are violated. We recommend that the following selection
of attributes be included in Web Engineering models:

• Timing
• Overall contact time of a user with the site?
• Contact time per visit?
• How long will the user need for the main tasks?
• What is the maximum time for delivery of a page?

• Purpose of the site
• What is the main objective of the web site?
• What information and navigation complexity is desired?
• Is the page mainly sensational, educational, or informational?

• Target group, anticipated user
• What is the main user group?
• Age distribution of the anticipated users.
• Computer related skill level of potential users?
• What infrastructure (e.g. computer type, connection speed) do potential

users have?

Timing, site purpose and target group are central to many of the usability
issues raised. The concrete attributes in these categories may vary depending on
the models and Web Engineering system.

5 Prototype of a Model-Based Usability Validator

The implemented prototype of a model-based usability validator demonstrates
some of the ideas presented in this paper. The most obvious difference from
other validators is that the input to the program does not solely consist of a web
page (or its URL), but that additional information about the page needs to be
provided.

Like the majority of the other available validators, the tool is a server-side
program with a web interface. The tool illustrates two concepts: The reverse-
engineering of a (simplified) presentation model from a finished web page, and
automated usability validation using that page model.



Fig. 1. Selection of a page area (highlighted) and classification as “main
content” using the prototype usability validation tool.

After the user has supplied the URL of a web page, she or he is presented
with a version of the page with some added controls (shown in figure 1). These
controls allow the selection of regions of the page layout if it is based on HTML
tables. Having selected a region, the user can assign a content type to it, for
instance “main content”, “navigation” or “advertising”. After some or all parts
of the page have been annotated, the tool can perform a number of tests and
output a result screen which alerts the user to problems with the web page.

6 Discussion and Conclusion

How usability can benefit from Web Engineering It may be argued
that automatic checks are not equivalent to what a suitably trained expert
could achieve. Replacing the usability expert in the process is not the aim of
our research. However, we believe that the addition of “usability support” to
Web Engineering solutions would lead to improved usability for websites because
otherwise, in practice no measures which improve usability would be employed.

Today, general interest by web developers in usability is not as high as it
should be. However, if the tools used by a developer “get it right” by default
and require specific actions to override these defaults, the quality of the results
will be significantly enhanced – an effect which has already been observed with
GUI editors.

With support built into the tools, the resulting web pages are consistent by
default, and the automatic checks inherent in the process provide feedback about
usability-related problems, with only little extra effort by the developer.

How Web Engineering can benefit from usability methods For the
architects of Web Engineering solutions, the models are one of the most impor-



tant aspects in their work: On one hand, the more properties the models define
for web pages and entire websites, the more powerful the respective tool support
can be. On the other hand, more detailed models also result in more work for
the web developer who needs to create them. It tends to be difficult to find the
right balance between automatability and simple modelling.

With our work, we hope to provide a basis for further enhancements to
Web Engineering tools and models. We show that additional information in the
models will lead to better usability in the final website. This way, we hope that
this paper will assist Web Engineering architects in deciding where extensions
to their models make sense.

All in all, the bar for Web Engineering is raised not only to allow the creation
of functional websites, but also the creation of easy-to-use ones.

Further work In our current and future work, we concentrate on tool support
for improving usability in the context of Web Engineering, and investigate how
a user centred design process can be combined with a Web Engineering process.
This includes extensions to models and requires new steps in the development
process. This paper is only one of the first steps in this direction; apart from
implementing prototypes for model-supported usability validation, it must be
evaluated in practice whether the proposed solutions result in better usability.
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