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Abstract Design patterns have been introduced as a
medium to capture and disseminate the best design knowl-
edge and practices. In the field of human—computer
interaction, practitioners and researchers have explored dif-
ferent avenues to use patterns and pattern languages as design
tools. This paper surveys these avenues—from individual
pattern use for solving a specific design problem, to pattern-
oriented design, which guides designers in building a con-
ceptual design by leveraging relationships between patterns.
One of our underlying goals is to investigate how patterns
can be used, not only to foster the reuse of proven and valid
design solutions, but also as a central artefact in the process
of deriving a design from user experiences and requirements.
We will present our investigations on pattern-based design,
and discuss how user experiences can be incorporated in the
pattern selection process through the use of user variables,
pattern attributes and associated relationships.

Keywords Engineering - Evolution - Visualization -
Pattern - Usability - User experience

1 Introduction

In the field of interactive systems design defined in Sect. 2.2,

reinventing the “wheel” when designing is time-consum-
ing and ineffective. The capture and use of previous design
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knowledge and best practices is becoming a fundamental
mission of human—computer interaction (HCI) [1]. For exam-
ple, designers need to be aware of the many different factors
and context that influence Ul design defined in Sect. 3, such as
user requirements, environmental constraints, platform and
device characteristics, and task analysis in the intended place
of use. Furthermore, since the UI design process is context
sensitive, Ul designs based on the intuition of the designer are
no longer adequate. In order to cope with this multi-dimen-
sional complexity, we require design tools that are system-
atic, traceable and practical for designers, but which also
leave room for design creativity when appropriate.

Although interactive systems logic engineering has
become increasingly driven by rigorous techniques and prin-
ciples, the design and engineering of the UI has remained
“ad hoc” and thus has resulted—from a software engineering
point of view—in applications of poor architectural quality,
causing tremendous costs for maintenance and further evo-
lution [2]. The lack of standards and the broad diversity of
design methods have led to the fact that no efficient concept
for reuse of solutions and designs has been established yet.
To support systematic UI design and development, a process
incorporating a disciplined form of reuse is needed. The lack
of reuse methods in UI design motivated us to explore pat-
terns as core constituents for a novel reuse approach. Patterns
help in the reuse of well-known and proven design solutions,
and play a significant role throughout the whole UI develop-
ment process.

Historically, best practices reusability in HCI has attracted
far less attention in comparison with other disciplines like
software engineering, but this trend has been changing. The
user interface (UI) occupies a large share of the total size
of a typical system [3], and the design of interactive sys-
tems can be facilitated by applying best design practices.
In current practice, tools for capturing and disseminating
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design knowledge include guidelines, claims and patterns.
Guidelines concentrate most often on the physical design
attributes of the user interface, and examples are the
Macintosh Human Interface Guidelines [4] and the Java Look
and Feel Design Guidelines [5]. Claims [1] are a means to
capture HCI knowledge in association with a specific arte-
fact and usage context. They provide design advice based on
theoretical foundations, cognitive design rationale, and pos-
sible trade-offs. Although both guidelines and claims pro-
mote reuse, they have yet to be adopted by the mainstream
designer. Studies have shown that interface guidelines suffer
from being too abstract to directly apply [6,7], while claims
are too grounded in specific scenarios and examples, limiting
their generality.

During the last 5 years, the HCI investigated patterns,
defined in Sect. 3, as a mean to capture and communicate
the best practices of user interface design. A pattern is a
named, reusable solution to a recurrent problem in a par-
ticular context of use. Patterns include specific attributes,
and can be combined together in related pattern languages,
resulting in both a lingua franca for design [8] and facilitat-
ing pattern-oriented design. They are applicable to different
levels of abstraction, and are extremely useful for designers
because they have the potential to drive the UI design process
[9-11].

One important remark that needs to be made at the fore-
front of this paper is that patterns are a great source of inter-
est not necessarily because they provide novel ideas to the
software engineering community, but because of the way
that they package already available design knowledge. This
way of presenting information to software designers and
developers allows the reuse of best practices, and avoids
reinventing the “wheel” each time. In addition, HCI pat-
terns are a great way of incorporating usability best prac-
tices into software development. In light of this, pattern
use has not just gained popularity amongst software engi-
neers, but is of great interest to usability engineers and spe-
cialists who are concerned with the construction of usable
systems.

In this paper, we will review the evolution of pattern usages
in UI design. The use of patterns has evolved dramatically
over the last few years—from individual pattern use for solv-
ing a specific design problem, to pattern-oriented design,
which guides designers in building a conceptual design by
leveraging relationships between patterns. One of our under-
lying goals is to investigate how patterns can be used, not only
to foster the reuse of proven and valid design solutions, but
also as a central artefact in the process of deriving a design
from user experiences and requirements. We will present our
investigations on pattern-based design, and discuss how user
experiences can be incorporated in the pattern selection pro-
cess through the use of behavioural variables, pattern attri-
butes and associated relationships.
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2 Related works
2.1 Original ideas about patterns in design

The architect Christopher Alexander first introduced the con-
cept of design patterns in the late 1970s. In his two books, A
Pattern Language [12] and A Timeless Way of Building [13],
he discusses the capture and use of design knowledge in the
format of patterns, and presents a large collections of pattern
examples to help architects and engineers with the design
of buildings, towns, and other urban entities. To illustrate,
Alexander proposes an architectural pattern called Wings of
Light [12], where the problem is:

“Modern buildings are often shaped with no concern
for natural light—they depend almost entirely on arti-
ficial light. But, buildings which displace natural light
as the major source of illumination are not fit places to
spend the day.”

Amongst other information such as design rationale,
examples, and links to related patterns, the solution state-
ment is:

“Arrange each building so that it breaks down into
wings which correspond, approximately, to the most
important natural social groups within the building.
Make each wing long and as narrow as you can—never
more than 25 feet wide.”

All of Alexander’s patterns address recurrent problems
that designers face by providing a possible solution within
a specific context. They follow a similar structure, and the
presented information is organized into pattern attributes,
such as problem and design rationale. Most noteworthy, the
presented solution statement is abstract enough to capture
only invariant properties of good design. The specific pat-
tern implementation is dependent on the design details and
the designer’s creativity [14]. In the example above, there
is no mention of specific details such as the corresponding
positions of wings to one another, or even the number of
wings. These implementation details are left to the designer,
allowing for different instances of the same pattern solu-
tion.

In addition, Alexander [12] recognized that the design and
construction of buildings required all stakeholders to make
use of a common language for facilitating the implementa-
tion of the project from its very beginnings to completion.
If organized properly, patterns could achieve this for all the
participants of a design project, acting as a communication
tool for design.

The idea of leveraging these inherent properties of patterns
has been quite influential in a variety of domains in the last
decade. The use of original Alexandrian-type patterns as a



Tracing the evolution of HCI patterns

design tool has influenced areas as diverse as software devel-
opment, organizational processes, and teaching. In software
engineering, patterns exist at different levels of abstraction,
and are process or product related. They can be associated
to either the organization as a whole, the process of soft-
ware development, the people involved, or the product being
engineered. Alexander’s pattern framework has been applied
extensively to object-oriented programming and has inspired
adifferent way of thinking in which design knowledge is cap-
tured and reused effectively. Alexander’s influence is appar-
ent in Gamma et al.’s book [15], “Design Patterns: Elements
of Reusable Object-Oriented Software” which inspired the
software engineering community to take a closer look at
the concept of patterns as a problem-solving discipline for
object-oriented design. Gamma et al. [15] have documented
23 design patterns in their book, one example being the
Observer Pattern. Like all other patterns, the observer pat-
tern is described in a specific format, with consistent attri-
butes. A short description of this pattern is given in Table 1.
For comparative purposes, Table 1 also illustrates an organi-
zational pattern called Review the Architecture, by Coplien
[16]. Organizational patterns are also documented in a spe-
cific format, with consistent attributes. Although these attri-
butes may differ from those used to describe software design
patterns, the principle is similar.

Alexander argues that traditional architectural design
practices fail to create products that meet the real needs
of the user, and are ultimately inadequate in improving the
human condition. His patterns were introduced in a hierarchi-
cal collection with the purpose of making buildings and urban
entities more usable and pleasing for their inhabitants. Inter-
estingly enough, this very same idea can be extrapolated to
HCI design, where the primary goal is to make interactive
systems that are usable and pleasing to users. This will be
discussed further in the next section.

Table 1 Example of a design and organizational pattern

2.2 HCI Patterns: definitions, examples and benefits

Within this paper, we will use the term user interface pat-
terns, user interface design patterns and interaction design
patterns interchangeably. The same for interaction design,
user interface design and interactive systems design. Pattern
has different definitions sometimes contradictory. From the
most generic to more HCI domain dependant, a pattern is:

e Form, template, or model or, more abstractly, a set of rules
which can be used to make or to generate things or parts
of a thing.

e A general repeatable solution to a commonly occurring
problem.

e A three-part rule that expresses a relation between a certain
context, a problem, and a solution” [13].

e Aninvariant solution to address a recurrent design problem
within a specific context [14].

e A general repeatable solution to a commonly occurring
usability problem in interface design or interaction design.

e A solution to a usability problem which occurs in different
contexts of use.

e A successful HCI design solution among HCI profession-
als that provides best practices for HCI design to anyone
involved in the design, development, evaluation, or use of
interactive systems [9].

e A structured description of an invariant solution to a recur-
rent problem in context, reflecting Alexander’s problem-
oriented approach in software engineering and HCI [17].

In essence, patterns give an invariant solution to a prob-
lem and are abstract enough to draw on the common
elements that hold between all instances of the resulting solu-
tion. What is notable about design patterns is that they are
both concrete and abstract at the same time. They are concrete
enough to provide sound solutions to design problems, which

Design pattern [15]
Name: Observer

Intent: Define a one-to-many dependency between objects.
When one object changes state, all its dependents are notified

Organizational pattern [16]
Name: Review the Architecture

Problem: Blind spots occur in the architecture and design

Context: A software artifact whose quality is to be assessed for improvement

Applicability: (1) A change to one object requires changing other
unknown objects, (2) object should be able to notify other
objects, but you don’t want them to be tightly coupled

Participants: Classes are Subject, Observer, Concrete_Subject,
and Concrete_Observer

Consequences: (1) Abstract for broadcast communication,
(2) support for broadcast communication, (3) unexpected
updates

Related patterns: Mediator, Singleton

Forces: (1) A shared architectural vision is important, (2) even
low-level design and implementation decisions matter, (3)

individual architects and designers can develop tunnel vision

Solution: All architects should review all architectural decisions.

Architects should review each other’s code. The reviews
should be frequent and informal early in the project

Resulting context: The intent of this pattern is to increase
coupling between those with a stake in the architecture and
implementation, which solves the stated problem indirectly

Related patterns: Mercenary Analyst, Code Ownership
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can be put immediately into practice. On the other hand, they
are abstract enough to be applied to different situations.

HCI focuses on the design of usable systems, and HCI
patterns are but one of a handful of design tools that pro-
vide a means to abstract and reuse the essential details of
successful and usable design solutions. Prior to discussing
patterns in detail, it is important to review guidelines and
claims described in Sect. 2.3, two other tools that have influ-
enced and promoted the reuse of design knowledge in HCI.

Above all, patterns are problem oriented, yet not toolkit
specific. In addition, they are more concrete and easier to use
for novice designers, context oriented, and promote reusabil-
ity. Overall, patterns have a number of benefits:

e They are a relatively intuitive means to document design
knowledge and best practices

e They are straightforward and readable for designers, devel-
opers and other stakeholders, and can therefore be used for
communication purposes

e They come from experiments on good know-how and were
not created artificially

e They represent design knowledge from different views,
including social and organizational aspects, conceptual
and detailed design

e They capture essential principles of good design by telling
the designer what to do and why, but are generic enough
to allow for different implementations

This last property is an especially discriminating char-
acteristic of patterns, allowing them to give rise to
different implementations of the same design solution. Dif-
ferent implementations are necessary to support variations in
design look and feel, platform preference and usage context.
Figure 1 illustrates how the Quick Access pattern, used to
logically group the most frequently used pages on a Website,
can be implemented on three different platforms. For a Web
browser on a desktop, the Quick Access pattern is imple-
mented as an index browsing toolbar; for a PDA, as a combo
box; and for a mobile phone, as a selection [18].

Far a PDA, the Quick
Access pattern can
bé implemented
using a combo box

For a Web browser-based |
user interface, the Quick CES ™
For a mobile phone,
the Quick Access
pattern can be
implemented using
a selection

Access pattern can be
implemanted using the
concept of the toolbar

Fig. 1 Quick access pattern
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Another example is Overview and Detail (Table 2), a
pattern for visualization environments. This pattern can be
implemented differently by the designer, depending on vari-
ations in data and usage context. To illustrate, Windows
Explorer and Google Maps demonstrate two different imple-
mentations. In Windows Explorer, the user is provided with
two views—one that presents a hierarchical overview of fold-
ers, and the other, the contents of the selected folder. In
Google Maps, the user is also provided with two views of
the data—an orienting view of the selected area presented as
a corner map, and a detailed view of the same geographic
location.

In addition to the benefits described above, two cardi-
nal properties of patterns have made their use increasingly
valuable for designers. First, patterns include user-centered
values within their rationale. Second, the concept of patterns
and their associated pattern languages are generative, and can
therefore support the development of complete design. The
remainder of this paper will look at how these two properties
have allowed patterns to evolve from a simple compilation of
“best practices” to a powerful tool for designers, to be used
as building blocks in a user-centered design process.

2.3 From guidelines and claims to patterns

In the 1990s, design guidelines became an increasingly pop-
ular way to disseminate usability knowledge and ensure a
degree of consistency across applications [4,19] and within
organizations [20-22]. These guidelines often took the form
of style guides and were usually platform specific, prescrib-
ing how different kinds of windows should look and interact
with the user for tasks such as choosing from lists or menu
controls. An example of a Java Look and Feel guideline for
a toolbar is described in Table 4. To date, guidelines have
yet to realize their full potential and have had little impact
on the design of user interface software [23,24]. Apart from
not adequately addressing concerns facing designers, such as
which guidelines should be used under what circumstances
[25], studies have shown that interface guidelines suffer from
being too abstract to be applied directly [6,7]. Most guide-
lines fall short of the goal of putting the accumulated knowl-
edge of user-centered design at the fingertips of everyday
designers, often becoming a static document read only by
human factors specialists.

Introduced in the last decade, claims [1] are another means
to capture and disseminate HCI design knowledge. They
are associated with a specific artefact and usage context,
providing design advice and possible trade-offs. Claims are
powerful tools because, in addition to providing negative and
positive design implications, they contain both theoretical
and cognitive rationale. They also contain associated scenar-
ios that provide designers with a concrete idea of the context
of use. When first introduced, claims were limited in their
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Table 2 HCI pattern for visualization environments

Title Overview and detail

Context

The dataset is large, too large for all the details to fit in a single view, and there is a need

to view details about subsets of data items. The data can be viewed at one or more levels

of abstraction e.g. directories and files within a directory, aggregated document content

and detailed document content, etc. Alternatively the dataset may be large and continuous but
only a subset can be viewed at any one time e.g. map data

Show an overview of the entire dataset together with some visual indication as to which part of the dataset

The overview can be a scaled version of the main view, i.e. a spatial zoom, or some other representation,
i.e. a semantic zoom. Since the overview tends to display a higher number of data items than any more detailed
view it is necessary to use simple glyphs that minimize clutter, maximize use of screen space and portrait the

Problem How to display the entire contents of a large dataset at once, allow users to explore the dataset,
and at the same time show details about subsets of items

Solution
is currently being viewed. Show details about subsets of items in a separate view
data attributes most relevant to the task

Examples Windows Explorer

Google Maps
Other attributes

Forces, related patterns, design rationale

Table 3 An example of such a reused claim for a safety-critical application

Reused claim: safety-critical application

Claim ID: Rare event monitor

Target artifact: User interface for a chemical analysis instrument control system

Description: Infrequent, dangerous events are detected by the system and a warning is issued to the user; in this case operational failures in

a laser gas chromatograph control system

Upside: Automatic detection of dangerous events relieves the user of constant monitoring; automatic detection and warning gives the user

time to analyze the problem

Downside: Issuing too many warnings may lead the user to ignore critical events; automated monitoring may lead to user overconfidence in the

automated system and decrease their situation awareness

Scenario: No events are detected in the laser emission controller or power supply, so the system gives an audio warning to the user and visually

signals the location of the problem on a diagram of the instrument

generality because they were too narrowly defined with spe-
cific scenarios and examples. Subsequently, the paradigm of
reuse was applied to claims in order to make them more
generic and applicable to a wider range of application con-
texts. An example of such a reused claim for a safety-critical
application is given in Table 3.

Patterns (see Table 4), the main focus of this paper, have
been of recent interest to HCI practitioners and user inter-
face designers. Patterns only capture essential details of
design knowledge, and abstract away from superfluous, tool-
kit-dependent and platform-specific design information. In
addition, the presented information is organized intuitively
within a set of pre-defined attributes, allowing designers, for
example, to search rapidly and effectively through different
design solutions while assessing the relevance of each pattern
to their design. Every pattern has three necessary elements,
usually presented as separate attributes, which are: a context,
a problem, and a solution. The context describes a recurring

set of situations in which the pattern can be applied. The
problem refers to a set of forces, i.e., goals and constraints,
which occur in the context. The solution refers to a design
form or a design rule that can be applied to resolve the prob-
lem. The solution describes the elements that constitute a
pattern, the relationships between these elements, as well
as their responsibilities and collaboration. Other attributes
that may be included are additional design rationale, specific
examples, and related patterns.

Patterns alleviate many of the shortcomings associated
with guidelines. Above all, they are a good alternative to
guidelines because they are problem oriented, but not plat-
form specific. Their descriptive format, with the use of
defined attributes, is more concrete and easier to apply for
novice designers. Guidelines can be quite abstract and intan-
gible when it comes to practical application, whereas patterns
are more structured and the knowledge is placed in a context.
The designer is told when, how and why the solution can be

@ Springer
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Table 4 Guideline versus pattern for the toolbar

Guideline

Pattern

o A toolbar is a collection of frequently used commands or options
that appear as a row of toolbar buttons

o Toolbars normally appear horizontally beneath a primary
window’s menu bar, but they can be dragged anywhere
in the window or into their own window

o Toolbars typically contain buttons, but you can provide other
components (such as text fields and combo boxes) as well

o Toolbar buttons can contain menu indicators, which denote
the presence of a menu

o Toolbars are provided as shortcuts to features available elsewhere
in the application, often in the menus

PEILEIPIIEICS

Source: Java Look and Feel Design Guidelines:

http://java.sun.com/products/jlf/ed2/book/

Pattern name: Convenient toolbar
Type: Navigation Support

Context

— Task: Assist the user to reach convenient and
key Web pages at any time

Problem

— Help the user find useful and “safe” pages that need to be
accessed from any location on the site, regardless of the
current state of the artefact

— The user should reach these pages promptly

Solution

— Group the most convenient action links such as home,
site map, and help

— Use meaningful metaphors and accurate phrases as labels.

— Place them consistently throughout the Website

Other attributes
—Specific Forces, Related Patterns, Design Rationale

Specific example

,-! W ﬂ!i.f:t ESE!HE} Omnlzn ﬂ‘lﬁim Eizl: i

applied. Since patterns are context-oriented, the solution is
related to a specific user activity. Table 4 compares a guide-
line and a pattern that addresses the same problem, Helping
the user to find frequently used commands or pages. The
pattern version of the description gives detailed information
about the context in which the solution can be applied.

Patterns have a more complementary association with
claims; this in contrast to their somewhat antagonistic rela-
tionship with guidelines. Claims are tightly bound to specific
domains of use, but contain valuable information including
design trade-offs, and a possibility is to use them to comple-
ment patterns creating a “package of reusable knowledge”
[1]. Such detailed information can be incorporated when the
pattern is instantiated to a specific context of use. Further-
more, details from claims about design and cognitive ratio-
nale, including scenario descriptions, can provide additional
information to designers when combining patterns to create
comprehensive designs.

2.4 HCI pattern languages
A number of pattern languages have been suggested in HCIL.

For example, Van Duyne’s “The Design of Sites” [26],
Welie’s Interaction Design Patterns [27], and Tidwell’s Ul
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Patterns and Techniques [28] play an important role and wield
significant influence in the HCI community. In addition, spe-
cific languages such as Laakso’s User Interface Design Pat-
terns [29] and the UPADE Web Language [18,30,31] have
been proposed.

Patterns are organized into pattern languages. Just as
words must have grammatical and semantic relationships to
each other in order to create sentences with meaning, design
patterns must be related to each other in order to form mean-
ingful design constructs. Pattern languages are a structured
method of describing good design practices, containing a
collection of interrelated patterns that aim to disseminate
the body of contained knowledge. For designers, pattern
languages are a means to traverse common HCI problems
in a logical way, describing the key characteristics of effec-
tive solutions for meeting various design goals. Furthermore,
they act as a communicative design tool and give rise to many
different paths through the design activity.

Pattern languages have three essential elements. First, the
language has to contain a standard pattern definition. One
format for defining patterns was presented in the previous
section (Tables 3 and 4)—with the common attributes con-
text, problem, solution, forces, related patterns, and exam-
ples. Secondly, the language must logically group patterns.
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Symbols
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Symbol
Menu Bar Explanations
Context
Sensitive Help

Fig. 2 The experiences pattern language

Tidwell [32] organizes her patterns according to different
facets of Ul design; categories include Content Organization,
Navigation, Page Layout, and Actions/Commands. Another
example is the Experiences pattern language (Fig. 2), devel-
oped by Coram and Lee [33], which concentrates on the
user’s experience within software systems. The main focus
is on the interactions between the user and the interfaces
of software applications. Patterns are grouped according to
different focus areas and user interface paths such as interac-
tion style, Explorable Interface, and symbols. Thirdly, pattern
interrelationships should be described. In Experiences, the
relationships between the patterns are mapped and indicated
by arrows, creating a sort of “flow” within the language. This
is illustrated in Fig. 2.

Distinguishing between different types of relationships
reinforces the generative nature of pattern languages, and
supports the idea of using patterns to develop complete
designs. However, for designers to be able to use patterns
effectively and with efficacy to solve problems in HCI and
interactive system design, patterns need to be intimately
related to a design process. Based on the design problem, pat-
tern languages should provide starting points for the designer,
and a means to systematically walk the designer from pattern
to pattern.

For example, in Experiences, the meta-pattern interaction
style (denoted by “(1)” in Fig. 2) is the first pattern that
leads the designer along the major paths through the lan-
guage. The design advice [ref: Experiences] for this pattern
includes studying the user and environment, working with
the user to determine what interaction style is best, and keep-

ing the interface simple and consistent. This pattern is con-
nected to four other patterns as indicated by arrows in Fig. 2
(Entry Form, Selection Menu, Conversational Text, and
Explorable Interface). Based on the context of use, the
designer is free to choose any of these patterns to incorporate
into the design. This is a repetitive process as some patterns,
such as Explorable Interface, are subsequently connected to
even more suggested patterns.

Although the Experiences language showed the begin-
nings of associating its patterns to a design process, it was
regrettably not developed in its entirety. In the next section,
we will present some attempts at further linking pattern lan-
guages to the Ul design process.

2.5 Patterns and the user-centered design process

The interface design of an interactive system can be a chal-
lenging task—and especially so when a project involves
different design participants and stakeholders. Successful
designs require individuals to communicate their concepts
and ideas, building a common forum for the discussion of
already-available design practices. As in any culture or soci-
ety, the HCI community needs a common ground for such
communication and dissemination of knowledge. Designers
focus on the creation of an artifact that integrates various
behavioral theories and technologies. This is done without
regard to the evaluation of individual variables that may
affect the design [34]. Usability experts take a more scientific
approach, looking at specific behavioral and design elements
that best satisfy the requirements. Software developers are
interested in finding an applicable design and implementing
it correctly in the most efficient manner, and are often not
familiar with usability engineering techniques and human
interaction theories [35].

This is a proving ground for patterns as they provide a
mechanism to successfully integrate and satisfy the different
goals of all individuals involved in the design process, cross-
ing cultural and professional barriers, and overcoming limita-
tions in communication. Patterns are presented consistently,
are easy to read, and provide background reasoning. They
act as a lingua franca [8] for design, which can be read and
understood by all. Erickson [8] discusses the potential of
this as a way of making communication in design a more
“egalitarian process”, with the focus relying less on techni-
cal design issues, and more upon broader design problems
and solutions. A lingua franca facilitates discussion, presen-
tation, and negotiation for the many different individuals who
play a role in designing interactive systems.

Acting as a communicative vehicle, pattern languages
are interesting tools which can guide software designers
through the design process. However, there exists no com-
monly agreed upon UI design process that employs pattern
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Fig. 3 The pattern-supported approach framework [10]

languages as first class tools. Several people have tried to link
patterns to a process or framework, bringing some order to
pattern languages, and suggesting that potentially applicable
patterns be identified early on based on user, task and con-
text requirements. A pattern-driven design process should
lead designers to relevant patterns based on the problem at
hand, demonstrate how they can be used, as well as illustrate
combinations with related patterns. In the following section,
we describe three design approaches driven by patterns.

In the Pattern-supported approach (PSA) framework
(Fig. 3), HCI patterns are used at various levels to solve
problems relating to business domains and processes, tasks,
structure and navigation, and GUI design [10]. The main
idea that can be drawn from PSA is that HCI patterns can be
documented identified and instantiated according to differ-
ent parts the design process—giving us knowledge as early
on as during system definition. For example, during system
definition or task and user analysis, depending on the context
of use, we can decide which HCI patterns are appropriate for
the design phase. Although PSA shows the beginnings of
associating patterns to the design process, pattern interrela-
tionships and their possible impact on the final design are not
tackled in detail.

Van Duyne et al. [26] describe a second approach, where
patterns are arranged into 12 groups that are available at
different levels of Web design. Their pattern language has
90 patterns that address various aspects of Web design, rang-
ing from creating a navigation structure to designing effective
page layouts. The order of their pattern groups generally indi-
cate the order in which they should be used in the design pro-
cess (Table 5). In addition, patterns chosen from the various
groups have links to related patterns in the language. The
highest level pattern group in their scheme is Site Genres,
which provides a convenient starting point into the language,
allowing the designer to choose the type of site to be created.
Starting from a particular Site Genre pattern, various lower
level patterns are subsequently referenced. In this way, the
approach succeeds not only in providing a starting point into
the language, but also demonstrates how patterns of different
levels may interact with one another.
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3 Pattern-oriented design

Javahery and Seffah [11] have proposed a design approach
called pattern-oriented design (POD). The initial motivation
for POD arose from interviews carried out with software
developers using our patterns from the UPADE! Web lan-
guage [30,18,31]. These interviews revealed that in order
for patterns to be useful, developers need to know how to
combine them to create complete or partial designs. Provid-
ing a list of patterns and loosely defined relationships, as
is the case for most HCI pattern languages, is insufficient
to effectively drive design solutions. Understanding when a
pattern is applicable during the design process, how it can be
used, as well as how and why it can or cannot be combined
with other related patterns, are key notions in the application
of patterns.

POD has two features. First, it provides a framework for
guiding designers through stepwise design suggestions. At
each predefined design step, designers are given a set of pat-
terns which are applicable. This is in stark contrast to the cur-
rent use of pattern languages, where there is no defined link
to any sort of systematic process. Second, pattern relation-
ships are explicitly described, allowing designers to compose
patterns based on an understanding of these relationships.

As a practical illustration, we have applied POD within
the context of the UPADE pattern language for Web design.
Each pattern in UPADE provides a proven solution for a
common usability and HCI-related problem occurring in a
specific context of use for Web applications. Patterns are
grouped into three categories, corresponding closely to the
various steps and decisions during the process of Web design:
Architectural, Structural, and Navigation Support. Structural
patterns are further sub-categorized into Page manager and
Information container patterns (see Fig. 4 for pattern exam-
ples). During each design step, designers choose from a vari-
ety of applicable patterns: (1) Architectural, relating to the
architecture of the entire Website; (2) Page manager, estab-
lishing the physical and logical screen layout; (3) Information
container, providing ways to organize and structure informa-
tion; and (4) Navigation support, suggesting different models
for navigating between information segments and pages.

In POD, designers first should follow a POD model. We
have published literature on a preliminary version of this
model [11]. As part of this paper, we refined the model and the
corresponding pattern relationships. POD defines the over-
all design composition of a particular type of application,
including a breakdown of this composition into different Ul
facets. The model acts as a guide for designers in making
stepwise design decisions. To illustrate, for Website design,

1 Usability pattern assisted design environment (UPADE) is a Web lan-
guage and design environment developed by Concordia University’s
Human-Centered Software Engineering Group.
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Table 5 Pattern groups ordered according to a Web design process [26]

Step Pattern groups Description Pattern examples
A Site Genres Construct particular site type Personal e-commerce
nonprofits as networks of help
B Creating a navigation framework Choose patterns to navigate, Multiple ways to navigate
browse and search on the site task-based organization
C Creating a powerful homepage Design the homepage based Homepage portal up-front value
on user needs proposition
D Writing and managing content Manage content and address Page templates
user accessibility internationalized and local
content
E Building trust and credibility Address issues dealing with trust Site branding fair information
and credibility practices
F Basic e-commerce Create a good customer experience Quick-flow checkout clean
for e-commerce product details
G Advanced e-commerce Incorporate advanced e-commerce Featured products cross-selling
features and up-selling
H Helping customers complete tasks Structure your site to improve Process funnel persistent
task completion customer sessions
1 Designing effective page layouts Create clear, predictable and Grid layout expanding-width
understandable layouts
J Making site search fast and relevant Design interaction so that user Search action module
searches are effective Straightforward search forms
K Making navigation easy Display helpful navigation elements Unified browsing hierarchy
action buttons
L Speeding up your site Incorporate patterns to make Low number of files fast

your site look and feel fast

downloading images

we define four steps that designers should follow: (1) Defin-
ing the architecture of the site with architectural patterns, (2)
establishing the overall structure of each page with page man-
ager patterns, (3) identifying content-related elements for
each page with information container patterns, and (4) orga-
nizing the interaction with navigation support patterns. Lan-
day and Myers [36] and Welie [37] also propose to organize
their Web pattern languages according to both the design pro-
cess and Ul structuring elements (such as navigation, page
layout and basic dialog style).

The first step of the POD process begins with the descrip-
tion of the architecture of the entire Web site, and application
of architectural patterns. Four basic patterns can be used to
organize the content of a complex Web site. These patterns
are the Sequence, Hierarchical, Grid and Composite patterns.
The simplest architectural pattern is the Sequence pattern
which organizes Web application content as a sequence, or a
linear narrative. The Hierarchical pattern is a tree-based hier-
archy, and is one of the best ways to organize complex bodies
of Web information. Hierarchical organization schemes are
particularly well suited to organizing a complete Web site.
Finally, the Grid pattern should be used when topics and
contents are fairly correlated with each other, and there is no
particular hierarchy of importance. Procedural manuals, lists
of university courses or medical case descriptions are often

best organized using Grid patterns. For larger and more com-
plex Websites, a combination of these basic patterns is often
required, referred to as the Composite pattern. Figure 6 illus-
trates the Composite pattern. Among the many relationships
that exist between these three basic patterns, we note that the
Composite pattern is super-ordinate to the Sequence, Grid
and Hierarchical patterns.

Secondly, designers should exploit relationships between
patterns. We have described five types of relationships
between the UPADE patterns, published in [18,38]. The same
relationships can easily be applied to other pattern libraries.
This multi-criterion classification is based on the original set
of relationships [26,39,40] used to classify the patterns pro-
posed in Gamma et al. [15]. The relationships are used to
compose a Ul design, allowing designers to make supposi-
tions such as: “For some problem P, if we apply Pattern X,
then Patterns Y and Z apply as sub-ordinates, but pattern S
cannot apply since it is a competitor.” The relationships are:

1. Similar is a relationship, which applies to the same cat-
egory of patterns.

2. Competitor is a relationship that applies to two patterns
of the same patterns category.

3. Super-ordinate is the basic relationship to compose sev-
eral patterns of different categories.
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UPADE Web
Pattern Language

L 4
Structural
Patterns
L A ] ¥ 4
Architectural Page Information Navigation Support
Patterns Managers Containers Patterns
- Sequential — Home Page —— Executive Summary —  Index Browsing
s Hierarchical — Focus Page —— On Fly Description ——. Menu Bar
— Grid — Utility Page —1 Form — Quick Access
— Composite —  Navigation Page — Bullet — Convenient Toolbar
L {  Tiled Page — Path
— Stack Page — Map
Fig. 4 An overview of the UPADE pattern language
4. Sub-ordinate (X, Y) if and only if X is embeddable in EMa
Y. Y is also called super-ordinate of X. This relation- Hierarchical Pattern
ship is important in the mapping process of POD from a = =<

platform to another one.
5. Neighboring (X,Y)if X and Y belong to the same pattern
category (family).

Within the scope of the development of Web-based appli-
cations using the UPADE language, POD allows for the
exploitation of 48 pattern relationships, allowing even nov-
ice developers to use the underlying best practices to iterate
through concrete and effective design solutions. As described
in our pattern model, each pattern contains a list of related
patterns. For example, the Stack page pattern would contain
the following information about related patterns: (1) Super-
ordinate: Sequential, Hierarchical, Grid, Composite (Fig. 5).
(2) Sub-ordinate: Executive Summary, On Fly Description,
Browsing Index. (3) Competitor: Focus Page, Tiled Page. Let
us illustrate how pattern composition can be applied to our
Website design. We will use the POD model in combination
with the patterns selected from [18].

During the second step, the designer applies structural
patterns to establish a consistent physical and logical screen
layout for each page that was defined in the previous step.
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Hierarchical
Pattern

Grid Pattern

Fig. 5 The Composite pattern

This step involves applying page manager patterns, which are
a type of structural pattern (Table 6). Different relationships
exist between these patterns, and even between these patterns
and those used in the previous design step. As an example,
all the Structural patterns are subordinate to the Architectural
patterns from the last step. In addition, to further illustrate
some relationships, Tiled page and Stack page patterns are
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Fig. 6 Comparison of Stack and Tiled Page patterns

competitors (Fig. 6). This means that if you choose the Tiled
page pattern as a basic model for your home page, you cannot
use the Stack page pattern for any of the subsequent pages.
Such knowledge can be critical for pattern users because if
it is not taken into consideration during design, it can com-
promise the benefits of the pattern.

The third step of the POD process involves employing
information container patterns, the second type of structural
patterns, to quickly “plugin” an information segment for each
page. Long before the Web was invented, authors of technical
documents discovered that users appreciate short segments
of information. Such design practices should be embedded in
the design process and presented to the designer. For exam-
ple, for users, how long does it take to determine if a large
document contains relevant information? This question is
a critical design issue, and the Executive summary pattern
(Table 6), which provides an information preview, may be an
appropriate design solution.

The fourth and final step consists of building the naviga-
tion support. It is possible to consider navigation elements
earlier in conjunction with other patterns. Navigation sup-
port patterns suggest different models for navigating between
information segments and pages. To illustrate an example
of existing relationships, the Index browsing and Dynamic
Path patterns (Table 6) are considered neighbouring since
they belong to the same design step. Although they are both
used for navigation support, they are not used to solve the
same usability problem and are applied in different con-
texts. Dynamic Path is used to navigate between pages in
an already-taken path, and gives the user a sense of safety
and control. Index browsing is generally used to navigate

Tiled Page Pattern
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amongst important content pages, and allows the user to reach
these pages safely.

Although all of the patterns can be applied indepen-
dently, one of the main strengths of the POD approach is
that developers can exploit pattern relationships and apply
this knowledge to their design solutions. As an example,
the Executive Summary pattern, combined with the Index
browsing patterns from Navigation Support, allows users to
preview information about a certain topic before spending
time to download, browse and read different pages (Fig. 7).
Executive Summary is weighted as a highly recommended
subordinate pattern when pattern users try to use the Index
browsing pattern.

Knowledge about context-oriented relationships, as
described above, can be very useful to pattern users. They
can be a guide in choosing the best solution for a specific user
problem based on a particular context. Novice designers and
software developers who are unfamiliar with user-centered
design and usability engineering can especially benefit from
such a systematic design process.

4 Patterns and model-driven design

In previous sections, we discussed the evolution of pattern
use from single pattern use to pattern languages with relation-
ships, and finally, to design processes driven solely by pat-
terns. Recently, some authors have suggested using patterns
to supplement existing design methods. In this section, we
summarize how patterns have been used within two popular
UI design approaches: model-driven and component-driven
design.
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Table 6 Pattern examples used

in the POD process

Pattern type

Structural patterns:

Page managers

Structural patterns:

Information containers

Navigation

Support patterns

Executive summary

Index browsing

Pattern name Description
Tiled page Structures and presents content to the

user from more general to specific

by dividing the page into several surfaces
Stack page Groups content into categories which

have no obvious hierarchy; this is
done by designing several surfaces
stacked together and labelling them
appropriately

Provides an information preview or
summary for a certain topic of choice

On fly description Provides the user with a short
description of the object when the
mouse hovers over it

Dynamic path Indicates the user’s entire path

starting from when the Web
application was initially accessed,
and is similar to “breadcrumbs”
in other pattern languages

Allows the user to easily and promptly
navigate amongst important content
pages, and is located consistently
throughout the Website

Fer Laptop and POA
phatforma, the Exsestive
" Sumemary patiem
——  implamentid in the
Bams manne:

o 2101

P —— sun s wwT
4 Ceddhrows bz Weight Bebing Bed Had Linus.
a1

Fig. 7 The Index browsing and Executive Summary pattern

Central to all model-based approaches is that rele-
vant aspects of a user interface design are represented
using declarative models. In a model-based approach, the
UI design is the process of creating and refining the
user interface models at different levels of abstraction
[41], with a focus on finding mappings between the vari-
ous models [42]. Eventually, user interfaces are generated
automatically or semi-automatically with the designer’s
interventions and decisions, from the model descriptions. In
model-based UI design, early design decisions are typically
made during the creation of the envisioned task model. Addi-
tionally, models for capturing user characteristics and busi-
ness objects are developed. Based on these rather abstract
models, a dialog, a presentation and a layout model are
derived to reveal some implementation details of the user
interface.

Sinnig, Molina, Tretteberg [43—45] have demonstrated
how patterns can be used in conjunction with models to sup-
port the UI design process. For example, Sinnig et al. [43]
describes a framework whereby patterns are used to describe
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model fragments. The approach aims to use patterns as build-
ing blocks in order to create these various models. An under-
lying reason for the use of patterns in this framework is to
increase reuse of already modeled solutions. In order to fos-
ter re-use in different contexts of use, patterns are introduced
as abstractions, which must be instantiated. In particular, it
is demonstrated how different kinds of patterns can be used
as building blocks for the creation of UI models.

One underlying principle in pattern use for model-based
design is the formalization of patterns. Molina and Tratte-
berg [44] also recognized that the mostly informal descrip-
tion of today’s patterns is not suitable for processing them by
tools. Within his Just-UI framework, he proposes a formal-
ized set of patterns for the presentation model. Another pre-
requisite for effectively using patterns is to keep their entailed
design solutions generic enough to be applicable in differ-
ent contexts of use. Before the design solution stated in the
pattern is really tangible and applicable, it must be adapted
to the current context of use and domain. In Sinnig et al.
[43], it is proposed to attribute patterns with variables, which
can act as placeholders for context-dependent design details.
During the process of pattern application, the variables must
be bound to concrete values representing the surrounding
context.

Thus far, we have concentrated on patterns as design build-
ings blocks, providing solutions to common design problems
at a conceptual level. Patterns, in general, are of rather con-
ceptual nature and abstract from concrete implementation-
language issues. This generic nature of patterns allows the
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designer to think “outside” the toolkit at hand [32]. How-
ever, when it comes down to the implementation, the previ-
ously conceptually designed aspects for the application must
be carried out using a particular programming environment
and framework. At this point, software components can sup-
plement patterns, by providing a concrete implementation
of patterns at the code level. A software component can be
defined as a unit of composition with a clearly defined inter-
face, enabling independent deployment and third-party reuse.
Components are a suitable means to implement patterns for
a particular platform. Once an appropriate pattern has been
chosen and instantiated, a suitable component can be picked
to implement the particular pattern instance. In the same way
as patterns, components can also be customized and adapted
to different contexts of use.

To accomplish this, Sinnig et al. [46] have suggested a
UI development process that incorporates both patterns and
components. The pattern- and component-based (PCB) pro-
cess for systematic UI development incorporates patterns
and components as its core constituents. Patterns are used
as building blocks to establish conceptual Ul design models,
whereas components are introduced as a means to imple-
ment particular pattern instances. The starting point is the
selection and instantiation of applicable patterns (phase 1 in
Fig. 8). Like POD and PSA, the PCB process begins after the
analysis phase and requirements specification. It is assumed
that the problem domain has already been precisely spec-
ified. Next the various pattern instances are associated to
different declarative UI models (phase 2 in Fig. 8) and used
as building blocks to form the various models. Then com-
ponents are picked in order to implement the Ul according
design information entailed in the UI models (phase 3 in
Fig. 8). In particular, since the models are mainly formed
and established by patterns, relevant components are cho-
sen to implement the various patterns. Finally the various
components are adapted to the context of use and are linked
with each other and deployed to assemble the UI of the host
application.

5 Linking patterns to user experiences

From a software engineering perspective, advances in pattern
use have come a long way. The past 5 years have seen an evo-
lution in patterns—from tackling a specific design problem,
to composing comprehensive designs. Furthermore, link-
ing patterns to a design approach, and the incorporation
of patterns in existing design frameworks, has strengthened
their use. Most recently, researchers have used patterns in
conjunction with Ul models and components, bridging the
gap between design and system implementation. Differen-
tiating them significantly from guidelines and claims, pat-
terns are no longer simply “another” technique from the Ul

s Construct UI Multi Model

Component 2

Component 1 !

Component n

Fig. 8 The pattern and component-based UI development process

designer’s toolbox, but are emerging as possible core con-
stituents of the UI design process.

However, saying that, one important aspect of patterns—
most relevant for HCI and UI design—has been grossly
neglected. We cannot forget that HCI focuses on the design of
usable systems, with a fundamental mission being the incor-
poration of psychology and other behavioural sciences to
bear upon design. Although pattern use has advanced signif-
icantly from a software-implementation perspective, it has a
long way to go to fulfill its original intent of providing solu-
tions for usability-specific problems in HCI. To achieve such
a feat, patterns should somehow be associated with users and
their experiences.

Current pattern languages include little information about
users. When they do, they are hidden amongst paragraphs
of textual information contained within pattern descriptions.
For example, the “Redundant Encoding” pattern indicates
amongst its context that users may have visual deficiencies
such as color blindness. Another example is the “Wizard”
pattern [47] that gives guidance to users. It is important
for designers to know what kind of added value patterns
bring, especially to their users and in terms of usability. This
kind of information should not simply be hidden in pattern
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descriptions, but should be part of the elements that make up
a pattern.

Welie [47] and Traetteberg [48] discuss how patterns are
presented from a designer’s perspective, with little consider-
ation to user problems and usability principles. They propose
presenting patterns from an end-user’s perspective, with a
focus on usability as the essential design quality including
information about user problems in their UI design patterns.

Pattern-based designs should be considered as design
blocks that apply in particular situations, derived from
an understanding of user experiences. User experiences
is an umbrella term referring to a collection of informa-
tion that covers user behaviors (observed when the user
is in action), expectations, and perceptions—influenced by
user and application characteristics. User characteristics
include knowledge, experience, personality and demograph-
ics. Application characteristics include domain, content, lan-
guage, visual design and interaction type. Other context of
use information, such as technical, social and organizational
characteristics, may also have an influence on user experi-
ences.

Ethnographic and empirical techniques are generally used
to collect relevant user data to describe user experiences,
ranging from field studies, observations, and task-based eval-
uations. Different user-centered techniques and artifacts use
this data to represent user experiences, mostly in narrative
form: Character maps [49], personas [50], task analysis and
scenario-based approaches [51] are the most popular.

Among the various techniques to capture user experiences,
persona is a descriptive model of the user, encompassing
information such as user characteristics, goals and needs. In
current practice, they are primarily being used as a commu-
nication tool. Cooper [50] describes a seven-step process to
persona creation with intermediate steps that include iden-
tifying significant behavioral patterns and designating per-
sona types. Pruitt and Grudin’s [52] approach makes persona
creation more rigorous with links to real data. We propose
to extend these ideas by placing personas within a design
framework linked to collected user data and pattern-based
design solutions. By representing personas in a more dis-
crete manner and using behavioral variables, we can corre-
late user information to patterns. In this way, information
contained within personas will not simply “inspire” mem-
bers of the development team to design interactive systems
accordingly, but play a part in providing concrete design
solutions.

The persona to pattern framework (Fig. 9) supports pattern
selection and combination to create a conceptual design from
extended personas. The starting point consists of creating a
set of personas to describe the user experiences of an existing
or envisioned system. Similar to Pruitt and Grudin [52], we
believe that personas should be based on empirical evidence
with links to real data. We have employed heuristic evaluation
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Fig. 9 The persona to pattern framework

and psychometric assessment to enhance our persona data.
The observations made with users during these usability eval-
uation steps were used to: (1) Further enhance the set of
original personas and determine precise interaction behavior
in light of user goals and tasks, (2) determine usability prob-
lems with current or similar applications. Both these points
are essential for selecting and composing appropriate pat-
terns as part of the design process.

In order to increase persona effectiveness as a technique,
we developed our personas iteratively using ethnography,
domain analysis and empirical evidence. They were extended
to include information about interaction behavior, user tasks
and goals. The starting point in such a process is collecting
user experiences with an existing or an envisioned system,
iteratively via empirical studies. The original set of users
is then grouped into an initial set of personas that can be
refined using clustering techniques. The mapping step con-
sists of logically linking a set of design patterns to a set of
personas. Using relevant relationships between patterns, the
identified patterns are then selected and composed to create
a pattern-oriented design. At the core of the derivation pro-
cess are behavioral and P variables, their relationships and
associated algorithms, the four milestones (clustering, map-
ping, pattern selection and composition), and the Persona to
Pattern Mapper support tool.

The overall purpose of this project is to find ways to guide
designers in choosing patterns based on user attributes. The
first step is to link user attributes and variables (such as age,
cognitive style, etc.) with user needs. The assumption is that
certain types of users have differing needs relative to the
design of a particular system, from a usability point of view.
These user needs will then be mapped to more concrete pat-
tern criteria, which will help designers choose patterns for
their designs. The overall idea is as follows:
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6 The needs for patterns representation and semantics

Thelook at patterns in general as artifacts that have three main
milestones, organized from a user perspective (Fig. 10).

On the pattern user side, we can say that patterns are har-
vested and represented with the main goal of being delivered
to other users who implement them as solutions. A deliv-
ery paradigm is essential in the pattern approach because it
indicates that patterns arrived effectively to potential users;
a knowledge dissemination view. This means that patterns
should be represented in a way that software developers can
learn, master and apply easily and effectively in their context.
This implementation highlights the main role of patterns, pro-
moting effective reuse. If patterns were harvested and written
down just for the sake of archiving them then we have missed
on the great benefits of patterns.

On the pattern writer side, the discovery of a pattern is
only the beginning. Harvesting is a carefully selected met-
aphor that indicates the hard work associated with patterns.
By observing existing artifacts and problems that have been
solved successfully, we can detect a repeated structure or
behavior that is worth recording. By asserting its importance,
we can write down the essential components and—if possi-
ble—analyze them. An expert can provide insight as to why
this combination is good or why it works well and in what
context. Finally guidance of how to reuse this solution can
be added to assist in modifying and reapplying the solution.

Representation of patterns can be seen as a vehicle—a
medium or an infrastructure to bridge the gap between the
two main activities; delivery and discovery. This representa-
tion is essentially about how to format the solution in a way
that allows it to mature from its solution-format into a pattern.
In essence, a pattern is a solution alongside other information
that supports it. The reason is that in order for a solution to
be used by others, they have to be convinced that this is a
good solution. Part of this comes by annotating pattern solu-
tion with expert analysis and comments, listing of some cases
where the solution has been applied and the “success indi-
cators”, and possibly some code examples. Bearing in mind

N S

Discovery Representation Delivery
o 2
Pattern Pattern
Author User

Fig. 10 Major milestones and users of patterns

that no two systems are exactly the same, and that every new
software is a new adventure, patterns are typically annotated
with important guidance on how to apply them in different
contexts and situations. Some details are left out to allow
the end user to rematerialize an abstract pattern back into a
concrete solution that is adapted to the new design. Having
decided on what to write, the sibling question would be how
to best represent this information: through UML diagrams,
simple diagrams, images, text, source code, or a combination
of all of them.

The success of pattern approach depends on all those three
milestones. As we discuss the potential benefits of apply-
ing patterns in design reuse, we cannot claim that patterns
are “silver bullets”. Due to the inherently creative nature
of design activities, the direct reusability of designs rep-
resents only a small portion of the total effort. It requires
a considerable amount of experience and work to modify
existing designs for reuse. Many design ideas can only be
reused when abstracted and encapsulated in suitable formats.
Despite the creative nature of their work, software designers
still need to follow some structured process to help control
their design activities and keep them within the available
resources. Within this process, tools can help glue patterns
together at higher design levels the same way we do with code
idioms and programming language structures. For example,
the Smalltalk Refactoring Browser, a tool for working with
patterns at the source code level, assists developers using
patterns in three ways [53]:

e Generate program elements (e.g. classes, hierarchies) for
new instances of a pattern, taken from an extensible col-
lection of “template” patterns.

e Integrate pattern occurrences with the rest of the program
by binding program elements to a role in a pattern (e.g.
indicating that an existing class plays a particular role in a
pattern instance).

e Check whether occurrences of patterns still meet the
invariants governing the patterns and repairing the pro-
gram in case of problems.

7 Conclusion

Although patterns design building blocks having irrefutable
benefits, their current use needs to be further structured and
formalized within the HCI community. To begin with, a uni-
versally accepted taxonomy for pattern languages is still
missing in HCI. Patterns deal with different levels of abstrac-
tion within design. Therefore, if languages are not structured
logically, it can be confusing for designers trying to work
with them. Some languages have suggested their own par-
tial classifications to facilitate the use of patterns. For exam-
ple, Welie [47] discusses a taxonomy based on the domain
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of application—Web, GUI or Mobile UI design patterns.
Tidwell [32] organizes her patterns according to different
facets of Ul design; categories include Content Organiza-
tion, Navigation, Page Layout, and Actions/Commands.

In addition, pattern languages need to clearly define pat-
tern relationships. Currently, pattern interrelationships are
often incomplete and not context-oriented. This is, by far, the
most serious drawback of current languages. For example,
the Experiences language describes some pattern relation-
ships, but is incomplete. Other languages mention “related
patterns” in their descriptions, but do not define the precise
nature of the relationship. This is a limitation since relation-
ship definitions are an important factor in determining the
circumstances under which a pattern is applicable, having an
effect on the pattern’s context of use.

Furthermore, there are no standards for the documenta-
tion of patterns within each language. This can be viewed as
a side effect of the problem but the solution already exists
for this type of issues. The current pattern languages use
the narrative text formats, with varying attributes that gives
rise to misunderstandings, confusion, and desperation. This
situation makes them hard for use, especially when it comes
to combine patterns from different languages.

Finally, a language in computer science is described as
having some sort of syntax and semantic. None of the cur-
rent pattern languages follow this principle, and there are
no universally applicable rules in the HCI community with
regard to how to document patterns and structure pattern
languages. This has implications with regard to how usable
current pattern languages are for designers. Such issues are
currently being explored and tackled by various HCI confer-
ence workshops every year.
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