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ABSTRACT

Through a study of Web site design practice, we observed that designers employ
multiple representations of Web sites as they progress through the design process
and that these representations allow them to focus on different aspects of the design.
In particular, we observed that Web site designers focus their design efforts at 3 dif-
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ferent levels of granularity—site map, storyboard, and individual page—and that
designers sketch at all levels during the early stages of design. Sketching on paper is
especially important during the early phases of a project, when designers wish to ex-
plore many design possibilities quickly without focusing on low-level details. Ex-
isting Web design tools do not support such exploration tasks well, nor do they ade-
quately integrate multiple site representations. Informed by these observations we
developed DENIM: an informal Web site design tool that supports early phase in-
formation and navigation design of Web sites. It supports sketching input, allows de-
sign at different levels of granularity, and unifies the levels through zooming. De-
signers are able to interact with their sketched designs as if in a Web browser, thus
allowingrapid creation and exploration of interactive prototypes. Based on an eval-
uation with professional designers as well as usage feedback from users who have
downloaded DENIM from the Internet, we have made numerous improvements
to the system and have received many positive reactions from designers who would
like to use a system like DENIM in their work.

1. INTRODUCTION

It is commonly known that designers of all types make use of pa-
per-and-pencil sketches when designing a new product, building, machine,
computer program, or advertising campaign. These sketches help designers
think broadly during the early phases of conceptualizing a new artifact and
keep designers and anyone with whom they share their early ideas from fo-
cusing on details and formalities, which are not yet relevant (Strothotte,
Preim, Raab, Schumann, & Forsey, 1994). When we became interested in de-
veloping a new tool for Web designers, we wanted to see if there was still the
need for informality and sketchiness in the early stages of Web design or if ex-
isting Web design applications and the pressures of “Internet time” eliminated
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that need. So we took a fresh look at Web site design practice to determine
what kinds of tools would be helpful to support designers. In this article we
describe our observations of Web site design practice and introduce a system
named DENIM that is aimed at supporting the early phases of the Web site
design process.

A starting point for this project was the hypothesis that informal tools
would fit well with designers’ practices. By “informal,” we mean tools whose
user interfaces (Uls) are designed to support natural, ambiguous forms of hu-
man-computer interaction (Landay & Myers, 2001). Examples of interaction
modes that informal interfaces support include speaking, writing, gesturing,
and sketching. In other words, informal modes of interaction are precisely the
modes of interaction humans use normally when communicating directly
with other humans. However, in contrast to recognition-based systems, infor-
mal interfaces avoid early and excessive recognition and transformation of
users’ natural input, preferring to preserve the users’ ambiguous intent.

We are interested in the exploration of informal interfaces in general, and
in the Group for User Interface Research, we have developed informal appli-
cations to support graphical UI design (Landay & Myers, 2001), speech Ul
design (Klemmer et al., 2000), and group note taking (Davis et al., 1999;
Landay & Davis, 1999). We know that designers in general employ ambigu-
ous means of expression and communication, such as sketching on paper,
when they are exploring design ideas (Erickson, 1995; Lawson, 1994; Rob-
bins, 1994; Sano, 1996; Wong, 1992). Because Web design is an emerging
field, the tools to support it are not yet mature. We believe that there is a real
opportunity for improving the state of the art.

To understand how we might build a tool that supports the Web design
process, we conducted an ethnographic study in which we observed and in-
terviewed several professional Web designers. This study showed that the
process of designing a Web site involves an iterative progression from less de-
tailed to more detailed representations of the site. For example, designers of-
ten create site maps early in the process, high-level representations of a site in
which each page or set of pages is depicted as a label. They then proceed to
create storyboards of interaction sequences, which employ minimal page-level
detail and focus instead on the navigational elements required to get from one
page to another. Later still, designers create schematics and mock-ups, which are
more detailed representations of individual pages.

The design process often includes rapid exploration early on, with design-
ers creating many low-fidelity sketches on paper. These sketches are consid-
ered crucial to the process. Designers can quickly sketch the overall structure
and navigation of a Web site without having to deal with unnecessary
low-level details and without having to commit a large amount of time and ef-
fort to a single idea. Furthermore, sketches are important for communicating
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ideas with other team members and gaining valuable feedback early in the
design process. These uses of sketches are similar to what has been previously
reported for GUI design (Landay & Myers, 2001; Wong, 1992).

These were the primary observations that led to the design and implemen-
tation of DENIM, a system to assist Web designers in the early stages of infor-
mation and navigation interaction design. DENIM is an informal pen-based
system that allows designers to quickly sketch Web pages, create links among
them, and interact with them in a run mode. The different ways of viewing a
Web site, from site map to storyboard to individual pages, are integrated
through the use of zooming. An informal evaluation of this system has yielded
positive comments and indicated that designers will find a system like
DENIM useful in their work.

Aspects of this work have been reported in Lin, Newman, Hong, and
Landay (2000) and Newman and Landay (2000). In this article, we expand on
that earlier work by presenting much greater detail about both the Web de-
sign study and the implementation of DENIM. We also present a number of
enhancements to the DENIM system, many of which were driven by the ex-
periences of users both in classes at UC Berkeley and in the public at large
who have downloaded DENIM since its release on the Web in May 2000.

The remainder of this article is structured as follows: In Section 2, we de-
scribe our study of Web design practice and the observations resulting from
that study that guided the development of DENIM. We discuss observations
concerning specialization within Web design, the Web site design process,
common artifacts of the design process, and tools currently being used by de-
signers. In Section 3, we describe the DENIM application, including the U,
details about the implementation, and the results of an evaluation with seven
professional designers. Related work is described in Section 4, and we con-
clude in Section 5.

2. INVESTIGATION INTO WEB SITE DESIGN

Our study into Web design practice had several goals. We wished to learn
about designers’ current practices, to build a tool that would meet their needs.
We wished also to test our hypothesis that an informal interface would fit well
with designers’ current practices. Finally, we wished to identify which aspects
of Web site design practice could benefit the most from being supported by an
informal tool.

2.1. Description of the Study

We interviewed 11 professional Web designers during the winter of
1998-1999. We conducted each interview in the designers’ workplaces and
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collected numerous artifacts of the design process, including sketches, proto-
types, written documents, presentations, finished Web sites, and several other
types of artifacts, some of which will be discussed later. Eight of the 11 design-
ers we interviewed worked in situations in which they were typically con-
tracted by outside clients to design sites or other interactive products. Of
these, seven worked for four different firms, and one was a freelancer. The re-
maining four worked in the design department of a large Web portal.

A range of experience levels was present in the group of interviewees, with
most (seven) having five years or less. Three others had between five and ten
years of experience, and one had been a practicing designer for over twenty
years.

Eight designers had educational or professional experience in graphic de-
sign for printed media prior to getting involved in Web design. The remaining
three had varied backgrounds, including software engineering, computer sci-
ence-interior design, and cognitive science-library science. All of the design-
ers with more than five years of experience had been involved in designing
Uls for software applications before getting involved in Web site design.

Though we did not know it when we began the study, we quickly learned
that there are a number of subspecialties within the field of Web design, with
the most important split coming between graphic design and Ul design—informa-
tion architecture. We will explore this split and explain the usage of these terms
in a later subsection, but for now, we will simply note that the designers we in-
terviewed represented both sides of this split. In particular, four were focused
almost exclusively on graphic design, three were focused exclusively on Ul
design—information architecture, and four had responsibilities that were gen-
eral enough to incorporate aspects of both kinds of design.

What We Asked

Each study participant was asked to choose a recently completed or nearly
completed project and to walk the interviewer through the entire project, ex-
plaining what happened at each phase. The designer was asked to show ex-
amples of documents that he or she produced during each phase and explain
the meaning of the documents with respect to the process as a whole. At the
end of some of the interviews, the designer was asked to give copies of the
documents discussed during the interview to the interviewer for the inter-
viewer’s reference. In this way, examples of design process artifacts were col-
lected from four designers.

Examples of projects discussed include corporate identity and information
sites, a state tourism site, a site for a major municipal aquarium, an online
clothing catalog, a university site, an online software tutorial, and subsites of a
large Web portal.
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Validation of Our Observations

At the conclusion of our study, we returned to one of the design firms we
had studied and presented our observations (described in the rest of Section
2). We also presented a series of sketches depicting our initial ideas for
DENIM. Attending the presentation were one of the designers originally in-
terviewed, three other designers, and the principal of the firm. We received
valuable feedback from the firm members, most of which validated our obser-
vations. Several corrections were offered as well, especially regarding our use
of terminology. We also received positive response to our initial ideas for
DENIM.

2.2. Specialization Within Web Design

Designers were careful to use specific terms to refer to different areas of
concern within the Web design space. Throughout the article we have at-
tempted to use these terms in the same manner as the designers we inter-
viewed. The references accompanying the terms’ descriptions in this section
are not meant to be definitive but are meant to reinforce the usage of the
terms by designers. It is important to recognize that we are using the terms as
they were used by practicing designers and not strictly as they were defined in
the literature referenced.

The term information design (Shedroff, 1994) was used to refer to the prob-
lem of identifying groups of related content and structuring information into a
coherent whole. A closely related area, navigation design (Fleming, 1998), re-
fers to the design of methods of finding one’s way around the information
structure. Graphic design (also called visual design; Cataldo, 1966) refers to the
visual communication of information using elements such as color, images,
typography, and layout. Whereas information and navigation design focus on
the entire Web site and the relation between large-scale elements (such as
pages) within the site, graphic design focuses primarily on the presentation of
individual elements.

Information architecture (Rosenfeld & Morville, 1998) is an emerging spe-
cialty within Web site design that refers primarily to the combination of infor-
mation design and navigation design.

The term user interface design (Lewis & Rieman, 1993; Shneiderman, 1997),
when applied in the Web domain, refers primarily to the design of navigation
systems, with some overlap into information design and graphic design. In
addition, an individual specializing in UI design often has responsibilities ex-
tending to testing and verification of the overall usability of the site.

Figure 1 represents the relations among the different areas of design. There
are many areas of overlap between different types of design. For example, the
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Figure 1. Web design is subdivided into several focused specialties. In some organiza-
tions, different individuals focus on different specialties whereas, in others, a single indi-
vidual will focus on different specialties at different times during the design process.
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design of an individual page must take into consideration the information that
is to be presented on the page, its relation to other information found else-
where on the site, the support for navigation to other areas of the site, and the
visual presentation of information on the page.

We said earlier that some of the study participants were specialists in one
area or the other, and some worked across the boundaries. The level of spe-
cialization was mostly determined by the structure of the organization, with
two of the five companies designating specialists as either “graphic designer”
or “information architect-user interface designer” (in both cases the hybrid ti-
tle was used). Perhaps not surprisingly, these were the two largest companies
(the Web portal and a large design—development firm with just over 50 em-
ployees). The two mid-sized companies (roughly 5 and 15 employees, respec-
tively) were the ones that had hybrid designers—individuals who tackled in-
formation architecture, UI design, and graphic design tasks at different points
in the design process. The two smallest organizations—the freelancer, and a
design “firm” that essentially consisted of one individual with additional, pro-
ject-specific, short-term help—were each separately specialized in graphic de-
sign and Ul design-information architecture, respectively.

In almost all cases, information and navigation design were done before
graphic design. At the Web portal, the graphic designers preferred to have the
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information structure worked out before the project reached their desks. In
the firms at which a single designer would focus on different types of design at
different phases of the process, he or she would switch to graphic design only
after working out the information structure and obtaining approval from the
client. One firm tended to work on graphic design ideas before (or sometimes
in place of) working on information and navigation design. This discrepancy
seems to have arisen from the firm’s background in print advertising and their
emphasis on novel, entertainment-oriented sites.

2.3. The Story of a Design: A Software Tutorial

Before presenting a general description of the design process, it will be
helpful to ground the discussion with a look at a particular design project de-
scribed in one of the interviews. The project described was a tutorial for a
suite of software CAD tools. The tutorial was designed for deployment on
intranets of companies using the client’s CAD tools, remote access via the
Internet, and distribution on CD-ROM.

This project was one of the shorter projects discussed in the interviews, al-
though the overall process and the artifacts produced are representative of the
projects described in other interviews. The durations of each phase of the de-
sign, however, should be taken with a grain of salt, as there was a great deal of
variation among projects. The relative amount of time dedicated to each phase
is consistent with projects described by the other designers.

The design team for this project consisted primarily of a designer, a cre-
ative project lead, and an account manager. The designer carried out most of
the design work, in close consultation with the creative lead and with other
designers in the firm. Other team members were concerned with other as-
pects such as client contact, budget, and schedule.

During the first 2 weeks of the project, the designer immersed himself in
the background information for the project. This consisted mostly of review-
ing the previous version of the tutorial, as this was a complete redesign of an
existing product, and engaging in extensive discussions with the client to un-
derstand the content of the tutorial and get feedback about what was desired
for the new version. During this time, he also sketched some ideas on paper,
including representations of the structure and navigation of the previous ver-
sion of the product, and new structures representing ideas about how to im-
prove certain aspects. At the end of the 2 weeks, a written “needs analysis”
document, detailing project goals, schedule, and general design directions,
was delivered to the client.

A meeting with the client was scheduled for the week following the deliv-
ery of the needs analysis, at which initial ideas for the redesigned product
were to be presented. The designer spent the week generating “initial design
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variations,” which focused on the high-level structure of the tutorial and the
basic means of navigating the structure. He first made about 20 sketches on
paper representing the overall structure (see Figure 2), individual pages (see
Figure 3), and specific interaction sequences (see Figure 6). To create some-
thing “presentable” for the client, he then created two variations of the site
structure and navigation using Adobe Illustrator (Adobe, 1987), which he
showed to the client as a large-format color printout. He also created a
walkthrough of the structures. The walkthrough was created as a sequential
presentation in Macromedia Director (Macromedia, 1989), consisting of im-
ages produced in Adobe Illustrator.

The images presented in the walkthrough were representations of individ-
ual pages in the tutorial. These representations were devoid of images and
icons, used a simple color scheme consisting of three colors (blue, green, and
black), and contained almost no typographic variation. The colors used for
these representations were not intended to show the colors that the final pages
would be but instead were used to differentiate different types of content. The
designer said he chose blue and green for these initial images simply “because
blue is different from green.” He intended to show that different regions of
certain pages would be colored differently from each other to distinguish
them, but he did not intend to propose what the final colors would be. Simi-
larly, the bland typography and lack of images were not intended to represent
decisions about the final product but were used intentionally to keep the focus
on the “mental model” of the tutorial, that is, the overall structure and the
means of navigating that structure.

After the presentation of the initial design variations, the designer had a
week to prepare the first round of “visual design variations.” Whereas the ini-
tial design variations were intentionally devoid of graphic details, the visual
variations were intended to address these details. In particular, high-fidelity
mock-ups of the home page and one second level page were created (figures
not available, but see Figure 8 for an example of a mock-up). These mock-ups
contained images, icons, rich typography, and sophisticated color schemes,
and these details of the visual presentation were meant to be taken literally.

To produce the visual variations, the designer made a few “very quick”
sketches on paper, and then created mock-ups using the “Paint” window of Di-
rector. In addition, three other designers within the firm were asked to create
mock-ups, to give the clienta wide range of options from which to choose. All of
the mock-ups were based on the initial design variations. As was done the previ-
ous week, a Director presentation was made to the client, this time showing
electronic mock-ups of five different design ideas. The client selected two de-
signs for further development, and a meeting was set for the following week.

The designer spent the next week refining and developing the selected de-
signs using Director. The next presentation included not only the refined



Figure 2. This sketch, made by one of the designers interviewed for the study, depicts a
portion of the overall structure of the CAD software tutorial described in Section 2.3.
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home pages and second level pages, but several other “content pages” as well.
The goal of this presentation was for the client to select a single design for de-
velopment into a prototype. It turned out that the client liked aspects of both
designs, so the two were merged and the hybrid design was selected for fur-
ther development.

At this point, the client announced that they wanted a prototype produced
as soon as possible for an upcoming trade show in 3 weeks’ time. This short-
ened the amount of time that the designer could spend refining and develop-
ing the visual design ideas and forced an early transition into “production
mode.” He worked on the mock-ups for a little bit longer before beginning to
code the prototype in HTML. He said that his normal practice is to flesh out
the mock-ups as completely as possible before starting to code, because he
likes to “in Photoshop make this as complete as I can and then switch my
mind from visual design into coding.” Once he begins coding, he does not
work on the mock-ups anymore.

For the 2 weeks while working on the prototype, he used Adobe
Photoshop (Adobe, 1989) to work on images and icons and Bare Bones Soft-
ware’s BBEdit (Bare Bones Software, 1993) to write the HTML. He also used
Netscape Navigator (Netscape, 1994) to preview the prototype.

According to the designer, the development of a prototype is usually fol-
lowed by the writing of guidelines or a specification to accompany and spec-
ify the prototype. Such a document would be handed off to whomever would
develop the design into a working product. At the time of the interview, how-
ever, the guidelines had not been written. The client had not determined
whether they wished to develop the prototype into a product, or whether the
prototype was to be used to convince the client organization’s management to
pursue a more serious redesign. Without knowing the ultimate fate of the de-
sign, neither the client nor the design firm thought it worthwhile to devote
time and effort to producing guidelines.

2.4. Design Process

As was seen in the preceding story, designers follow a process of iterative
refinement that moves the design from high-level and general to increas-
ingly specific and detailed. Depending on the designer and the organization
in which the designer works, the process that is followed may be less or
more explicit. In the types of design firms studied in this investigation, the
process tends to be explicit, largely because it directly structures the interac-
tion between the designers within the firm and clients and other stake-
holders.

Each phase of the design process is usually punctuated by a presentation to
the client at which the designers obtain approval from the client (often called
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“sign-off”) about the work that was performed during that phase. The explicit
design process, which is often published on the firm’s Web site or made avail-
able to clients in other published forms, is also used to educate new and po-
tential clients about how the firm operates and what they can expect. Only the
Web portal and the freelance designer did not have explicit, published pro-
cesses, though the designers at the Web portal claimed that they were in the
process of developing one internally.

Presented here is a generalized design process, derived from the pro-
cesses described by the designers we interviewed and refined in subsequent
conversations with them and with other designers. This process has four
phases: discovery, design exploration, design refinement, and production.
The number of phases is consistent with the three to five phases found in a
short survey of published design processes from several other firms (Evolve
Design, 1999; Fire Engine Red, 1999; Studio Archetype, 1998; Young
Ideas, 1999).

Moreover, the design process described here is not particularly unique;
we make no claim to having “discovered” it. Crampton Smith and Tabor
(1996) describe a generic interaction design process that consists of the
phases of understanding, abstracting, structuring, representing, and detail-
ing. Love (1980) outlines the phases of formal design processes in several
domains, including mass production, construction, and book development,
all of which have the same general shape and many of the same phases. He
also describes a generic four-phase cross-domain process comprising con-
cept, preliminary design, detailed design, and first production, the outputs
of which are, respectively, concept, model, prototype, and mature design.
Even more abstractly, Rowe (1987) reviews a number of staged-process
models of design that were proposed in the early 1960s that followed the
same pattern of iterative refinement.

Discovery

The purpose of the discovery phase is to determine and clarify the scope of
the project, the desires of the client, and the characteristics, needs, or both, of
the intended users. If the project is a revision or redesign of an existing site or
product, the designers will carefully review and evaluate the existing version.
It is common to perform a competitive analysis during this phase, which in-
volves reviewing and evaluating competitors’ products for common features
and opportunities for improvement and differentiation. Other techniques that
might be applied at this phase include interviewing or corresponding with the
client to clarify aspects of what is expected, and various techniques to dis-
cover the needs of the users, such as interviewing, observing, testing, or sur-
veying.
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Design Exploration

During the design exploration phase, possible solutions to the problems
identified in the discovery phase are generated and explored. Information de-
sign, navigation design, and rough graphic design are often performed during
this phase. Multiple rough design ideas and variations are generated. Initial
designs generated at this point may or may not reflect ideas about color, imag-
ery, and typography; often they do not. They often do reflect ideas about site
structure and navigation, though this is not universal. Normally the goal of
this phase is to quickly produce several designs and present them to the client,
who is expected to select one for further development.

Design Refinement

After a design idea has been selected from the variations presented in the
design exploration phase, the designers develop the selected idea further.
During this phase the design is iteratively refined and detailed. Such aspects
as the precise typeface of labels and body text, the exact sizes and appear-
ances of images, and color schemes and palettes are determined. For most
sites, it is not necessary to design every single page of the site, because the site
will have been broken down into classes of pages (e.g., home page, sec-
ond-level pages, and pages for specific types of content), each of which can be
represented by an example or template. A fully detailed example of each type
of page is usually considered sufficient to represent the design.

All of the design firms we studied incorporate user testing, formal usability
inspections, or both into at least some of their projects. The Web portal also in-
corporates usability evaluations on a regular basis.! Whether or not usability
evaluationsare included depends on the client (who must authorize such work),
the project scope and budget, and to some extent on the designers themselves
(who can suggest whether to include evaluation in the initial project proposal).
In the cases in which usability evaluations were performed, they were typically
included during the design refinement and/or production phases. In most
cases, an interactive prototype would be developed before user testing would
be performed. None of the designersreported conducting user tests with low-fi-
delity prototypes (Rettig, 1994), though this subject was not probed in detail.

Production

When the design has reached a satisfactory level of detail, or when the
deadlines and budget dictate that design should end and implementation be-

IThe freelance designer we interviewed focuses mostly on graphic design and does
not himself conduct usability evaluations as a regular part of his design process.
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gin, designers prepare the design for handoff to the people who will imple-
ment the site. Productionrefers to the creation of whatever artifact or set of arti-
facts will be delivered to the client (or to the software development team) to
embody and represent the design. Such artifacts may include interactive pro-
totypes, written descriptions, guidelines, and specifications.

Design Process Timeline

A rough timeline of the design phases, their durations, and the types of arti-
facts typically observed in each phase are seen in Figure 4. The specific dura-
tions were typical of the projects discussed in the interviews, but there were a
few projects that took much longer overall. Even in the longer projects, the
relative durations of each phase were close to those described; in other words,
it was common that the design refinement phase was three to four times as
long as the discovery or design exploration phase.

Individual and Collaborative Activity

All of the designers we interviewed did all of their work in the context of
teams. Each project we discussed had a design team whose size varied from 2
to around 10, and whose composition was somewhat heterogeneous, includ-
ing, in some cases, designers of various specialties (graphic, information, UI),
account representatives (who managed contact with the clients), business
strategists, and a project manager. In a couple of cases, more technical people,
such as programmers or database administrators, would be involved from the
outset, but this was rare.

Collaborative activity was present throughout the process, but it was more
prevalent around the beginning and end of each phase or around the plan-
ning and delivery of milestones. For example, several project members would
get together to brainstorm ideas about the information layout or navigation
and would often sketch rough ideas on paper or on whiteboards. Responsibil-
ity for fleshing out various aspects of the rough ideas that were generated
would be parceled out, and individual designers would work individually on
the items that became their responsibility. Often these designers would gener-
ate a number of ideas and informally show them around to other team mem-
bers for feedback. As a milestone or phase conclusion approached, collabora-
tion would become more active again, as attempts were made to integrate the
work of the various team members into a coherent whole to be presented to
the client.

Also, designers would regularly draw on other designers outside their
team, but in the same firm or organization, for feedback or assistance on their
designs. This was sometimes done to take advantage of some specialized
knowledge or experience that another designer might have, but was also of-
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Figure 4. Reading from left to right, this timeline represents the ordering of the design
phases and the kinds of artifacts likely to be produced in each phase. The specific dura-
tions indicated were typical of the projects discussed during the interviews, though some
projects were much longer. The relative durations of the phases were fairly consistent,
even for the longer projects.
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ten done simply to get a fresh perspective from someone who was not im-
mersed in the project and could see the work more objectively. As one would
expect, the interactions among designers, both inside and outside the project
team, were far more relaxed and informal than the much more structured and
scheduled interactions with outside clients.

2.5. Products of Design Practice

Throughout the design process, the Web site being designed is represented
as a set of intermediate artifacts, such as site maps, mock-ups, and prototypes,
that help facilitate communication among the various individuals involved in
the design project. Artifacts may support communication among team mem-
bers, between designers and clients or other stakeholders outside the design
team, between designers and implementers, or simply between the designer
and herself. Often an individual artifact will support multiple dimensions of
communication. In this section, we discuss some of the most commonly ob-
served artifacts of the Web site design process and attempt to describe them
using the terminology used by the designers themselves.
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Site Maps

A site map is a diagram showing the structure of a site (see Figure 5). It is
used primarily to reflect an understanding of the information structure of the
site as it is being built and to a limited extent the navigation structure. In many
cases, site maps are only used internally by the design team to organize work
and obtain consensus on the goals of the project. In some cases, though, site
maps are cleaned up and shared with clients. A site map might, for example,
be printed out in a large color format to be shown to the client. Sometimes,
site maps are published on the release version of the Web site to support users’
navigation through the site, though these are often substantially different from
the site maps used internally.

Site maps often evolve throughout the entire life of the project, being up-
dated constantly to reflect new understandings of the site structure. Early in
the design process, site maps will reflect the site’s structure very broadly, and
as time progresses, they will be revised to become increasingly detailed. In
some cases, where site maps are used more extensively, they will evolve until
they reflect every single page in the site. They can then be used to support
project management, content management, and the generation of specifica-
tions. Site maps are the primary artifacts of information design, and in organi-
zations that maintain information design specialists, the site map will be gen-
erated and updated by that specialist.

Site maps usually consist of labeled blocks and lines as in Figure 5, with
some additional features to indicate certain kinds of groupings. The blocks
represent individual pages and contain brief descriptions of the contents of
the page, often only a short label. The lines and arrows represent navigational
paths between pages. Often just the “primary” navigational paths are re-
flected in the site map. For example, even though it is common for users to be
able to reach the home page of a site from any page on the site, this fact is not
reflected on a site map such as the one in Figure 5—it is just assumed.

Storyboards

A storyboard is a representation of a particular interaction sequence. It is
accompanied, either explicitly or implicitly, by a story or scenario about the
task the user would be trying to accomplish via the particular sequence de-
picted. Storyboards reflect limited detail about the contents of each page in
the sequence, and only the navigation links required to accomplish the task
are represented. For example, the storyboard shown in Figure 6 illustrates an
interaction sequence that a user might execute to access information within a
tutorial system. It shows what would happen if a user started at the main page,
clicked Begin Tutorial, then clicked Courses, and then clicked Modeling. One
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Figure 5. Site maps are high-level visualizations of site structure in which Web pages or
entire subsections of the site are represented by textual labels. This image was obtained
after the conclusion of the study from a different designer but is highly representative of
the site maps observed during the original interviews.
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other possible sequence is shown: When the user clicks Cast Contents, she
will be taken to the Main Menu page. It is clear that there are links on several
of the pages depicted that would lead to other pages, but those interactions
are not shown.

Like site maps, storyboards are primarily used within design teams to com-
municate ideas about site structure and navigation, and are not used to com-
municate with people outside the team, that is, clients. The idea of presenting
a scenario to a client is quite common, only it is usually not done using
storyboards. Rather, designers prefer what they call the walkthrough, which,
like a storyboard, is accompanied by a story about what the user is doing and
perhaps why. Whereas a storyboard is a document showing multiple pages at
once and the transitions between them, a walkthrough is a mediated, sequen-
tial presentation of screens narrated by the designer with an explanation of



DENIM WEB SITE DESIGN TOOL 277

Figure 6. Storyboards represent sequences of interactions that a user would carry out to
accomplish a task. This storyboard, drawn by the same designer that drew Figures 2 and
3, shows how a user would interact with a portion of the CAD tutorial system to find in-
formation on a specific topic.
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what the user is doing on each screen. A storyboard might well be used to de-
sign a walkthrough.

Schematics

Schematics are representations of the content that should appear on a par-
ticular page (see Figure 7). They are usually devoid of images, though they
may indicate with a label where an image should be placed. Though schemat-
ics are not meant to show how color, typography, and graphics will be used
on the page, they may themselves use simple color (often they are mono-
chrome or grayscale), typography, and graphics to indicate other things about
the page. For example, simple typographic variations may be used to show
that a particular label is supposed to be larger and bolder than other labels on
the page. Colors and lines may be used to separate regions of a page from
each other and indicate that those regions should be made visually distinct
from one another when the graphic design for the page is done. Schematics
often mix actual page contents with annotations indicating the type of content
that should appear in a particular region.

Even though schematics focus on individual pages, they fall into the do-
main of information and navigation design rather than graphic design. All of
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Figure 7. Schematics show the types of information and the information groupings on an
individual page. This example, which was modified slightly from one obtained during
one of the interviews to disguise the name of the client, shows a schematic of a template
for a page that will be filled in largely with dynamic content.
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the information architecture specialists created schematics as part of their
work, whereas none of the graphic design specialists did. This is because sche-
matics represent the information organization on a given page and the navi-
gational elements that must be included on the page (e.g., links to other pages,
navigation bars, feedback about the page’s location within the site). In each
case where specialization among designers was observed, schematics were
used as a means of communication between the information architect and the
graphic designer: The information architect would specify the page contents
using a schematic, and the graphic designer would determine how to present
the contents in a clear and visually appealing manner. Designers in the orga-
nizations where specialization was not observed regularly produced schemat-
ics before working out the graphic design. We observed examples of schemat-
ics at all five companies we studied, though the freelance designer did not
appear to use them.

Electronically produced page schematics are sometimes shown to clients
during the early phases of design because they do not look like finished Web
pages. They can be made to look aesthetically pleasing and professional with-
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out appearing “finished,” so they are appropriate for client presentations dur-
ing early design. Presenting too polished a representation encourages clients
to focus on irrelevant details such as fonts, colors, and images when it is often
desirable at this point to get feedback on the structure and organization of in-
formation (Wong, 1992). At the same time, some designers felt that presenting
too rough a representation can seem unprofessional and unimpressive. For
design firms working with new clients, it is often important that they make a
positive impression early in the design process to reinforce that the client
made a good decision in hiring the firm. Early presentations must strike a del-
icate balance between keeping the focus on basic, structural issues and mak-
ing a good impression. Schematics were regarded by several of the designers
interviewed as a good way to balance these demands.

A concept that was often discussed in conjunction with schematics was that
of the template. A template is a representation of a #ype of page (e.g., “second
level page,” or “product description page”) or a page whose contents will be
updated dynamically. Though a schematic might be used to represent a tem-
plate, the meanings of the two terms are subtly different. Whereas a schematic
intentionally declines to specify the graphical presentation of the page, a tem-
plate intentionally declines to specify the exact content of the page. An indi-
vidual artifact may be both a schematic and a template, as is the case in Figure
7, but it is also possible for an artifact to be one and not the other.

Mock-Ups

Web designers use the term mock-up to describe a high-fidelity representa-
tion of a Web page that shows exactly what the page is supposed to look like.
They are usually produced using a graphics application like Photoshop and
are not interactive. Unlike schematics, the graphic design of a mock-up is
meant to be taken literally. The mock-up shown in Figure 8 is a literal repre-
sentation of a site’s home page.

In some cases, mock-ups are the final deliverable of a design project, per-
haps accompanied by written guidelines or specifications.

Prototypes

Though the term prototype could refer to anything that serves to represent
the system as a whole and therefore is occasionally used to refer to a site map,
a set of schematics, or a set of mock-ups, it is most often used to refer to an in-
teractive prototype. Interactive prototypes are usually done in HTML or a
prototyping tool like Macromedia Director, and allow the designer to demon-
strate how the user will interact with the finished site. Prototypes are usually
produced late in the design process, that is, during the production phase.
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Figure 8. Mock-ups are high-fidelity representations of Web pages, and are meant to
look as much like the intended final product as possible. This mock-up was created for
one of the projects discussed in the interviews.
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Specifications and Guidelines

Specifications are detailed documents that attempt to describe exhaustively
and precisely the intent of the design. They usually accompany some kind of
a prototype and refer to it explicitly. The intended audience for a specification
is the developers who will implement the site. The specification tries to in-
struct the developers about how to extrapolate from the prototype to the fin-
ished product.

Guidelines are similar to specifications, though the term guideline implies
something less rigid and detailed than a “specification.” Whereas a specifica-
tion can be thought of as a set of exact instructions about how to build the site,
guidelines are more like suggestions. Guidelines do not have to be as compre-
hensive, and they can leave more details to the discretion of the developers.

Although some designers use the two terms interchangeably, for at least
one firm studied, the distinction between a specification and a guideline was
considered extremely important. The principal of this firm said that there is a
factor of 10 difference in terms of production effort and cost between a specifi-
cation and a guideline. In one case, this principal reported, a client’s misun-
derstanding about the difference between a specification and a guideline had
actually led to a lawsuit.

Several designers expressed a preference for interactive specifications, which
integrate the specifications with the prototype. The precise form of the interac-
tive specifications vary from firm to firm and from project to project, but gener-
ally they provide a way of accessing the specification information about a par-
ticular element of the site from the element itself, asitappearsin the prototype.
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Presentations

Especially in the design firms, presentations to the client were regarded by
the designers as a significant part of the design process. Because interactions
with the client may be limited and somewhat formal, presentations are often
the only means available for designers to convey ideas about the design to the
client. Designers at all four design firms described the process of creating cli-
ent presentations as “a design process in itself.” The freelance designer ex-
pressed a similar sentiment. One firm had a “theater” for hosting client pre-
sentations: an elegant meeting room decked out to look like an old movie
theater. The purpose of the room is to impress clients and increase the likeli-
hood that they will react favorably to the designers’ presentations.

Presentations often require strategic planning to evoke the desired re-
sponse from the client. One designer described some of the complexity of
creating a presentation early in the design process. The design team truly
wants the client’s feedback, and at the same time wants the client’s approval.
It is particularly important at this early phase of the process that the client is
not misled into thinking that the site is nearly finished, so it is desirable to
make the images presented appear somewhat rough. Similarly, it is not useful
to get feedback about irrelevant details that are not appropriate to the early
state of the design, such as the fonts used or the background color. On the
other hand, the client may be unfamiliar with the designer’s work and may
have high expectations, so it is desirable to make a good impression with a
polished design that shows off the designer’s strengths. These considerations
are often in conflict and need to be carefully balanced when creating a presen-
tation. One designer had worked with an outside contractor for three weeks
nearly full time to produce a presentation that was to describe the results of
the discovery phase to the client.

At all four design firms, presentations tended to punctuate phases of the
process, especially in the early going. Later in the process, a higher comfort
level could be achieved that would allow feedback and approval to be sought
in less formal ways. For example, during later stages of the process some de-
signers would post work to an extranet and allow the client to review it di-
rectly. Early on, however, presentations are frequent and involve the com-
plex balancing act we have just described.

In terms of content, presentations may consist of any of the artifacts de-
scribed in this section. Electronic mock-ups are the most common elements
included, especially during the latter part of design exploration and through-
out design refinement, but site maps and page schematics are frequently in-
cluded as well. As mentioned in the discussion of storyboards earlier, one
common way of structuring presentations is the walkthrough. In a
walkthrough, the presenter leads the audience through a sequence of steps
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that a user might take when interacting with a site, showing the pages that the
user would see at each step.

At the Web portal, presentations were important but not as central to the
design process as they were at the design firms. Because the portal designers
were working entirely for “clients” within the organization, the interactions
between designers and other stakeholders could be somewhat less formal.
Sometimes, however, the internal clients would be powerful executives, or
the proposed design would be especially controversial. In those cases, the im-
portance of presentations to the design process was much more like what was
experienced by designers at the design firms.

Written Documents

In addition to specifications and guidelines, many other written docu-
ments appear throughout the process. A great deal of information regarding
work progress, requests for additional work, and requests for feedback, to
name only a few of many types of information, is transmitted through e-mail.
Additionally, several documents are often produced during the process, in-
cluding reports on the results of the discovery phase, initial concept ideas (re-
ferred to at one company as the “creative brief”), reports on usability studies,
market surveys, work schedules, and contracts. Many of these documents
were prepared to share with the client. Some actually represented deliver-
ables from the design process and required sign-off from the client. Other
than e-mail, most written documents tended to be formal in nature, especially
those shared with the client.

Generally speaking, written documents tended to be reports of some kind
or textual descriptions of design ideas. In the latter case, the description
would normally accompany a graphical representation of the design, which
might be intertwined directly with the text or might be presented in a separate
document.

2.6. Tools of Design Practice

The story of the designer working on the CAD tutorial illustrated the fact
that designers use a wide variety of tools during the course of a project. He
sketched with a pen on paper and also used an array of computer applications
to accomplish his work. His pattern of use was typical of other designers.

Figure 9 shows which tools were used to produce which artifacts by the de-
signers who participated in the study. This figure also shows the phases in
which the artifacts were most prevalent and which design foci each artifact is
most related to. Designers were observed to sketch while producing site
maps, storyboards, schematics, and mock-ups. All of these artifacts were later
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Figure 9. Each design artifact is more relevant in certain phases than in others, and some
strongly focus on certain aspects of the site design rather than others. This table lays out
the major classes of artifacts observed during the study, the phases in which they were
most relevant, the aspect of design on which they focused, and the tools most commonly
used to create them (ifalics indicate the most commonly used tools for each artifact).

Artifact Phase Focus Tools

Site map Discovery, exploration  Information, navigation  Sketching, Visio, Illustrator
Storyboard ~ Exploration Navigation Sketching, Illustrator
Schematic Exploration, refinement Information, navigation  Sketching, Illustrator, Visio
Mock-up Refinement Graphic Photoshop, HTML, Sketch
Prototype Refinement, production ~ All HTML, Director
Specification ~ Production All Word, HTML

reproduced in a more formal state, except for storyboards. Only one example
of a “formal” storyboard was observed; all others were in sketch form only.

Sketching on Paper

In keeping with our interest in informal modes of expression and commu-
nication, we paid special attention to the ways that designers currently use
sketching. All of the designers did at least some sketching on paper, though
not necessarily consistently or to the same degree for every project. When
sketching did occur, it would take place early in the process, generally during
the design exploration phase, and was employed for information and naviga-
tion design as well as graphic design. Examples of sketches done in support of
information and navigation design can be seen in Figures 2, 3, and 6. At some
point, the sketches would be converted into electronic form by recreating
them from scratch using a tool such as Illustrator or Photoshop. In almost all
cases, once the designer had converted his or her sketches into an electronic
format, paper would be abandoned (except for marking up printouts, as dis-
cussed later).

Several designers indicated surprise that we wanted to see their sketches
and were even mildly reluctant to show them. The presentation of the
sketches was accompanied by a series of apologies for their “poor quality,”
and disclaimers about how they were “really rough.” Some designers seemed
to be somewhat ashamed of their sketches, or perhaps they had misgivings
about showing them to a relative stranger. According to several designers,
anything presented to the client must look “professional,” which meant at a
minimum a color printout or photocopy of a high-resolution mock-up, and
usually it meant a mock-up presented on a computer.

Several designers reported that they “used to sketch more.” Though it was
not clear exactly what was behind this perceived reduction in sketching, one
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designer said that he began working with Illustrator and Photoshop earlier
and earlier in projects because he knew he would have to produce something
to present to the client very early on. Knowing this, it was much easier to work
in an electronic medium from the start. Several other designers agreed that
early deadlines drove them to switch from paper to electronic media earlier in
the project than they might have liked.

Another designer reported that she switched to working with com-
puter-based tools when she thought she would be making incremental varia-
tions to a single general idea. She said,

The beginning of each step I'll do on paper. As soon as I feel like I'm go-
ing to be starting any design revisions, then I’ll move to [an electronic
tool] ... because it’s easier to make changes to these things.

Some other uses of paper were observed besides personal sketching to
work out ideas. Several designers reported using paper and pencil when
meeting with other designers. Spontaneous ideas and revisions were captured
on paper in these settings. Paper was generally preferred to whiteboards be-
cause of its portability: After the meeting one can easily take it with them back
to the desk. Designers would also give printouts of electronic sketches to col-
leagues for comments and they would be returned to them with handwritten
annotations (see Figure 10).

Design War Rooms

Two of the companies employed paper in another way during the discov-
ery and design exploration phases. In a process similar to the “affinity dia-
gramming” technique (described in Beyer & Holtzblatt, 1998) for organizing
data collected from users, designers would collect ideas about what should be
in the site onto Post-It notes and arrange them on the wall into categories (see
Figure 11). Whereas affinity diagramming is used specifically to organize and
visualize data collected from customer interviews, the Web design firms we
observed used the Post-It notes and war rooms in a more general way to col-
lect and structure all kinds of information relevant to the eventual content and
organization of the site. This technique amounted to a form of collaborative
sketching to determine the site structure. At one of the companies that used
this technique, other types of paper artifacts were also attached to the wall,
such as annotated printouts of competitors’ Web pages. In these cases, it
seemed that paper was exploited primarily for its portability, ease of use, and
low cost. It is relatively easy to fill a room with pieces of paper and move them
around to suggest different associations. The use of large surfaces, such as
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Figure 10. Paper is used to support collaboration in several ways. Real-time co-located
synchronous sketching on paper is one way that collaboration happens. Another, asyn-
chronous way is that documents are printed, given to other team members, and anno-
tated, as shown in this example of an annotated site map. The site map shown is a differ-
ent version of the one shown in Figure 5.
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walls, allows a large number of complex associations to be represented at the
same time and allows easy synchronous collaboration among team members.

Computer-Based Tools

The applications used by the designer of the CAD tutorial described in
Section 2.3 were also regularly used by other designers. These designers re-
lied heavily on some combination of Photoshop (Adobe, 1989), Illustrator
(Adobe, 1987), and Director (Macromedia, 1989) for much of their work.
They used Illustrator and Photoshop to create high-fidelity mock-ups as well
as medium-fidelity schematics, whereas Director was used both for creating
interactive prototypes and for creating presentations. Some designers used Il-
lustrator for making site maps as well. This set of tools was most heavily used
by the designers who spent some or all of their time focusing on graphic de-
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Figure 71. This picture is typical of environments observed at two of the firms we stud-
ied. One or more walls would be covered with taped-up Post-It notes, sketches, print-
outs, and other paper materials. The arrangement of materials on the wall would come
to resemble an early map of the structure of the site being designed (i.e., an early ver-
sion of a site map). This photo was taken by Scott Klemmer during a later study of Web
design firms (see Klemmer, Newman, Farrell, Bilezikjian, & Landay, 2001).

sign. In other words, the “hybrid” designers described earlier, who
transitioned among information, navigation, and graphic design, tended to
use these graphic design-oriented tools for most of their work, and had
adapted their use of these tools to support each of their activities.

The UI design specialists, on the other hand, did not use the same set of
tools. One of the Ul designers did not use any graphics programs at all: Her
diagrams were all on paper and most of her computer-based work involved
writing reports using a word processor. Another UI designer made heavy use
of Visio (Microsoft, 1992) for making site maps and schematics. She also used
paper sketches to some extent and did a lot of word processing.

In fact, several designers used word processing software frequently, espe-
cially those charged with writing specifications and guidelines. None of the
graphic design specialists fell into this category, but most of the other design-
ers did. Designers at two firms reported having created interactive specifica-
tions in HTML, which involved somewhat less writing than word-processed
specifications. However, even these designers still had to produce written
specifications or guidelines at least some of the time. Most designers also used
word processing software to produce reports (e.g., a report explaining the re-
sults of the discovery phase) and proposals (e.g., detailed project plans and
schedules).

All of the designers, especially the more experienced designers, tended to
be heavily invested in the tools they used. They admitted to using their pre-
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ferred tools for tasks that might have been more easily accomplished with an-
other tool. One designer did all of her diagrams, including site maps and sche-
matics, using Microsoft Word’s (Microsoft, 1983) drawing utilities. Another
designer said he used Director’s paint function for all his graphics needs, even
though he knew that Photoshop would be better for some of the things he did.
He simply did not have time to learn a new program. Similarly, the UI de-
signer who used Visio for diagramming also used Visio for making page sche-
matics, which she acknowledged might be easier to make, or at least more at-
tractive, if they were made using a program with more graphics capability.
Again, the potential gain from using a new program did not outweigh the in-
convenience of having to learn it.

We were quite surprised to find that none of the designers we interviewed
used Web development tools like NetObjects Fusion (NetObjects, 1996) or
Macromedia Dreamweaver (Macromedia, 1997) on a regular basis. Many of
them had never used them at all or had used them once or twice before aban-
doning them. It is possible that the learning curve on these tools discouraged
the designers from adopting them, given their investment in their existing
tool set. On the other hand, it is possible that these tools were not used be-
cause they focus on development of finished Web sites rather than on designing
Web sites. In the cases where HTML-based prototypes were developed as
part of the design process, most designers preferred to “hand code” the
HTML. One designer said that WYSIWYG tools like Dreamweaver were un-
necessary because it was relatively easy for him to write the HTML code once
he had designed how he wanted the site to work and what he wanted it to look
like. Some other designers never touched HTML at all, and worked only with
image and diagram manipulation tools.

2.7. Implications for Web Design Tools

The motivation for this study was to guide the design of tools to support
Web design. We conclude our discussion of the Web design study by looking
at the implications of this study for the design of such tools.

Use an Informal UI

We found support for our hypothesis that an informal interface would be
useful to designers. Because all of the designers sketch at least some of the
time, and some designers sketch quite a lot, we believe that a sketch-based
Web design tool would fit naturally into many designers’ work practices.
Many designers reported regretfully that they were converting to electronic
media earlier in the design process than they had in the past. A tool that pro-
vides some of the advantages of an electronic medium (i.e., ease of manipula-
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tion and replication) but preserves the ability to sketch may encourage de-
signers to continue to sketch farther into the process. Other research has
suggested that prolonging sketching, and therefore the ambiguous represen-
tations that are produced by sketching, will result in a broader exploration of
the design space (Goel, 1995).

Informal interfaces leverage modes of interaction and communication that
are already familiar to users. This means that a good informal interface should
be relatively easy to learn and use. As described in the earlier discussion
about computer-based tools, ease of learning and use will be critical to the ac-
ceptance of any new design tool.

Focus on Intermediate Artifacts

Before undertaking this study, our plan was to develop a tool to allow de-
signers to design finished Web sites by sketching. Through this study, we
learned a great deal about the intermediate products of the design process
and all that happens between exploration of design ideas and the production
of a completed Web site. The production of finished Web sites involves a
mode of thinking and expression that is much more precise than the mode
used by designers when exploring the design space. We now think it is impor-
tant to concentrate on supporting creation of other artifacts, such as site maps,
storyboards, and schematics, which are more relevant to the early design pro-
cess than finished Web sites.

Support Multiple Representations

This study found that designers use multiple representations throughout
the course of the design process. These representations depict the site at dif-
ferent levels of detail. A design tool should support a similar range of repre-
sentations. Such a tool would be an improvement over the current state of the
art, in which different representations are created using separate, poorly inte-
grated tools. Several designers expressed a wish that the different representa-
tions could be tied together in a unified framework so that consistency and co-
herent project management strategies could be more easily maintained.

Integrate With Other Tools

Because the need to present polished design ideas to clients early in the
process is one of the factors driving an early conversion to formal representa-
tions, a sketch-based tool should support the integration of sketches with
more formal representations produced in other tools such as Photoshop or II-
lustrator. We plan to explore whether or not designers will take advantage of
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the ability to integrate formal and informal representations to continue to
sketch later in the design process.

Through this study, we were able to focus our understanding of where in the
process an informal tool would fit best and which specific types of design (and
designers) it would best support. We found it most appropriate to focus on the
design exploration phase and on information and navigation design. Later de-
sign phases require greater precision and probably would not benefit greatly
fromatool with aninformalinterface. These phasesalso place a greater empha-
sis on graphic design. Though an informal tool may not explicitly support later
design phases, it should support transitions into them. We believe the right way
to do this is through integration with other tools and representations as men-
tioned earlier. In addition to graphics applications like Illustrator and diagram-
ming applications like Visio, we found that presentation and word processing
software are especially prevalent in designers’ work practices. A Web design
tool should strive to integrate well with these applications as well.

Manage History and Variations

Designers expressed a desire to have a unified way of managing different
variations of design ideas. Variations play a key role during the design explora-
tion phase, and it would behoove an effective design tool to help support their
creation and management.

To keep track of project milestones and variations designers are forced to
invent ad-hoc methods of their own, usually involving saving multiple ver-
sions of files and using complex, cryptic file names to encode the relevance of
each version. Several designers were interested in having a tool that helped
them keep track of project histories so that they could refer back to decisions
made early in the process and better understand the context under which
they were made.

Integrate With Paper

Paper has many affordances, independent of the affordances of sketching.
We would like to explore ways to integrate paper directly with an electronic
tool so designers can continue to use paper sketches while still gaining the ad-
vantages of an electronic tool. This integration could occur, for example, by
incorporating scanned sketches or sketches done on a CrossPad (Cross Pen
Computing Group, 1998) into the site framework. Another way that this inte-
gration could take place is to allow the spatial arrangement of paper sketches
or handwritten notes (similar to the affinity diagramming technique men-
tioned earlier) and capture this arrangement via cameras. We briefly describe
such a system later, in our discussion of current and future work.
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3. DENIM: AN INFORMAL WEB SITE DESIGN TOOL

To address the implications raised by our study, we developed an informal
tool to support early-phase information and navigation design of Web sites.
To emphasize the informal nature of our tool, we named the system DENIM,
which also conveniently stands for Design Environment for Navigation and Infor-
mation Models. DENIM is intended for prototyping in the early stages of de-
sign but not for the creation of finished Web sites. For example, it does not
output finished HTML pages. As we describe in the rest of this section,
DENIM provides both an informal, sketch-based interface and the ability to
view several representations of the site through zooming. The version of
DENIM described in this section focuses mainly on addressing the need to
support multiple representations, the desirability of focusing on intermediate
artifacts, and the need to support informal interactions. Other implications
from the study, such as the need to support transitions to more formal repre-
sentations and the desirability of providing explicit support for design histo-
ries and variations, are important but are not addressed in the current version.

DENIM is designed to be used with a pen input device such as a Wacom
Tablet (Wacom Technology Company, 2000) or a device running the Tablet
PC operating system (Microsoft, 2002). We built DENIM in Java 2, on top of
SATIN, a toolkit for supporting informal pen-based interaction (Hong &
Landay, 2000). SATIN will be described briefly in a later section.

DENIM uses a semantic zooming UI (Bederson & Hollan, 1994) to inte-
grate the representations most commonly used by designers when designing
Web sites: site map, storyboard, and individual page. We envision a designer
using DENIM during the design exploration phase to create and explore the
information and navigation design of the Web site.

Here is one scenario of how DENIM could be used. A designer collects in-
formation during the discovery phase and brainstorms the site structure by
writing words and phrases representing potential content areas for the site on
DENIM’s canvas in site map view (see Figure 12). She then moves the
phrases around and connects them with arrows to flesh out the structure and
to begin visualizing the navigation.

After working on the basic structure, she uses DENIM’s page view (see
Figure 13) to sketch out the contents of some of the key pages in the site.
Zooming out to storyboard view (see Figure 14), she works out in more detail
the navigation paths between pages in the site by redrawing the arrows be-
tween pages. Unlike the “organizational arrows” originally drawn while
brainstorming the basic site structure, these redrawn arrows are “navigational
arrows,” meaning that they specify exactly which element in the page the user
would click to jump to the target page.

The designer previews the user’s interaction with the site by using
DENIM’s run mode (see Figure 25). After reflecting on her design and sharing
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Figure 712. DENIM is an informal, sketch-based Web site design tool that allows design-
ers to view and interact with a Web site at multiple levels through zooming. In site map
view, depicted here, Web pages are represented by their labels, and connections be-
tween pages are depicted with directional arrows. A designer can create new pages by
writing labels directly on the canvas or typing a label using a text insertion gesture, and
can create connections between pages by drawing arrows.
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it with her team members to receive feedback, she iteratively refines and re-
vises her design using DENIM’s editing facilities until she is satisfied with the
site structure and navigation. When she eventually wants to formalize her
ideas, as is likely to occur during the design refinement phase, she switches to
a different tool such as Illustrator or Photoshop that is better suited to the task.

3.1. The DENIM UI

DENIM Beta 1 was released for free public download via the Web at the
beginning of May 2000. Several beta releases followed, and eventually ver-
sion 1.0 was released on November 21, 2001. Version 1.0 is the system de-
scribed in this section and depicted in Figures 12-26. The primary DENIM
application window is shown in Figures 12, 13, and 14. The window has three
main areas:

* The center area is a canvas where the user creates Web pages, sketches
the contents of those pages, and draws arrows between pages to repre-
sent their relationship to one another.

* On the left is a slider that reflects the current zoom level and allows the
level to be set.



Figure 13. In DENIM’s page view, a single page is visible and its contents are displayed
at 100% resolution. The primary intent of this view is to allow the designer to view and

sketch the contents of a particular page. It is also possible to create new pages by draw-
ing a rectangle in a blank part of the canvas.
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Figure 74. In DENIM’s storyboard view, multiple pages and the links between them are
visible. Designers can create new pages in this view by writing a label or typing text, as
in site map view, or by drawing a rectangle in the size and shape of a page. It is also pos-

sible to create navigational arrows in this view, which indicate the links within a page
that a user would follow to reach another page.
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* The bottom area is a toolbox that holds tools for drawing, panning, eras-
ing, and inserting text fields. The tools behave like local tools (Bederson
etal., 1996): Users “pick up” a tool by tapping on it, “drop” a tool by tap-
ping in an empty area in the toolbox, and “swap” tools by tapping on an-
other tool. There are several tools: a hand tool for panning, a pencil and
eraser for sketching and erasing the design, and a text field stamp for in-
serting text fields. A version of DENIM currently being developed in-
cludes more tools for inserting other UI elements, like check boxes and
radio buttons, and to allow designers to create their own components;
see Section 3.5.

Unifying Representations Through Zooming

There are five main zoom levels in DENIM, which are identified on the
zoom slider with icons representing the type of view available at that level
(see Figure 15). There is also an intermediate zoom level in between each
main level. Three zoom levels—the site map, storyboard, and page levels—
map directly to the most common representations of Web site designs that we
observed during our study of design practice. The site map level (see Figure
12) gives a view of the site as connected labels. The storyboardlevel (see Figure
14) allows the user to view several pages simultaneously and more clearly see
the navigational relationships between the pages. The page level (see Figure
13) displays pages at “100%” scale and is intended to allow users to sketch the
page contents.

In addition to these levels, there are two major levels at the extreme ends of
the scale, with the overviewlevel providing a more abstract, higher level repre-
sentation of the entire site with only thumbnails of the individual pages
shown, and the detail level providing a more fine-grained view of individual
pages, for more precise sketching. These two extreme levels did not map di-
rectly onto any representations that were observed during the study and were
added as an experiment to see if they would be useful in any way. In practice,
we have observed that they are not used very much, and that when they are, it
is often to fix a drawing mistake (detaillevel) or to find one’s place in the site
map after having become disoriented at a closer zoom level (overview level).

To change the zoom level, the user either drags the slider’s elevator or
clicks directly on one of the icons. Changing the zoom level initiates an ani-
mated transition from the current zoom level to the desired zoom level. The
center point for a zoom operation can be set by tapping and holding on the
background of the canvas. Such a tap causes crosshairs to be displayed at the
point tapped, and any subsequent zoom operation will center on that point.
Alternatively, if any objects are selected, the center of the selected object or
objects is used as the zoom target.
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Figure 15. The zoom slider controls the view in DENIM’s canvas. There are five major
zoom levels, the middle three of which correspond to common views of Web sites used
by professional designers (site map, storyboard, and page). The “overview” provides an
alternate, zoomed-out view of the site map, and the “detail” is a close-up view that al-
lows the designer to sketch inside part of a page. Discrete intermediate zoom levels are
also available, equidistant from each of the labeled levels, and also including the very
top and very bottom of the scale. Altogether there are eleven possible zoom levels ac-
cessible via the zoom slider.
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Gestures and Pie Menus

Most commands in DENIM can be activated either through gestures? or
through pie menus. To activate a gesture, the user presses the button on the
barrel of the pen and draws a stroke. To activate the pie menu, the user taps
with the barrel button depressed, that is, by gesturing a dot (see Figure 16 for
DENIM'’s responses to all possible pen actions).

When the user gestures, a thick gray translucent stroke is drawn during the
gesture (see Figure 17a). If DENIM recognizes the stroke as a valid gesture,
the gray stroke is replaced by an idealized version of the gesture in green (see
Figure 17b). If it is not recognized, the gray stroke is flashed in alternating red
and gray.

We have implemented gestures for panning, undo, redo, group select (se-
lect everything enclosed by a circular gesture), cut (shown in Figure 17), copy,
and paste. A list of all supported gestures appears in Figure 18. Tapping and

2By gesture, we mean a stroke created by the pen that activates a command.



Figure 16. DENIM is designed for use with a pen input device with a single barrel but-
ton. When the pencil tool is selected, the system recognizes five unique pen actions, and
treats a sixth (Button-hold) as equivalent to one of those. Tap and Drag are essentially
equivalent as well, because both simply mark the canvas wherever the pen was placed.
When other tools such as the eraser are in use, tap, drag, and hold all result in the tool
being used. The other three actions retain their same interpretations.

Pen Action Result

Tap Draw dot

Drag Draw stroke

Hold Select object

Button-tap Open pie menu

Button-drag Gesture

Button-hold Same as button-tap (opens pie menu on release)

Figure 77. Commonly used commands can be accessed through gestures. (a) The de-
signer performs a cut gesture over the “Mendocino” page to remove it from the site. (b)
DENIM shows that it recognized the cut gesture with an idealized cut gesture in green.

(a)

)

Figure 18. There are seven supported gestures in DENIM. The dot in the gesture indi-
cates the starting point of the gesture. The “Pan” gesture results in the canvas being
panned in the direction of the stroke.
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holding on an object without depressing the barrel button selects or deselects
that object. The selected object can be dragged to move it to a new location.
Tapping and holding on the canvas, outside of any Web page, clears the se-
lected objects and sets the zoom-center target, denoted by crosshairs.

Pie menus (Callahan, Hopkins, Weiser, & Shneiderman, 1988) are used to
provide access to functions not easily mapped to gestures, as well as providing
redundant access to certain commands (see Figure 19). Keyboard shortcuts
are available for several commands, including cut, copy, paste, delete, undo,
redo, pan, and zoom.

Creating Pages

When in site map view, there are two ways to create pages. The designer
can write some words directly on the canvas. DENIM groups strokes that are
close to each other into words and phrases. The designer can also type out the
words after using a text insert gesture (discussed later). In either case, a new
page is automatically created and its label contains the phrase that was written
or typed (see Figure 20). Note that pages are not visible in site map view; the
page becomes visible when the view is changed to a lower zoom level. Labels
remain the same size throughout all the zoom levels (except the overview
level), so that they can always be read.

In the storyboard and page views, a new page can be created by drawing a
rectangle on the canvas (see Figure 21). If the rectangle is approximately the
same size as a page’s boundaries in the current view, it is converted to a page
with an empty label. A page can also be created by typing out the new page’s
label, as in site map view.

Adding and Editing Web Page Content

Designers can create and erase drawings within a page by using the pencil
and eraser tools in the toolbox (see Figure 22). They can also add text fields,
for example, to allow end-users to enter search terms or other data, by picking
up the text field stamp and tapping it at the desired location within a page.
Currently text fields are the only “widgets” that can be stamped into pages,
though future public releases will support more widgets (e.g., radio buttons,
check boxes, and list boxes).

Replacing Handwritten Text With Typed Text
Typed text can be used in place of handwritten text in page labels and page

contents. To insert typed text, the user performs a “caret” gesture at the de-
sired location (see Figure 23). DENIM then prompts the user to enter text us-



Figure 19. Most commands in DENIM can be accessed through the pie menu. The pie
menu is accessed by tapping anywhere on the canvas with the pen button depressed, or
by tapping the “menu” button above the Zoom Slider. Several commands are context
sensitive, for example, a “Run” command initiated from a pie menu that was invoked
over a specific page will load that page as the first page in the DENIM browser. The
same command initiated over a blank part of the canvas will load the site’s default home
page as the first browser page.
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Figure 20. New pages can be created by writing words or phrases directly on the canvas
when in site map view or storyboard view. DENIM automatically creates the label and a
blank new page.
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Figure 21. In storyboard and page view, new pages can be created by drawing a rectan-
gle on the canvas. The new page is given a blank label.
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Figure 22. The toolbox holds tools for designers to edit and manipulate their designs.
From left to right: hand (panning), pencil (drawing), eraser (erasing), and text field
stamp (inserting text fields). The broom button on the right realigns the tools.

Figure 23. Typed text can be entered by gesturing in the desired location and typing in a
phrase. In this example, the “greeked” text underneath the gesture will be replaced by
the typed text.

ing the computer’s keyboard. If the insertion gesture was performed over an
existing phrase, regardless of whether it was typed or handwritten, the new
text replaces the old text. This feature supports designers who prefer typing to
handwriting for text input, as well as designers who prefer to start with en-
tirely hand-drawn representations and iteratively refine them as the design
process progresses. Both types of designers were encountered in our initial
Web design study, as well as in the evaluation of DENIM discussed in Section
3.3.

Creating Arrows and Hyperlinks

An arrow between two pages represents a relation between those pages.
We provide navigational and organizational arrows (see Figure 24). Naviga-
tional arrows represent hyperlinks in the HTML sense: They represent the
reference from an item on one page (e.g., a word or image) to another page.
Organizational arrows are used to represent a conceptual relationship be-
tween two pages; that is, the designer eventually wants to make a hyperlink
from one page to another but does not want to fill in the details at this time.
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Figure 24. Organizational arrows (a) originate from a page label or an empty region of
the page indicate that there is a relationship between two pages but do not specify how
to navigate from one to the other. They are gray in color. Navigational arrows (b) origi-
nate from a word or drawing inside a page and specify which link in the source page a
user would click to reach the target page. They are green in color.
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To create a link, the user draws a stroke between two pages. The system
checks if the stroke is an arrow. Organizational arrows start on one page and
end in another. This creates a gray arrow from the source to the destination.
Navigational arrows start on a specific object on one page and end in some
other page. This creates a green arrow from the source to the destination.
When creating a navigational arrow, any organizational arrows from the
source page to the destination page are removed. As additional feedback, the
source of the navigational arrow becomes blue, like a hyperlink anchor in a
Web page.

Interacting With Designs in Run Mode

After a number of pages have been sketched and navigational arrows
drawn between them, it is possible to preview the interaction by entering run
mode by choosing File—Run from the pie menu. In run mode, a simplified
“browser” window appears on the screen (see Figure 25). The browser dis-
plays one page at a time, like a real Web browser, except the pages displayed
are the sketches that the designer has created. If an element inside a page is
the source of a navigational arrow, it is rendered in blue in the browser. Click-
ing on these elements causes the browser to display the target of the link, just
as in a conventional browser. The browser has Back, Forward, and Refresh
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Figure 25. The interaction with a site can be previewed using DENIM’s Run Mode. In
this mode, a limited-functionality “browser” displays page sketches and allows the user
to navigate through the site by clicking hyperlinks, which are colored blue.
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buttons, which also operate like their counterparts in conventional browsers
do. With run mode, designers can test the interaction with a site that they are
designing without having to create a full-fledged prototype. They can also test
these early prototypes with target users and get useful feedback (Walker,
Takayama, & Landay, 2002).

Exporting to HTML

DENIM allows designers to export their designs as a set of HTML pages,
so that others can interact with the design without needing to have DENIM.
The exported pages look exactly like the designer’s sketches. One HTML
page, containing one GIF image and an image map, is created for each page
in the DENIM design. Objects in the page that serve as source objects for
navigation arrows are rendered as active areas of the image map, such that
clicking on them causes a transition to the appropriate page in the site. Figure
26 shows an exported page in a conventional Web browser. We are also work-
ing on exporting DENIM files to other formats so that designers can use them
with other tools. Please see Section 3.5 for more details.

3.2. Implementation Details

As mentioned previously, DENIM was implemented in Java 2 on top of
the SATIN toolkit, a toolkit intended to facilitate the creation of sketch-based
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Figure 26. DENIM designs can be exported to HTML sites. The exported pages retain
their sketchy, hand-drawn nature, but can be viewed and interacted with using a con-
ventional Web browser. Hyperlinks are rendered blue, just as they are in DENIM. This
is an HTML page from an exported DENIM design.
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applications. SATIN provides three main facilities that are of critical impor-
tance to DENIM. First, SATIN provides a framework for capturing and inter-
preting ink strokes. Custom “interpreters” can be added to any graphical re-
gion of an application’s display, and these interpreters can receive and
operate on any ink input directed to that region. Second, SATIN provides a
scenegraph for manipulating and rendering graphical objects, including sup-
port for semantic zooming (Bederson & Hollan, 1994). Third, it provides librar-
ies for processing strokes and GUI widgets optimized for pen-based interac-
tion. SATIN was largely co-developed with DENIM, so many of its features
fit well with the needs of DENIM.

SATIN Overview

SATIN’s scenegraph is a tree data structure that controls how graphical ob-
jects are displayed and how strokes are processed. A node in the scenegraph
is called a GraphicalObject. SATIN provides several basic GraphicalObjects. A
Sheet serves as the root of a scenegraph. A Patchis an arbitrarily shaped region
of space somewhat analogous to windows in a windowing system. The sim-
plest GraphicalObject is the TimedStroke, which is a set of points and the times
that they were created. The timing information is stored to assist in sketch rec-
ognition.

Each GraphicalObject has one or more Views. Each view knows its visual
boundaries and how to render itself. Each GraphicalObject has a default
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view, which simply renders the graphical object as is. Application developers
can define their own views if needed. SATIN provides several kinds of views,
two of which are of special interest here. The first is the SemanticZoomView,
which multiplexes between different views based on the current zoom level.
The other is the StickyZView Wrapper. “Sticky Z” means that the view of the ob-
ject does not change scale when zooming in or out—in other words, it stays at
a fixed point on the z-axis relative to the viewport. The object does, however,
move around in the x-y plane.

Each GraphicalObject also has one or more Interpreters for handling
strokes. An interpreter is an application-defined object that receives ink
strokes before they are rendered to the screen and decides whether to apply
an interpretation to them. Each GraphicalObject has two sets of interpreters,
one for handling gestures and the other for handling ink. When a stroke is dis-
patched to a GraphicalObject, the stroke is delegated to the appropriate set of
Interpreters for handling. SATIN comes with a SemanticZoomInterpreter, which
multiplexes between different interpreters based on the current zoom level.

When strokes are drawn, they are dispatched to Graphical Objects similar to
how mouse events and keyboard events are dispatched to individual widgets in
modern windowing systems. Most windowing systems use aleaf-only dispatch,
meaning that only the lowest object in the tree receives an event. For example,
clicking on a button widget would cause only that button to receive the event. In
contrast, SATIN uses a hybrid top-down, bottom-up approach, where dis-
patchingstarts atthe rootand recursively traverses down the tree, selecting only
those GraphicalObjects that entirely contain the stroke, and then comes back
up. Thisapproach allows GraphicalObjects to try processing strokes as gestures
first before processing them as ink. It also allows developers to provide global
behavior for gestures (for example, by handling a stroke on the Sheet), as well as
enforcing local behavior in GraphicalObjects (for example, straightening up
lines in certain GraphicalObjects but not others).

Interpreting Ink Strokes in DENIM

DENIM has a global Gesturelnterpreter that uses SATIN’s
StandardGestureInterpreter, which is based on a modified version of gdt (Long,
Landay, & Rowe, 1999) and Rubine’s recognizer (Rubine, 1991) to decide
whether ink strokes should be treated as command gestures (e.g., cut, copy,
paste). When the Gesturelnterpreter determines that a stroke should be
treated as a gesture, it executes the specified command instead of rendering
the stroke to the screen. To keep strokes from being rendered to the screen,
Interpreters have the option to consume the stroke, thereby preventing other
Interpreters and the default rendering mechanism from knowing that the
stroke exists.
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Interpreters can be attached to the Sheet as well as to Patches. In DENIM,
several Interpreters are attached to the DenimSheet, which is descended from
SATIN’s Sheet. In addition to the Gesturelnterpreter mentioned earlier, the
Arrowlnterpreter, Labellnterpreter, and Panellnterpreter are attached to the Sheet.

The Arrowlnterpreter determines whether or not to interpret a given
stroke as an Arrow between two pages. Its rules are simple: If a stroke origi-
nates inside a page or a label and terminates in or near another page or label,
the stroke is considered an Arrow. It further determines whether to instantiate
the Arrow as a navigational Arrow (if the stroke originated on or near a
GraphicalObject inside the source page) or an organizational Arrow (if the
stroke originated from an empty area or label of the source page). If the inter-
preter decides the arrow is a navigational arrow, it converts the source into a
hyperlink by converting it into a DenimHyperlinkInstance. Within the
DenimHyper- linkInstance, the interpreter associates a left-click event with
the destination of the arrow.

The Labellnterpreter determines whether strokes added to the sheet
should be treated as new page labels or be added to existing page labels. The
Labellnterpreter contains a ScribbledTextInterpreter that determines whether
adjacent strokes are part of the same word or phrase. Each Label contains ex-
actly one ScribbledText object, so for two strokes to be contained in the same
Label, they must belong to the same phrase. The ScribbledTextInterpreter
uses a modified version of the algorithm proposed in (Chiu & Wilcox, 1998)
for grouping ink strokes. It differs from Chiu and Wilcox’s algorithm primar-
ily in that it only takes into account spatial proximity when determining
whether to group strokes together. Chiu and Wilcox’s algorithm also consid-
ers temporal proximity because they are interested in grouping different in-
put events (audio and ink) that do not have any spatial relationship to each
other. Spatial proximity is sufficient for our domain.

ScribbledTextInterpreters are also attached to the Patches representing
Web pages so that handwritten text inside the page will be grouped into
ScribbledText objects that can then be operated on as single objects instead of
collections of individual strokes. This means that, for example, a navigational
Arrow originating from the printed word Home will treat the entire word as
the source of the arrow as opposed to the individual stroke representing the
letter e.

The Panellnterpreter determines whether a stroke is a rectangle represent-
ing a new Web page. Because Rubine’s recognizer does not allow scale-inde-
pendent gestures, the Panellnterpreter is actually implemented as two Inter-
preters, each configured to accept rectangles of a different size. The active
interpreter is determined by the current zoom level, using SATIN’s
SemanticZoomInterpreter interface. New pages can be created by drawing rect-
angles only at the storyboard and page zoom levels. Using two interpreters in-
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stead of one allows for improved recognition accuracy at each zoom level and
reduces incorrect guesses.

Most of what users draw or write is rendered into the SATIN scenegraph
without interpretation. Aside from aggregation into ScribbledText, strokes ap-
plied within the boundaries of a Web page are basically left alone. This is in
keeping with the principles of informal Uls, which attempt to preserve users’in-
tended ambiguity instead of imposing a formal interpretation on their input.

Rendering and Semantic Zooming in DENIM

Everything that is rendered to the screen in DENIM is descended from
SATIN’s GraphicalObject. We use SATIN’s SemanticZoomViews for labels
and pages so that, for example, labels do not appear at the overview zoom
level and pages do not appear at the site map zoom level. Page Labels are ren-
dered using SATIN’s StickyZView Wrapper. Because Labels are rendered Sticky
Z, they never appear to change size even though the view of their attached
pages change size with the zoom level. This ensures that the labels are equally
legible at all zoom levels.

As mentioned in the discussion of the Panellnterpreter earlier, SATIN pro-
vides the ability to apply different interpreters depending on the current
zoom level. We also use this mechanism to change the way that editing ges-
tures work with objects at different zoom levels. In the two broadest views, the
overview and site map views, gestures work shallowly: You can select, move,
or edit Web pages, but not anything inside of a Web page. Because these views
focus on whole pages and the relationships between them, it follows that edit-
ing commands should operate on entire pages. In the two narrowest views,
the page and detail views, gestures work degply: You can select, move, or edit
individual ink objects inside a Web page, but not Web pages themselves.
These views focus on the contents of individual pages, so operations work on
the page contents. The middle zoom view, the storyboard view, supports op-
erations at both levels of detail. For example, the user taps and holds the
page’s label to select the page but can tap and hold any object inside a page to
select that object.

Executing Designs in Run Mode

When the user opens his or her design in the Run window, one of the de-
sign’s pages is cloned and added to the Sheet within the Run window, which is
a subclass called DenimRunSheet. When users click within the Run window,
the DenimRunSheet determines if they left-clicked on a DenimHyper-
linkInstance. If they did, it tells the DenimHyperlinkInstance that it received
a left-click event. The DenimHyperlinkInstance looks up which page is asso-
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ciated with the left-click event and tells the DenimRunSheet to display that
page.

DENIM’s architecture is general enough to handle widget types and
event types besides hyperlinks and left-clicks. For example, hyperlinks and
text fields are actually subclasses of DenimComponent, and particular in-
stances of hyperlinks and text fields in a DENIM design are subclasses of
DenimComponentInstance. We will soon release a version of DENIM that al-
lows designers to create their own DenimComponents and their own
events. As we discuss in the Current and Future Work section, we use the
generality of DenimComponents to add support for user-defined widgets
(e.g., custom navigation bars) and reusable interaction sequences (e.g., a
“checkout” sequence).

3.3. Evaluation and Usage Experience

To validate DENIM’s design and implementation, we conducted an evalu-
ation of the system. We were interested in gaining feedback about the useful-
ness of the functionality of the tool and the usability of the basic interactions,
such as creating pages, creating links between pages, zooming, panning, and
interacting with a design in run mode.

Description of Study

Seven professional designers participated in the study, one of whom had
participated in the initial investigation into Web site design. Five of the partici-
pants said that Web site design projects constituted at least half of their current
workload. The remaining two participants were a Ul designer working on
non-Web-related projects and a manager of a usability group for a large soft-
ware company.

The system that we used for the evaluation consisted of an IBM ThinkPad
560Z (300 MHz Pentium II) laptop running Windows NT 4.0, and an ITI
VisionMaker Sketch 14 display tablet (see Figure 27). The tablet had a 14-in.
diagonal LCD screen and a pen (including a button) for input. The partici-
pants interacted primarily with the display tablet, although they could also
use the keyboard for shortcuts.

The version of DENIM used for the evaluation was an early pre-release
version that was available in August 1999. It was lacking some of the features
of version 1.0, such as the ability to insert typed text, the ability to export to
HTML, and support for complex widgets such as text fields. It also differed
slightly in some aspects of the Ul For example, there were no functioning
tools in the toolbox, and DENIM was always in “pencil” mode. Also, the tex-
tual labels now present on the Zoom Slider (designating the overview, site
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Figure 27. This ITI VisionMaker Sketch 14 display tablet was used in the DENIM evalua-
tion. It was connected to a 300-MHz Pentium II laptop running Windows NT 4.0 with
Java 2 version 1.2 installed.

map, storyboard, page, and detail views) were not present, and neither was
the button to bring up the pie menu. Finally, it was substantially inferior to
version 1.0 in terms of performance and robustness. We opted to delay focus-
ing on performance optimization and stability until after we had validated the
desirability of the basic functions of the system through this evaluation.
Throughout the following discussion of the study and our observations, we
point out where specific observations led to improvements in the application.

One evaluation session was conducted per participant, and each evalua-
tion session consisted of four parts. First, the participant was given a 10-min
description and demo of DENIM, in which he or she was shown how to cre-
ate pages, sketch their contents, connect pages with arrows, use the zoom
slider to view the site at multiple levels, and interact with the site in run mode.
Next, the participant was asked to add a few elements to a drawing in
Microsoft Paint to become familiar with using the display tablet and pen. The
second task was to get the participant used to interacting with DENIM. We
loaded a previously created Web site design (shown in Figure 28) and asked
the user to create a new page, link the page to the site, and then run through
the site using run mode starting from the home page and ending at the page
they just created.

The final part was a large design task, intended to be difficult to complete
in the time allotted. We were interested in seeing how participants ap-
proached a realistic design task and how they used DENIM to help them. To
motivate the participants to create the best design they could, we offered $250
to the best design. The participant was asked to develop a Web site for a ficti-
tious start-up company. The Web site was to help renters find places to rent
and to help landlords find tenants. We provided an analysis of a competitor’s
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Figure 28. Each participant in the DENIM evaluation was given a 10-min demonstration
of DENIM’s major features. The demonstration showed them how to zoom to different
levels, create pages, make links between pages, and interact with designs in run mode.
This image shows the pre-release version of DENIM used during the evaluation, with
the example Web site that was used for the demo. Note that the text labels are absent
from the zoom slider, there is no button for invoking the pie menu, and there are no
pencil and eraser tools (the cursor was always a pencil, and the tool in the toolbox was
not functional).
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Web site, market research on what renters and landlords said they wanted,
and a description of what the client company required and desired. The par-
ticipant had 45 to 60 min to come up with a preliminary site design, and then
he or she presented the designs to us as if we were the rest of the design team.

While the participants performed the tasks, we paid attention to what types
of actions they did (e.g., panning, drawing, and creating new pages) and at
what zoom levels they performed those actions. This was to give us a sense of
what features of DENIM they used and how well zooming supported the dif-
ferent design activities. We also recorded any critical incidents that occurred
and their general comments and reactions.

After the participants were finished with the tasks, they filled out a question-
naire. We asked what they thought of DENIM in terms of usefulness, ease of
use, and how they thought using it would affect their design process. The ques-
tionnaire also asked for basic demographics, primary job responsibilities, what
tools they normally used, and how much Web design experience they had.

Observations

The size and complexity of the sites produced by designers varied some-
what: The smallest site design had five pages, whereas the largest had 29. Two
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examples of designs created during the evaluation are presented in Figure 29.
These examples highlight two distinct approaches to Web site design that were
observed during the study. Some designers, like the author of the site depicted
in Figure 29(a), took what might be termed an “architecture-oriented” ap-
proach, meaning that she brainstormed many of the pages that would be re-
quired for the site before sketching the contents of any one page. In fact, of the
almost 30 pages she created during the session, only one of them contained any-
thing besides a label. In contrast, the author of the site in Figure 29(b) took an
“interaction-oriented” approach, meaning that he started with a specific inter-
action sequence—apotential tenant searching for an apartment—and sketched
out in some detail the pages and links required to support that interaction. Of
the eight pages he created during the session, six of them had at least some of
their contents sketched. The two designers differed in their use of arrows and
run mode as well. The architecture-oriented designer used organizational ar-
rows almost exclusively, whereas the interaction-oriented designer did not use
them atall. Atthe same time, the interaction-oriented designer made heavy use
of run mode, previewing the interaction with the site several times, whereas the
architecture-oriented designer did not attempt run mode until the very end of
the session. We were encouraged to observe that both designers felt strongly
that DENIM supported their respective design processes well.

All of the participants made substantial use of different zoom levels, with
usage concentrated primarily in the middle three levels (site map, storyboard,
and page). Several users verbally expressed that they liked the concept of the
different zoom levels and liked the ability to maintain a unified representation
of the site, while interacting with it at different levels of detail. It appears that
users felt that the integrated view would help them iterate more quickly
through different design ideas. One user highlighted the advantages of the in-
tegrated view by observing,

It’s not like “OK, that’s one idea,” then open a new file and work on a
new [idea]. You don’t need to do that. The iteration goes on within this
[tool] and I can see the relationships.

Another user described how she thought DENIM would improve her cur-
rent process by remarking,

I usually [create site maps] in PowerPoint, then I go back to the naviga-
tional flow, then I go back to PowerPoint ... And here it would be so
easy to do that iterative kind of thing.

However, the integration of these views through zooming sometimes
proved to be problematic. Several of the users became frustrated navigating
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Figure 29. These two Web sites, produced by participants in the DENIM evaluation,
demonstrate DENIM’s ability to support different design styles: (a) “architecture-ori-
ented” (i.e., lots of pages with little or no detail and mostly organizational arrows) and
(b) “interaction-oriented” (i.e., few pages, most of which contain detailed sketches of
their contents, and mostly navigational arrows).

ay ()

around their site designs and found that they often had to zoom out to a
higher level to find their desired target and then zoom back in on that target.
This has been previously reported as a problem with zooming Uls (Jul &
Furnas, 1998).

Likewise, users had trouble creating navigational arrows between pages
that they had initially drawn far apart on the canvas. It was difficult to find a
view of the site that would include both the source and target page, yet have
enough detail to be able to find the specific object on the source page that they
wished to serve as the link anchor.

In response to these issues, we made two changes to DENIM, both of
which were integrated before the release of version 1.0. We introduced
auto-panning, which pans the screen when the user draws a line toward a side
of the screen. This makes it easier to link two pages that are not visible at the
same time. A user can start drawing from one page and draw until he or she
sees the desired page. We also changed the display of pages at the site map
level so that only their labels appear. The early version of the display in site
map view is shown in Figure 28. The modified site map view that appears in
version 1.0 (shown in Figure 12) encourages users to draw their initial site
maps more densely, because the total size of each page is less. The resulting
density of pages makes it more likely that the source and target page will be
visible on the screen at the same time in the storyboard view.

In future versions, we also plan to explore focus + context techniques
(Furnas, 1986) to address the navigation and linking problems we observed.
Seeing more of the site in the periphery while zoomed in to a particular por-
tion of the site could help reduce the difficulty of finding one’s place in the
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site. Similarly, compressing the distance between a source and target page,
while maintaining a high level of detail in the source page, would help relieve
the problem of linking pages that were originally drawn far apart from each
other in the site map.

Users appreciated the informal mode of interaction provided by DENIM.
One user compared the interaction to other tools with the following com-
ment:

You draw a box in Illustrator or Freehand or Quark, and it’s got attrib-
utes that have to be dealt with, and it interrupts the thought process. ...
It’s nice to be able to get rid of all the business with the pictures and all
the definite object attributes. That is such a hassle.

At the same time, the free-form sketching interface provided some stum-
blingblocks. For example, handwriting on the screen was difficult, given the av-
erage performance of the application, the simple stroking algorithm used, and
the lack of feedback from writing on a smooth screen. Also, printing (as op-
posed to cursive writing) was difficult because the automatic word-grouping al-
gorithm was not very good. Tiwo users experienced difficulty reading their own
page labels. Another user wanted to type her page labels. Other users said that
they like to handwrite while brainstorming, but would like the ability to replace
handwritten labels with typed labels as their ideas become solidified. As de-
scribed earlier, we added support for typed text in version 1.0. We also im-
proved the performance of the application as well as the algorithms for captur-
ing and displaying pen strokes and for grouping words and phrases.

Feedback

The responses to the posttest questionnaire, though informal, were instruc-
tive in several ways. Opinions about DENIM’s perceived effect on the re-
spondent’s work practices were sharply divided based on the amount of the
respondent’s workload that consisted of Web design projects. The two indi-
viduals not involved in Web design ranked DENIM relatively low on factors
such as “the perceived benefit using the tool would have on their ability to
communicate with team members” and on “DENIM’s overall usefulness” to
them. The five Web designers, on the other hand, had generally positive opin-
ions of DENIM along these lines.

Though the Web designers ranked the ease of use just above average (6.4
out of 10), they ranked the usefulness fairly high (9.0 out of 10). This seems to
indicate that, despite the shortcomings of the current implementation in
terms of performance and fluid interaction, users felt that the basic concepts
were on target.
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Also, the Web designers gave very high rankings when asked to rate
DENIM according to its perceived ability to communicate with others in-
volved in the design process. Those users rated DENIM better than 8.5 out of
10 in terms of ability to communicate with design team members (8.6), inter-
nal managers (8.8), and usability engineers and testers (8.8). They also gave
similarly high marks to DENIM’s improvement in their ability to express
their ideas (9.0), iterate quickly through versions of a design (8.6), and overall
efficiency (8.6). All users gave DENIM relatively low marks in terms of abil-
ity to communicate with clients (6.1 out of 10 overall), which we attribute
largely to DENIM’s inability to produce “cleaned-up” versions of sketches
that would be acceptable to show to clients.

Other Usage Experience

After the initial evaluation, we promptly turned our efforts toward devel-
oping a robust and responsive version of DENIM that could be deployed to
designers in the field and used over a long period of time. We felt that most of
the core features were validated by the initial evaluation and we believed that
a deployment in the field, followed by one or more longitudinal studies of
DENIM being used in real settings, by real designers, on real projects, would
reveal a host of other, more interesting issues. The effort to create a satisfac-
tory version of DENIM for field use continues to this day, though feedback
from our considerable pool of users seems to be indicating that we may well
be approaching our goal.

Between DENIM’s initial release on the Web (May 6, 2000) and the time
this article went to press (June 17, 2003), it has been downloaded 31,944
times, with 27,615 of those downloads occurring since the release of version
1.0 on November 21, 2001. Whereas some portion of those downloads are
probably by people merely investigating the tool out of curiosity, it is clear
from e-mail feedback that at least some people are using DENIM to work on
actual designs. Through this channel, we have received requests for increased
support for widgets, support for exporting to HTML (earlier releases did not
have this capability), and a version that works on Mac OS. We also received a
number of messages expressing positive feedback and validating the exis-
tence of a need for a tool like DENIM.

DENIM has also been used in several UI design classes at UC Berkeley for
low-fidelity prototyping assignments. The experience of the students in these
classes again highlighted the need for increased widget support, as well as the
need to improve the performance and robustness.

Finally, DENIM was used to carry out a study comparing users’ reactions
to formal and informal representations of Web sites (Hong, Li, Lin, & Landay,
2001). The experience of the authors of the study turned up additional prob-
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lems, such as flaws in the implementation of Copy, Paste, Undo, and Redo;
the difficulty of merging different files together; the need to improve the aes-
thetic appearance of drawn ink (through anti-aliasing); and (once again) the
need to improve the performance. Thanks to these experiences, we were able
to substantially improve DENIM in each of these areas before the release of
version 1.0.

3.4. Discussion

DENIM supports many of the implications for a Web design tool enumer-
ated at the end of Section 2, but some are not supported as of version 1.0. We
said that informal tools are appropriate for the early stages of design, that
tools focusing on the early stages should integrate well with more formal rep-
resentations and the tools that produce them, that such tools should focus on
the production of intermediate artifacts, that multiple variations should be
supported, and that integration with paper should be supported. Let us look at
DENIM in the light of these implications.

The sketch-based interface to DENIM supports an informal mode of inter-
action. This means that the tool should fit well into designers’ current practice
during the early phases of design. Currently, designers sketch extensively
while initially exploring a design, and this mode of expression is explicitly
supported by DENIM. Our evaluation with professional designers suggests
that designers believe DENIM will, in fact, fit in well with their current prac-
tices. In addition to supporting current sketching practices, DENIM offers
the advantages of electronic media, such as facilitating replication, incremen-
tal modification, testing, and distribution.

We also said that we believed that an informal tool would be easier to use and
learn because it employs modes of interaction and communication that are fa-
miliar to users. In our evaluation, it was found that DENIM, though fairly easy
to learn and understand, was not particularly easy to use. We do not know
whetherthe ease of use problems stemmed from shortcomings of the hardware,
the implementation, or from problems inherentin the design, but we believe at
least some of the blame lies with the hardware. In particular, itappeared that the
awkwardness of hand printing on the tablet, especially for users unfamiliar with
the input device, caused serious difficulties. The poor performance of the appli-
cation exacerbated this problem. On the other hand, problems with linking dis-
tant pages (inherentin our design) also caused serious problems. We believe our
changes to the performance and the design have helped to resolve these issues,
but we have not formally evaluated ourimprovements. We also believe that the
introduction of the Microsoft Tablet PC platform will drive improvements in
the hardware as more vendors strive to develop pen-based devices, and that it
will also lead to wider familiarity with this type of interface.
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DENIM focuses on and supports the tasks of the early phases of design,
that is, the discovery and design exploration phases, when informal modes of
interaction and communication are most appropriate. Information and navi-
gation design are commonly the most active types of design during these
early phases, and these are the types of design supported by DENIM. We
support information and navigation design by facilitating the creation of asso-
ciated artifacts and visualizations, namely site maps, storyboards, and sche-
matics. Unlike current tools used by Web site designers, DENIM ties together
these different representations into a unified framework. Designers who par-
ticipated in the evaluation felt that this was a significant improvement over
their current tools and practices.

Some observers have noted that the “storyboard” label for the middle zoom
level might be misleading. This zoom level offers some of the features of con-
ventional storyboards, such as the ability to view multiple pages at medium de-
tail and to see the navigational interrelationships among those pages. On the
other hand, this view does not support other characteristics of storyboards that
were present on some designers’ sketches observed during the Web design
study. For example, one cannot easily focus on asingle thread of interaction that
connects pages distant from one another in the site map. This is partially sup-
ported in a soon-to-be-released scenario-recording feature, which will allow a
designer to capture and view threads of interaction (see Section 3.5), but there is
still no visualization available in DENIM that precisely parallels the
storyboards observed in the study. The text labels on the zoom slider were in-
troduced before the first beta release but after the usability evaluation was con-
ducted, as we found it difficult to write documentation without having visible
textual labels as reference points. Because the labels were not present during
the usability evaluation, we do not have data about whether this label is confus-
ing, but it has not come up among our user population.

Though it is appropriate that DENIM focuses on the intermediate artifacts
produced early in the design process, the current implementation does not
support integration with other tools or transitions to more formal representa-
tions. This means that DENIM does not meet the need to integrate with later
design phases, nor does it support an important task faced by designers in the
early phases of design: presenting designs to clients. Because designers were
clear that they did not wish to show sketches to clients, an early stage tool like
DENIM should assist designers in producing cleaned-up versions of sketches
for presentation. Otherwise, designers will turn to other tools to create pre-
sentable versions of their designs, and as with the transition from paper
sketches to more formal representations, it is unlikely that designers would
then return to the informal, “sketchy” representations.

Ideally, we would like DENIM to support the creation of “presentable”
versions of design ideas while still allowing the designer to work with sketchy
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versions of unfinished ideas. Allowing the creation of multiple variations of
sketches and sites could allow both formal and informal representations of the
same elements to exist side by side and remain associated with each other.

Alternatively, we would hope that a tool like DENIM might help persuade
designers to push back against the trend toward premature formalization that
many of the designers we interviewed complained about but felt helpless to
combat. Designers know, and studies have shown (Black, 1990), that overly for-
mal design representations cause viewers to focus on details that are distracting
orirrelevantto the mainissues thatthe representationis supposed toaddress.

In general, variations are important during the design exploration phase.
Currently, DENIM does not support the generation, comparison, and man-
agement of multiple variations, other than through saving files explicitly, but
this is a feature we plan to support in a future version.

Finally, we said that even a sketch-based tool could not replace paper com-
pletely. Paper is still unrivaled for its inexpensiveness, portability, and feel. At
present, DENIM does not support integration with paper, either as input or
output. We have experimented with integrating paper for input by allowing
sketches done on a CrossPad to be associated with a DENIM Web page. An-
other approach would be to allow scanned sketches to be imported into
DENIM pages. Allowing printouts of both sketches and formalized represen-
tations is also important.

3.5. Current and Future Work

Our intent in releasing DENIM on the Web for free download was to allow
designers to begin using it in their projects. We hoped that this real-world us-
age would provide us with feedback on how well DENIM supports designers’
work. As mentioned before, there have been several thousand downloads of
DENIM, and we have received a lot of feedback about its strengths and
weaknesses. However, we are currently planning a more formal survey of the
people that have downloaded DENIM to elicit feedback on its effectiveness
and utility, as well as longitudinal studies of DENIM being used in the field.

We have designed and partially implemented the concept of scenarios,
which we will add to a future version of DENIM. Scenarios will allow designers
to create a “slide show,” consisting ofa sequence of pages the designer believesa
user will visit to accomplish a particular task. To create a scenario, the designer
will first go to run mode and press the Record Scenario button in the Run win-
dow’s toolbar. The designer will then add pages to the scenario by clicking on
the links that bring up those pages. The labels of the pages will be added to a list
along the left side of the Run window. When the designer is done, he or she will
click on the Stop Recording button in the Run window’s toolbar (see Figure 30).
The designer will then be able to name the scenario in a dialog box.
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Figure 30. Using the scenarios feature, designers will be able to record sequences of
page transitions. The list of page labels down the left-hand side indicates the sequence
of pages visited so far in this scenario.
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The designer will then be able to playback a scenario by opening up the
pie menu, choosing View—Scenarios, choosing a scenario, and clicking Play.
A Run window with the first page of the scenario will open. Clicking any-
where within the page will bring up the next page in the scenario.

We have also developed a more advanced visual language for DENIM
(Lin, Thomsen, & Landay, 2002). One part of this visual language lets design-
ers specify their own re-usable components. These components can be as sim-
ple as a new kind of widget or as complex as a template for a Web page. An
example in which this is useful is with navigation bars. Instead of redrawing
the same navigation bar for each Web page, a designer can factor out com-
mon behavior into a navigation bar component. This visual language also
supports conditional behaviors as well as a wider range of events beyond just
left mouse click, such as right clicks, double clicks, timeouts, and rollovers.
The goal here is to extend DENIM so that it can also be used to design more
sophisticated Web interaction as well as standard GUIs.

A closely related project our research group has developedis The Designer’s
Outpost (Klemmer, Newman, Farrell, Bilezikjian, & Landay, 2001), a tangible
Ulthat combinesthe affordances of paper, large physical workspaces, and elec-
tronic media to support information design of Web sites. Designers interact
with the system by writing on physical Post-it Notes, arranging them on an elec-
tronic whiteboard in related groups, and drawing links between them. The sys-
tem tracks the Post-its using computer vision and captures links among Post-its
and groups with an electronic stylus. Site maps created in Outpost can be ex-
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ported to DENIM, where they can be evolved further. Outpost also supports
the creation and use of design histories (Klemmer, Thomsen, Phelps-Good-
man, Lee, & Landay, 2002) and has been extended to support remote collabo-
ration (Everitt, Klemmer, Lee, & Landay, 2003).

Another closely related project our research group has developed is
WebQuilt (Hong, Heer, Waterson, & Landay, 2001; Hong & Landay, 2001), a
tool for logging and visualizing Web usage. The overall goal is to help design-
ers see problems that people encounter in a Web site. Logging is done
through a proxy, overcoming many of the problems with server-side and cli-
ent-side logging. Captured usage traces can be aggregated and visualized in a
zooming interface that shows the Web pages people viewed. The visualization
also shows the most common paths taken through the Web site for a given
task, as well as the optimal path for that task as designated by the designer. We
have also created more sophisticated visualizations and layouts for organiz-
ing, filtering, and drilling down into the collected data (Waterson et al., 2002).

We are also looking into ways to support the generation of medium-fidelity
prototypes from low-fidelity sketches. As noted before, such a feature could
allow designers to give more “professional” presentations, while staying with
sketching longer. Presentations themselves could be generated directly from
DENIM as well. We are considering extending the scenario recording and
playback mechanism to support exporting of scenarios as PowerPoint
(Microsoft, 1987) presentations containing walkthroughs.

We would like DENIM to work with existing Web design tools so as to fit
more naturally into the entire Web design cycle. This includes generating
HTMULand other artifacts that can be imported by other tools. Ideally, DENIM
would also be able to import files from other tools, so that designers can
smoothly move back and forth in the design process. We are currently working
on adding support for Scalable Vector Graphics (SVG) into DENIM, which
would allow it to interoperate with tools such as Adobe Illustrator.

To make DENIM scale for large Web sites, we plan to explore additional
visualizations and interactions that operate on higher levels of abstraction.
Note that both of the site maps in Figures 2 and 5 use lines and shading to
show certain groupings of pages. DENIM should support this aspect of the
site map visualizations. It would also be desirable to allow the designer to
identify subsites and collapse and expand their representation. The overview
zoom level in particular could be used to support interactions with the overall
site structure.

4. RELATED WORK

Several work practice studies have appeared in the literature that are espe-
cially relevant to our study of Web site designers. Sumner and Stolze’s study
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of speech application designers (Sumner & Stolze, 1997) and Bellotti and Rog-
ers’ study of editorial staff at several publishing companies (Bellotti & Rogers,
1997) showed that designers and editors use multiple intermediate represen-
tations of products during their creation, some of them similar to the repre-
sentations found in this study.

A certain amount can be learned about Web design practice by reading the
growing body of literature that covers it (Fleming, 1998; Nielsen, 1999;
Rosenfeld & Morville, 1998; Sano, 1996). Unfortunately, much of this litera-
ture is prescriptive rather than descriptive in nature and may not accurately
reflect what designers are actually doing in the field. To learn what designers
do, there is no substitute for direct contact. We elected to conduct a first-hand
investigation into Web design practice through field visits and interviews with
professional designers. Our approach was inspired by the methods proposed
in, for example, Blomberg, Giacomi, Mosher, and Swenton-Wall (1993); and
Hughes, King, Rodden, and Andersen (1995).

Sketching and writing are natural activities used by many designers as part
of the design process. DENIM captures this activity with an informal
ink-based interface (Landay & Myers, 2001). Using an informal interface is a
key aspect of DENIM, as it allows designers to defer the details until later and
focus on their task without having to worry about precision. Many research
systems have taken this direction in recent years, either by not processing the
ink (Davis et al., 1999; Schilit, Golovchinksy, & Price, 1998; van de Kant, Wil-
son, Bekker, Johnson, & Johnson, 1998) or by processing the ink internally
while displaying the unprocessed ink (Gross & Do, 1996; Landay & Myers,
2001; Moran, Chiu, & van Melle, 1997; Saund & Moran, 1994).

DENIM is most closely related to SILK (Landay & Myers, 1995, 1996,
2001), a sketch-based UI prototyping tool. Using SILK, individual interface
screens can be drawn, with certain sketches recognized as interface widgets.
These screens can be linked to form storyboards (Landay & Myers, 1996),
which can be tested in a run mode. DENIM takes many of these ideas and ex-
tends them to the domain of Web site design. However, DENIM de-empha-
sizes the screen layout aspects of SILK, focusing instead on the creation of
whole Web sites. Furthermore, instead of the separate screen and storyboard
views in SILK, all of the views are integrated through zooming. Also, SILK
attempts to recognize the user’s sketches and display its interpretation as soon
as possible. Seeing the results of the eager recognizer’s interpretations can be
disruptive of the “flow state” (Csikszentmihaly, 1990) many designers identify
as one of the major advantages of sketching (Edwards, 1989). For example,
when the user’s input is incorrectly interpreted, it is very difficult for most us-
ers to ignore the incorrect guess and continue sketching. The user will usually
stop sketching to correct the application. DENIM intentionally avoids doing
much recognition to support more free-form sketching.
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DENIM’s use of storyboarding to illustrate behaviors is similar to SILK.
Other systems that use storyboarding include Anecdote (Harada, Tanaka,
Ogawa, & Hara, 1996) and PatchWork (van de Kant et al., 1998).

WebStyler (Hearst, Gross, Landay, & Stahovich, 1998) is another
sketch-based tool for prototyping individual Web pages. However, DENIM
addresses more aspects of Web site design, including designing the site struc-
ture and being able to interact with the sketches.

Others have noted that designers often sketch basic designs in the early
phases of solving a design problem (Wagner, 1990; Wong, 1992). Sketching
has many advantages over traditional UI design tools that focus on creation of
high-fidelity prototypes. Sketches are inherently ambiguous, which allows the
designer to focus on basic structural issues instead of unimportant details
(Black, 1990). The ambiguity also allows multiple interpretations of the
sketch, which can lead to more design ideas (Goel, 1995). Sketching is quick,
so designers can rapidly explore different ideas, which leads to a more thor-
ough exploration of the design space. Rapid sketching also encourages itera-
tion, which is widely considered to be a valuable technique for designing in-
terfaces (Gould & Lewis, 1985).

There is a lack of early-stage prototyping tools for the Web. Our
ethnographic study showed us that Web designers use other tools to fill this
gap. Macromedia Director (Macromedia, 1989) is often used to assemble
storyboards, whereas Visio (Microsoft, 1992) is used for modeling the
high-level information architecture of a Web site. However, Director is a mul-
timedia-authoring tool, and Visio is a general purpose diagramming tool.
This makes using them for such high-level Web site design awkward at best,
because they are not designed for those tasks.

Currently, the most popular tools for creating Web sites include Microsoft
FrontPage (Microsoft, 1995), Adobe GoLive (Adobe, 1997), Macromedia
Dreamweaver (Macromedia, 1997), and NetObjects Fusion (NetObjects,
1996). These tools focus on designing page layout rather than the site architec-
ture. Admittedly, each of them has a “site structure view” of a Web site. How-
ever, this view often constrains any edits so that the tree structure remains in-
tact. Furthermore, the site structure view and the page layout view are not as
closely integrated as they are in DENIM. Most importantly, these tools focus
on producing high-fidelity representations, which is inappropriate in the early
stages of design. These are all important issues that we chose to address in
DENIM.

5. CONCLUSION

The development of DENIM was motivated and guided by an
ethnographic study of Web designers that provided insight into design prac-
tice. The study showed that designers commonly sketch on paper to explore
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and communicate early design ideas. It also showed that designers employ
multiple representations of sites at different levels of detail throughout the de-
sign process. Moreover, it suggested that there was little or no support for
early stage information and navigation design in existing tools. We relied on
these observations in our design and development of DENIM.

DENIM is an informal sketch-based tool that supports information and
navigation design for Web sites. The focus of DENIM is on the artifacts and
practices associated with the design exploration phase of the design process.
Different site views are integrated through zooming, with special emphasis
placed on the most commonly observed site visualizations, that is, site map,
storyboard, and individual page views. Designers can use DENIM to sketch
out Web pages and site structures, and can then interact with their site designs
in run mode. Thus, designers can get a rough sense of the user’s experience us-
ing a potential site design with a minimum of investment in creating the de-
sign. An informal evaluation of DENIM’s features and UI indicates that
DENIM will be useful to designers. Designers who participated in the study
believed that DENIM would improve their ability to communicate with team
members, their expressiveness, and their efficiency. Based on observations
made during the study, as well as feedback from a substantial number of peo-
ple who have downloaded and used DENIM since its release on the Web in
May 2000, we have implemented a number of new features and improve-
ments.

We believe DENIM fills a gap that currently exists in Web site designers’
tool belts. In particular, it fills a gap currently present in the early design
phases. We plan to further improve the usefulness of DENIM by extending it
to integrate with other tools and with the practices and concerns of later de-
sign phases.

DENIM is available for download at http://guir.berkeley.edu/denim.
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