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Abstract

This paper will discuss the role of HCI design patterns in software development in South
Africa. The concept of a design pattern, whilst popular in several other fields including
architecture and software engineering, is relatively new to Human-Computer Interaction
(HCI). The potentia of pattern languages as a vehicle for the dissemination of HCI design
knowledge is becoming widely recognized within the HCI community. This potential is
based on the ideas of the architect Christopher Alexander. Patterns are developed to record
the invariant properties that exist in a design solution which attempts to resolve conflicting
social, cognitive, and technological forces. Patterns are interlinked into a network (termed a
pattern language) to support both conceptual and detailed design.

1. Introduction

The South African user population is characterized by a wide diversity of culture, language,
education and technological expertise. This diversity has created a unique set of challenges
for the software industry in South Africa. This country has aso witnessed an unprecedented
growth in the development of information technology in recent years, which has served to
aggravate the problem, rather than improve it. Too many South African users find it difficult
to learn to use computer systems effectively. The question is why, and what can be done to
address this issue?

The most important aspect of modern interactive computer systems is the level of support
they provide for the underlying human activity [NL1995]. This level of support is
encompassed in the user interface (Ul) with which the user interacts with the system. Within
the field of HCI, considerable empirical research has been done towards ensuring that the Ul
is designed according to standard design principles. Despite the use of these guidelines,
however, software is still designed with serious usability flaws [Wes1999]. The aim of this
paper is to explore the reason behind these design flaws, and propose a solution which will
attempt to remedy this situation. This solution is the use of HCI design patterns as an aid for
initial Ul design.

This paper will discuss the different categories of HCI design patterns and how these can be
integrated into the software process in order to design usable systems. An example of adesign
pattern will also be given in order to illustrate the use thereof.

2. Usability in South Africa
Throughout the software industry, software engineers develop user interfaces (Uls) with little

or no support from professional Ul designers [Joh2000]. As a consequence of this,
commercia software often contains serious design errors. Examples of such software are to
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be found both nationally and internationally. Catalogues of poor Ul design, or design
“bloopers’ may be found in several Web sites, including the Interface Hall of Shame
(Www.iarchitect.com/mshame.ntm) as well as Jakob Nielsen's top ten Web design errors
(http://www.useit.com/) and a Web site compiled by Vincent Flanders
http://www.webpagesthatsuck.comy).

The situation in South Africa is no better, and is aggravated by a lack of HCI training and
expertise in the software industry. A survey by the author in September 1999 reveaed that
only 7 out of 25 universities (28%) in South Africa are actually teaching HCI principles as
part of the typical Computer Science or IT undergraduate or postgraduate program.
Consequently, very few software engineers in South Africa have any real knowledge or
understanding of the implications of poor Ul design. This situation is further complicated by
the wide diversity in technological skills possessed by the general user population in South
Africa

An investigation into several interactive systems within South Africa was conducted by the
author’s postgraduate HCI class earlier this year. This investigation focused on an analysis of
the individual likes and dislikes of each system. Students were asked to select a system with
which they were familiar and prepare a report on what feature they liked or disliked and why.
This investigation revealed that certain serious usability problems exist in software which is
indaily usein South Africa.

The systems investigated ranged from telephone and cell-phone based systems, to Ecommerce
systems, like Amazon.com and 24.com, as well as ATM systems, photocopier systems, a
VCR system and the UPE library system. In al cases, the “dislikes’ far outnumbered the
“likes’. These list of dislikes were then categorized using the 8 golden principles for
usability, as discussed in Newman and Lamming [NL1995]. This analysis revealed that the
magjority of problems lay with the user satisfaction (24%), followed by the frequency of errors
and error recovery (24%), the ease of learning and skill retention (21%), and the level of task
support provided (18%). Only 6% of usability problems related to speed or issues of
customizability respectively.

The problems discovered with the above systems are al inherently usability problems. The
International Organization for Standardization (1SO) defines usability as “the effectiveness,
efficiency and satisfaction with which specified users can achieve specified goals in particular
environments’ [Fau2000]. This concept of usability is embodied in the Ul with which the user
interacts with the system in order to achieve the specified goal.

Traditional academic courses in HCI are not sufficient, however, to ensure good Ul design.
An investigation by Warren & Viljoen [WV1998] reveaed that despite an HCI course and
rapid application development tools, novice Ul designers still produce poor Ul designs. They
conclude that experienced Ul designers evidently know something that inexperienced
designers do not, and that this knowledge has not been adequately articulated in existing HCI
literature.

3. Usability Engineering: An Art or Science?
Traditionally, the software development process has tended to fall within the realm of

software engineering. The field of software engineering (SE) typicaly includes the study of
different paradigms and methods for software construction as well as software reliability and
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maintenance. Early SE methods adopted a data-oriented or process-oriented approach to
software design. These approaches were later combined to yield an object-oriented (OO)
approach in which data and methods are encapsulated into objects. Whilst research has shown
that an OO approach has severa advantages such as reusability and extensibility [Y oul994],
[Bah1999], this approach fails to address the Ul issue satisfactorily. The author’'s thesis
[Wes1997], highlighted this problem, and showed that truly usable systems can only be
devel oped using a user-centered approach with an early focus on the tasks of the user.

Usability engineering is often interpreted as an approach to the development of software and
systems which involves user participation from the outset and guarantees usability by utilizing
a usability specification and metrics [Fau2000]. Usability engineering typically includes the
design-evaluate-redesign cycle and thus represents the entire process of producing usable
software products. Usability engineering and usability evaluation may also be seen as
consisting of the components which comprise user-centered design. Usability engineering
focuses on the needs of the user and follows a structured, engineering approach in order to
ensure that the finished product meets the user’ s needs.

The basic tenet of usability engineering is “Know the user” and “Know the task” [Fau2000].
In order to do this, designers need to discover who the users of the system will be and study
the workplace and work methods. The first stage of requirements specification is to recognize
the goal of the system and the problems that exist within the current system. The user
requirements must then be translated into a design which solves these problems. This process
is, however, not as simple as it is purported to be. Considerable Ul design expertise is still
required to translate user requirements into a highly usable design [WV 199§].

Design guidelines and style guides contain heuristics for designing Uls in different
environments. These guidelines typically result from considerable empirical research into
what constitutes good Ul design (for example see [FS1995]). Whilst a plethora of such
guidelines exist, real world usage of these has reveaed that many are in fact contradictory and
too low level to be of any significant real use to the novice Ul designer [VZ1995], [WV 1998].
The conclusion is that designers need better advice on how to create an initial design.

4. A Brief History of Patterns

The concept of patterns and pattern languages originated with the work of Christopher
Alexander in architecture [Ale1979]. The hypothesisis that one can achieve design excellence
by learning and using a carefully designed set of design rules or patterns. The patterns that he
and his colleagues defined in [AIS+1977] were an attempt to codify generations of
architectural wisdom. They are not abstract principles that require you to rediscover how to
apply them successfully, nor are they specific to one particular situation or culture. Instead
they are somewhere in between: a pattern describes possible good solutions to a common
design problem within a given context, by describing the invariant qualities of those solutions.
According to Alexander, an essential component of this approach is that the patterns should
be structured and interlinked to form a pattern language.

For example, consider the following Alexandrian pattern: “To solve the problem of creating
an |dentifiable Neighbourhood with Activity Nodes and Public Squares, the Sreet Café
pattern can be applied: Several rooms of a café create a Gradient of Privacy, from a terrace
with tables near the busy path, to more quiet rooms at the back. Newspapers in one corner
make it an inviting place to pass some time, etc.”
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Note that the pattern is not just proscriptive. It describes something positive, something you
can try to build, even though you would naturally vary it according to the particular situation.
Note also that it carries values - the value of privacy, the value of reading material.
Alexander’s goal is not to make a building which is merely trendy, or efficient, or even good-
looking; he is looking for ways to create a genuinely good experience for people, via their
environment. Alexander’s patterns all contain the following: pattern name, forces, examples,
solution, an illustration or diagram, and a reference to other patterns.

The patterns concept was introduced to the SE community in 1995 when the “Gang of Four”
[GHJ+1995], published a book describing a pattern language for OO software design. A
software design pattern is considered to be a proven solution of a recurring SE problem that
balances design constraints in a given situation. Like the Alexandrian patterns, these software
design patterns provide design solutions that are concrete enough to put immediately into
practice, yet abstract enough to apply to many different situations.

The use of patternsin HCI is quite recent. Patterns were first discussed at a CHI’ 97 workshop
on Pattern Languages for Interaction Design [BBC+1997]. Subsequently several authors,
including Tom Erickson [Eri1998], Jennifer Tidwell [Tid1998], and Warren and Viljoen
[WV1998] have published papers on patterns for Ul design. In this context, the use of
patterns is seen as being much closer to the aesthetic issues originally found in architectural
design than software design patterns. The pattern language approach for Ul design thus offers
atool for communication and dissemination of design knowledge within the HCI domain, and
with other domains, notably software engineering.

Design guidelines suffer from a number of problems, including being imprecise, having
limited applicability, and being contradictory. Pattern languages can form a framework in
which HCI knowledge can be structured. Patterns for interaction design thus represent a
means of consolidating information in design guidelines. The advantage is that patterns can be
easily understood and used by the Ul designer.

The potential of pattern languages as a vehicle for Ul design was further explored at a
workshop held during INTERACT 99 in August 1999, in which the author participated. This
workshop served to highlight the goals of a HCI pattern language, as well as identifying the
main organizing principles for HCI design patterns. A HCI pattern language was defined as
“A collection of sufficiently complete and ordered patterns to guide the Ul designer in
designing solutions to problems”.

The key organizing principle identified was that of scale, and the categories identified
consisted of the following: Society, Multiple Users, Social Position, System, Application, Ul
Structure or Dialogue, Components, Primitives and Physical Properties.

5. HCI Design Patterns

Each pattern description defines a context of use, a problem the designer needs to solve, a set
of “forces’ pushing the designer in different directions, and a primary rule, and sometimes
additional secondary rules, on how those forces might be resolved to best solve the
problem. Examples are also provided, both good and bad. Sometimes the bad examples show
inappropriate uses of the pattern, and other times they show a situation in which the pattern
should have been used but wasn't. In addition patterns should be flexible and adaptive enough
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to generate solutions in varying contexts and reference other patterns to use synergistically in
order to create a solution as awhole.

Initially HCI patterns were based on the Alexandrian format used to describe architectural
patterns. This format has evolved as the field has matured, and a framework for defining HCI
patterns was established at the INTERACT 99 Workshop on Pattern Languages and
subsequently refined during the CHI’2000 Workshop in April 2000. This framework is
explained below.

A HCI pattern is defined as consisting of the following: a self-explanatory name which
describes the solution; a ranking (given as 3 levels of confidence); a sensitizing example
(which may be an image, a video or an audio clip); the design context in which it can be
applied; a problem statement which is described in terms of the conflicting forces which exist;
the design rationale with real examples from different domains; the solution with concise,
generalizing examples; an illustration; references to related patterns, a summary; and the
name of the author(s).

6. Examples of Pattern Languages

Jennifer Tidwell [Tid1998] has attempted to write a pattern language for HCI design which
consists of about 50 design patterns for designing interactive systems. This collection of
patterns is widely regarded as currently the most ambitious attempt at a Ul pattern language.
The patterns in this pattern language address the general problem of how to design a complex
interactive software artifact. The goal of the pattern language is to support high-quality
interaction between the user and the software artifact.

Examples of patterns covered in this pattern language include patterns on the shape of the
content, such as Narrative or High-Information Display; as well as patterns on the shape of
the user actions, such as Form or WYSWYG Editor; and patterns on the specific action taken
by the user, such as Choice from a Small Set or Forgiving Text Entry. The Form pattern is
specified in terms of a number of sub-patterns such as Choice from A Small Set, which the
designer must use to select the most appropriate control for each piece of information in the
form.

The patterns and sub-patterns as proposed by Jennifer Tidwell represent an excellent starting
point and framework for patterns-based Ul design. These patterns were, however, written
prior to the INTERACT 99 workshop at which a format for a HCI pattern was defined.
Accordingly the definition of these patterns does not include certain aspects, in particular,
graphical examples and illustrations. In addition, the forces and solution for these sub-patterns
do not encompass the same ergonomic knowledge as contained within typical design
guidelines [VZ1995], [SF1995]. It is our contention, therefore that the Form pattern as
proposed by Tidwell can be extended to include this knowledge, and that this will represent a
simple Ul Structure or Dialogue-level pattern language. The modified Form pattern, entitled
the Data-Entry Form| is given in the next section.

7. The Data-entry Form Pattern

Name: Data-Entry Form
Author: Janet Wesson
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Ranking: Good (Reviewed in writers workshop in CHI’ 2000)
Related Patterns. Form (in Tidwell’s Common Ground)

Example:  For an example of the typical use of a data-entry form, see the Microsoft Word
2000 Print Dialogue in Figure 1 below.
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Figure 1 Print Dialoguein Microsoft Word 2000

Context: The user has to provide preformatted information, usually short (non-narrative)
answers to guestions.

Problem: How should the artifact indicate what kind of information should be supplied, and
the extent of it?

Forces:

» |t should be clear what the user is supposed to supply (input) and what is output (display)
only.

* The user needs to know what kind of information to provide.

* The user needs to know what is required, and what is optional.

* The range of possible values entered may be known, unknown, or a combination of
known and unknown (domain of input).

* Thenumber of possible values entered may be limited, or unlimited (Npo).

* Theuser may enter one or more values (Nvc).

» Thedisplay can consist of asingleitem or multiple items (Nvd).

* Thedisplay islimited to some physical length (Lg).

Solution: Provide appropriate “blanks’ to be filled in, which clearly and correctly indicate
what information should be provided. Visually indicate those editable blanks consistently,
such as with subtle changes in background color, so that a user can see at a glance what needs
to be filled in. Label them with clear, short labels that use terminology familiar to the user;
place the labels as close to the blanks as is reasonable. Arrange them all in an order that
makes sense semantically, rather than simply grouping things by visual appearance.

Resulting Context: You must select controls or interaction objects (I0s) for each piece of
information to be supplied. These may include:

| if the user can select or not select asingle item.

e [Choicd if the user must pick one from a set of two to five choices.

o List Sdlection] if the user should pick one from a set of 10 or fewer choices

e NHno
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 Long List Selection| if there are more than 10 choices.

« [Bingle Text Entry] if the text will occupy not more than one line and the domain of the
text to be supplied by the user is unknown.

« Multiple Text Entry| if the text will occupy more than one line and the domain of the
text to be supplied by the user is unknown.

[Hlustration: Figure 2 contains a snapshot of ajob application form that illustrates the use of
the six sub-patterns given in the Data-Entry Form|pattern as described above.

E"E,%Applet Yiewer: JobApplicationForm.class

Applet
Single Text
Entry ﬁa;:uplin:antNsume.>
Mutiple [—T——» -
Text Entr Address:
| _'|_I
| Deparmenty ICnmputerScience & Infarmation Systerns j
Long List
Selection
- Professor (" Contract
Assoc Professar
Position: Seniar Lecturar Type: & Permanent
List Selection Lecturar
Junior Lecturer i Temporary

CV attached? I:

Applet started.

Single Choice Choice

Figure 2: An Example of the Data-Entry For m|Pattern: A Job Application Form

7.1 The Sub-Patterns

Name: Sngle Choice

Problem: How can achoice or non-choice of asingle item on a screen be best displayed?
Context: The user wants to indicate a choice or non-choice of asingleitem on a screen.
Forces:

* Thedomain of input.

* The number of possible values that can be entered (Npo).

» The number of values to be chosen (Nvc).

* Thescreen density.

Examples:
» Font Effects selection in Microsoft Word.

* A boolean value in an application form, for exampleisa CV attached? (Figure 2).

Solution: Use a Sngle Choice pattern to present a choice or non-choice of asingleitemif the
domain is known, the number of possible values to be entered (Npo) is 1, the number of
possible values to choose (Nvc) is 1, and the screen density is high.



Presented at CHI-SA’ 2000, 8-10 May 2000, University of Pretoria, South Africa.

Design rationale: If the domain is known and the Npo is 1 then a Sngle Choice pattern will
minimize keystrokes and reduce the number of possible user input errors. If the screen density
is low, then a[Choice]pattern may be used instead (i.e. Y es/No).

Name: Choice

Problem: How can achoice of one of two or more items on a screen be best displayed?
Context: The user wants to indicate a choice of one of two or more items on a screen.
Forces:

* Thedomain of input.

e Thenumber of possible values (Npo).

* Thenumber of values to be chosen (Nvc).

* Thescreen density.

Examples:
» The selection of the type of document in the New Document dialogue in Microsoft Word.

» The selection of the type of employment in an application form as contract, permanent or
temporary (Figure 2).

Solution: Use a Choice pattern to present a choice of two to five items if the domain is
known, the number of possible values to be entered (Npo) is greater than 1 and less than 6, the
number of possible values to choose (Nvc) is 1, and the screen density is low.

Design rationale: If the domain is known and the Npo is greater than 1 and less than 6, then
a Choice pattern will minimize keystrokes and reduce the number of possible user input
errors. If the screen density is high, then either alList Selection|pattern or alLong List Selection]
pattern may be used instead.

Name: List Selection

Problem: How can ashort (up to about 10 items) list of choices be best displayed?

Context: The user wants to select an item from a list of items (which is less than some
ceiling) or wantsto view alist of items, without the capability of item choice.

Forces:

* Thedomain of input.

* The number of possible values (Npo).

» The number of values to be chosen (Nvc).

* The screen density.

Examples:
» Font type selection in Microsoft Word.

» Selecting the position applied for in ajob application form (Figure 2).

Solution: Use a List Selection pattern to present a choice of 10 or fewer choices if the
domain is known, the number of possible values to be entered (Npo) is greater than 5 and less
than 11, the number of possible valuesto choose (Nvc) is 1 and the screen density islow.

Design rationale: If the domain is known and the Npo is greater than 5 and less than 11, then
aList Selection pattern will minimize keystrokes and reduce the number of possible user input
errors. If the screen density is high, then a Long List Selection|pattern may be used instead.
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Name: Long List Selection

Problem: How can along (more than 10 items) list of choices be best displayed?

Context:  The user wants to select an item from a long list of items (which is greater than
some celling) or wantsto view along list of items, without the capability of item choice.
Forces:

* Thedomain of input.

e Thenumber of possible values (Npo).

* Thenumber of values to be chosen (Nvc).

* Thescreen density.

Examples:

* The Alignment drop-down list in the Format Paragraph dialogue in Microsoft Word.

* The selection of a department from a drop-down list of departments in a job application
form (Figure 2).

Solution: Use a Long List Selection pattern to present a choice of more than 10 items if the
domain is known, the number of possible values that can be entered (Npo) is greater than 10,
the number of possible values to be chosen (Nvc) is 1 and the screen density is high.

Design rationale:  If the domain is known and the Npo is greater than 10, then a Long List
Selection pattern will minimize keystrokes and reduce the number of possible user input
errors. If the screen density islow, then a List Selection|pattern may be used instead.

Name: Sngle Text Entry

Problem: How can ashort (single line) text object be best displayed?

Context:  The user wants to enter a single text object that spans not more than one linein a
window, or wants to view the same, with the capability of editing it if desired.

Forces:

* Thedomain of input.

»  Thenumber of possible values (Npo).

* Thenumber of values to be chosen (Nvc).

» Thephysical length of the datato be input or displayed.

Examples:
» Entering the Subject of an e-mail message in Microsoft Outlook.

» Entering arange of page numbersto print in the Print dialogue in Microsoft Word.
» Entering an applicant namein ajob application form (Figure 2).

Solution: Use a Sngle Text Entry pattern to enter or display a single item if the domain is
unknown and the length of the text isless than or equal to Lg.

Design rationale:  If the domain is unknown then a Single Text Entry pattern is the only
aternative to enter or display a single item. If the length of the text is greater than Lg, then a
Multiple Text Entry|pattern may be used.

Name: Multiple Text Entry

Problem: How can along (multi-line) text object be best entered or displayed?

Context: The user wants to enter a single text object that spans more than one line in a
window, or wants to view the same, with the capability of editing it if desired.
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Forces:

* Thedomain of input.

e The number of possible values (Npo).

* Thenumber of values to be chosen (Nvc).

» Thephysical length of the datato be input or displayed.

Examples:
* The Font Preview text areain the Format dialogue in Microsoft Word.

* The Message Body text areain the new message dialogue in Microsoft Outlook.
* The Addresstext areain ajob application form (Figure 2).

Solution: UseaMultiple Text Entry pattern to enter or display multiple itemsif the domainis
unknown and the length of the text is greater than Lg.

Design rationale: If the domain is unknown and the length of the text is greater than Lg,
then a Multiple Text Entry pattern is the only alternative to enter or display asingleitem.

8. The Role of Patter ns

This section will discuss the role of patterns in Ul design. Certain key questions need to be
answered. These include, inter aia, who are the real users of patterns? What are patterns used
for? When can patterns be used? How does the designer know which patterns to use? And
how can the designer know that certain patterns can be trusted to produce a good Ul design?

Patterns are intended for a number of different users and at a number of different knowledge
levels. Similarly to architecture, the visual aspect of a HCI pattern serves as a communication
tool between the end user and the designer. The end user can then easily visualize via the
accompanying diagram exactly what the final product would look like before it is constructed.
The Ul designer, on the other hand, can use the pattern as an aid for initial design at a
conceptua level which is significantly higher than design guidelines. Patterns can also be
used in HCI education as a means of quickly and easily conveying Ul design knowledge to
students and software developers. At a higher level, pattern writers can use patterns to
synthesize the design knowledge inherent in successful designs.

The role of patterns is closely linked to the requirements of the individual users. For end
users, patterns serves as a communication tool. For software developers, patterns serve as a
design tool. For students and educators, patterns can be used as an educational tool. And
finally, for pattern writers, patterns can represent a resource tool for collecting and
synthesizing good design practice.

HCI Patterns can be used almost throughout the software development process in order to
strongly support user-centered design. Several authors have referred to this as a patterns-
based approach to software development. At the requirements analysis or information
gathering stage, task-based patterns can be used to illustrate the software developers
understanding of the users requirements. HCI design patterns can then be used to effectively
bridge the gap between requirements and design by providing an initial view of what designs
have worked successfully in the past within a given context to solve a specified problem. In
many cases, the use of these patterns may actually shorten the time required or circumvent the
need to prototype the initial design. As there may be severa alternative patterns within a
given context, the user will be able to easily visualize the available aternatives and choose the

10
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one which meets his needs better. This may have a significant impact on the user satisfaction,
and inherently the usability of the final software.

Design patterns can aso be used during the evaluation stage and as an aid for system
maintenance since they represent the design rationale used to design the Ul. In addition,
design patterns may be used as a repository of design knowledge since they encompass
examples of good design practice.

The question for the Ul designer, however, is how does he locate the relevant patterns and
having located the patterns, how does he know which to use in a given situation? At this early
stage of pattern development, a good place to start is to look at existing pattern collections,
such as those provided by Tidwell [Tid1998], Erickson [Eri1998], and others. Links are
provided to these and other pattern collections from the CHI’ 2000 Workshop web page (see
Wwww.it.bton.ac.uk/staff/rng/CHI2K _PLworkshop/). An international community of pattern writers
has been established, and several publications on design patterns are envisaged shortly. The
advantage of patterns, however, is that the user can become involved in the actual selection
process.

Finally, there is the issue of confidence and reliability. How can the Ul designer rely and trust
on the design knowledge embodied in a specific pattern? This question has been addressed by
including the authoring history, evidence of usage, a confidence factor, and theoretical
references within each pattern.

9. The Way Forward?

HCI patterns focus on patterns that improve the quality in use of the system. Just like
Alexander’s patterns, the goal is to focus on patterns that improve the “quality without a
name’ for the people that use the software artifacts - the users. Therefore, all patterns must
show their benefit for users by arguing what their impact on usability is.

This paper has discussed the role of patterns in Ul design and presented some example
patterns. In order to establish a Pattern Language, the patterns should be seen as ‘ candidates .
These patterns should be discussed and developed further by a community of pattern writers
and software devel opers.

Certain research questions still exist for HCI patterns. These include how best to find
(harvest) HCI design patterns; how to document them; how to maintain pattern languages,
how to disseminate pattern languages; how to apply patterns; how to evaluate patterns; how to
evaluate the application of patterns; and how to teach pattern use. We also need a framework
for classifying and writing patterns. More case studies and examples of patterns are also
needed, particularly for different domains.

10. Conclusions

Whilst considerable research has aready been done in the field of pattern languages, much
must still be done [WV1998]. More research is necessary to develop new pattern languages
and to refine existing patterns [WC2000]. These pattern languages will also need to be
validated for different application domains within the South African software context. In
principle, however, design patterns may represent a solution to the problem of designing
usable computer systems in South Africa.
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