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Chapter 1

Introduction
At the start of the 21st century, a world without software systems cannot be imagined
anymore. Software systems have become an essential part of our daily life although we
are often not aware anymore of their presence. Driving a car, listening to music,
washing clothes, buying something on the internet, ordering a pizza, almost everything
we do involves the use of software systems.

1.1

Software Systems

Software systems are developed with a particular purpose:
•

Provide specific functionality that relieves a person from doing a certain task.
For example, it is estimated that, automated teller machines (ATM) have
replaced more than 500.000 jobs in North America in the last two decades (one
ATM replaces the work of about 35 bank employees).

•

Provide specific functionality which supports a person to do a certain task in a
specific context. For example, content management systems support a user in
doing certain tasks such as publishing documents.

In the last decades, software systems have moved from mainframes and traditional
desktop systems to almost all (electronic) consumer products. We can find software in
mobile phones, digital cameras, DVD players, cars, microwaves, etc.

1.1.1

Feature race

Next to the increase in the number of products with software, we can also identify an
increase in the size of software. More and more features are being added to products
during their evolution (feature race) to attract and satisfy new customers. Recently,
new types of MP3 players, such as the popular iPod, have been introduced featuring a
small color screen which allows one to watch photos and play movies on them. A term
such as "MP3 player" will probably be replaced by the term "media player" in the near
future as these devices do not only play MP3's but do more than that. Adding a screen
to an MP3 player allows for a whole new set of software features such as playing games,
watching video etc. More and more software is being added to these products to
support the increase in hardware features. Because of this increase in size and
complexity, software has sometimes become the most valuable asset of a product. It is
claimed by Daimler-Benz car manufacturer that the most expensive part in the
development of a new Mercedes car is the software system controlling various systems
such as the braking system, the fuel injection system, the climate control system, the
onboard computer etc. In economic terms, software has become a very valuable and
important asset for organizations.
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With the increase of software in size, complexity and number of products on which it is
deployed, all sorts of problems have emerged. How do we develop and manage
software? How can we develop software for different products? Current software is so
big and complex that it cannot be developed and managed by a single person. People
have to cooperate but because software is often very complex this has become quite a
challenge.

1.1.2

Competition

In addition to the feature race problems, organizations have to compete with other
organizations, therefore the software product:
•

Needs to be delivered on time: to reach the market before competitors do.

•

Should be delivered within budget: to increase market share and maximize
profits.

•

Needs to be delivered with high quality, to keep existing customers happy and
attract new customers. For most software products, providing the required
functionality is not an issue; software products can only distinguish themselves
from those of competitors if they can also provide a high quality. In the future,
as users become more critical, and there is more competition because more
software is being developed, poor software quality will be a major barrier to the
success of new commercial software applications.

There is a continuous market pressure for product development organizations to
improve features, quality and to minimize lead time and costs in order to stay in
business (innovate or perish). The drawback of this continuous need for innovation is
that a company's whole existence depends on the successful launch of one product,
which makes product development often a gambling game.

1.1.3

Engineering challenges

How do the feature race and competition affect software development? Software
development is restricted around four concerns:
•

Features

•

Time to market

•

Cost

•

Quality

Improvements in one may affect at least one of the others negatively. A design decision
which affect these concerns has a tradeoff cost; if more features are added to the
product, quality must drop or time to market must slip or more money should be
invested. Quality can only be increased by putting more people and time on testing,
increasing costs. If time to market or costs are cut, features must drop or quality must
drop (Berkun, 2002). These concerns make software engineering projects true
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challenges and one of these challenges is to find the optimal tradeoff between the four
concerns.
Sometimes it is possible to find a way around these tradeoffs. Software engineering
sometimes develops new techniques or tools that can work around these constraints
but these solutions often lead to new problems. For example features and quality can
be increased and costs and time minimized by reusing existing code. But how can we
develop code that can be easily reused? This is only one of the problems software
engineering tries to solve.
Software engineering is the science that deals with all problems related to the design,
implementation and maintenance of software systems. The development of a software
system often relies on the intuition of experienced engineers who know how to solve
particular problems in their domain. In order for someone inexperienced to design a
system, software engineering aims to make this process more formalized by developing
methods and techniques that can aid in this purpose. In this thesis we address the
problem of how to ensure that software delivers a particular level of quality. Before we
discuss what problems are associated to software quality, we first discuss what
(software) quality is.

1.2

Software Quality

Quality . . . you know what it is, yet you don't know what it is. But that's selfcontradictory. But some things are better than others, that is, they have more quality.
But when you try to say what the quality is, apart from the things that have it, it all
goes poof! (Pirsig,1994)

1.2.1

What is quality?

Before we discuss software quality we first discuss the notion of quality. Quality is a
very fuzzy and elusive concept and finding a good definition of quality has occupied the
minds of researchers, scientists, philosophers and writers for over a thousand years.
The oldest work on quality dates from Aristotle (384-322 BC) (wikipedia: quality).
Though quality is a fuzzy term several definitions of quality have been postulated:
"Quality comprises all characteristics and significant features of a product or an activity
which relate to the satisfying of given requirements". - (DIN 55350-11)
"The totality of characteristics of an entity that bear on its ability to satisfy stated and
implied needs" - (ANSI standard)
"The term quality is used to refer to the desirability of properties or characteristics of
a person, object, or process" - (wikipedia: quality)
These definitions imply that quality is composed of characteristics, properties and
features. For an everyday object (such as a chair) quality can be measured by
measuring the following properties:
•

Construction quality (e.g. construction material, strength of the joints).
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•

Aesthetic value (e.g. do people like its design?)

•

Fit for purpose (e.g. Can children sit on it? Does it fit under the table?)

A chair made out of steel is obviously stronger than a wooden chair (preserving that
they use the same construction) hence it is safe to conclude a steel chair has a higher
quality than a wooden chair. Wrong! The problem with measuring quality is that it is
not a measure of a product in isolation. Quality should always be evaluated in a
particular context. Users and environments are part of this context; for different users
in different environments products may have very different qualities. Some users may
not like steel and prefer wood, for them a wooden chair has a higher quality. Hence
quality is a subjective entity depending on a person's experiences and preferences.
Because of this subjectivity quality measures are often relative. E.g. to express the
difference between a wooden and a steel chair it is usually impossible to quantify how
much better one chair is than the other because there are no absolute measures (how
does one quantify: "I like wood over steel"?).
Quality is therefore a very fuzzy concept. In this thesis the following approach to
quality is used where it is related to product's acceptance.

1.2.2 Product acceptance
Quality has all to do with product acceptance. E.g. a stakeholder accepts a product only
if it meets the stakeholders needs, if it has good quality and if it's available when the
stakeholder needs it, for the cost the stakeholder can afford. Between these values
tradeoffs exist: some stakeholders may accept a low quality product which does not
meet all requirements if it comes quickly and cheaply (such as French fries at
McDonalds). Other stakeholders are willing to wait and pay dearly for a high quality
compliant product (such as a Ferrari). Even low quality products may be accepted if
some of the qualities that the stakeholder prefers are fulfilled (such as a Harley
Davidson motorbike which is not known for its high quality, is very expensive but has
certain qualities that a user may value). What "good quality" constitutes in a product's
acceptance is a subjective notion depending on the stakeholders' preferences and
experiences.

1.2.3 What is software quality?
Software quality was originally synonymous to "error free", but nowadays our
understanding of software quality has increased. As discussed earlier, software is
developed with a particular purpose: e.g. provide specific functionality which supports
or replaces a person to do a certain task in a specific context. Fit for purpose is
therefore the most important aspect of software quality:
•

Does software do what is needed?

Next to that, other aspects play a major role such as:
•

Does it do it in the way users expect it to? (usability)

•

Does it do it without errors? (reliability)

•

Is it fast enough? (performance)

Introduction
•

Does it not hurt or kill any persons? (safety)

•

Can we change it as needs change? (modifiability)

•

Etc.
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All these factors contribute more or less to software quality. The only definition that
comes close to this observation is:
"Software quality is (1) the degree to which a system, component, or process meets
specified requirements. (2) The degree to which a system, component, or process
meets customer or user needs or expectations - (IEEE 610.12-1990)
The first part of this definition defines software quality for non interactive systems and
the second part defines it for interactive systems (e.g. systems with users). However
these definitions still do not state by which properties or characteristics software
quality can be measured. Quality models do.

1.2.4 Software quality models
Quality models are useful tools for quality requirements engineering as well as for
quality evaluation, since they define how quality can be measured and specified. Being
able to evaluate the quality of software is very important, not only from the perspective
of a software engineer to determine the level of provided quality but also from a
business point of view, such as when having to make a choice between two similar but
competing products. Several views on quality expressed by quality models have been
defined.
McCall (McCall et al, 1977) proposes a quality model (see figure consisting of 11 factors;
such as correctness, reliability, efficiency, etc. McCall's quality model was developed by
the US Airforce Electronic System division (ESD), the Rome Air Development Centre
(RADC) and General Electric (GE) with the aim of improving the quality of software
products and making quality measurable.
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Figure 1: McCall Quality Model
Boehm (Boehm et al, 1981) proposes a quality model which focuses on software quality
from the viewpoint of a developer. This model divides quality into the following quality
factors: portability, reliability, efficiency, human engineering, testability,
understandability and modifiability.
Device indepencence
Self-containedness
accuracy
Portability

Reliability

General
utility

completeness
robustness
consistency

Efficiency
As-is-Utility

accountability
Device efficiency

Usability
accessiblity
Maintainability

Testability

communicativeness
Self-descriptiveness

Understandability

structuredness
conciseness

Modifiability
legibility
augmentability

Figure 2: Boehm Quality Model
The ISO 9126 (ISO 9126-1) model describes software quality as a function of six
characteristics: functionality, reliability, efficiency, usability, portability,
and
maintainability. This model takes as a viewpoint the user's perspective. Users mainly
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evaluate software quality from how they perceive the software rather than on the basis
of internal aspects of the development process.

Figure 3: ISO 9126 Quality Model
Though viewed from different perspectives, all these models are based on the idea that
software quality is decomposed in a number of "ilities" e.g. high level factors, such as
usability and maintainability, which can be further decomposed in a number of sub
factors or attributes such as accessibility and testability. These sub factors or attributes
can be measured by quality metrics e.g. directly measurable attributes such as "number
of errors" or "degree of testing".
There are some differences and overlaps between these quality models. For example
they are different in the names they use for the elements in which software quality can
be decomposed. McCall and Boehm call them factors whereas ISO 9126 calls them
characteristics. Practitioners often just call them "ilities", "qualities" or "quality
attributes". There are differences in what names are used for the "ilities". For example
usability in the ISO and McCall models is known as human engineering in Boehm's
model. The models also differ in how software quality is decomposed; McCall divides it
in 11 factors, Boehm into 7 factors, and ISO into 6 characteristics. Sometimes a sub
factor in one quality model is a high level factor in another model, for example the sub
factor "testability" in the ISO 9126 model is a high level factor in Boehm's quality
model.
In general, different authors construct different lists and compositions of what those
ilities/qualities are, but they all pretty much agree on the same basic notions. It is
therefore very hard to say which quality model has the best quality. The ISO 9126
model provides a complete set of metrics for evaluating quality and is widely adopted
by the industry. It further includes attributes such as security which are missing from
the other quality models. In addition there is almost a 20 year time lap between the
different definitions, recent definition benefit from an increased understanding on the
concept of quality.
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1.2.5 Usability
One of the qualities that has received increased attention in recent decades is usability.
Usability is one of the most important aspects of software quality for interactive
software systems. Often software has a high "internal" quality but software becomes
useless when it cannot support a user in doing his or her task. As observed earlier on
the problem with measuring quality is that it is not a measure of the software product
in isolation. Usability is important as it expresses the relationship between software
product and the context in which it is deployed e.g. the "external" quality. Usability is
also important as it expresses the subjective part of software quality; users and the
environment in which they operate are an essential part of this context.

1.2.6 What is usability?
Usability was derived from the term "user friendly" but is often associated with terms
such as usefulness, ease of use, quality of use etc. Usability has, similar to many other
software engineering terms, many definitions; such as:
The cost/effort to learn and handle a product (McCall et al, 1977)
The extent to which a product can be used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified context of use. (ISO 924111)
The capability in human functional terms to be used easily and effectively by the
specified range of users, given specified training and user support, to fulfill the
specified range of tasks, within the specified range of scenarios (Shackel, 1991)
Although there is consensus about the term usability, there are many different
approaches to how usability should be measured. As usability is often defined by how it
should be measured, many different definitions of usability exist. Basically all these
definitions decompose usability into smaller entities e.g. "sub ilities" such as
learnability, which are supposed to be more precise and much easier to measure.
Various names are used for these entities namely attributes, dimensions, components,
scales and factors. It is our opinion that they all mean the same and therefore the term
usability attributes is used, which is the term most commonly used.
In addition, authors often provide some model where usability fits in. For example one
of the first authors in the field to recognize the importance of usability engineering and
the relativity of the concept of usability was (Shackel, 1991). Shackel defines a model
where product acceptance is the highest concept. The user has to make a trade-off
between utility, usability, likeability. For a system to be usable it has to have high
scores on four scales namely: effectiveness, learnability, flexibility and attitude. These
scales may be further decomposed. For example; learnability is further decomposed
into measurable indicators such as retention and time to learn. Table 1 lists some of the
attributes proposed by various authors.
Similar to the software quality models, different authors construct different lists and
compositions of what the attributes of usability are, but they all pretty much agree on
the same basic notions.
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Table 1: Definitions of Usability in Chronological Order
Hix
1993

Nielsen
1993

Preece
1994

Wixon
1997

Performance

Learnability

Learnability

Learnability

Learnability

Learnability

Learnability

Effectiveness

Operability

Long-term
performance

Efficiency
use

Throughput

Efficiency

Learnability
Effectiveness

Operability

Retainability

Memorability
Errors

Throughput

Memorability
Error rates

User view

Shackel
1991

ISO
1991

9126

Attitude

Attractiveness

Long-term user
satisfaction

Satisfaction

Attitude

Satisfaction

of

All definitions are based on a combination of two different views on how usability
should be measured (Bevan et al, 1991):
•

Objective / Performance oriented view: usability can be measured by analyzing
how a user interacts with the software by for example measuring the time it
takes to learn (learnability) or perform (efficiency) a particular task or the
number of errors made during a task (reliability).

•

Subjective / User view: usability can be measured by analyzing what a user
thinks of the product (satisfaction/ attitude).

Since a product has no intrinsic usability of itself, we can only evaluate usability as a
function of a particular user performing a specific task with a specific goal in a specific
context of use, hence adding a contextually oriented view to these views.

1.2.7 Design for usability
Similar to the different approaches to how usability should be measured there are
numerous methods, techniques, guidelines, processes as to how to design and build a
usable system. (Keinonen, 1998) identifies two approaches:

1.2.8 Product oriented design
The product oriented design considers usability mainly to be an attribute of the
product. It tries to capture existing design knowledge by identifying product properties
and -qualities that have proven to have a positive effect on usability. Some examples of
the product oriented approach:
Design heuristics

Heuristics such as (Hix and Hartson, 1993, Nielsen, 1993, ISO 9241-11) suggest
properties and principles that have a positive effect on usability. For example Nielsen
suggests the following "rules of thumb" for interface design:
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Table 2: Nielsen's' Heuristics
Consistency
standards

and

Error prevention

Users should not have to wonder whether different words, situations, or actions
mean the same thing. Follow platform conventions.
Even better than good error messages is a careful design which prevents a problem
from occurring in the first place.

Interface guidelines

Guidelines such as (Microsoft, 1992, KDE, 2001, Apple Company, 2004) provide
suggestions for low level interface components. For example directions and guidelines
for the use of icons, buttons, windows, panels etc. Apple suggests the following detailed
guidelines for displaying a menu bar:
Table 3: Apple Interface Guidelines
Menu bar

Figure 4: Apple Interface
The menu bar extends across the top of the screen and contains words and icons
that serve as the title of each menu. It should be visible and always available to use.
Nothing should ever appear on top of the menu bar or obscure it from view. The
menu bar should always contain the standard menus--the Apple menu, the File
menu, the Edit menu, the Help menu, and the Application menu. The Keyboard
menu is an optional standard menu that appears when the user installs a script
system other than the Roman Script System.

Table 4: Wizard from Welie Pattern Collection
Example:

Figure 5: Windows XP Program Compatibility Wizard
Problem
Use when
Solution

The user wants to achieve a single goal but several decisions need to be made before
the goal can be achieved completely, which may not be known to the user.
A non-expert user needs to perform an infrequent complex task consisting of several
subtasks where decisions need to be made in each subtask.
Take the user through the entire task one step at the time. Let the user step through
the tasks and show which steps exist and which have been completed.
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Interaction design patterns

Patterns such as (Tidwell 1998, Perzel and Kane 1999, Welie and Trætteberg, 2000)
provide solutions to specific usability problems in interface and interaction design.
Patterns and pattern languages for describing patterns are ways to describe best
practices, good designs, and capture experience in a way that it is possible for others to
reuse this experience. A pattern basically is a three-part rule, which expresses a relation
between a certain context, a recurring problem, and a solution. An example of such an
interaction design pattern is for example a wizard (Welie and Trætteberg, 2000) (See
Table 4)

1.2.9 Process oriented design
Process oriented design is bundle of techniques which specifically focuses on analyzing
users, analyzing tasks etc, to collect that functionality that makes software usable. User
centered design is an iterative process including: analysis, design, testing, and
redesign. Techniques are used such as:
•

Usability testing techniques such as coaching (Nielsen, 1993), co-discovery
learning (Dumas and Redish, 1993, Nielsen, 1993), and question asking (Dumas
and Redish, 1993) evaluate usability by observing representative users working
on typical tasks using the system or a prototype of the system.

•

Usability inspection techniques such as heuristic evaluation (Nielsen, 1994),
cognitive walkthroughs (Wharton et al, 1994), or feature inspection (Nielsen,
1994) require usability specialists to examine and judge whether the system
follows established usability principles.

•

Usability inquiry techniques such as field observation (Nielsen, 1994),
Interviews/Focus groups (Nielsen, 1994), surveys (Alreck and Settle, 1994), or
questionnaires such as QUIS (Chin et al, 1988) or NAU (Nielsen, 1993) require
usability evaluators to obtain information about user's likes, dislikes, needs and
understanding of he system by talking to them, observing them or interviewing
them using a questionnaire.

1.2.10 Challenges
In the last decades business objectives such as time to market and cost have been
preferred over delivering a high quality product; especially in web based systems it was
more important to reach the market before competitors and to get a market share than
to deliver a high quality product. However in recent years this strategy has proven to
lead to failure; because of the intense competition in the software industry and the
increasing number of users, if a software product is difficult to use, users will move to a
competitive product that is easier to use. Users do not care for nifty features; they are
often only interested in getting their work done. Issues such as whether a product is
easy to learn to use, whether it is responsive to the user and whether the user can
efficiently complete tasks determine to a large extent a product’s acceptance and
success in the marketplace, apart from other factors such as marketing efforts and
reputation.
From product management perspective, having a product with good usability pays off
well though initially some money needs to be invested. By initially (before product
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release) focusing on usability, companies can see tremendous savings in terms of
reduced customer support and reduced product redesign costs. Working usability into
a system initially is a very cost effective way to increase customer satisfaction and
reduce maintenance / support costs. However, studies of software engineering
(Pressman, 1992, Landauer, 1995) projects reveal that organizations do not manage to
fulfill this goal. Organizations still spend a relatively large amount of time and money
on fixing usability problems during late stage development. Several studies have shown
that 80% of total maintenance costs are related to problems of the user with the system
(Pressman, 1992). Among these costs, 64% are related to usability problems (Landauer,
1995). A large amount of maintenance costs is spent on dealing with usability issues
such as frequent requests for interface changes by users, implementing overlooked
tasks and so on (Lederer and Prassad, 1992).
What causes these high costs? Why is ensuring a particular level of usability expensive?
The answers to these questions may be found when we look at the software architecture
of a system.

1.3

Software Architecture

In recent years the software engineering community has come to the understanding
that the software architecture is an important instrument in the fulfillment of quality
requirements. The notion of a software architecture was already identified in the late
sixties and was related to work on system decomposition and system abstraction.
However, it was not until the nineties before architecture design gained the status it
has today. Over the past few years several definitions of software architecture have
been proposed:
The logical and physical structure of a system, forged by all the strategic and tactical
design decisions applied during development (Booch, 1991)
A set of architectural elements that have a particular form. The elements may be
processing elements, data elements or connecting elements. (Perry and Wolf, 1992)
Structural models all hold that software architecture is composed of components,
connections among those components, plus (usually) some other aspect or aspects,
including configuration, style, constraints, semantics, analyses, properties, rationale,
requirements, stakeholders' needs (Shaw, 1995)
The structure or structures of the system, which comprise software elements, the
externally visible properties of those elements, and the relationships among them.
(Bass et al, 1998)
A huge list of all software architecture definitions can be found on (SEI, 2004). The
understanding of the abstract concept of software architecture has increased in recent
years, though there is still no consensus on one definition. Almost everyone agrees that
a software architecture is the product of a series of design decisions each with a
rationale leading to some "visible structure" e.g. a set of elements and relations
between those elements. These elements may have different abstractions. However
whether these elements are subsystems, components, processes etc or whether these
relations are data flows, control flows etc. is not really that important. As long as
developers in an organization can agree on one definition; there is no point in trying to
find the most detailed definition that covers all possible types of software architectures.
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Software development is just too divers and complicated to find a definition that suits
all. Refining the definition of software architecture is good as long as it increases our
understanding of the abstract concept of software architecture, but a definition that is
simple to understand and to explain is much likelier to lead to consensus between
developers. In recent years one IEEE definition has been formulated which appears to
be popular and yet simple.
The fundamental organization of a system, embodied in its components, their
relationships to each other and the environment, and the principles governing its
design and evolution (IEEE, 1998)

1.3.1

Software architecture description

Apart from that it is hard to find a good definition of software architecture, there is
another challenge; how should we describe or document a software architecture? There
is always a software architecture, but in order to make it useful it needs to be described.
Generally, three arguments for defining an architecture are used (Bass et al, 1998):
•

Communication: A software architecture is primarily used as a shared
understanding between stakeholders. Different stakeholders depend on the
software architecture; software engineers use it as an input to the software
design. Project managers use it for estimating effort and planning resources

•

Evaluation: A software architecture allows for early assessment of quality
attributes (Kazman et al, 1998, Bosch, 2000). E.g. the software architecture is
the first product of the initial design activities that allows analysis of quality
attributes. Software architects may use an architecture description to analyze
the architecture's support for quality.

•

Design: Design decisions captured in the software architecture can be
transferred to other systems.

The way an architecture needs to be described is closely related to how it is defined. If
one uses a definition that includes a rationale then some form of description needs to
be used which allows describing the rationale of design decisions. Several types of
architecture descriptions have been developed in recent years and these are described
in (Clements et al, 2002). In the next section some of these techniques are described.
Source code

The source code is the most basic form of describing a system. The code of a system is
often distributed in libraries, modules, components or classes.

Figure 6: Java Source Code
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One way to describe the architecture is not to describe it at all e.g. we have only the
source code to look at. In Figure 6 some source code is displayed. As can be observed
source code is not a good way to describe the architecture as it does not fulfill the goals
(Bass et al, 1998) an architecture should fulfill:
•

Communication: source code is often too large and often only understood by the
ones who wrote it.

•

Evaluation: source code is only available when the system has been developed,
which makes it useless in a forward engineering perspective. Although some
things can be learned from analyzing source code. For example, the coupling
between modules or components may indicate how easy a particular component
is to modify although such a description is far from sufficient for analyzing
other quality attributes.

•

Design: Source code is always written in a specific development language such
as java or C++ hence if you want to develop software in a different language it is
not possible to reuse this code.

Box and line diagrams

A simple technique to describe the architecture is to describe the architecture using
boxes and lines which connect the boxes. Boxes and lines are easy to use because they
can mean anything the architect desires, for example, the boxes can represent
subsystems and the lines and arrows between the boxes can represent expected call
relationships between the subsystems. An example box and line diagram of can be
found in Figure 7.

Figure 7: Box and Line Diagram
Although this technique is sufficient to describe a coarse picture of the architecture,
this technique has several shortcomings.
•

Communication: Box and line diagrams lack being able to describe details such
as being able to describe interfaces, control behavior, rationale etc. It lacks
semantics e.g. what does a particular box mean? An object? A subsystem? A
method? Or merely a logical grouping of functionality? In Figure 7 boxes
describe objects (button) and processes (button listener). Arrows can also be
interpreted in different ways: is an arrow a control flow? Or a data flow?
Without semantics a box and line architecture can lead to ambiguity; i.e. it can
be interpreted in different ways which does not contribute to communication
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between developers. Behavior (e.g. interaction between elements) is also
difficult to describe using box and lines diagrams.
•

Evaluation: A box and line diagram may be sufficient for some expert based
analysis but for automated evaluation (such as state checking) box and line
diagrams are not sufficient because without semantics there is no way to
interpret a box and line diagram.

•

Design: A box and line diagram is the result of a series of design decisions.
Because of the lack of semantics and the lack of being able to describe some
rationale it is difficult to transfer design decisions in a box and line diagrams to
other systems.

View models

One of the shortcomings of box and line diagrams is that it does not provide a complete
picture of the architecture; a better way to describe the architecture is by describing it
from different views. Each view has its own description method and styles and
addresses a specific set of concerns which are of interest to a specific stakeholder.
Because architectures are often too complex to visualize in one view, different views
can be used that act as a filter which show what is of interest to a particular
stakeholder. In (Bass et al, 1998) a number of different viewpoints are described. For
example, to express the interests of project management (such as assigning work), the
architecture can be described in a module view. Using this view project management
can assign engineers to work on a particular module.
4+1 view model

Figure 8: the 4+1 View Model and Stakeholders
A popular view model technique is the 4+1 view (Kruchten, 1995). The 4+1 view uses
subsets of the Unified Modeling Language (UML) to describe particular views and
consists of the following five views:
•

Logical view: describes the object model of the design. This view primarily
supports the functional requirements; what the system should provide in terms
of services to its users.

•

Process view: describes the concurrency and synchronization aspects of the
design.
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•

Physical view: describes the mapping(s) of the software onto the hardware.

•

Development view: describes the static organization of the software in its
development environment.

•

Scenarios: scenarios or use cases (sequences of interactions between objects and
processes) can be used to show how the four views work together. Scenarios are
an abstraction of the most important requirements.

Because a view merely acts as filter on the software architecture the views are not
independent from each other. Changing something in one view is likely to affect
something in another view. For example the characterization of logical elements is an
indication to define process elements. The autonomy and persistency of objects is an
indication for the process view. The logical view and development view are very similar
but address different concerns, the same goes for the process and physical view;
processes are mapped onto the available physical hardware.
The Soni-Nord-Hofmeister (SNH) view model

Figure 9: the SNH View Model
Another view model that is used in industry is the one developed by (Hofmeister et al,
1999) and consists of the following four views:
•

Conceptual view: describes the architecture and a collection of components and
connectors which can later be decomposed in other views.

•

Module view: describes the application in concepts that are present in the
programming models and platforms that are used.

•

Code view: describes the source code organization, the binary files and their
relations in different ways.

•

Execution view: describes the system in terms of elements that are related to
execution e.g. hardware architecture, processing nodes and operation concepts
such as threads and processes.

The SNH views are also not independent; a conceptual element is implemented by one
or more elements of the module architecture. Module elements are assigned to runtime
elements in the execution architecture. Each execution element is implemented by
some module elements. Module elements are implemented by elements of the code
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architecture. There is a mapping between the execution architecture (threads/
processes) and the hardware architecture (cpu's etc).
The problem with the view models is that it is often difficult to keep the views
consistent. For example, in the 4+1 view a change in the development view likely affects
something in the logical view (although there is often not a one to one mapping
between those views). There are some overlaps and differences between the SNH views
and the 4+1 views but on the whole these view models are quite similar. View models
provide a more complete description of an architecture than box and line diagrams and
they fulfill the following goals:
•

Communication: view models can describe details such as interfaces, behavior
(by means of scenarios), rationale etc. A multi view model aids communication;
only that is shown what is of interest to a particular stakeholder which
minimizes confusion. The risk however, is that stakeholders tend to forget a
view is part of something complex and changing something in one view
certainly may have an effect on other views.

•

Evaluation: As view models provide a more complete picture of the architecture
it sufficient for expert based analysis. Certain views are described using
notation languages such as (Booch, 1991), which makes them suitable for
automatic interpretation/analysis.

•

Design: View models provide semantics and capture an architecture's rationale.
The design decisions captured in the views models can be transferred to other
systems.

Architecture description languages (ADL)

ADLs are formal languages that can be used to represent the software architecture by a
formal textual syntax but often also as a graphical representation that corresponds with
the textual syntax. In order to do that, ADLs are often incorporated in development
tools such as code generators, analysis tools and simulation tools. In (Clements, 1996) a
survey of different ADLs can be found. Rapide (Luckham et al, 1995, Luckham et al,
1995, Luckham et al, 1995) and Unicon (Shaw et al, 1995) are among the most popular.
Unified modeling language (UML)

UML is a set of ADLs that are used for OO analysis and design. It defines a specific set
of views (diagrams) that have been standardized, by the Object Management Group
(OMG). Because this language has been standardized, it has gained enough support to
make it the industry standard language for visualizing, specifying, modeling and
documenting object-oriented and component-based architectures. UML supports
classes, abstract classes, relationships, behavior by interaction charts, state machines,
grouping in packages, etc. UML defines nine types of diagrams:
•

Use case diagram: identifies the primary elements and processes that form the
system. The primary elements are termed as "actors" and the processes are
called "use cases." The use case diagram shows which actors interact with each
use case.

•

Class diagram: refines the use case diagram into classes, methods and attributes
and defines a detailed design of the system.
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•

Object diagram: captures the state of different classes in the system and their
relationships or associations at a given point of time.

•

State diagram: represents the different states that objects in the system undergo
during their life cycle.

•

Activity diagram: captures the process flows in the system.

•

Sequence diagram: represents the interaction between different objects in the
system. The important aspect of a sequence diagram is that it is time-ordered.

•

Collaboration diagram: groups together the interactions between different
objects.

•

Component diagram: represents the high-level parts that make up the system.

•

Deployment diagram: captures the configuration of the runtime elements of the
application.

Concerning the goals of an architecture ADLs fulfill:
•

Communication: Some ADLs such as UML have been standardized and
therefore widely accepted. ADLs provide a very detailed picture of one aspect
(such as behavior) of an architecture. Similar to the view models multiple views
are required to provide a complete description of the architecture.

•

Evaluation: Because of its standardization, UML has proven to be very useful
for the development of all sorts of development oriented tools. UML can be
interpreted, generated and analyzed by a variety of tools.

•

Design: ADLs have been defined that are able to describe design rationale,
behavior, etc) making them suitable for transferring design decisions to other
systems. Using model driven engineering UML diagrams can be used to
generate systems

Various techniques can be used to describe software architectures. The choice for a
particular technique depends on many factors such as the organization, the application
domain, the design objectives etc. In this thesis conceptual views (Hofmeister et al,
1999) are used for describing software architectures.

1.3.2 Software architecture design
The software architecture results from set of technical, business and social activities
between stakeholders with the common objective to develop software that provides
specific functionality such that a balance in fulfillment of requirements is achieved.
Stakeholders are persons (such as customers, end users, developers etc) that are
affected by, or have an interest in the development outcome. Requirements are
provided by the stakeholders. In general, functional requirements define what the
system needs to do (e.g. "backup my hard drive") whereas non functional requirements
describe how the system will do it (e.g. "backup my hard drive without crashing"). Non
functional requirements are often associated with software quality requirements e.g.
the "ilities" such as usability, maintainability, etc.
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The software architecture is the first product of the initial design activities that allows
analysis and discussion about different concerns. As discussed in the software quality
section (section 1.2), software design is constrained around four "tradeoffs" namely
features, quality, cost and time-to-market. But how do these concerns affect software
architecture design?

1.3.3 Features / evolution
A feature is an essential aspect or characteristic of a system in a domain. In the past
when a software product was developed it was often assumed that the set of features it
should provide was complete. However this assumption has proven to be far from
realistic. New features are continuously being added to the product during a product's
evolution and existing features change. This is because the context in which the user
and the software operate is continually changing and evolving. Software systems are
much more dynamic; exchanging data with other software systems. Users may find
new uses for a product, for which the product was not originally intended. For example
Microsoft Word can now be used to write emails and to create Webpages with,
something that could not be imagined a couple of years ago. Requirements are much
more dynamic and evolutionary and a software architect should allow for this evolution
to happen. When new features need to be added during late stage development or
product evolution sometimes the architecture permits these new features from being
implemented. We call this the retrofit problem. Often new features are implemented as
new architectural entities (such as components, layers, objects etc) or an extension of
old architectural entities. If a software architecture has already been implemented then
changing or adding new entities to this structure during late stage design is likely to
affect many parts of the existing source code. Rewriting large parts of source code is
expensive, and it also erodes (Gurp and Bosch, 2002) the original software architecture
when features are added in an ad-hoc fashion. Software architects should therefore
design their architectures in such a way that to a certain extent, future requirements
may still be facilitated. The problem with this requirement is that it is often difficult to
predict future requirements. A good intuition of trends, such as the recent shift to use
Extended Markup Language (XML) for describing objects is essential to designing a
software architecture with a longer expiration date.

1.3.4 Software quality
As already identified by (Parnas, 1972), there is a strong relation between the software
architecture and software quality. This relationship is twofold:
Quality is restricted by SA design.

A recognized observation in literature (Buschmann et al, 1996, Shaw and Garlan, 1996,
Bass et al, 1998, Bosch, 2000) is that software architecture restricts the level of quality
that can be achieved i.e. it often proves to be hard and expensive to make the necessary
changes to a running system to improve its quality. Certain quality improving design
solutions inhibit a retrofit problem i.e. in order to improve the quality of a system,
solutions need to be applied which cannot be supported by the architecture.
Quality must be achieved through architecture design.

The earliest design decisions have a considerable influence on the qualities of a system.
Certain architecture design decisions have proven to have a significant impact on
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certain qualities; for example, a layered style (Buschmann et al, 1996) improves
modifiability but negatively affects efficiency. This shows that qualities are not
independent; a design decision that positively affect on one quality might be very
negative for another quality. Some qualities frequently conflict; for example design
decisions that improve modifiability often negatively affect performance the same goes
for security and usability. Tradeoffs between qualities are inevitable and it is important
to make these explicit during architecture design because such design decisions are
generally very hard to change at a later stage.

1.3.5 Cost & time to market
Delivering a product on time and within budget are often very "hard" constraints
enforced by project management. E.g. software engineers are much likelier to cut on
features and quality when a project is late and well over budget just to keep
management happy.
Next to these four "business-oriented" concerns a software architect has to deal with
other constraints:

1.3.6 Complexity
Similar to how an architect of a sky scraper needs to deal with an external force namely
gravity (the building should not fall apart), so must a software architect deal with an
internal force namely complexity (the software architecture should not become too
complex). In order to fulfill quality requirements and to allow evolution, software
architects often need to add more flexibility to an architecture.
For example, for a web based content management system it may be unknown which
types of databases will be used in two or three years (relational / object oriented). Also
it may be unknown whether a particular vendor will still support a particular type of
database in the future. In order to increase modifiability an architect may decide to
design an architecture which uses flexible data abstraction mechanism which allows
the use of different types of persistent storage mediums (for example a text file or
different types or brands of databases) instead of using an architecture which uses a
fixed type persistent medium (for example a text file or a database).

Figure 10: Data Abstraction Layer
Using a data abstraction mechanism (see Figure 10) persistent storage medium
dependencies are separated from the rest of the application and are only known to the
data abstraction mechanism, which may be a single component or layer. If a new type
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of medium is used, only the dependencies between the data abstraction mechanism
need to be changed rather than dependencies throughout the application. Though this
solution increases modifiability, a data abstraction mechanism often requires the use of
new components or new layers, which makes the architecture more complex. Instead of
having direct access to the persistent storage medium, all read/write operations must
go through the data abstraction layer which may negatively affect performance.
An architect should not forget that the main purpose of a software architecture is that it
should aid communication between developers and other stakeholders. An architecture
that can only be understood by the architect does not fulfill that purpose. At all times
should the software architect maintain a "conceptual integrity" (Brooks, 1995), i.e.
knowing when to stop adding complexity to maintain simplicity in design.

1.3.7 Reuse
Another constraint that architects have to deal with is that software should be designed
in such a way that certain software artifacts (components, modules etc) can be reused
in other contexts to develop new software systems. When code is reused the costs for
developing the code can distributed among the different software projects. If code is
reused software can be developed in a shorter time. In addition, a higher quality of the
software artifacts may be expected since the chance of detecting failures in the artifacts
is much higher because they are used in different contexts. Designing for reuse is not
simple and generally adds a lot of complexity to the architecture.

1.3.8 Software product families
Related to reuse is the notion of software product families (Bosch, 2000). Software
product families are architectures designed to manage and enhance many product
variations that may be needed for different markets. The aim of software product
families is to have intra-organizational reuse through the explicitly planned
exploitation of similarities between related products while preserving ability to support
differences. For example, mobile phones come in many different hardware
configurations (large screen / small screen) and provide different features (such as a
camera). To establish reuse of software, an architecture should be designed in such a
way that variations are supported e.g. certain features are included or excluded or can
be turned on or off in the final software product. Using software product family
techniques, companies such as Nokia, HP, and Philips have reduced time-to-market,
engineering costs, and defect rates by factors of 3 to 50.

1.3.9 Design constraints
Architecture design is a complex non-formalized process and there is a lack of methods
that specifically guide architecture design. A software system should be compliant to its
requirements, yet must have high quality and be delivered on time within budget. In
addition, the architecture should not become too complex but yet support evolution
and reuse. Because of these informal constraints, architecture design decisions are
therefore often taken on intuition, relying on the experience of senior software
developers (Svahnberg et al, 2000).
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Figure 11: Software Architecture Design Constraints
By capturing what was previously very much the “art” of designing an architecture we
can make it less intuitive and more accessible to inexperienced designers. Two
approaches are identified:
•

Capture existing design knowledge.

•

Turn software architecture design into a repeatable process; e.g. provide an
architect with a number of steps for performing architecture design.

1.3.10 Capture design knowledge
In order to design or improve the design of an architecture an analyst should know how
particular design problems should be solved.
Patterns

Some of the best practices concerning software architecture design have been captured
in the forms of patterns. The concept of a pattern was first proposed by (Alexander et
al, 1977)
A pattern describes a problem which occurs over and over again in our
environment, and then describes the core of the solution to that problem, in such a
way that you can use this solution a million times over without ever doing it the same
way twice.
Alexander offers definitive solutions to the problems of urban architecture and design;
however we can conclude Alexander has had a greater impact on computer science
than on architecture. In 1995 an object-oriented design pattern book (Gamma et al
1995) was published which became a instant classic in the literature of object-oriented
(OO) development providing solutions in the form of software patterns to typical OO
problems (such as managing object creation, composing objects into larger structures,
and coordinating control flow between objects). The goal of software patterns was to
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capture design experience in a form that can be effectively reused by software designers
without having to address each problem from scratch.
After the success of the "Gang-of-Four" book (Gamma et al 1995) a pattern community
emerged that specifies patterns for all sorts of problems:
•

Architectural styles (Buschmann et al, 1996),

•

Object oriented frameworks (Coplien and Schmidt, 1995),

•

Domain models of businesses (Fowler, 1996),

•

Interaction patterns (Tidwell 1998, Welie and Trætteberg, 2000)

•

Etc.

All sorts of design solutions to functional- and software quality related problems
concerning the design of a software architecture have been described by means of
design patterns (Gamma et al 1995), architectural patterns and -styles (Buschmann et
al, 1996). Though not all architecture related design knowledge has been captured in
the form of patterns, most of the design knowledge has been described in a problem
solution dichotomy which they share with patterns. Architects often use the following
design knowledge:
Architectural styles

An architectural style (Buschmann et al, 1996, Shaw and Garlan, 1996) is a description
of an architecture layout of the highest form of abstraction, which generally improves
certain quality attributes and impairs others. Imposing an architectural style generally
completely reorganizes the architecture. An example of an architectural style is a
layered style. A layered architectural style decomposes a system into a set of horizontal
layers where each layer provides an additional level of abstraction over its lower layer
and provides an interface for using the abstraction it represents to a higher level layer.
In general, using a layered style improves reusability; if a layer embodies a well defined
abstraction and has a well defined interface the layer can be used in different contexts.
Additionally, layers improve modifiability /portability (Buschmann et al, 1996) as
individual layer implementations can be replaced by equivalent implementations.
Layers may also have negative impact on certain qualities. A layered style is usually less
efficient as communication has to go trough a series of layers.

Figure 12: 3-Tier Architecture
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Architectural patterns

Architectural patterns are a collection of rules (Richardson and Wolf, 1996) that can be
imposed on the system, which require one aspect to be handled as specified. An
architectural pattern is different form an architecture style in that it is not predominant
and can be merged with architectural styles. An example of an architectural pattern is a
database management system (DBMS). A DBMS generally extends the system with an
additional component or layers, but it also imposes rules on the original architecture
components. Entities that need to be kept persistent (i.e. the ability of data to survive
the process in which it was created) need to be extended with additional functionality
to support this aspect. The use of a DBMS generally has some effect on qualities such as
performance, maintainability/ modifiability and security. For example, performance is
negatively affected as all database operations have to go though the DBMS.
Modifiability is improved as all database dependencies are localized to the DBMS.

Figure 13: Database Management System
Design patterns

Design patterns (Gamma et al 1995) are a collection of modifications which may
improve certain quality attributes. Design patterns do not change the functionality of
the system, only the organization or structure of that functionality. Applying a design
pattern generally affects only a limited number of classes in the architecture. The
quintessential example used to illustrate design patterns is the Model View Controller
(MVC) design pattern. The MVC pattern (Buschmann et al, 1996) is a way of breaking
an application, or even just a piece of an application's interface, into three parts: the
model, the view, and the controller. This pattern decouples changes to how data are
manipulated from how they are displayed or stored, while unifying the code in each
component. The use of MVC generally leads to greater flexibility and modifiability.
There is a clearly defined separation between components of a program problems in
each domain can be solved independently. New views and controllers can be easily
added without affecting the rest of the application.

Figure 14: Model-View-Controller
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OO Frameworks

OO frameworks are an integrated collection of components that collaborate to produce
a reusable architecture for a family of related applications for a particular domain.
Often applications are developed by inheriting from and instantiating framework
components. An example of such an OO framework is the Apache Struts framework.
Struts provides a solution in the domain of Graphical User Interfaces (GUI); the
framework implements the MVC design pattern. Struts provides its own controller
component and integrates with other technologies to provide the Model and the View.
Struts enforces the separation of UI interface components with back end business logic
component. Basically it is collection of Java code designed to rapidly and easily build
solid web based applications.

Figure 15: Struts Framework
Role of Architecture Design

The design knowledge that has been captured in the form of patterns, styles,
components or frameworks form the building blocks that an architect can use to build a
software architecture. Because of increasing reuse, the granularity of the building
blocks has increased from design patterns to OO frameworks; therefore the role of
software engineering and architecture design has significantly changed. Where a
decade ago only some GUI libraries where available to a developer, now there is a wide
variety of commercial off-the-shelf (COTS) and open source components, frameworks
and applications that can be used for application development. The role of a software
engineer has shifted from developing all the code to developing glue code. I.e. code that
is written to connect reused components, frameworks and applications. Glue code is
often written in scripts such as Tool Command Language (TCL) to parameterize the
component with application specific interactions. When the component needs to
interact with other components in the system, it executes the appropriate script in the
language interpreter.

Figure 16: Glue Code
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Software architecture design has also changed. Software architecture design has shifted
from starting with a functional design and transforming it with appropriate design
decisions (such as using an architectural pattern) to selecting the right components and
composing them to work together while still ensuring a particular level of quality.
Being able to analyze the impact of using a particular component or framework on
software quality is essential to developing a high quality system.
The second approach to make software architecture design more formalized is by
turning it into a repeatable process.

1.3.11 Turn architecture design into a process
A method provides an analyst with a set of clearly defined steps for performing design
and analysis. During architecture design, it is still possible to change the design
cheaply. The structure of a method ensures that some reasoning about the architecture
and discussion between different stakeholders is taking place. Software architecture
analysis, and improvement of the architecture based on the assessment results is a
method that aids design.
Software architecture analysis

Instead of relying on intuition or experience, the effect of a design decision on software
quality should be (formally) analyzed before this decision becomes too expensive to
retract. An architecture description may provide information on the provided quality of
the system. The following architecture assessment techniques have been developed:
Metrics

Metrics are a tool for quality control and project management. Metrics provide
guidelines on how to measure different attributes of a project or smaller pieces of code.
For example, a metric may measure the number of code lines, the complexity of code or
the amount of comments. Metrics can be used to find areas that are prone to problems.
Metrics can be tracked across multiple teams or projects or they can be used to monitor
the development of a single system.
From a forward engineering perspective (e.g. architecture design) code metrics are not
useful. Source code is only available when the system has been developed but then it is
already too late to retract design decisions which may affect software quality. Metrics
however can be useful tools to give an indication of the quality of code that is to going
to be reused. Metrics related to the object-oriented features (Chidamber and Kemerer,
1991) of a program (such as the number of abstract data types) can be useful for
software architecture analysis of maintainability.
Simulation & Mathematical Models

Simulation of the architecture uses an executable model of the application architecture.
This comprises models of the main components of the system composed to form an
overall architecture model. It is possible to check various properties of such a model in
a formal way and to animate it to allow the user or designer to interact with the model
as they might with the finished system. Prototyping is similar to simulation but only
implements a part of the architecture; and executes that part in the actual intended
context of the system. Closely related to simulation are Mathematical models.
Mathematical models have been developed by various research communities such as
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high performance computing (Smith, 1990) and real-time systems (Liu and Ha, 1995).
These models allow for static evaluation of operational quality attributes of
architectural design models.
Simulation and mathematical model based assessment are primarily suited for
evaluating operational quality attributes such as performance or reliability but also for
evaluating the functional aspects of a design. In order to create a model often a very
detailed description of the architecture is needed in the form of ADLs such as UML or
message sequence charts (MSC).
Scenario Based Assessment

Another type of assessment technique that is increasingly used is scenario based
assessment. To assess a particular quality attribute, a set of scenarios is developed that
concretizes the actual meaning of a requirement. For instance, maintainability
requirements may be specified by defining change profiles that captures typical
changes in the requirements, underlying hardware and so on. A typical process for
scenario based technique is as follows: A set of scenarios is elicitated from the
stakeholders. After that a description of the software architecture is made. Then the
architecture's support for that quality attribute, or the impact of these scenarios
(change scenarios) is analyzed depending on the type of scenario. Based on the analysis
of the individual scenarios, an overall assessment of the architecture is formulated.
Scenario based assessment is a more structured and formalized way to reason about
design decisions and tradeoffs and has proven to be successful to asses qualities that
are difficult to assess from a forward engineering perspective such as maintainability
and modifiability (Bengtsson, 2002).
Several scenario based assessment techniques have been developed in the last decade.
SAAM

The Software Architecture Analysis Method (SAAM) (Kazman et al, 1994) was among
the first to address the assessment of software architectures using scenarios. SAAM
consists of the following steps:
1.

Describe the candidate architecture. The candidate architecture or architectures
should be described in a syntactic architectural notation that is well-understood by
the parties involved in the analysis.

2. Develop scenarios. Develop task scenarios that illustrate the kinds of activities the
system must support and the kinds of changes which it is anticipated will be made
to the system over time.
3. Perform scenario evaluations. For each indirect task scenario, list the changes to
the architecture that are necessary for it to support the scenario and estimate the
cost of performing the change.
4. Reveal scenario interaction. Determining scenario interaction is a process of
identifying scenarios that affect a common set of components.
5. Overall Evaluation. A ranking is established between scenarios that reflect the
relative importance of the quality factors that the scenarios manifest.
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ATAM

From SAAM, the Architecture Tradeoff Analysis Method (ATAM) (Kazman et al, 1998)
has evolved. ATAM uses scenarios to identify important quality attribute requirements
and tradeoffs between quality attributes for the system. ATAM consists of the following
nine steps:
1.

Present the steps of ATAM to the stakeholders.

2. A stakeholder with the business perspective presents the business drivers.
3. The software architect presents the architecture.
4. Architectural approaches are recorded by the assessment team.
5. Stakeholders and assessment team generate a quality attribute utility tree.
6. The approaches are analyzed for the most important quality requirements.
7.

Stakeholders brainstorm and prioritize scenarios to be used in the analysis.

8. The analysis of the architectural approaches is completed by mapping the scenario
to the elements in the architecture description.
9. The results are presented.
QASAR

The Quality Attribute-oriented Software ARchitecture design method (QASAR) (Bosch,
2000) is an architecture design method that employs explicit assessment of, and design
for the quality requirements of a software system.

Figure 17: QASAR Architecture Design Method
QASAR consists of the following steps:
1.

Collect the requirements from the stakeholders; the users, customers, technological
developments and the marketing departments.
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2. Start with a design of the software architecture based on the functional
requirements.
3. Evaluate the preliminary version of the software architecture design with respect to
the quality requirements by using a qualitative (scenarios) or quantitative
(simulation/mathematical modeling) assessment technique.
4. Using the assessment results, compare the estimated quality attributes to the
values in the specification. If these are satisfactory, the design process is finished.
5. Otherwise, improve the software architecture by selecting appropriate quality
attribute optimizing or improving design solutions.
SAAM, ATAM and QASAR do not focus on a single quality attribute but rather provide
a generic method and steps for the assessment and reasoning about tradeoffs for
different quality attributes. Some specific scenario based quality-attribute assessment
techniques have been developed, which have been derived from these generic
assessment techniques but have steps or techniques that have been tailored for that
specific quality attribute.
SAAMER

The Software Architecture Analysis Method for Evolution and Reusability (SAAMER)
(Lung et al, 1997) is an extension to SAAM and addresses quality attributes such as
maintainability, modifiability and reusability. SAAMER activities overlap with SAAM,
but is different in that it provides a specialized architecture description method and
provides criteria for when to stop generating scenarios in the scenario development
phase.
ALMA

In (Bengtsson and Bosch, 1999), a scenario based Architecture-Level Modifiability
Analysis (ALMA) method is proposed. ALMA specifically focuses on the assessment of
modifiability and consists of the following five steps:
1.

Determine the aim of the analysis.

2. Describe software architecture.
3. Find the set of relevant change scenarios.
4. Determine the impact of the change scenarios.
5. Draw conclusions from the analysis results.
The goal of an architecture analysis method is to understand and reason about the
effect of design decisions on the quality of the final system, at a time when it is still
cheap to change these decisions. Which technique to use depends on many factors such
as which quality requirements must be fulfilled.

1.3.12 Challenges
One of the key problems with many of today’s software is that they do not meet their
quality requirements very well, because some qualities are hard to assess during an
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early stage or because no assessment techniques have been developed for these
qualities. In addition, software engineers have come to the understanding that quality
is not something that can be easily "added" to a software product during late stage,
since software quality is determined and restricted by architecture design and its often
unknown how a particular design decision will affect certain qualities. Software
architecture analysis has been successfully applied to improve the quality of systems,
but designing an architecture that fulfills its quality requirements is still a difficult task
as:
•

Quality requirements are often weakly specified.

•

Not all qualities can be assessed during architecture design.

•

Not enough is known / documented about how architecture design restricts and
fulfills quality requirements.

•

Not enough is known / documented about tradeoffs in achieving quality
requirements.

•

There is a lack of design methods that guide architecture design for quality.

•

As quality requirements may change during development and deployment,
software architectures should provide some flexibility to cost effectively be able
to support future quality requirements.

1.4

Research Context

In the previous section several challenges concerning software architecture and
software quality, e.g. usability, were identified. In this section we outline the research
context in which our research was conducted.
This thesis focuses on one important aspect of software quality, namely usability.
Usability is important as the success of a software product to a great extent depends on
this quality. Usability similar to other qualities is restricted and fulfilled by software
architecture design. The quintessential example that is always used to illustrate this
restriction is adding undo to an application. Undo is the ability to reverse certain
actions (such as reversing making a text bold in Word). Undo significantly improves
usability as it allows a user to explore, make mistakes and easily go some steps back;
facilitating learning the application's functionality. However from experience, it is
learned that it can be very hard to implement undo in an application because it
requires large parts of code to be completely rewritten e.g. undo is hard to retrofit.
Software architects are often not aware of the impact of usability improving solutions
on the software architecture nor are there any techniques that focus on analyzing
software architectures for their support of such solutions. As a result, avoidable rework
is frequently necessary. This rework leads to high costs and because tradeoffs need to
be made, for example between cost and quality, leads to systems with less than optimal
usability.
This and many other of such typical examples, led us to investigate the relationship
between software architecture and usability.
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1.4.1 STATUS project
The work presented in this thesis has been funded by the European Union funded
STATUS (Software Architecture that supports Usability) project. STATUS was an
ESPRIT project (IST-2001-32298) financed by the European Commission in its
Information Society Technologies Program, Action Line IV.3. The project started on 112-2001 and its duration was 36 months. The aim of this project was to gain an indepth understanding of the relationship between software systems usability and
architecture.

1.4.2 STATUS partners
STATUS was a collaborative research project between the following partners from
academia and industry across Europe.
University of Groningen - The Netherlands

The University of Groningen (RuG) has about 18.000 students and consists of ten
faculties. The SEARCH software engineering research group belongs to the Research
Institute of Mathematics and Computing Science. The focus of the research group is on
software architecture assessment and design, software product lines and software
reuse. Research is typically performed in an empirical manner through extensive cooperation with the software industry.
Universidad Politécnica Madrid - Spain

The Universidad Politécnica de Madrid (UPM) has 2700 students. The Software
Engineering Group (SEG), belongs to the School of Computer Science and is
commended with teaching and research related to Software Engineering. The group
focuses on requirements engineering, methodologies, software process modeling and
improvement, usability engineering and reuse and testing.
Imperial College of Science, Technology and Medicine - UK

The Department of Computing at Imperial College (IC) is widely recognized as one of
the leading centers of research and advanced training in computer science and software
engineering in Europe and has over 100 doctoral students. The Distributed Software
Engineering section focuses on methods, tools and techniques for the development of
composite, heterogeneous and distributed software-intensive systems.
Imperial Highway Group - Spain

Based in Spain, the Information Highway Group (IHG) is an advanced information
technology consultancy, whose expertise includes the following innovative technologies
and virtual systems: Electronic Publishing, Distance Learning, Virtual Commerce,
Electronic Marketing and Electronic Consulting.
LogicDIS - Greece

LogicDIS is group of companies which provides total quality solutions for private and
public establishments. LogicDIS has over 1200 employees and the company is active in
the following areas: - development of software packages for large and small companies,
- systems integration and development of large-scale customization software for large
companies and the government - marketing and distribution of the packaged software
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in Greek and overseas markets -customer support for the above markets -training
seminars for executives, both in software products and management tools.
The project consortium included research partners specialized in usability (UPM) and
software architectures (RuG & IC), as well as industrial partners (IHG & LogicDIS)
which provided researchers with feedback on which architectures are being used and
what usability attributes were relevant in their experience.

1.4.3 STATUS objectives
The aim of STATUS project was to identify the connections between software
architecture and the usability of the resultant software system. The project provides the
characteristics of software architectures that improve software usability. The results of
the project have been particularized for e-commerce applications because they are of
fundamental importance in the information society and because usability is a critical
factor for these applications.
The scientific and technological objectives of the project were the following:
1.

Identify usability attributes that are possibly affected by software architecture;

2. Study how usability attributes can be influenced by software architecture;
development of an architectural style that supports usability;
3. Identify architectural patterns that are repeated in the e-commerce domain to
study their relationship with usability, and its improvement with respect to this
quality attribute;
4. Propose a development process that integrates traditional software development
techniques with techniques proper to the field of usability.
A full motivation and explanation for these research objectives can be found in the
STATUS project proposal (STATUS). In order to achieve the project objectives, first the
attributes that are possibly affected by software architecture were identified. However
this initial research (a literature survey we performed prior to the start of the STATUS
project) led to new insights in this relationship. One of these new insights was that
usability improving architectural solutions can be added to existing architectures. The
focus of the project and objective 2 was revised from finding the optimal architecture
that supports usability, to the development of architecture evaluation techniques for
usability and finding architectural solutions that can improve the usability of an
architecture. The following work packages were defined:
Table 5: STATUS workpackages overview
W
Objective
Subtasks
P
1
2

3

Project
management
Usability
attributes affected
by
software
architecture
Study

of

the

2.1 Identification of usability decomposition in literature
2.2 Identification of usability decomposition from industrial
experience
2.3 Selection of usability attributes affected by software
architecture
3.1 Usability requirement specification technique

Introduction
usability/software
architecture
relationship
4

Proposal
of
architecture
/
development of a
set of evaluation
techniques.
Integrated
development
process
with
usability
techniques

5

6

Development of
applications
in
the e-commerce
domain

7
8

Dissemination
Exploitation
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3.2 Scenario-based architectural assessment technique
3.3 Simulation-based assessment technique
3.4
Architecture-level
usability
improvement
techniques/patterns/styles
4.1 Identification of architectural patterns for e-commerce
applications
4.2 Evaluation of usability in architectural patterns
4.3 Improvement on architectural patterns according to results of
Work package 3
5.1 Selection of a general user-centered software development
process
5.2 Selection of usability techniques applicable to software
development
5.3 Overview of integration into the general software process
5.4 Complete specification of the process
5.5 Feedback from the other partners
6.1 Evaluation of usability in typical applications of industrial
partners
6.2 Development by IHG and LogicDIS of applications with
STATUS results
6.3 Evaluation of usability of the applications where STATUS
results have been applied
6.4 Analysis and comparison of the usability tests results before
and after applying STATUS results
-

The research in this thesis has followed the planning of the STATUS project. The
articles published in this thesis result from work done in workpackages 2 and 3. Our
research has been validated in workpackage 6 in the industrial settings provided by the
industrial partners.

1.5

Research Questions

This is an article based thesis, therefore a set of general research questions is outlined
which are then connected to these articles in the conclusion section. As observed in
section 1.2.10, there is a problem with current software development as organizations
spend a large amount of time and money on fixing architecture related usability
problems during late stage development. To improve upon this situation a software
architecture should be analyzed for its support of usability, and improved if the support
proves not to be sufficient.
The overall research question that motivates this thesis is:
RQ: Given the fact that the level of usability is restricted and determined by the
software architecture how can we design a software architecture that supports
usability?
In order to solve this research question, we first need to identify how usability is
restricted by architecture design. Unfortunately prior to the start of the STATUS
project (1 December 2001) little research had been conducted in this particular area
e.g. the relevant design knowledge concerning usability and software architecture
needed to be captured and described in order to use it for assessment and design.
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1.5.1

Investigating the relationship between SA and usability

The work done in work package 2 has focused on identifying the relationship between
usability and software architecture. As discussed in the beginning of this section certain
usability improving design solutions were identified to be architecture sensitive and
need to be dealt with during architecture design. In addition to the main research
question for this topic, four more specific research questions have been defined
concerning investigating this relationship:
RQ-1: What is the relationship between software architecture and usability?
•

RQ-1.1: How does software architecture design restrict usability?

•

RQ-1.2: What does architecture sensitive mean?

•

RQ-1.3: How can we describe these architecture sensitive design solutions?

•

RQ-1.4: Can we use this knowledge to improve current design for usability?

1.5.2 Development of an SA assessment technique for usability
Initial work on the investigation of the relationship between usability and software
architecture revealed that it is possible to design an architecture for usability rather
than find one architecture that optimally supports usability. The work done in
workpackage 3 and 6 has focused on the development and validation of an architecture
assessment technique for usability. Four more detailed research questions have been
formulated:
RQ-2: How can we assess a software architecture for its support of usability?
•

RQ-2.1: Which techniques can be used for analysis of usability?

•

RQ-2.2: How should usability requirements be described for architecture
assessment?

•

RQ-2.3: How do we determine the architecture's support for a usage scenario?

•

RQ-2-4: Can architecture assessment successfully be used for improving the
usability of the final system?

The two main research questions directly relate to the two approaches towards
formalizing architecture design discussed in section 1.3.9 e.g. capture existing design
knowledge (RQ-1) and turn software architecture design into a repeatable process (RQ2). The articles in this thesis are organized into two parts, each bundling articles that
related to one of the two research questions.

1.6

Research Methods

Research methodology is the study of how to perform scientific research. Many
sciences have well-defined research strategies providing guidance on how to perform
research, however software engineering is still a comparatively young discipline,
therefore it does not have this sort of well-understood guidance (Shaw, 2002) yet.
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Research in software engineering is fundamentally different from research in other
fields of (computer) science. The problem domain of software engineering is that of
improving the practice of software manufacturing. Problems are identified by
observing how organizations develop software. Solutions to these problems can be
tools, techniques, methodology etc. This context puts limitations on how research can
be performed:
•

In an industrial setting there is little opportunity for using well established
research methods such as experiments.

•

There are many factors involved in the success or failure of a software project
hence making it difficult to model using simulations.

•

A solution which addresses a technical factor sometimes affects the software
engineering process; a solution must fit in the overall context of business,
organization, process and organization and must be accepted by the developers.

Researchers in software engineering therefore rely on research methods that have
emerged from empirical sciences such as sociology and psychology. In this thesis, we
rely on:
•

Case studies for providing us with examples for developing theories and for
validating our approaches.

•

Action research as the type of research strategy.

1.6.1 Case studies
Case studies are a form of qualitative descriptive research that have as a goal the
development of detailed, intensive knowledge about a single "case", or of a small
number of related "cases" (Robson, 1993). Information is collected using a range of
data collection techniques such as observations, interviews, protocols, tests, etc. Case
studies can provide quantitative data, though qualitative data are almost invariably
collected. The fields of sociology and anthropology are credited with the primary
shaping of the concept as we know it today.
Case studies are a comparatively flexible method of scientific research. Case studies
focus on exploration and discovery rather than prescription or prediction. Researchers
are free to discover and address issues as they arise in their experiments. Case studies
are sometimes criticized as being too subjective because personal biases may creep into
the research. Results may not be generalizable; if one relies on one or a few cases as a
basis for cognitive extrapolations one may run the risk of inferring too much from what
might be circumstance. Conclusions from case studies are not as strong as those from
controlled experiments; using multiple cases adds more validity to the conclusions
from a study (Robson, 1993).
Another risk with case study research is that researchers change the direction of their
research based on the observations made. This may invalidate the original case study
design, leaving unknown gaps and biases in the study. To avoid this, researchers should
report any preliminary findings to minimize the likelihood of bias. A research approach
that fulfils these constraints is called action research.
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1.6.2 Action research
Action research is different from other types of research in that it adds change to the
traditional research purposes of description, understanding and explanation (Robson,
1993). Action research is an applied research strategy which involves cycles of data
collection, evaluation and reflection with the aim of improving the quality or
performance of an organization.

Figure 18: Action Research Refinement Cycle
Central to action research is the collaboration and participation between researchers
and those who are the focus of the research (such as an organization). The benefits of a
close operation are that a researcher gets a more complete understanding of the
research issues. Organizations may get a deeper understanding of the problem when a
researcher is involved. On the other hand a close cooperation may result in that the
researcher loses some control over the design of the research, as an organization often
has a stake in the results of the research.
Software engineering is still a very young discipline, compared to other engineering
disciplines. Researchers in software engineering therefore rely on qualitative and
empirical research methods for understanding of the problems in the domain. When
research matures, research shifts to precise and quantitative models (Shaw, 2002). In
our case, investigating the relationship between usability and software architecture,
almost no research has been performed, case studies and action research therefore fit
well within the flexible "explorative" qualitative research strategy that we adopt.

1.7

Thesis Structure

The body of this thesis consists of 8 articles that have either been published in journals
(chapters 2,4,5), conferences (3,7,8) or have been submitted to a journal (6,9). These
articles can be found in the next chapters and are divided over the two topics
introduced in the research section. The articles within each topic are presented in
chronological order.

1.7.1

Investigating the relationship between usability and SA.

Chapter 2, published in January 2004 in the Journal of Systems and Software (Folmer
and Bosch, 2004), describes the work we did prior to the start of the STATUS project; it
identifies the weaknesses of current usability engineering practice. It argues that
usability is restricted and fulfilled by architecture design. It further identifies that no
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techniques or tools exist that allow for architectural design and assessment of usability.
This survey provided us with valuable insights into the relationship between usability
and software architecture and led to the redefinition of STATUS objectives. This survey
also led to the definition of our research questions.
Chapter 3, presented at the 10th International Conference on Human-Computer
Interaction (Folmer and Bosch, 2003), in 2003 is the first result on investigating the
relationship between usability and software architecture by identifying a set of usability
patterns that require architectural support and outlining a framework for describing
them.
Chapter 4, published in April 2003 in the Journal of Software Process Improvement
and Practice (Folmer et al, 2003), is an expansion of the framework presented in
chapter 3 which expresses the relationship between usability and software architecture.
This framework consists of an integrated set of design solutions, such as architecture
sensitive usability patterns and properties, which are costly to retrofit because of their
architectural impact. This framework can be used to heuristically evaluate and design
software architectures.
Chapter 5, accepted in January 2005 for the Journal of Information and Software
Technology (Folmer et al, 2005) further refines the concept of architecture sensitive
usability patterns by presenting a new type of pattern called a bridging pattern, which
is an extension of an interaction design patterns. In addition to outlining potential
architectural implications that developers face implementing this pattern we describe
in detail how to generally implement this pattern.
Chapter 6, submitted to the International Journal of Software Engineering and
Knowledge Engineering in August 2005 extends the concepts behind the SAU
framework (architecture sensitive patterns, attributes and properties) to other qualities
(e.g. security and safety). This chapter outlines and presents a framework that
formalizes some of the essential relations between software architecture and the
qualities usability, security and safety. It presents one architecture sensitive pattern for
each quality and shows how tradeoffs between these qualities must be made when
implementing such patterns. It also introduces the concept of a boundary pattern; e.g.
a pattern that provides a solution to a quality problem (security) but also provides a
solution that counters the negative effects on another quality (usability) that
traditionally come with implementing this pattern.

1.7.2 Development of an SA assessment technique for usability
Chapter 7, presented at the 9th Working Conference on Engineering for HumanComputer Interaction (Folmer et al, 2004) in 2004, presents the Scenario based
Architecture Level UsabiliTy Assessment technique (SALUTA) that we developed. This
method is illustrated with a case study (Webplatform) in the domain of web based
content management systems.
Chapter 8, accepted for the EUROMICRO conference on SE (Folmer and Bosch,
2005a) in 2005, presents the results of using SALUTA at two case studies (eSuite /
Compressor).
Chapter 9, submitted in January 2005 to the Journal of Systems and Software (Folmer
and Bosch, 2005b), presents the results of three case studies performed with SALUTA
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and presents a set of experiences with performing architecture analysis of usability. A
summary of this paper has been accepted as a conference paper entitled "Cost Effective
Development of Usable Systems; Gaps between HCI and Software Architecture Design"
for the Fourteenth International Conference on Information Systems Development,
August 2005 .
Chapter 10 finally presents how the research questions we identified have been
answered and presents some conclusions.

1.7.3 Related publications
The following related publications have not been included in this thesis as these papers
were published at workshops as a means to get feedback on ongoing research and
research results.
•

Eelke Folmer, Jilles van Gurp, Jan Bosch, Scenario based assessment of
software architecture usability, published in ICSE 2003 workshop "Bridging the
Gaps Between Software Engineering and Human-Computer Interaction",
Portland, USA, May 2003.

•

Eelke Folmer, Jan Bosch, Architectural Sensitive Usability Patterns, VikingPloP
workshop, Bergen, Norway, September 2003.

•

Lisette Bakalis, Eelke Folmer, Jan Bosch. Workshop: "Identifying Gaps between
HCI, Software Engineering and Design and boundary objects to bridge them".
Computer Human Interaction 2004, Vienna, Austria, April 2004.

•

Eelke Folmer, Jan Bosch, Cost Effective Development of Usable Systems; Gaps
between HCI and SE. ICSE Workshop "Bridging the Gaps Between Software
Engineering and Human-Computer Interaction-II", Edinburgh, Scotland, May
2004.

Chapter 2

Architecting for Usability
Published as:
Abstract:

2.1

Architecting for Usability; a Survey, Eelke Folmer, Jan Bosch, Journal of Systems and
Software, Issue 70-1, Pages 61-78, January 2004.
Over the years the software engineering community has increasingly realized the
important role software architecture plays in fulfilling the quality requirements of a
system. The quality attributes of a software system are, to a large extent determined by
the system’s software architecture. In recent years, the software engineering
community has developed various tools and techniques that allow for design for quality
attributes, such as performance or maintainability, at the software architecture level.
We believe this design approach can be applied not only to “traditional” quality
attributes such as performance or maintainability but also to usability. This survey
explores the feasibility of such a design approach. Current practice is surveyed from the
perspective of a software architect. Are there any design methods that allow for design
for usability at the architectural level? Are there any evaluation tools that allow
assessment of architectures for their support of usability? What is usability? A
framework is presented which visualizes these three research questions. Usability
should drive design at all stages, but current usability engineering practice fails to fully
achieve this goal. Our survey shows that there are no design techniques or assessment
tools that allow for design for usability at the architectural level.
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In the last decades it has become clear that the most challenging task for a software
architect is not just to design for the required functionality, but also focus on designing
for specific attributes such as performance, security or maintainability, which
contribute to the quality of software (Bosch and Bengtsson, 2002). Evaluating the
quality of software is very important, not only from the perspective of a software
engineer to determine the level of provided quality but also from a business point of
view, such as when having to make a choice between two similar but competing
products. To evaluate the quality of a software artifact, the way in which the software
operates in its application domain has to be taken into account, rather than evaluate
the software out of context. We believe usability is inherent to software quality because
it expresses the relationship between the software and its application domain. Software
is developed with a particular purpose, to provide specific functionality to allow a
stakeholder to support a task in a specific context. Stakeholders such as users and the
context in which they operate are an essential part of this application domain. Issues
such as whether a product is easy to learn to use, whether it is responsive to the user
and whether the user can efficiently complete tasks using it determines to a large
extend a product’s acceptance and success in the marketplace, apart from other factors
such as marketing efforts and reputation. Software that provides much functionality
but is awkward to use will not sell, nor will a product that provides little functionality
but is usable. In general one can identify a trend towards an increasing focus on
usability during software development.
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One of the goals of software engineering is to construct computer systems that people
find usable and will use (Ovaska, 1991). Usability engineering specifically focuses on
this goal. Usability engineering is defined as according to the ACM definition:
“Usability engineering, also known as human-computer interaction engineering, is a
discipline concerned with the design, evaluation and implementation of interactive
computing systems for human use and the study of major phenomena surrounding
them”. Within the software engineering community, usability engineering has become
an established field of activity. Usability engineering has several benefits:
•

Improve software: Business constraints such as time and money prevent the
number of iterations that can be made in the design process. This constraint in
iterations often leads to poor usability. User testing is often skipped when
approaching deadlines. Proper usability engineering leads to software that is
usable; which translates itself into productive and satisfied customers.

•

Save customer’s money: usability engineering may not be directly beneficial for
the developing organization. However from a customer’s point of view, working
with a product which is easily understood, leads to increased productivity and
requires less training costs. The effort spend on usability engineering eventually
translates itself into a better reputation for the product, hence increasing sales.

•

Minimize engineering costs: Studies of software engineering projects (Lederer
and Prassad, 1992, Nielsen, 1993) show that most projects do not get their
deadlines for delivery. The reasons that projects do not get their deadlines are
often concerned with usability engineering: frequent requests for interface
changes by users, overlooked tasks and so on. Proper usability engineering can
reduce the cost overruns in software projects.

2.1.1

Current software still has low usability

Software development organizations pay an increasing attention to the usability of
their software; however most modern day software still has low usability. This
statement not only holds for public software such as word processors or email software
but also for custom developed software, such as enterprise resource planning (ERP) or
content management systems (CMS) software.
An example of bad usability is for instance the undo functionality in Framemaker. The
undo function goes back only a few steps, therefore if one is used to working with Word
or WordPerfect where the undo function can undo many steps, working with
Framemaker can be frustrating if you have become used to that particular
functionality. A possible reason for this case of bad usability is that in one of the first
versions of Framemaker a choice was made to implement only a limited ability to
record user’s steps. Imagine some sort of logging system that only keeps track of
several steps, modifying the undo function to record all steps would make it more
usable however this modification likely affects many parts of Framemaker source code
which makes it expensive to implement. This example is only one of many cases of bad
usability where usability is limited because it is too expensive to implement
modifications that could improve usability. Several of such cases of bad usability exist;
therefore we have reasons to believe that something fundamental goes wrong when
designing for usability with current design approaches.
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2.1.2 Traditional design approaches fail

Figure 19: Approaches to Usability Engineering
The research community has developed numerous techniques and design methods
such as design guidelines, design heuristics, interface standards and so on, to design
software which is usable. Our survey of design techniques for usability as presented in
section 2.4 has identified two approaches to usability engineering; distinct by their
approach to the definition of usability. These approaches have been depicted in Figure
19. One of the first approaches towards usability engineering considered usability to be
primarily a property of the presentation of information; the user interface. If an
architecture that separates the user interface from the application is used, such as the
model-view-controller architecture, usability can be ensured. If usability needs to be
improved, changes to the interface can be easily applied after user testing, which does
not affect the functionality of the application. This approach is considered to be naïve
nowadays by the community. Most usability issues do not depend on the interface but
on functionality, for example the undo function. The community that takes this
approach is called the interface engineering community. The interface engineering
community deals with usability at a detailed design level when this approach is related
to the software design method. It has resulted in various interface standards and
guidelines (Microsoft, 1992, Apple Company, 2004). Very detailed usability issues are
suggested such as window layout, interface colors and semiotics of buttons and so on.
A different and broader approach towards usability engineering, as suggested by
(Bevan, 1995) defines the usability of a software product to be a function of its interface
as well as its functionality in a specified context. This approach is considered part of the
requirement analysis phase. The focus lies on achieving the right functionality;
enabling the user to perform specified goals in a specified context of use. Usability is
evaluated by measuring user performance issues; the resources that have to be
expended to achieve the intended goals and the extent to which the intended goals of
use are achieved such as user performance issues and also the extent to which the user
finds the use of the product acceptable, such as user satisfaction issues. The current
definitions of usability are based on this broad approach. Usability is often defined
according to how it should be measured is one of the conclusions of our survey of
usability definitions in section 2.2.
In order to design for usability various sources such as interface guidelines, design
heuristics or usability patterns, various design techniques such as prototyping or
user/task modeling techniques may be consulted. These sources and techniques in
combination with usability evaluation tools allow for design for usability. Design for
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usability in general can be characterized as an iterative design process. This approach
has several shortcomings:
•

Most usability issues are only discovered late in the development process,
during testing and deployment. This late detection of usability issues is largely
due to the fact that in order to do a usability evaluation, it is necessary to have
both a working system and a representative set of users present. This evaluation
can only be done at the end of the design process. It is therefore expensive to go
back and make changes at this stage.

•

Requirements change during or after development: it is almost always the case
that during the development process, and even after a system is deployed, the
requirements have changed. The context in which the user and the software
operate is continually changing and evolving, which makes it hard to capture all
possible future requirements at the outset. Sometimes users may find new uses
for a product, for which the product was not originally intended. Design
techniques such as task and user modeling used during requirements gathering
can only partly model the future uses of the product.

Figure 20: Current Design for Usability

Figure 21: Waterfall Model and its Representations
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Too often software systems prove to be inflexible for usability improving modifications.
Small modifications which are at the detailed design level can be easily implemented
but have little effect on usability. Modifications that have a substantial effect on
usability are structural and therefore at the architectural level. However such
modifications are too expensive to implement after implementation. Iteratively
designing for usability, as depicted in Figure 20, is because of these shortcomings a
relatively poor design method. This method only allows for usability improving
modifications which are at the detailed design level.
Next to that limitation, iterative development prohibits the preservation of “design
knowledge” For instance, some mistakes can be made over and over again without
these being recorded an learned from when making a new design. The design
knowledge that is captured in interface standards and guidelines provides only
suggestions for low-level detailed design issues. The design knowledge captured in
design heuristics does not translate itself to solutions that can be applied early on
during design. Traditionally usability requirements have been specified such that these
can be verified for an implemented system. However, such requirements are largely
useless in a forward engineering process. Usability requirements need to take a more
concrete form expressed in terms of the solution domain to influence architectural
design.
Concluding, current design for usability does not lead to satisfactory usability results.
We believe the software engineering community should adopt another approach
towards designing for usability which is motivated by the following reasoning.

2.1.3 Software architecture restricts usability
Over the years it is noticed that besides an increasing focus on quality attributes,
increasing attention is being paid to the architecture of a software system. Software is
still increasing in size and complexity. An explicit defined architecture can be used as a
tool to manage this size and complexity. Although there are many definitions of the
term software architecture, one commonly accepted definition of software architecture
is the following: “The software architecture is the fundamental organization of a system
embodied in its components, their relationships to each other and to the environment
and the principles guiding its design and evolution (IEEE, 1998)“.
Within the software engineering community it is commonly accepted that the quality
attributes of a system such as modifiability or performance are to a large extent,
constrained by its architecture. Our industrial experience leads us to believe that this
constraint is also true for usability. In software engineering, an archetypal view of the
software development process is called “waterfall model”, also known as the systems
development life cycle model. The waterfall development has distinct goals and
deliverables for each phase of development. The waterfall model depicted in Figure 21
shows the largely linear structure of this process. In practice, the process adopted in
software development is often far from linear. Steps of the design process are repeated
in an iterative fashion. When it is realized that a part of the design needs to be changed
to meet requirements, for example a modification to improve security, steps of the
design process are repeated until the desired change has been effected. The goal of the
software engineer is to keep the number of iterations to a minimum in order to
minimize the engineering cost. The costs of reengineering rise with the level at which
the changes are made. The further back in the process the designers have to go to make
a change, the more it will cost (Brooks, 1995). For instance, changes at the detailed
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design level are less expensive to implement than changes at the architectural level.
This change in costs has the following causes:
Modifications at the detailed design level can be realized by changes in the already
existing source code. Such changes have only a small scale impact, often only at one
variation point (Bosch, 2000) which only influences a module or an object and does
not affect the software architecture. Thus by changing source code and corresponding
design documentation, such as UML diagrams, these changes can be realized.
Modifications at the architecture design level however, have structural impact. If some
parts of the system have already been implemented at the time that changes are made,
modification will likely affect many parts of the existing source code, which is very
expensive to modify. Software engineers therefore aim to minimize the frequency of
changes with architectural level impact.
In practice it is noticed that such ‘architecture sensitive’ changes are implemented, but
business constraints cause such changes to be implemented in an ad-hoc fashion,
rather than structurally. Such modifications erode original architectural design. An
architectural design is based upon certain requirements. For those requirements the
architectural design and source code that have been developed are optimal. If the
architecture and source code are changed because of one structural modification,
earlier design decisions may be invalidated and original design is eroded design (Gurp
and Bosch, 2002). Next to taking care of how such modifications are implemented it
should be realized that apart from the effect architectural changes have on each other,
it is often unclear what effect single architectural design decisions have on the system
and its quality attributes. Carelessly applying architectural modifications without
taking into account earlier design decisions may have a dramatic effect on the quality
attributes.
Experience (Häggander et al, 1999) and (Lassing et al, 2002a) shows that that
improvement or design for quality attributes often requires the use of certain design
patterns or styles. For instance, to improve portability and modifiability it may be
beneficial to use a layered architecture style. It is our conjecture that a large number of
issues associated to usability may also require architectural support in order to address
them.
Because of the reasons discussed above, the software engineering community has
realized the crucial role the software architecture plays in fulfilling the quality
requirements of a system. Therefore it is of major importance that the quality
requirements most central to the success of the software system should drive the
design, especially at the software architecture level. In our opinion current design for
usability fails to achieve this goal. The main problem is that systems prove to be
inflexible. Certain usability improving modifications which are only discovered during
deployment or after an initial design, or because usability requirements have changed
during development, cannot be implemented. It is too expensive to implement such
modifications because of their structural impact. Therefore being able to assess
architectures during design for their support of usability could reveal those usability
issues for which the system is not flexible.
Being able to iteratively design for and asses for usability at the architectural level, as
depicted in Figure 23, improves the usability of systems, not only during design but
also after implementation. To achieve this design approach, a different approach to
usability engineering is required which is based on a general design approach for
quality attributes.
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Figure 22: Software Architecture Design Method

2.1.4 Architecting for quality
The quality attributes of a software system are to a considerable extent defined by its
software architecture. In addition, design decisions in the beginning of the design
process are the hardest to revoke. Therefore it is important to have an explicit and
objective design process. The software engineering research community has defined
various software architecture analysis methods: SAAM (Kazman et al, 1994, Bass et al,
1998) ATAM (Kazman et al, 1998) and QASAR (Bosch, 2000). The latter, the Quality
Attribute-oriented Software ARchitecture design method (QASAR), is a method for
software architecture design that employs explicit assessment of, and design for the
quality requirements of a software system. The architecture design process depicted in
Figure 22 can be viewed as a function that transforms a requirement specification to an
architectural design. The requirements are collected from the stakeholders; the users,
customers, technological developments and the marketing departments. These groups
often provide conflicting requirements and have to agree on a specific set of
requirements before the design process can start. The design process starts with a
design of the software architecture based on the functional requirements specified in
the requirements specification. Although software engineers will not purposely design
a system that is unreliable or performing badly, most non functional requirements are
typically not explicitly defined at this stage.
The design process results in a preliminary version of the software architecture design.
This design is evaluated with respect to the quality requirements by using a qualitative
or quantitative assessment technique. After that the estimated quality attributes are
compared to the values in the specification. If these are satisfactory, then the design
process is finished. Otherwise, the architecture transformation or improvement stage is
entered. This stage improves the software architecture by selecting appropriate quality
attribute optimizing or improving design decisions.
When applying architecture design decisions, generally one or more quality attributes
are improved whereas other attributes may be affected negatively. By applying one or
more architectural design decisions, a new architectural design is created.
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Figure 23: Desired Design Approach
This design is evaluated again and the same process is repeated, if necessary, until all
non functional requirements have been satisfied as much as possible. Generally some
compromises are necessary with respect to conflicting non functional requirements.
This design process depends on two requirements:
•

It is required to determine when the software design process is finished.
Therefore, assessment techniques are needed to provide quantitative or
qualitative data, to determine if our architecture meets the non functional
requirements.

•

Development or identification of architectural design decisions that improve
usability.

Other analysis methods such as SAAM or ATAM take a similar approach with respect
to iterative refinement of the design. Our goal is to use this approach to design for
usability. This survey examines the feasibility of our design approach. The
requirements for this design approach, such as being able to assess usability are
surveyed in current practice. The design method presented is used as a reference point
for surveying existing practice. Existing practice is thus surveyed from the perspective
of a software architect. Our interest is focused on evaluation tools or design methods
that allow design for usability at the architectural level.
Three research questions have been formulated that are surveyed in current practice
and literature.
•

How does current research community design for usability? Are there
techniques that can be used for architectural design?

•

How can software artifacts be assessed or evaluated for their support of
usability? Are there techniques that can be used in our design approach?

•

What is usability? Because assessing usability is closely related to how usability
is defined, the different definitions of usability are surveyed to find out which
definition suits our approach best.

Design for usability relies on being able to assess or evaluate usability. Most
assessment techniques surveyed are based on specific definitions of usability. Being
able to assess usability requires knowledge on how usability is defined. Therefore these
questions are surveyed in current practice in reverse order and they are presented in
the next sections.
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The remainder of this paper is organized as follows. In section 2.2, the different
definitions of usability are surveyed. Section 2.3 covers how usability can be assessed
and in section 2.4 it is discussed, how current usability engineering community designs
for usability. In section 2.5 a framework is presented that is composed from these
three surveys. Finally in section 2.6 the issues that are raised in this survey are
discussed and the paper is concluded in section 2.7.

2.2

What is Usability?

Usability has become an established field of activity in software development. Usability
has, similar to many other software engineering terms, many definitions. The term
usability was originally derived from the term “user friendly”. But this term had
acquired a host of undesirable vague and subjective connotations (Bevan et al, 1991)
therefore the term “usability” was suggested to replace this term. Then again recently
“usability” was defined as an attribute of software quality as well as a higher design
objective. The term usability was replaced with the term “quality in use” (Bevan, 1995).
Although there is a consensus about the term usability, there are many different
approaches to how usability should be measured; hence usability is defined in such a
way as to allow these measurements. This definition has resulted in different
definitions of usability, because authors have different opinions on how to measure
usability. There are many definitions of usability (Shackel, 1991, Hix and Hartson,
1993, Preece et al, 1994, ISO 9241-11, Wixon and Wilson, 1997, Shneiderman, 1998,
Constantine and Lockwood, 1999, ISO 9126-1). Although not all authors call the
entities, which to them compose usability, usability attributes. Sometimes these
entities are defined as dimensions, components, scales or factors of usability. It is our
opinion that they mean the same and therefore the term usability attributes is used,
which is the term most commonly used.
In our opinion, in usability research, authors spent much effort trying to find the best
way to define usability by defining attributes that can be measured and compose
usability. In this survey, finding or giving the best or an exact definition of usability is
not the goal. Our interest in the concept of usability reaches as far as whether it will be
applicable in the context of a design method. Our survey is therefore restricted to
discuss in detail only four approaches have been most widely recognized and used in
practice. In our opinion other definitions are strongly related to these significant
existing ones. The next subsections will discuss four approaches to usability; appearing
in chronological order of initial work on the subject published by the author(s).

2.2.1 Shackel
One of the first authors in the field to recognize the importance of usability engineering
and the relativity of the concept of usability was (Shackel, 1991). His approach to
usability has been much used and modified. Shackel defines a model where product
acceptance is the highest concept. The user has to make a trade-off between utility, the
match between user needs and functionality, usability, ability to utilize functionality in
practice and likeability, affective evaluation versus costs; financial costs as well as
social and organizational consequences when buying a product. Usability is defined as:
“the usability of a system is the capability in human functional terms to be used easily
and effectively by the specified range of users, given specified training and user
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support, to fulfill the specified range of tasks, within the specified range of scenarios”.
Shackel considers usability to have two sides:
•

Usability is a relative property of the system; being relative in relation to its
users, therefore evaluation is context dependent; resulting in a subjective
perception of the product.

•

The other side of usability relates to objective measures of interaction.

Shackel does not explicitly define how to measure both sides, but proposes to measure
usability by its operational criteria, on four dimensions.

Figure 24: Shackel's Definition of Usability
For a system to be usable it has to achieve defined levels on the following scales:
•

Effectiveness: performance in accomplishment of tasks.

•

Learnability: degree of learning to accomplish tasks.

•

Flexibility: adaptation to variation in tasks.

•

Attitude: user satisfaction with the system.

Figure 24 shows the usability concepts defined by Shackel. Shackel provides a
descriptive definition of the concept of usability that refers to the complex framework
of evaluation and suggests concrete measurable usability criteria.

2.2.2 Nielsen
Another pioneer in the field of usability that recognized the importance of usability
engineering was Nielsen. (Nielsen, 1993) just as in the case of Shackel, considers
usability to be an aspect that influences product acceptance. Acceptability is
differentiated into practical and social acceptability as depicted in Figure 25. Usability
and utility; the ability to help the user carry out a set of tasks, together form the
usefulness of a system.

Figure 25: Nielsen's Definition of Usability
Nielsen defines usability to consist of five kinds of attributes:
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•

Learnability: systems should be easy to learn. Users can rapidly start getting
some work done with the system.

•

Efficiency: Systems should be efficient to use. When a user has fully learned the
system, productivity will be possible on a high level.

•

Memorability: Systems should be easy to remember, making it possible for
casual users to return to the system after some period of not using the system,
without having to learn everything all over again.

•

Errors: The system should have a low error rate, which enables users to make
few errors during the use of the system. When they do make errors they can
easily recover from them. Catastrophic errors should not occur.

•

Satisfaction: The system should be pleasant to use; which makes users
subjectively satisfied when using it.

Nielsen does not give a precise definition of usability, but presents the operational
criteria that clearly define the concept.

2.2.3 ISO 9241-11
The ISO organization has developed various HCI and usability standards over the last
15 years. The function of these ISO standards is to provide and impose consistency. ISO
standards for interface components such as icons, cursor control and so on, have not
been widely adopted. Industry standards such as IBM, Macintosh or Windows have
been more successful in that area. ISO standards (ISO 9241-11) on ergonomic
requirements such as VDT workstations, hardware and environment, on the other
hand, have been widely adopted by industry. These standards have led to guidelines for
software interfaces and interaction based on research done by (Macleod, 1994) and
(Bevan, 1995). (ISO 9241-11) provides the definition of usability that is used most often
in ergonomic standards. Usability is defined as: “the extent to which a product can be
used by specified users to achieve specified goals with effectiveness; the extent to which
the intended goals of use are achieved, efficiency; the resources that have to be
expended to achieve the intended goals and satisfaction; the extent to which the user
finds the use of the product acceptable, in a specified context of use”.

Figure 26: ISO 9241-11 Definition of Usability
According to ISO 9241-11 the attributes of usability are:
•

Effectiveness: the accuracy and completeness with which users achieve specified
goals.
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•

Efficiency: the resources expended in relation to the accuracy and completeness
with which users achieve goals.

•

Satisfaction: the comfort and acceptability of use.

•

ISO 9241-11 presents a contextually oriented view of usability. This definition
incorporates a user performance view; issues such as effectiveness and
efficiency and a user view; issues such as satisfaction. Standard ISO 9241-11
explains how to identify the information which is necessary to take into account
when specifying or evaluating usability in terms of measures of user
performance and satisfaction.

Figure 27: ISO 9126-1 Quality Model
Guidance is given on how to describe the context of use of the product; such as
hardware, software or service and the required measures of usability in an explicit way.
It includes an explanation of how the usability of a product can be specified and
evaluated as part of a quality system, for instance, one that conforms to ISO 9001
standards. It also explains how measures of user performance and satisfaction can be
used to measure how any component of a work system affects the quality of the whole
work system in use. The standards and the evaluation tools that result from it have
been widely adopted by HCI practitioners.

2.2.4 ISO 9126
The software engineering community has always associated usability with interface
design. ISO 9126 used to define usability as a relatively independent contribution to
software quality associated with the design and evaluation of the user interface and
interaction. Usability is defined as: “a set of attributes of software which bear on the
effort needed for use and on the individual assessment of such use by a stated or
implied set of users”.
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This view has changed because new insights led to another approach to usability. (ISO
9241-11) defines a quality model that describes six categories of software quality that
are relevant during product development: functionality, reliability, usability, efficiency,
maintainability and portability, as depicted in Figure 27
Usability plays two roles in this model:
•

Product oriented role: usability is part of a detailed software design activity; it is
a component of software quality as defined in ISO 9126.

•

Process oriented role: usability provides the final goal; it is a design objective;
the software should meet user needs as defined in ISO 9241.

The latter objective is defined by the term “quality in use”. This term is synonymous
with the broad definition of usability.
Quality in use is the combined effect of the softwarequality characteristics for the end
user (Bevan et al, 1991). Quality in use is defined as: ‘the capability of the software
product to enable specified users to achieve specified goals with effectiveness,
productivity, safety and satisfaction in a specified context of use”. This definition is
similar to how quality of use is defined in ISO 9241-11 except that it adds safety. In
ergonomic standards, health and safety is treated separately. It is important to notice
that a product has no intrinsic usability of itself only a capability to be used in a
particular context. Usability is therefore defined as: “the capability of the software
product to be understood, learned, used and attractive to the user, when used under
specified conditions”. The two ISO definitions of usability are complementary (Bevan,
2001). Both standards define usability in measurable design objectives. Software
engineers generally use the product-oriented approach to usability in the design of
appropriate product attributes, as recommended in ISO 9241 parts 12-17 or specified as
usability metrics in ISO 9126 parts 2 and 3. During development of a software product
these two approaches to usability need to be combined, the broad goal of quality in use
is needed to support user-centered design, while detailed concern with the interface is
necessary during development. ISO 9126-1 specifies usability by the following
measurable attributes:
•

Understandability: The capability of the software product to enable the user to
understand whether the software is suitable, and how it can be used for
particular tasks and conditions of use.

•

Learnability: The capability of the software product to enable the user to learn
its application.

•

Operability: The capability of the software product to enable the user to operate
and control it.

•

Attractiveness: The capability of the software product to be attractive to the
user. For instance the use of colors or nature of graphical design.

2.2.5 Overview
The different definitions of usability have been discussed to understand where usability
evaluation tools and methods, as will be discussed in the next section, are based on. An
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overview of definitions is provided in Table 6. From this survey the following
conclusions can be made. The usability attributes can be divided into:
•

Objective operational criteria: user performance attributes such as efficiency
and learnability.

•

Subjective operational criteria; user view attributes such as satisfaction and
attractiveness.

The term usability attribute is quite ambiguous. Authors in the field of usability have
quite different perceptions of what they consider to be a useful usability attribute. The
approaches discussed are widely adopted by the usability engineering community but
seem to coexist without interference. In our opinion the different definitions, not only
those that are discussed but also other definitions stated earlier on, largely overlap.
Differences include:
•

Attribute names, some authors use different names for the same attribute such
as memorability and learnability.

•

Authors have different opinions on what they consider to be a useful usability
attribute. Learnability for instance is only recognized by ISO 9126 standard.

•

Authors use different ways of combining attributes which compose usability.
For example, in Nielsen’s definition errors is part of usability, but in ISO 9126
errors is part of efficiency which composes usability.

From Table 6 it can be concluded that the different definitions of usability overlap.
However, care has to be taken that even if there seems to be a considerable amount of
overlap, some attributes differ when examined what is actually measured for that
attribute on a lower level. On the other hand there are also similarities on a lower level
for attributes that seem different. For example, the number of errors made during a
task, or the time to learn a task, are measurable indicators for the learnability attribute.
On the other hand, the number of errors made during a task is an indication to
Nielsen’s errors attribute but also to ISO 9216’s efficiency attribute. The errors
attribute and efficiency attribute are therefore closely related, although authors put
them at different places in the hierarchy of usability composition. Further investigation
on what exactly is measured for each attribute is therefore required.
The framework as presented in section 2.5 provides the necessary categorization of
usability engineering. This framework is a means to categorize and organize the
different definitions of usability and visualizes the differences and similarities between
the different usability definitions.
Table 6: Overview of Usability Definitions
Shackel, 1991
User
Performance
(objective)

Nielsen, 1993

Learnability-time to learn

Learnability

Learnability-retention

Memorability

ISO 9241-11

ISO 9126
Learnability

Effectiveness-errors

Errors

Effectiveness

Effectiveness- task time

Efficiency

Efficiency
Operability
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Understandability

Flexibility
User view

Attitude

Satisfaction

Satisfaction

Attractiveness

(subjective)

Relating these different definitions of usability to our design approach for usability, the
following conclusions can be made:
•

In usability research authors spent a considerable amount of effort trying to
find the best way to define usability by defining attributes that can be measured
and compose usability. For our design approach the definition of usability is not
an issue, the choice of whether to use a particular definition will depend on how
well an evaluation tool based upon this definition, will support evaluation of
usability at the architectural level as required in our design process.

•

ISO 9126 standard is the only approach to usability that recognizes usability to
be a quality attribute of a product that is also influenced by other quality
attributes, which is inline with our assumptions about usability being also
influenced by other quality attributes.

Next section will continue the analysis of our usability engineering approach by
discussing usability evaluation tools and techniques that have been developed by
usability engineering community.

2.3

Evaluating Usability

Many evaluation tools and techniques which are surveyed in this section are based
upon specific definitions of usability. The previous section has surveyed various
definitions of usability, which provides the necessary background for discussing
evaluation techniques that are based upon such definitions. (Zhang, 2001) has
identified three types of usability evaluation methods
•

Testing

•

Inspection

•

Inquiry

The next subsections will present an overview of evaluation tools and techniques for
each type of evaluation method.

2.3.1 Usability testing
The usability testing approach requires representative users to work on typical tasks
using the system or the prototype. Prototyping models final products and allows testing
of the attributes of the final product even if it is not ready yet, simply the model is
tested. The evaluators use the results to see how the user interface supports the users
to do their tasks. Testing methods include the following:
•

Coaching Method (Nielsen, 1993)
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•

Co-discovery Learning (Dumas and Redish, 1993, Nielsen, 1993, Rubin, 1994)

•

Performance Measurement (Soken et al, 1993, Nielsen, 1993)

•

Question-asking Protocol (Dumas and Redish, 1993)

•

Remote Testing (Hartson et al, 1996)

•

Retrospective Testing (Nielsen, 1993)

•

Teaching Method (Vora and Helander, 1995)

•

Thinking Aloud Protocol (Nielsen, 1993)

2.3.2 Usability inspection
The Usability Inspection approach requires usability specialists or software developers,
users and other professionals to examine and judge whether each element of a user
interface or prototype follows established usability principles. Commonly used
inspection methods are:
•

Heuristic Evaluation (Nielsen, 1994)

•

Cognitive Walkthrough (Rowley and Rhoades, 1992, Wharton et al, 1994)

•

Feature Inspection (Nielsen, 1994)

•

Pluralistic Walkthrough (Bias, 1994)

•

Perspective-based Inspection (Zhang et al, 1998b, Zhang et al, 1998a)

•

Standards inspection/guideline checklists (Wixon et al, 1994)

2.3.3 Usability inquiry
Usability inquiry requires usability evaluators to obtain information about users likes,
dislikes, needs and understanding of the system by talking to them, observing them
using the system in real work (not for the purpose of usability testing) or letting them
answer questions verbally or in written form. Inquiry methods include:
•

Field Observation (Nielsen, 1993)

•

Interviews / Focus groups (Nielsen, 1993)

•

Surveys (Alreck and Settle, 1994)

•

Logging Actual Use (Nielsen, 1993)

•

Proactive Field Study (Nielsen, 1993)
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Another inquiry method that is widely used at usability evaluation are questionnaires.
(Zhang) and various other web resources provide an overview of web based interface
evaluation questionnaires:
•

QUIS: Questionnaire for User Interface Satisfaction (Chin et al, 1988)

•

PUEU: Perceived Usefulness and Ease of Use (Davis, 1989)

•

NHE: Nielsen’s heuristic evaluation (Nielsen, 1993)

•

NAU: Nielsen’s attributes of usability (Nielsen, 1993)

•

PSSUQ: Post Study System Usability Questionnaire (Lewis, 1992)

•

CSUQ: Computer System Usability Questionnaire (Lewis, 1995)

•

ASQ: After Scenario Questionnaire (Lewis, 1995)

•

SUMI: Software Usability Measurement Inventory (HFRG)

•

MUMMS: Measurement of Usability of Multi Media Software (HFRG)

•

WAMMI: Website Analysis and Measurement Inventory (HFRG)

•

EUCSI: End user satisfaction instrument (Doll et al, 1994)

2.3.4 Overview
A wide variety of usability evaluation tools is available. Our design approach requires a
specific assessment technique to assess architectures for their support of usability
during the architectural design phase. Figure 28 gives an overview of different
techniques discussed in this section and at which stages in the software development
cycle they can be applied. Though several techniques can be used during design, there
are no techniques that can be used during architectural design phase. The techniques
discussed as usability inspection and usability testing techniques all require a user
interface or a prototype of an interface available for evaluation. Usability inquiry
focuses on evaluation of usability of real life systems. Most of these techniques evaluate
the system for usability requirements/specifications that can actually be measured for
complete systems. Such evaluation methods are quite useless when designing a new
system from scratch. During architecture design phase a prototype of an interface is
not present or it is too expensive to develop one. Furthermore we believe that most
usability issues do not depend on the interface but on functionality, for example the
undo functionality. Therefore interface or system based evaluation techniques as
presented in this section are not useful for our design approach.
The only thing available for evaluation during architectural design is a first version of
the software architecture. Assessment techniques should focus on assessing the
architecture instead of the interface or the system. Based on our experience is our
expectation that development of a checklist or heuristic based approach where one
identifies architectural components that support usability, will lead to the desired
design approach. Next section will continue the survey by discussing different usability
design techniques.
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2.4

Design for Usability

There are two approaches to designing for usability as identified by (Keinonen, 1998).
•

Process oriented approach; user-centered design.

•

Product oriented approach; captured design knowledge.

Figure 28: Overview of Evaluation Methods

2.4.1 Process oriented
User-centered design is a process oriented approach towards design for usability;
usability is considered to be a design goal. It is a collection of techniques that
specifically focuses on providing and collecting that functionality that makes software
usable. They are closely related with usability evaluation principles and techniques
discussed in section 2.3. The whole process of design for usability, user testing, and
redesign is called user-centered design. This view is very important in participatory
design. One of its major benefits is that it ties users to the process and lowers their
resistance towards change in organizations. Within user-centered design, numerous
techniques are used, such as: brainstorming, task analysis, direct observation,
questionnaire surveys, interviews, focus groups, user panels, empathic modeling,
scenario modeling, task modeling, user modeling, prototyping, contextual enquiry,
usability laboratories, user trials, field trials, discount usability engineering, cooperative evaluation, cognitive walkthroughs and so on. Some of these techniques have
been surveyed in section 2.3. Specific user-centered design methods offer a collection
of these techniques, often including some sort of user modeling technique and an
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evaluation technique that allow us to design for usability. Some examples of usercentered design suites:
•

Discount Usability Engineering (Nielsen, 1995)

•

IBM User-centered design process (Vredenburg et al, 2001)

•

USER fit (Poulson, 1996)

2.4.2 Product oriented
The product oriented approach considers usability to be a product attribute by naming
examples of product or system properties or qualities that influence usability. This
approach has collected and described design knowledge over many years of software
design. The design knowledge consists of a collection of properties and qualities that
have proven to have a positive effect on usability. This approach can be divided into
three categories:
•

Interface guidelines.

•

Design- heuristics and principles.

•

Usability patterns.

2.4.3 Interface guidelines
These guidelines provide suggestions and recommendations for low level interface
components, for example: directions and guidelines for icons, windows, panels,
buttons, fields and so on.
•

IBM CUA (IBM, 1991b, IBM, 1991a), Guide to user interface design.

•

Windows (Microsoft, 1992) The Windows interface - An application design
guide.

•

ISO 9241-14 (ISO 9241) Menu dialogues. This part provides recommendations
for the ergonomic design of menus used in user-computer dialogues.

•

ISO/IEC 11581: Icon symbols and functions. Contains a framework for the
development and design of icons, including general requirements and
recommendations applicable to all icons.

•

KDE user interface guidelines. (KDE, 2001)

•

Macintosh human interface guidelines (Apple Company, 2004)

These and various other guidelines provide the raw material for an interface. Usability
depends on the extent to which a dialogue implemented in a particular style is
successful in supporting the user's task.
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2.4.4 Design heuristics and principles
Design heuristics and principles for usability suggest properties and principles that
have a positive effect on usability. The following list of design heuristics and principles
is created based upon surveys provided in (Baecker et al, 1995, Keinonen, 1998).
•

Eight golden rules of dialogue design (Shneiderman, 1986)

•

Usability heuristics (Nielsen, 1993)

•

Usability principles (Constantine and Lockwood, 1999)

•

Evaluation check list for software inspection (Ravden and Johnson, 1989)

•

Guidelines on user interaction design (Hix and Hartson, 1993)

•

Seven principles that make difficult task easy (Norman, 1988)

•

Design for successful guessing (Polson and Lewis, 1990)

•

Dialogue principles (ISO 9241)

•

Design for successful guessing (Holcomb and Tharp, 1991)

•

Design principles (Rubinstein and Hersh, 1984)

The principles stated above almost all address usability issues mentioned below
according to (Keinonen, 1998)
•

Consistency; users should not have to wonder whether different words,
situations, or actions mean the same thing. It is regarded as an essential design
principle that consistency should be used within applications. Consistency
makes learning easier because things have be learned only once. The next time
the same thing is faced in another application, it is familiar. Visual consistency
increases perceived stability which increases user confidence in different new
environments.

•

Task match; designers should provide just the information that the users needs
no more no less, and in the order that the users prefers to use this information.

•

Appropriate visual presentation; user interface design has focused on this
aspect of user control. This issue has recently been extended to include
multimedia, for example, voice control applications. For a user to be effectively
in control he has to be provided with all necessary information.

•

User control; it is a design principle that direct manipulation should be
supported, for instance, the user should feel that he is in control of the
application. Interaction is more rewarding if the users feel that they directly
influence the objects instead of just giving the system instructions to act.

•

Memory-load reduction; People do not remember unrelated pieces of
information exactly, thus where precise recollection is required; for instance in
a task, many errors may be expected. Interaction therefore should rely more on
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user recognition than on recall. Recall is prone to errors, whereas people are
very good at recognizing objects. The allocation of work between humans and
computers should be such that computers present alternatives and patterns,
while people select and edit.
•

Error handling; all usability principles address the issue of error handling or
error recovery. Error recovery relieves anxiety, enabling users to discover new
alternatives, facilitating learning by doing.

•

Guidance and support; In order to help the user understand and use the system,
informative, easy to use and relevant guidance and support should be provided
in both the application and the user manual.

2.4.5 Usability patterns
Patterns and pattern languages for describing patterns are ways to describe best
practices, good designs, and capture experience in a way that it is possible for others to
reuse this experience. Although patterns originate from software development, they
can be used for any design including user interface design. According to (Alexander et
al, 1977) patterns are defined as: "each pattern is a three-part rule, which expresses a
relation between a certain context, a problem, and a solution.”
A usability pattern is not the same as a design pattern known in software engineering
such as discussed by (Gamma et al 1995). Design patterns specifically focus on
implementation details and its effect on particular quality attributes whereas usability
patterns refrain from specifying implementation details and only state a specific
relation with usability. One thing that usability patterns share with design patterns is
that their goal is to capture design experience in a form that can be effectively reused
by software designers in order to improve the usability of their software, without
having to address each problem from scratch. The aim is to take what was previously
very much the “art” of designing usable software and turn it into a repeatable
engineering process. Another aspect shared with design patterns is that a usability
pattern should not be the solution to a specific problem, but should be able to be
applied in order to solve a number of related problems in a number of different
systems, in accordance with the principle of software reuse. Various usability patterns
collection have been described by (Tidwell 1998, Perzel and Kane 1999, Welie and
Trætteberg, 2000)(Perzel and Kane, 1999).
Some collections of usability patterns can be found on the internet:
•

Common ground: Tidwell’s usability pattern collection (Common ground, 1999)

•

The Amsterdam Collection of Patterns in User Interface Design (Welie, 2003)

•

PoInter (Patterns of INTERaction) collection at Lancaster University (PoInter,
2003)

•

The Brighton Usability Pattern Collection (Brighton, 1998)

Most of these usability patterns collections refrain from providing implementation
details. (Bass et al, 2001) on the other hand take a software architecture centered
approach to usability engineering. Usability is approached from a software engineering
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perspective. (Bass et al, 2001) give examples of architectural patterns that may aid
usability. Several scenarios have been identified that illustrate particular aspects of
usability that are architecture sensitive. Several architectural patterns are presented for
implementing these aspects of usability.

2.4.6 Overview
Various guidelines and heuristics that have been surveyed can be integrated into
traditional iterative development techniques for software development; however, there
are no specific design techniques for usability that allow design for usability at the
architectural level. There are techniques that allow us to collect those requirements
that make software more usable, but there is no explicit process that translates these
requirements into specific architectural solutions.
The current approach for designing for usability gives either very detailed design
directions; in the interface guidelines, such as suggesting layout of icons and so on, or
provides a wide variety of usability principles. These principles are very useful but are
typically hard to correlate to the software architecture. Specifically, part of these
usability issues such as appropriate visual presentation address the field of interface
engineering but large part addresses system engineering such as user control, error
handling and so on.
The following questions cannot be easily answered. When designing for usability which
architectural choices have to be made? Or which design choices should a software
architect consider when designing for usability? There is no apparent relationship
between heuristics and architectural solutions yet.
The usability engineering community has collected and developed various design
solutions such as usability patterns that can be applied to improve usability. Where
these prescribe sequences or styles of interaction between the system and the user, they
are likely to have architectural implications.
(Bass et al, 2001) have identified patterns that to them require architectural support.
To our opinion usability patterns can be implemented quite differently, influencing
architectural sensitiveness, therefore the architectural sensitiveness of several patterns
is open to dispute. Next to that some of the scenarios suggested by them are open to
dispute whether they are related to usability, in our opinion.
Evaluation of or designing for usability on the architectural level as suggested by (Bass
et al, 2001) appears to be just running down a checklist of scenarios that (may) require
architectural support. This approach is not an ideal situation because there is not a
clearly documented and illustrated relationship between those usability issues
addressed by the design principles and the software architecture design decisions
required to design for usability. To improve on this situation, it would be beneficial for
knowledge pertaining to usability to be captured in a form that can be used to inform
architectural design, which allows for engineering for usability early on in the design
process.

2.5

Usability Framework

To conclude this survey a framework has been constructed which visualizes the three
research questions surveyed in previous sections. Before investigating the feasibility of
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our design approach the different definitions of usability were surveyed in existing
literature. Our survey in section 2.2 discovered that the term usability attribute is quite
ambiguous.

Figure 29: Usability Framework
Next to the need to organize these different interpretations of usability attributes, there
was a need to relate usability to software architecture to be able to specifically design
for usability at the architectural level. However, it is extremely difficult to draw a direct
relation between usability attributes and software architecture. By refinement of the
definition of usability attributes, it was attempted to decompose the set of attributes
from our survey into more detailed elements, such as “the number of errors made
during a task”, which is an indication of reliability, or “time to learn a specific task”
which is an indication of learnability, but this refinement still did not lead to a
convincing connecting relationship with architecture. The only ‘obvious’ relation
identified from our surveys between usability and architecture is that there are some
usability patterns that have a positive effect on usability and are architecture sensitive
as also identified by (Bass et al, 2001).
These issues led us to define the framework depicted in Figure 10. This framework was
derived from the layered view on usability presented in (Welie et al, 1999). The concept
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of designing for and assessing of usability can be divided into parts relating to the
problem domain and to the solution domain:
•

The problem domain part deals with the concept of defining usability: what is
usability? Which attributes compose usability? How do we assess usability?

•

The solution domain provides practice and experience to improve usability by
providing various design solutions such as heuristics or usability patterns that
exist in literature and practice. How do we design for usability?

The framework created expresses:
•

The relationships between the three questions surveyed in existing practice.

•

The relation between the problem domain (defining/ assessing of usability) and
the solution domain (design for usability).

•

The different approaches towards the definition of usability.

•

The relation between usability and the software architecture

To relate the problem domain to the solution domain, and hence relate usability to
software architecture several intermediate layers have been defined which will be
discussed in the next subsections.

2.5.1 Problem domain
Each layer is discussed starting from the problem domain. The framework consists of
the following layers:
Usability definitions and attributes

The top layer consists of the concept of usability and its top level decomposition in
measurable components. This layer consists of all the different definitions or
classifications of usability according to the attributes which define the abstract concept
of usability. In section 2.2 several definitions (Shackel, 1991, Nielsen, 1993, ISO 9241,
ISO 9126-1) are discussed which are considered to have had the most influence in
usability engineering.
Usability indicators

Usability attributes such as learnability or efficiency are abstract concepts. These
attributes compose usability but they do not state exactly how these should be
measured. Different authors in the field use different indicators to measure usability
attributes. Learnability, for example, can be measured by measuring the time it takes to
learn a specific task but also by measuring the number of errors made while performing
such tasks. Therefore, at the layer below the usability definitions the usability
indicators layer is defined. This layer consists of concrete measurable indicators of
usability which are related to certain usability attributes. For instance, time to learn is a
concrete measurable indicator for learnability. Because these indicators are very
interaction dependent, they should be defined for each type of interaction, for instance,
time to learn task one, or number of errors made performing task two. This survey does
not investigate nor gives a complete list of usability indicators; they are stated here to
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illustrate the framework presented. Our survey of usability attributes in section 2.2
shows that usability attributes can be categorized into two classifications. These two
categories are user performance attributes and user view attributes, which is the reason
why the usability indicators have been separated into these two classifications.

2.5.2 Solution domain
The solution domain, for example, the current practice and research in usability
engineering, provides us with various guidelines, tools and techniques that allow us to
design for usability.
Design knowledge

At the lowest layer the design knowledge layer is defined. This layer expresses all
“design knowledge” existing in the current usability engineering community; it consists
of design heuristics, interface standards and design techniques such as user modeling,
task modeling or prototyping and so on. The design knowledge provides design
directives which can be very detailed for example apple interface standards states
“concerning positioning windows, new document windows should open horizontally
centered”. Design knowledge such as design heuristics provide abstract directives such
as “applications should provide feedback”.
Usability patterns are also part of design knowledge. Usability patterns are proven
solutions to a problem in a context; thus not an actual implementation of such a
pattern. An example of a well-known and recognized usability pattern is the wizard
pattern. Our approach to usability patterns is to relate these patterns to software
architecture. A distinction is made between patterns that require architectural support
and those that do not.

2.5.3 Relating the problem to solution domain
The problem domain consists of a composition of usability layer and usability
indicators layer. The solution domain consists of a design knowledge layer and
usability patterns layer. To relate the two domains an intermediate level is defined,
called “usability properties” which relates the usability patterns layer to the usability
indicators layer; hence relating the problem to the solution domain.
Usability properties

Usability properties are higher level concepts to which patterns and concrete solutions
address; they are derived from design heuristics and design principles and ergonomic
principles that suggest general “higher level” directions for design; such as providing
feedback at any time or providing consistency. They are directly related to software
design decisions. Concerning the usability properties it has to be noted that they do not
have a strictly one to one relation with the usability indicators. For instance, the wizard
pattern uses the usability property of guidance which decreases the time it takes to
learn a task but it also increases the time taken to perform a task. Therefore the wizard
pattern has a positive relationship to learnability, but a negative relation to
performance or efficiency. In the framework only the obvious relations are stated.
The wizard pattern may be architectural sensitive because to implement a wizard, a
provision is needed in the architecture for a wizard component. This component can be
connected to other relevant components: the one triggering the operation and the one
receiving the data gathered by the wizard. The wizard patterns stated here is an
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example of a pattern that may be architectural sensitive. We state “may” because
usability patterns can be implemented quite differently, influencing architectural
sensitiveness. Therefore verifying or proving the architectural sensitiveness of usability
patterns is quite ambiguous.
Concluding, our framework visualizes the relation between usability and software
architecture by defining intermediate terms such as usability properties which relates
usability patterns to usability attributes which eventually relates software architecture
to usability. Our objective was not to completely fill in the content of all layers but
rather to present a framework in such way that it clearly visualizes the usability –
software architecture relation.

2.6

Research Issues

Several issues have been identified in these surveys that require more research in order
to be able to design for usability at the architectural level. Concerning the design
approach taken to specifically design for quality attributes at the architectural level:
The design process depends on two requirements:
•

It is required to determine when the software design process is finished.
Therefore, assessment techniques are needed to provide quantitative or
qualitative data, to determine if our architecture meets the non functional
requirements. Our survey has not identified suitable assessment techniques that
can be used hence such techniques need to be developed.

•

Development or identification of architectural design decisions that improve
usability, such as identification of usability patterns.

Concerning specification of usability during requirement analysis:
•

Non functional requirements such as usability, performance or maintainability
are weakly specified in requirement specifications. A more precise specification
of required usability allows identification of architectural issues that are
required to provide such a level of usability.

•

Traditionally usability requirements have been specified such that these can be
verified for an implemented system. However, such requirements are largely
useless in a forward engineering process. Usability requirements need to take a
more concrete form expressed in terms of the solution domain to influence
architectural design.

Concerning the definition of usability:
•

For our design approach the definition of usability is not an issue, the choice of
whether to use a particular definition will depend on how well an evaluation
tool based upon this definition, will support evaluation of usability at the
architectural level. However since no suitable evaluation techniques were found
in current practice eventually a suitable definition of usability should be used or
defined.

Concerning design for usability:
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•
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Due to the distance between the design and the evaluation phase, where
feedback is received about the design decisions. Design for usability would
benefit from design heuristics which specifically suggest which architectural
styles and patterns to use for improving usability. Design knowledge should be
captured in a form that can be used to inform architectural design, which allows
for engineering for usability early on in the design process.

The framework presented in section 2.5 is a first step in identifying the relationship
between usability and software architecture. More research should be spent on the
following issues:
•

Verifying the architectural sensitiveness of usability patterns.

•

The relationships depicted in the framework between usability patterns,
usability properties and usability attributes/indicators, indicate potential
relationships. Further work is required to substantiate these relationships and
to provide models and assessment procedures for the precise way that the
relationships operate.

2.7

Conclusions

This survey has identified the weaknesses of current usability engineering practice.
Most usability issues are only discovered late in the development process, during
testing and deployment. This late detection of usability issues is largely due to the fact
that in order to do a usability evaluation, it is necessary to have both a working system
and a representative set of users present. This evaluation can only be done at the end of
the design process. It is therefore expensive to go back and make changes at this stage.
Most usability improving modifications are structural and can hence not be
implemented because of its cost.
The work presented in this paper is motivated by the increasing realization in the
software engineering community of the importance of software architecture for
fulfilling quality requirements. The quality attributes of a software system are to a
considerable extent defined by its software architecture. It is our conviction that
designing for usability at the architectural level has the greatest influence on the
usability of a system.
Usability should drive design at all stages. There are no techniques yet that can
evaluate architectures for their support of usability. Iteratively design for usability at
the architectural design phase is therefore not possible and hence it can be concluded
that the goal that usability should drive design at all stages is not fully achieved. A new
approach towards design for usability is proposed that has potential to improve current
design for usability. Practice shows that such a design approach is required to
successfully design for usability. This survey has explored the feasibility of such a
design approach.
The main conclusions of this paper are:
•

This survey justifies our design approach.

•

There are no design techniques in current practice that allow for design for
usability specifically at the architectural level.
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•

In current practice there are no evaluation techniques that can assess
architectures for their support of usability.

A first step in further research could be identification of usability patterns that are
architecture sensitive and the relation these usability patterns have with usability.
Therefore closer investigation is required to examine the relationship between usability
patterns, usability properties and usability attributes. This experience is necessary for
development of design heuristics which specifically suggest which architectural styles
and patterns to use for improving of or designing for usability. The design method
presented is only a preliminary proposal for a design method for usability; future case
studies should determine the validity of this method to refine it and make it generally
applicable.

Chapter 3

Usability Patterns in SA
Published as:
Abstract:

3.1

Usability Patterns in Software Architecture, Eelke Folmer, Jan Bosch, Proceedings of
the Human Computer Interaction International 2003, Pages 93-97, June 2003.
Over the years the software engineering community has increasingly realized the
important role software architecture plays in fulfilling the quality requirements of a
system. Practice shows that for current software systems, most usability issues are still
only detected during testing and deployment. To improve the usability of a software
system, usability patterns can be applied. However, too often software systems prove to
be inflexible towards such modifications which lead to potentially prohibitively high
costs for implementing them afterwards. The reason for this shortcoming is that the
software architecture of a system restricts certain usability patterns from being
implemented after implementation. Several of these usability patterns are “architecture
sensitive”, such modifications are costly to implement due through their structural
impact on the system. Our research has identified several usability patterns that
require architectural support. We argue the importance of the relation between
usability and software architecture. Software engineers and usability engineers should
be aware of the importance of this relation. The framework which illustrates this
relation can be used as a source to inform architecture design for usability.

Introduction

In the last decades it has become clear that the most challenging task of software
development is not just to provide the required functionality, but rather to fulfill
specific properties of software such as performance, security or maintainability, which
contribute to the quality of software (Bosch, 2000). Usability is an essential part of
software quality; issues such as whether a product is easy to learn to use, whether it is
responsive to the user and whether the user can efficiently complete tasks using it may
greatly affect a product’s acceptance and success in the marketplace. Modern software
systems are continually increasing in size and complexity. An explicit defined
architecture can be used as a tool to manage this size and complexity. The quality
attributes of a software system however, are to a large extent determined by a system’s
software architecture. Quality attributes such as performance or maintainability
require explicit attention during development in order to achieve the required levels
(Bosch and Bengtsson, 2002). It is our conjecture that this statement also holds for
usability. Some changes that affect usability, for example changes to the appearance of
a system’s user interface, may easily be made late in the development process without
incurring great costs. These are changes that are localized to a small section of the
source code. Changes that relate to the interactions that take place between the system
and the user are likely to require a much greater degree of modification. Restructuring
the system at a late stage will be extremely and possibly prohibitively, expensive. To
improve on this situation, it would be beneficial for knowledge pertaining to usability
to be captured in a form that can be used to inform architectural design, so that
engineering for usability is possible early in the design process. The usability
engineering community has collected and developed various design solutions such as
usability patterns that can be applied to a system to improve usability. Where these
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prescribe sequences or styles of interaction between the system and the user, they are
likely to have architectural implications. For example, consider the case where the
software allows a user to perform a particularly complex task, where a lot of users make
mistakes. To address this usability issue a wizard pattern can be employed. This
pattern guides the users through the complex task by decomposing the task into a set of
manageable steps. However implementing such a pattern as the result of a design
decision made late on proves to be very costly. There needs to be provision in the
architecture for a wizard component, which can be connected to other relevant
components, the one triggering the operation and the one receiving the data gathered
by the wizard. The problem with this late detection of usability issues is that sometimes
it is very difficult to apply certain usability patterns after the majority of a system has
been implemented because these patterns are ‘architecture sensitive’. The contribution
of this paper is to make software engineers aware that certain ‘design solutions’ that
may improve usability are extremely difficult to retro-fit into applications because
these patterns require architectural support. Therefore being able to design
architectures with support for usability is very important. The framework that we
present in the next section can be used as an informative source during design.

3.2

Usability Framework

Through participation in the STATUS project we have investigated the relationship
between usability and software architecture. Before the relationship between usability
and software architecture was investigated an accurate definition of usability was tried
to obtain by surveying existing literature and practice. Initially a survey was
undertaken to try and find a commonly accepted definition for usability in terms of a
decomposition into usability attributes. It was soon discovered that the term usability
attribute is quite ambiguous. People from industry and academia have quite different
perceptions of what they consider to be a useful usability attribute. The number of
“usability attributes” obtained in this way grew quite large therefore we needed a way
to organize and group the different attributes. Next to the need for organizing these
different interpretations of usability attributes, a relation between usability and
software architecture was tried to discover. The only ‘obvious’ relation between
usability and architecture is that there are some usability patterns that have a positive
effect on usability and that are architecture sensitive. However, it was soon discovered
that it was extremely difficult to draw a direct relationship between usability attributes
and software architecture. An attempt was made to decompose the set of usability
attributes into more detailed elements such as: “the number of errors made during a
specific task”, which is an indication of reliability, or “time to learn a specific task”
which is an indication of learnability, but this decomposition still did not lead to a
convincing connecting relationship with architecture.
The reason is that traditionally usability requirements have been specified such that
these can be verified for an implemented system. However, such requirements are
largely useless in a forward engineering process. For example, it could be stated that a
goal for the system could be that it should be easy to learn, or that new users should
require no more than 30 minutes instruction, however, a requirement at this level does
not help guide the design process. Usability requirements need to take a more concrete
form expressed in terms of the solution domain to influence architectural design. To
address to these problems discussed a framework has been developed. Figure 30 shows
the framework developed so far. It shows a collection of attributes, properties and
patterns and shows how these are linked to give the relationship between usability and
software architecture. This relation is illustrated by means of an example.
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Figure 30: Usability Framework
Figure 30 shows the wizard pattern linked to the “guidance” usability property which in
turn is linked to the “learnability” usability attribute. The wizard pattern guides the
user through a complex task by decomposing the task into a set of manageable
subtasks. To implement a wizard a provision is needed in the architecture for a wizard
component, which can be connected to other relevant components: the one triggering
the operation and the one receiving the data gathered by the wizard. The wizard is
related to usability because it uses the primitive of guidance to “guide” the user through
the task. Guidance on its turn has two “obvious” relations with usability. Guidance has
a positive effect on learnability and a negative effect on efficiency. The concept of
“guidance” is defined as a usability property; a usability property is a more concrete
form of a usability requirement specified in terms of the solution domain. Patterns
relate to one or more of these usability properties. Properties on their turn relate to one
or more usability attributes. This relation is not necessarily a one to one mapping. The
relationship can be positive as well as negative. To avoid the table becoming too
cluttered, and the risk of possibly producing a fully connected graph, only the links
thought to be strongest and positive are indicated in the table. The framework relates
the problem to the solution domain; a usability attribute can be measured on a
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completed solution, whereas a usability property exists in the problem domain, and can
be used as a requirement for system design. A usability pattern bridges the gap
between problem and solution domains, providing us with a mechanism to fulfil a
requirement, providing us with a solution for which the corresponding usability
attribute can be measured. The next sections enumerate the concepts of usability
attributes, properties and patterns which comprise our framework.

3.3

Usability Attributes

A comprehensive survey of the literature (Folmer and Bosch, 2004) revealed that
different researchers have different definitions for the term usability attribute, but the
generally accepted meaning is that a usability attribute is a precise and measurable
component of the abstract concept that is usability. After an extensive search of the
work of various authors, the following set of usability attributes is identified for which
software systems in our work are assessed. No innovation was applied in this area,
since abundant research has already focused on finding and defining the optimal set of
attributes that compose usability. Therefore, merely the set of attributes most
commonly cited amongst authors in the usability field has been taken. The four
attributes that are chosen are: Learnability - how quickly and easily users can begin to
do productive work with a system that is new to them, combined with the ease of
remembering the way a system must be operated. Efficiency of use - the number of
tasks per unit time that the user can perform using the system. Reliability in use - this
attribute refers to the error rate in using the system and the time it takes to recover
from errors. Satisfaction - the subjective opinions that users form in using the system.
These attributes can be measured directly by observing and interviewing users of the
final system using techniques that are well established in the field of usability
engineering.

3.4

Usability Properties

Essentially, our usability properties embody the heuristics and design principles that
researchers in the usability field have found to have a direct influence on system
usability. These properties can be used as requirements at the design stage, for instance
by specifying: "the system must provide feedback". They are not strict requirements in
a way that they are requirements that should be fulfilled at all costs. It is up to the
software engineer to decide how and at which levels these properties are implemented
by using usability patterns of which it is known they have an effect on this usability
property. For instance providing feedback when printing in an application can be very
usable, however if every possible user action would result in feedback from the system
it would be quite annoying and hence not usable. Therefore these properties should be
implemented with care. The following properties have been identified: Providing
feedback - the system provides continuous feedback as to system operation to the user.
Error management - includes error prevention and recovery. Consistency - consistency
of both the user interface and functional operation of the system. Guidance - on-line
guidance as to the operation of the system. Minimize cognitive load - system design
should recognize human cognitive limitations, short-term memory etc. Natural
mapping - includes predictability of operation, semiotic significance of symbols and
ease of navigation. Accessibility - includes multi-mode access, internationalization and
support for disabled users.
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One of the products of the research on this project into the relationship between
software architecture and usability is the concept of a usability pattern. The term
“usability pattern” is chosen to refer to a technique or mechanism that can be applied
to the design of the architecture of a software system in order to address a need
identified by a usability property at the requirements stage. Various usability pattern
collections have been defined (Tidwell 1998, Welie and Trætteberg, 2000). Our
collection is different from those because we only consider patterns which should be
applied during the design of a system’s software architecture, rather than during the
detailed design stage. (Bass et al, 2001) have investigated the relationship between the
usability and software architecture through the definition of a set of 26 scenarios.
These scenarios are in some way equivalent to our properties and usability patterns.
However there are some differences. They have used a bottom up approach from the
scenarios whereas we have taken a top down approach from the definition of usability.
Our approach has in our opinion resulted in a more clearly documented and illustrated
relationship between those usability issues addressed by the design principles and the
software architecture design decisions required to fulfill usability requirements.
Another difference is that our patterns have been obtained from an inductive process
from different practical cases (e-commerce software developed by the industrial
partners in this project) whereas their scenarios result from personal experience and
literature surveys. Their work has been useful to support our statement that usability
and software are related through usability patterns. A full catalogue of patterns
identified is presented on http://www.designforquality.com.
There is not a one-to-one mapping between usability patterns and the usability
properties that they affect. A pattern may be related to any number of properties, and
each property may be improved (or impaired) by a number of different patterns. The
choice of which pattern to apply may be made on the basis of cost and the trade off
between different usability properties or between usability and other quality attributes
such as security or performance. This list of patterns presented in Figure 30 is not
intended to be exhaustive, and it is envisaged that future work on this project will lead
to the expansion and reworking of the set of patterns presented here, including work to
fill out the description of each pattern to include more of the sections which
traditionally make up a pattern description, for instance what the pros and cons of
using each pattern may be.

3.6

Summary and Conclusions

Our research has argued the importance of the relation between usability and software
architecture. A framework has been developed which illustrates this relation. The list of
usability patterns and properties identified/defined in our framework is substantial but
incomplete, new usability patterns or properties that are developed or discovered can
be fitted in the existing framework. Future research should focus on verifying the
architectural sensitiveness of the usability patterns that have been identified. For
validation only e-commerce software provided by our industrial partners in this project
has been considered. To achieve more accurate results our view should be expanded to
other application domains. The usability properties can be used as requirements for
design, it is up to the software architect to select patterns related to specific properties
that need to be improved for a system. It is not claimed that a particular usability
pattern will improve usability for any system because many other factors may be
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involved that determine the usability of a system. The relationships in the framework
indicate potential relationships. Further work is required to substantiate these
relationships and to provide models and assessment procedures for the precise way
that the relationships operate. This framework provides the basis for developing
techniques for assessing software architectures for their support of usability. This
technique allows for iteratively designing for usability on the architectural level.

Chapter 4

The SAU Framework
Published as:
Abstract:

4.1

A Framework for capturing the Relationship between Usability and Software
Architecture, Eelke Folmer, Jilles van Gurp, Jan Bosch, Software Process:
Improvement and Practice, Volume 8, Issue 2, Pages 67-87, June 2003.
Usability is increasingly recognized as an essential factor that determines the success of
software systems. Practice shows that for current software systems, most usability
issues are detected during testing and deployment. Fixing usability issues during this
late stage of the development proves to be very costly. Some usability improving
modifications such as usability patterns may have architectural implications. We
believe that the software architecture may restrict usability. The high costs associated
with fixing usability issues during late stage development prevent developers from
making the necessary adjustments for meeting all the usability requirements. To
improve upon this situation we have investigated the relationship between usability
and software architecture to gain a better understanding of how the architecture
restricts the level of usability. Our paper makes a number of contributions; a
framework is presented that expresses the relationship between usability and software
architecture. The framework consists of an integrated set of design solutions such as
usability patterns and usability properties that have been identified in various cases in
industry, modern day software, and literature surveys. These solutions, in most cases,
have a positive effect on usability but are difficult to retrofit into applications because
they have architectural impact. Our framework may be used to guide and inform the
architectural design phase. This may decrease development costs by reducing the
amount of usability issues that need to be fixed during the later stages of development.

Introduction

In recent years, usability has increasingly been recognized as an important
consideration during software development. Issues such as whether a product is easy to
learn, to use, or whether it is responsive to the user and whether the user can efficiently
complete tasks using it, may greatly affect a product’s acceptance and success in the
marketplace. In the future, as users become more critical, poor usability may become a
major barrier to the success of new commercial software applications. Therefore,
software developing organizations are paying more and more attention to ensuring the
usability of their software.
One of the problems with many of today’s software systems is that they do not meet
their quality requirements very well. In addition, it often proves hard to make the
necessary changes to a system to improve its quality. A reason for this is that many of
the necessary changes require changes to the system that cannot be easily
accommodated by the software architecture (Bosch, 2000). In other words, the
software architecture; “the fundamental organization of a system embodied in its
components, their relationships to each other and to the environment and the
principles guiding its design and evolution” (IEEE, 1998) does not support the required
level of quality.
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The work in this paper is motivated by the fact that this also applies to usability. Many
well-known software products suffer from usability issues that cannot be repaired
without major changes to the software architecture of these products. Studies of
software engineering projects reveal that organizations spend a relatively large amount
of time and money on fixing usability problems. Several studies have shown that 80%
of total maintenance costs are related to problems of the user with the system
(Pressman, 1992). Among these costs, 64% are related to usability problems (Landauer,
1995). This is called adaptive maintenance by (Swanson, 1976). These figures show that
a large amount of maintenance costs are spent on dealing with usability issues such as
frequent requests for interface changes by users, implementing overlooked tasks and so
on (Lederer and Prassad, 1992).
An important reason for these high costs is that most usability issues are only detected
during testing and deployment rather than during design and implementation.
Consequently, a large number of change requests to improve usability are made after
these phases. This makes meeting all the usability requirements expensive. Potential
causes for this problem are:
•

Evaluation of usability requires a working system/prototype. In (Folmer and
Bosch, 2004) we observed that in order to do a usability evaluation, most
existing techniques require at least an interactive prototype and a
representative set of users present to assess the usability of a system. Some
techniques such as rapid prototyping (Nielsen, 1993) allow for early testing, for
example by using a prototype or simulation of an interface. Early prototyping,
even on paper, of what the customer’s experience will be like, always has great
value. However, prototypes have a limited ability to model the application
architecture, since they only model the interface. Interaction issues such as
whether a task can be undone, or the time it takes to perform a specific task or
system properties such as reliability have a great influence on the level of
usability. Such issues are hard to simulate with a prototype.

•

Limitation of requirements engineering: Usability-engineering techniques such
as usage-centered design (Constantine and Lockwood, 1999) have a limited
ability to capture or predict all usability requirements. During development,
neither the uses of the system are often not fully documented nor a definition is
made of exactly who the users are. Users themselves lack understanding of their
own requirements. No sooner do they work with a first version of the software
do they realize how the system is going to be used. Usability experts miss about
half of the problems that real users experience using traditional techniques
(Cuomo and Bowen, 1994). Therefore, some usability requirements will not be
discovered until the software has been deployed.

•

Change of requirements: During or after the development, usability
requirements change. The context in which the user and the software operate is
continually changing and evolving, which makes it hard to capture all possible
(future) usability requirements at the outset (Gurp & Bosch, 2002). Sometimes
users may find new uses for a product, which changes the required usability.

These are three of the main reasons that some usability problems are not discovered
until testing and deployment. The problem with this late detection is that sometimes it
is very difficult to apply design solutions that fix these usability problems, because
some of these design solutions may be ‘architecturally sensitive’. Some changes that
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may improve usability require a substantial degree of modification. For example,
changes that relate to the interactions that take place between the system and the user,
such as undo to a particular function. Such a modification cannot be implemented
easily after implementation without incurring great costs.
A first step in solving these problems is to investigate which solutions are
architecturally sensitive. The primary motivation behind the STATUS project that
sponsored the research presented in this paper is to gain a better understanding of this
relationship between usability and software architecture.
The contribution of this paper, which is one of the cornerstones of this effort, is a
framework that expresses the relationship between usability and software architecture.
This framework describes an integrated set of ‘design solutions’, that, in most cases,
have a positive effect on the level of usability but that are difficult to retro-fit into
applications because these design solutions may require architectural support. For each
of these design solutions we have analyzed the usability effect and the potential
architectural implications.
The remainder of this paper is organized as follows. The next section presents the
relationship between software architecture and usability and presents a framework that
expresses this relationship. Section 4.3, 4.4, and 4.5 discuss the elements that compose
the framework: usability attributes, usability properties and architecturally sensitive
usability patterns. Section 0 discusses the relationships between the elements of our
framework and how this framework may be used to inform design. Finally, related
work is discussed in section 4.7 and the paper is concluded in section 4.8.

4.2

The Relationship between SA and Usability

Our investigation of the relationship between usability and software architecture has
resulted in the definition of a framework, which has the following purposes:
•

Express the relationship between usability and software architecture.

•

Inform design: existing design knowledge and experience in the software
engineering and usability community is consolidated in a form that allows us to
inform architectural design.

The framework consists of three layers:
•

Attribute layer: a number of usability attributes (see section 4.3) have been
selected from literature that appear to form the most common denominator of
existing notions of usability.

•

Properties layer: the usability properties embody the heuristics and design
principles that researchers in the usability field consider to have a direct
influence on system usability. The usability properties (see section 4.4) are a
means to link architecturally sensitive usability patterns to usability attributes.

•

Patterns layer: consists of architecturally sensitive usability patterns (see
section 4.5) that we have identified from various industrial case studies and
modern software applications as well as from existing (usability) pattern
collections. We have focused on selecting patterns that are architecture-
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sensitive and have omitted patterns in which the architectural sensitiveness was
not clear. In addition, we have abstracted from patterns that are similar from
the point of view of a software architect.

The framework expresses the relationship between usability and software architecture.
The following two examples illustrate this relation:
An architecturally sensitive usability pattern that we identified from a case presented
by one of our industrial partners in the STATUS project is the wizard pattern (Figure
31). The ESUITE product developed by LogicDIS is a system that allows access to an
ERP (Enterprise Resource Planning) system, through a web interface. Part of this
application is a shopping cart, which uses a wizard for checking out items that are
purchased. The checkout procedure uses a wizard that helps users to accomplish the
actual purchase with all possible assistance.
The wizard pattern guides the user through a complex task by decomposing the task
into a set of manageable subtasks. This usability pattern is described in several
usability pattern collections such as (Welie, 2003). In the cases we studied, where this
pattern had been implemented, to implement a wizard pattern the following
architectural considerations must be made:
•

There needs to be a provision in the architecture for a wizard component, which
can be connected to other relevant components, the one triggering the
operation, and the one receiving the data gathered by the wizard.

•

The wizard may improve usability because it relates to the principle of guidance
to “assist” the user through performing the task. The concept of “guidance” is an
example of a usability property. Guidance may have a positive effect on the
attribute learnability but may negatively effect the attribute efficiency (Scapin
and Bastien, 1997); (Ravden and Johnson, 1989).
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Figure 32: Multi Channeling Pattern
Another architecturally sensitive usability pattern that we identified from a case study
is the multi-channeling pattern (Figure 32). The compressor catalogue application is a
product developed by imperial highway group (IHG) for a client in the refrigeration
industry. It is an e-commerce application, which makes it possible to search for
detailed technical information about a range of equipment (compressors). This is a
multichanneling application offering access through a variety of devices (e.g. desktop
computer, WAP phone). Multi-channeling refers to the capability of the software to be
accessed using different types of devices. The architectural considerations that must be
made are:
•

There must be a component that monitors how users access the application.
Depending on which medium is used, the system should make adjustments. For
example by presenting a different navigation menu or by limiting the number of
images that is sent to the user.

•

We identified that the pattern multi-channeling relates to the usability property
of accessibility. Accessibility may improve the usability attribute satisfaction
(Holcomb and Tharp, 1991, Nielsen, 1993).

The next sections enumerate the concepts of usability attributes, properties, and
architecturally sensitive usability patterns that comprise our framework. The full
relationships between these concepts are presented in section 0.

4.3

Usability Attributes

Our investigation of the relationship between software architecture and usability
started with a survey of existing literature (Folmer and Bosch, 2004) to find a
commonly accepted definition of usability in terms of a decomposition of usability into
usability attributes. Our survey revealed that different researchers have different
definitions for the term usability attribute, but the generally accepted meaning is that a
usability attribute is a precise and measurable component of the abstract concept that
is usability. For our attributes we have merely taken the subset of attributes most
commonly cited amongst authors, (Constantine and Lockwood, 1999), (Hix and
Hartson, 1993), (ISO 9126-1), (Nielsen, 1993), (Preece et al, 1994), (Shackel, 1991),
(Shneiderman, 1998) and (Wixon & Wilson, 1997) in the usability field. Table 7 gives a
short overview of the attributes that are most commonly cited. We wanted to be able to
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compare the different decompositions, so we have grouped attributes that refer to the
same concept in the same row. Some authors use more attributes than the ones stated
in the table.
Table 7: Overview of Authors
Constantine
Learnability
Efficiency in use

ISO9126
Learnability
Operability

Preece
Learnability
Throughput

Shackel
Learnability
Effectiveness

-

Nielsen
Learnability
Efficiency
of
use
Memorability

Rememberability

-

Learnability

Reliability in use

Operability

Errors

Throughput

Effectiveness

User satisfaction

Attractiveness

Satisfaction

Attitude

Attitude

Shneiderman
Time to learn
Speed
of
performance
Retention over
time
Rate of errors
by users
Subjective
Satisfaction

We have not tried to innovate in this area, since abundant research has already focused
on finding and defining the optimal set of attributes that compose usability. We have
merely taken the set of attributes most commonly cited, the four attributes that we
selected are:
•

Learnability: how quickly and easily users can begin to do productive work with
a system that is new to them, combined with the ease of remembering the way a
system must be operated.

•

Efficiency of use: the number of tasks per unit time that the user can perform
when using the system.

•

Reliability in use: the error rate (i.e. user errors, not system errors) when using
the system and the time it takes to recover from errors.

•

Satisfaction: the subjective opinions of the users of the system.

In our definition of usability attributes, we have grouped memorability, retention over
time (Nielsen, 1993, Shneiderman, 1998) rememberability (Constantine and
Lockwood, 1999) with learnability. Some definitions such as (ISO 9126-1) and (Preece
et al, 1994) do not mention this attribute and (Shackel, 1991) also links retention over
time with learnability. We have also used the term reliability to refer to the error rate in
using the system.

4.4

Usability Properties

When we identified our architecturally sensitive patterns, we discovered that it was
extremely difficult to draw a direct relationship between the four usability attributes we
identified and these patterns. Some usability patterns that we considered; for example,
a wizard (see Table 28) have an influence on the usability attributes learnability and
efficiency, but many usability patterns do not have this direct relationship. For
example, multi-channeling (Table 24) or multiple views (Table 23) do not appear to
have a direct relationship to usability attributes.
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However, we want to have this direct relationship between usability and software
architecture, to be able to describe and categorize our usability patterns in such a way
that they can be used as requirements that can support architectural design. The
problem with usability requirements is that traditionally these are specified such that
these can only be verified for an implemented system. Such requirements are largely
useless in a forward engineering process. For example, a usability requirement that
specifies: “the system should be easy to learn”, or “new users should require no more
than 30 minutes instruction” does not help guide the design process since there is no
obvious way in which the 30-minute time span can be measured when evaluating a
design for usability. Usability requirements need to take a more concrete form
expressed in terms of the solution domain to be able to influence and guide
architectural design.
The concept of usability property links architecturally sensitive usability patterns to
requirements and creates a direct relationship between usability attributes and our
architecturally sensitive usability patterns. Essentially, these properties embody the
heuristics and design principles that researchers in usability field have found to have a
direct influence on system usability. For example, one of the concepts that we defined
as a usability property is guidance. In order to help the user understand and use the
system, the system should provide informative, easy to use, and relevant guidance and
support in the application as well as in the user manual. From various literature
sources (Scapin and Bastien, 1997), (Ravden and Johnson, 1989) it is known that
guidance may improve learnability, but may negatively affect efficiency.
These properties can be used as requirements at the design stage, for instance by
specifying, "The system must provide feedback". However, these are not strict
requirements that should be fulfilled at all costs. They should be considered as highlevel design primitives that have a known effect on usability and most likely have
architecture implications, for example by using architecturally sensitive usability
patterns, which relate to such a property. It is up to the software architect to decide
how and at which levels these properties are implemented. For instance providing
feedback when printing in an application is considered to have a positive effect on the
usability of the system because it keeps the user informed about the state of the system,
which increases user satisfaction. However, if every possible user action would result
in feedback from the system it would just be annoying and negatively affect usability.
Therefore, these properties should be implemented with care.
To fulfill usability requirements during architectural design architecturally sensitive
usability patterns may be applied that relate to specific usability properties, which is
discussed in section 0.
Our properties have been derived from an extensive survey of design heuristics and
principles of various authors (Shneiderman, 1998), (Nielsen, 1993), (Constantine and
Lockwood, 1999), (Ravden and Johnson, 1989), (Hix and Hartson, 1993), (Norman,
1988), (Polson and Lewis, 1990), (ISO 9241-11), (Holcomb and Tharp, 1991),
(Rubinstein and Hersh, 1984) and step by step analysis and discussion with the
STATUS partners.
Similarly to identifying the usability attributes we have limited ourselves to merely
taking a set of properties most commonly cited amongst authors in the usability field
that addressed all of the patterns that we identified, rather than inventing our own
properties. However, for some heuristics, we have used different names and we have
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grouped similar heuristics together under a new name. For example we grouped ‘speak
the users language’ (Nielsen, 1993) and ‘allow access to operations from other
applications’ (Holcomb and Tharp, 1991) under the property of accessibility.
Table 8 - Table 16 presents the properties in a pattern-like format (Alexander et al,
1977) with the following aspects listed for each property:
Name: the name of the property.
Intent: a short statement that describes the properties rationale and intent (Gamma et
al 1995).
References: lists some of the authors that consider this property and that describe the
effect on usability.
Usability attributes affected: which usability attributes identified in section 4.3 are
affected by this property. Only the relationships that in our experience are the strongest
are indicated, positive as well as negative relationships. In some systems, the indicated
relationships may not apply. These relationships have been derived from our literature
survey.
Example: an illustration of the property (not necessarily implemented in an
architecture-sensitive fashion)
Table 8: Providing Feedback
Intent:

The system should provide at every (appropriate) moment feedback to the
user in which case he or she is informed of what is going on, that is, what the
system is doing at every moment.

Usability attributes
affected:

+ Efficiency: feedback may increase efficiency, as users do not have to wonder
what the system is doing.
+ Learnability: feedback may increase learnability, as users know what the
system is doing.

References:

(Nielsen, 1993), (Constantine and Lockwood, 1999)

Example:

Progress indication during a file download.

Table 9: Error Management
Intent:

Usability attributes
affected:

The system should provide a way to manage user errors. This can be done in
two ways:

•

By preventing errors from happening, so users make fewer mistakes.

•

By providing an error correcting mechanism, so that errors made by users
can be corrected.

+ Reliability: error management increases reliability because users make
fewer mistakes.
+ Efficiency: efficiency is increased because it takes less time to recover from
errors or users make fewer errors.

References:

(Nielsen, 1993), (Hix and Hartson, 1993)

Example:

Red underline for a syntax error in Eclipse (a popular Java development
environment).

Table 10: Consistency
Intent:

Users should not have to wonder whether different words, situations, or
actions mean the same thing. An essential design principle is that consistency
should be used within applications. Consistency might be provided in different
ways:

•

Visual consistency: user interface elements should be consistent in aspect
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and structure.

Usability attributes
affected:

•

Functional consistency: the way to perform different tasks across the
system should be consistent, also with other similar systems, and even
between different kinds of applications in the same system.

•

Evolutionary consistency: in the case of a software product family,
consistency over the products in the family is an important aspect.

+ Learnability: consistency makes learning easier because concepts and
actions have to be learned only once, because next time the same concept or
action is faced in another part of the application, it is familiar.
+ Reliability: visual consistency increases perceived stability, which increases
user confidence in different new environments.

References:

(Nielsen, 1993), (Shneiderman, 1998), (Hix and Hartson, 1993)

Example:

Most applications for MS Windows conform to standards and conventions
with respect to e.g. menu layout (file, edit, view, …, help) and key-bindings.

Table 11: Guidance
Intent:

In order to help the user understand and use the system, the system should
provide informative, easy to use, and relevant guidance and support in the
application as well as in the user manual.

Usability attributes
affected:

+ Learnability: guidance informs the user at once which steps or actions will
need to be taken and where the user currently is, which increases learnability.
(Welie, 2003)
- Efficiency: guidance may decrease efficiency as users are forced to follow the
guidance. (For example when following a wizard)
+ Reliability: when users are forced to follow a sequence of tasks, users are
less likely to miss important things and will hence make fewer errors. (Welie,
2003)

References:

(Scapin and Bastien, 1997), (Ravden and Johnson, 1989)

Example:

ArgoUML, a popular UML modeling tool auto generates a to-do list based on
lacking information in models under construction.

Table 12: Minimize Cognitive Load
Intent:

Humans have cognitive limitations, designers should keep these limitations in
mind i.e. presenting more than seven items on the screen is an overload of
information. Therefore, systems should minimize the cognitive load.

Usability attributes
affected:

+ Reliability: as users are less distracted by objects or functions not of their
interest they are less likely to make errors.
+ Efficiency: minimize cognitive load may increase efficiency, as users are not
distracted by objects or functions, which are not of their interest.
- Efficiency: for expert users this argument goes the other way around. (see the
auto hide feature in office applications).

References:

(Nielsen, 1993), (Hix and Hartson, 1993)

Example:

The auto hide menu-items feature in Office applications.

Table 13: Explicit User Control
Intent:

The user should get the impression that he is “in control” of the application.

Usability attributes
affected:

+ Satisfaction: interaction is more rewarding if the users feel that they directly
influence the objects instead of just giving the system instructions to act.

References:

(Hix and Hartson, 1993), (Shneiderman, 1998)

Example:

The cancel button when copying a large file allows users to interrupt the
operation.
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Table 14: Natural Mapping
Intent:

Usability attributes
affected:

The system should provide a clear relationship between what the user wants to
do and the mechanism for doing it. This property can be structured as follows:

•

Predictability: the system should be predictable; e.g. to the user the
behavior of the system should be predictable.

•

Semiotic significance: systems should be semiotically significant;
Semiotics, or semiology, is the study of signs, symbols, and signification. It
is the study of how meaning is created, not what it is.

•

Ease of navigation: it should be obvious to the user how to navigate the
system.

+ Learnability: if the system provides a clear relationship between what the
user wants to do and the mechanism for doing it, users have less trouble
learning something that is already familiar to them in the real world.
+ Efficiency: a clear relationship between what needs to be done and how, may
increase efficiency.
+ Reliability: a clear relationship between what and how minimizes the number
of errors made performing a task.

References:

(McKay, 1999), (Norman, 1988)

Example:

The recycle bin on the desktop is an easy to remember metaphor.

Table 15: Accessibility
Intent:

Usability attributes
affected:

Systems should be accessible in everyway that is required. Such property might
be decomposed as follows:

•

Disabilities: systems should provide support for users that are disabled
(blind/deaf/short sighted).

•

Multi-channeling: the system should be able to support access via various
media. Multi channeling (accessing) in this way is a very broad concept
varying from being able to browse a website via a phone or being able to
browse a website through audio (support for audio output).

•

Internationalization:
systems
should
provide
support
for
internationalization, because users are more familiar with their own
language, currency, ZIP code format, date format etc.

+ Satisfaction: accessibility may increase satisfaction by allowing the use of the
system adapted to their (familiar) context (access medium, language, disability
etc).
+ Learnability: learnability may be improved for internationalization because
users are more familiar with their own language, currency etc.

References:

(Nielsen, 1993), (Holcomb and Tharp, 1991)

Example:

The w3c CSS (Cascading Style Sheets) standard supports multi-channeling by
allowing developers to make specific style rules for printer layout, web layout
etc.

Table 16: Adaptability
Intent:

The system should be able to satisfy the user’s needs when the context changes
or adapt to changes in the user. Such property might be decomposed as
follows:

•

User experience: Ability to adapt to changes in the user's level of
experience.

•

Customization: Ability to provide certain customized services.

•

System memorability: capacity of the system for remembering past details
of the user-system interaction.
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+ Satisfaction: satisfaction may be increased because users can express their
individual likes and preferences.
+ Efficiency: adaptability allows the system to adept to the skills or preferences
or details of the user, which may increase user’s efficiency.

References:

(Scapin and Bastien, 1997), (Norman, 1988), (McKay, 1999)

Example:

Customization: Winamp allows skinning. Users can apply a skin they have
downloaded or created themselves to the interface of the Winamp application.

4.5

Architecturally Sensitive Usability Patterns

One of the products of the research into the relationship between software architecture
and usability is the concept of an architecturally sensitive usability pattern. The
implementation of a usability pattern is a modification that may solve a specific
usability problem in a specific context, but which may be very hard to implement
afterwards because such a pattern may have architectural implications. An
“architecturally sensitive usability pattern” refers to a technique or mechanism that
should be applied to the design of the architecture of a software system in order to
address a need identified by a usability property at the requirements stage (or an
iteration thereof).
The purpose of identifying and defining architecturally sensitive usability patterns is to
capture design experience to inform architectural design and hence avoid the retrofit
problem. There are many different types of patterns. In the context of this paper, we
use the term pattern in a similar fashion as (Buschmann et al, 1996): “patterns
document existing, well-proven design experience”. With our set of patterns, we have
concentrated on capturing the architectural considerations that must be taken into
account when deciding to implement a usability pattern.
Our architecturally sensitive usability patterns have been derived from three sources:
•

Internal case studies at the industrial partners in the STATUS project.

•

Existing usability pattern collections (Tidwell 1998),(Brighton, 1998),(Welie
and Trætteberg, 2000), (PoInter, 2003).

•

An study into the relationship between usability and software architecture (Bass
et al, 2001).

Only those patterns are selected or defined that require architectural support. We have
merely annotated existing usability patterns for their architectural sensitiveness. When
necessary we have defined new patterns or grouped patterns together to define a
pattern at the highest possible level of abstraction. For example the usability patterns
"progress indication" (Welie, 2003) and "wizard/alert" (Brighton, 1998) have been
combined in a pattern called "system feedback" since it covers both patterns. This has
also been done for defining the usability properties.
As identified by (Granlund et al, 2001) patterns are an effective way of capturing and
transferring knowledge due to their consistent format and readability. To describe our
patterns the following format is used:
Name: whenever possible we use the names of existing patterns. However, some
patterns are known under different names and some patterns are not recognized in
usability pattern literature.
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Usability context: a situation giving rise to a usability problem, the context extends
the plain problem-solutions dichotomy by describing situations in which the problems
occur. This is similar to the context used in the patterns defined in (Buschmann et al,
1996).
Intent: a short statement that answers the following questions: what does the pattern
do and what are its rationale and intent. Similar to the patterns in (Gamma et al 1995).
Architectural implications: it may be possible to use a number of different
methods to implement the solution presented in each usability pattern. Some of our
architecturally sensitive usability patterns such as undo (table 5.9) may be
implemented by a design pattern. For example, the Memento pattern should be used
whenever the internal state of an object may need to be restored at a later time
(Gamma et al 1995) Alternatively, an architectural pattern may be used. For example
providing multiple views (table 0) by using a model view controller pattern
(Buschmann et al, 1996). Our patterns do not specify implementation details in terms
of classes and objects. We specify a level abstracted from that. However, we are
contemplating a case study to analyze how companies implement the patterns we
discuss in this paper. Furthermore, we present the architectural considerations that
must be taken into account to implement the pattern. In the case of the wizard example
there may need to be a provision in the architecture for a wizard component, which can
be connected to other relevant components, the one triggering the operation and the
one receiving the data gathered by the wizard. This leads to architectural decisions
about the way that operations are managed.
Usability Properties affected: for each pattern we specify its relation to one or
more usability properties. For example, the wizard pattern (Table 28) relates to the
property of guidance. The cancel pattern (Table 19) relates to the property of explicit
user control but is also related to the property of error prevention. These relations are
also acknowledged in usability pattern literature. The usability properties as we defined
them may be used as requirements to inform design. For each architecturally sensitive
usability pattern, we specify to which usability properties it relates. There is no one-toone mapping between patterns and the usability properties that they affect. A pattern
may be related to any number of properties, and each property may be improved (or
impaired) by a number of different patterns. A complete overview of the relationships
is presented in section 0.
Examples: similar to patterns described in (Gamma et al 1995) and (Buschmann et al,
1996) we present three examples of the use of the pattern in current software (not
necessarily implemented in an architecture-sensitive fashion).
Our pattern format is not intended to be exhaustive. We intend to add to the collection
in future work and actively engage in discussions with the usability and software
engineering
communities
through
e.g.
workshops
and
our
website
(http://www.designforquality.com). Future work will lead to the expansion and
reworking of the set of patterns presented here. This includes work to fill out the
elements of each pattern to include more of the sections, which traditionally make up a
pattern description, for instance what the pros and cons of using each pattern may be,
forces that lead to the use of the pattern, aliases etc.
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Table 17: System Feedback
Usability context:

Situations where the user performs an action that may unintentionally lead to
a problem (Welie, 2003)

Intent:

Communicate changes in the system to the user.

Architectural
implications:

To support the provision of alerts to the user, there may need to be a
component that monitors the behavior of the system and sends messages to
an output device. Furthermore, some form of asynchronous messaging (e.g.
events) support may be needed to respond to events in other architecture
components. (Buschmann et al, 1996) suggests several architectural styles to
implement asynchronous messaging (e.g. the blackboard style).

Usability properties
affected:

+ Feedback: alerts help to keep the user informed about the state of the
system, which is a form of feedback.
+ Explicit user control: giving an indication of the system’s status provides
feedback to the user about what the system is currently doing, and what will
result from any action they carry out.

Examples:

•

If a new email arrives, the user may be alerted by means of an aural or
visual cue.

•

If a user makes a request to a web server that is currently off line, they will
be presented with a popup window telling them that the server is not
responding.

•

If a user is running out of disk space, windows XP will alert the user with
a popup box in the system tray.

Table 18: Actions for Multiple Objects
Usability context:

Actions need to be performed on objects, and users are likely to want to
perform these actions on two or more objects at one time (Tidwell 1998).

Intent:

Provide a mechanism that allows the user to customize or aggregate actions.

Architectural
implications:

A provision needs to be made in the architecture for objects to be grouped
into composites, or for it to be possible to iterate over a set of objects
performing the same action for each.

Usability properties
affected:

+ Explicit user control: providing the user with the ability to group the objects
and apply one action to them all “in parallel” increases explicit user control.
+ Error management: if each object has to be treated individually, errors are
more likely to be made.

Examples:

•

In a vector based graphics package such as Corel Draw, it is possible to
select multiple graphics objects and perform the same action (e.g. change
color) on all of them at the same time.

•

Copying several files from one place to another.

•

Outlook allows the selection of different received emails and forward
them all at once.

Table 19: Cancel
Usability context:

The user invokes an operation, then no longer wants the operation to be
performed. (Bass et al, 2001)

Intent:

Allow the user to cancel a command that has been issued but not yet
completed, to prevent reaching an error state.

Architectural
implications:

There needs to be provision in the architecture for the component(s)
monitoring the user input to run independently from and concurrently with
the components that carry out the processing of actions. The components
processing actions need to be able to be interrupted and the consequences of
the actions may need to be rolled back.
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+ Error management: the ability to cancel commands is a form of error
management, if the user realizes that he or she has initiated an incorrect
action then this action can be interrupted and cancelled before the error state
is reached.
+ Explicit user control: it also gives the user the feeling that they are in
control of the interaction (Explicit user control)

Examples:

•

In most web browsers, if the user types a URL incorrectly, and the web
browser spends a long time searching for a page that does not in fact exist.
The user can cancel the action by pressing the “stop” button before the
browser presents the user with a “404” page, or a dialog saying that the
server could not be found.

•

When copying files with windows explorer the user is able to press the
cancel button to abort the file copy process.

•

Norton antivirus allows the user to interrupt or cancel the virus scanning
process.

Table 20: Data Validation
Usability context:

The user needs to supply the application with data, but does not know which
data is required or what syntax should be used. (Welie and Trætteberg, 2000)
Users have to input data manually which may result in errors.

Intent:

Verify whether (multiple) items of data in a form or field have been entered
correctly.

Architectural
implications:

To ensure that the integrity of the data stored in the system is maintained, a
mechanism is needed to validate both the data entered by the user and the
processed data. Solutions that may be employed include the use of XML and
XML schemas. Furthermore, a data integrity layer consisting of businessobjects may be implemented to shield application code from the underlying
database. Finally, there may be some client or server components that verify
the data entered by users.

Usability properties
affected:

+ Error management: this pattern relates to a provision for the management
of errors.

Examples:

•

This pattern is often employed in forms on websites where the user has to
enter a number of different data items, for example, when registering for
a new service, or buying something.

•

Large content management systems often use XML to define objects.
Some WYSIWYG tools that allow the user to edit these objects use the
XML definition (DTD or schema) to prevent users from entering invalid
data.

•

Use of a data integrity layer in multi tiered applications to shield user
interface code from database.

Table 21: History Logging
Usability context:

How can the software help save the user time and effort? (Tidwell 1998)
How can the artifact support the user's need to navigate through it in ways not
directly supported by the artifact's structure? (Tidwell 1998)
The user performs a sequence of actions with the software, or navigates
through it. (Tidwell 1998)

Intent:

Record a log of the actions of the user (and possibly the system) to be able to
look back over what was done.

Architectural
implications:

In order to implement this, a repository must be provided where information
about actions can be stored. Consideration should be given to how long the
data is required. Actions must be represented in a suitable way for recording
in the log. Additionally, such features may have some privacy/security
implications.
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Usability properties
affected:

+ Error management: providing a log helps the user to see what went wrong if
an error occurs and may help the user to correct that error.

Examples:

•

Web browsers create a history file listing all the websites that the user has
visited. Most web browsers also include functionality for purging this
data.

•

Windows XP keeps track of recently accessed documents.

•

Automatic Form completion in Mozilla and Internet Explorer based upon
previously inserted information.

Table 22: Scripting
Usability context:

The user needs to perform the same sequence of actions over and over again,
with little or no variability (Tidwell 1998).

Intent:

Provide a mechanism that allows the user to perform a sequence of
commands or actions to a number of different objects.

Architectural
implications:

A provision needs to be made in the architecture for grouping commands into
composites or for recording and playing back sequences of commands in
some way. There needs to be an appropriate representation of commands,
and a repository for storing the macros. Typically, some sort of scripting
language is often used to implement such functionality. This implies that all
features must be scriptable.

Usability properties
affected:

+ Minimize cognitive load: providing the ability to group a set of commands
into one higher-level command reduces the user’s cognitive load, as the user
does not need to remember how to execute the individual steps of the process
once the user has created a macro, the user just need to remember how to
trigger the macro.

Examples:

•

Microsoft’s Office applications provide the ability to record macros, or to
create them using the Visual Basic for Applications language.

•

Mozilla Firebird allows users to install extensions that extend the features
of the program using scripts.

•

Open Office has java bindings that allows users to write Java programs
that extend open office. Open office also supports a subset of VB.

Table 23: Multiple Views
Usability context:

The same data and commands must be potentially presented using different
human-computer interface styles for different user preferences, needs or
disabilities. (Brighton, 1998)

Intent:

Provide multiple views for different users and uses.

Architectural
implications:

The architecture must be constructed so that components that hold the model
of the data that is currently being processed are separated from components
that are responsible for representing this data to the user (view) and those
that handle input events (controller). The model component needs to notify
the view component when the model is updated, so that the display can be
redrawn. Multiple views is often facilitated through the use of the MVC
pattern (Buschmann et al, 1996)

Usability properties
affected:

+ Consistency: separating the model of the data from the view aids
consistency across multiple views when these are employed.
+ Accessibility: separating out the controller allows different types of input
devices to be used by different users, which may be useful for disabled users.
+ Error management: having data-specific views available at any time will
contribute to error prevention.

Examples:

•

Microsoft Word has a number of views that the user can select (normal
view, outline view, print layout view…) and switch between these at will,
which all represent the same underlying data.
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•

Rational Rose, uses a single model for various UML diagrams. Changes in
one diagram affects related entities in other diagrams.

•

Nautilus file manager of the Gnome desktop software for Linux allows
multiple views on the file system.

Table 24: Multi Channeling
Usability context:

Users want or require (e.g. because of disabilities) access to the system using
different types of devices (input/output).
Increasing the number of potential users (customers) and usage of a system.

Intent:

Provide a mechanism that allows access using different types of devices
(input/output).

Architectural
implications:

There may need to be a component that monitors how users access the
application. Depending on which device is used, the system should make
adjustments. For example, by presenting a different navigation menu or by
limiting the number of data/images sent to the user.

Usability properties
affected:

+ Accessibility: this pattern improves system accessibility by users using
different devices (accessibility)

Examples:

•

Auction sites such as eBay can be accessed from a desktop/laptop, but this
information can also be obtained using interactive TV or a mobile phone.

•

Some set top boxes allow users to surf the internet using an ordinary TV.

•

Some Word processors allow voice input, which allows (disabled) users to
control the application by voice.

Table 25: Undo
Usability context:

Users may perform actions they want to reverse. (Welie, 2003)

Intent:

Allow the user to undo the effects of an action and return to the previous
state.

Architectural
implications:

In order to implement undo, a component must be present that can record
the sequence of actions carried out by the user and the system, and sufficient
detail about the state of the system between each action so that the previous
state can be recovered.

Usability properties
affected:

+ Error management: providing the ability to undo an action helps the user to
correct errors if the user makes a mistake.
+ Explicit user control: allowing the user to undo actions helps the user feel
that they are in control of the interaction.

Examples:

•

Microsoft Word provides the ability to undo and redo (repeatedly) almost
all actions while the user is working on a document.

•

Emacs allows all changes made in the text of a buffer to be undone, up to
a certain amount of change.

•

Photoshop provides a multilevel undo, which allows the user to set the
number of steps that can be undone. This is necessary because storing the
information required to do the operations requires a substantial amount
of memory.

Table 26: User Modes
Usability context:

The application is very complex and many of its functions can be tuned to the
user's preference. Not enough is known about the user's preferences to assign
defaults that will suit all users. Potential users may range from novice to
expert (Welie, 2003).

Intent:

Provide different modes corresponding to different feature sets required by
different types of users, or by the same user when performing different tasks.
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Architectural
implications:

Depending on the mode, the same set of controls may be mapped to different
actions, via different sets of connectors, or different user interface
components may be displayed. Using e.g. (Buschmann et al, 1996) Broker
style may implement this.

Usability properties
affected:

+ Adaptability: supporting different modes allows personalization of the
software to the current user’s needs or expertise.
+ Minimize cognitive load: expert users can tweak the application for their
particular purposes.

Examples:

•

WinZip allows the user to switch between “wizard” and “classic” modes,
where the wizard mode gives more guidance, but the classic mode lets the
expert user work more efficiently.

•

Many websites have different modes for different users, e.g. guests,
normal, logged-in users or administrators.

•

ICQ allows the user to switch from novice user (limited functionality) to
advanced mode thus enabling all functionality.

Table 27: User Profiles
Usability context:

The application will be used by users with differing abilities, cultures, and
tastes. (Tidwell 1998)

Intent:

Build and records a profile of each type of user, so that specific attributes of
the system (for example, the layout of the user interface, the amount of data
or options to show) can be set and reset each time for a different user.
Different users may have different roles, and require different things from the
software.

Architectural
implications:

A repository for user data needs to be provided. This data may be added or
altered either by having the user setting a preference, or by the system. User
profiles often have a security impact that has major architectural implications.

Usability properties
affected:

+ Adaptability: providing the facility to model different users allows a user to
express preferences.

Examples:

•

Many websites recognize different types of users (e.g. customers or
administrators) and present different functionality tailored to the current
user.

•

Amazon.com builds detailed profiles for each of its customers so it can
recommend products the user might like.

•

.NET security model. By means of attribute oriented programming users
can set security modes for three types of profiles.

Table 28: Wizard
Usability context:

A non-expert user infrequently needs to perform a complex task consisting of
several subtasks where decisions need to be made in each subtask (Welie,
2003).

Intent:

Present the user with a structured sequence of steps for carrying out a task
and guide them through the sequence one by one. The task as a whole is
separated into a series of more manageable subtasks. At any time, the user
can go back and change steps in the process.

Architectural
implications:

A wizard component can be connected to other relevant components, the one
triggering the operation and the other receiving the data gathered by the
wizard.

Usability properties
affected:

+ Guidance: the wizard shows the user each consecutive step in the process is.

Examples:

•

+ Minimize cognitive load: the task sequence informs the user which steps
will need to be taken and where the user currently is.
The install wizard used by most Windows programs guides the user
through choosing various options for installation.
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•

When partitioning hard disks during Mandrake Linux install a user can
use Disk Druid, which is a disk partition wizard.

•

Blogger.com allows a user to create a new web log (online publishing
system) in four simple steps using a wizard. Advanced users may
customize their web log afterwards by editing templates.

Table 29: Workflow Model
Usability context:

A user who is part of a workflow chain (based on some company process),
should perform its specific task efficiently and reliable.

Intent:

Provide different users only the tools or actions that they need in order to
perform their specific task on a piece of data before passing it to the next
person in the workflow chain.

Architectural
implications:

A component or set of connectors that model the workflow is required,
describing the data flows. A model of each user in the system is also required,
so the actions that the user needs to perform on the data can be provided (see
also user profile).

Usability properties
affected:

+ Minimize cognitive load: targeting the user interface specifically to each
user, dependent on the task that they need to perform in the workflow
minimizes the user’s cognitive load (minimize cognitive load).
+ Natural mapping: if workflow model is based upon business models, users
switching to automation have less trouble switching over.

Examples:

•

Most CMS and ERP systems are workflow model based.

•

A typical example of an administrative process that is workflow based is
the handling of an expense account form. An employee fills in the proper
information; the form is routed to the employee's manager for approval
and then on to the accounting department to disburse the appropriate
check and mail it to the employee.

•

Online publishing: a journalist writes an article and submits it online to
an editor for review before it is published on the website of a newspaper.
This process is often automated in a workflow model.

Table 30: Emulation
Usability context:

Users are familiar with a particular system and now require consistency in
terms of interface and behavior between different pieces of software.

Intent:

Emulate the appearance and/or behavior of a different system.

Architectural
implications:

Command interfaces and views but also behavior needs to be replaceable and
interchangeable, or there needs to be provision for a translation from one
command language and view to another in order to enable emulation. This
differs from the providing multiple views diagram because the behavior of the
application should be replaceable.

Usability properties
affected:

+ Consistency: emulation can provide consistency in terms of interface and
behavior between different pieces of software.

Examples:

•

Microsoft Word 97 can be made to emulate WordPerfect, so that it is
easier to use for users who are used to that system.

•

Windows XP offers a new configuration menu; however, it is possible to
switch to the “classic view” for users more familiar with windows 2000 or
windows 98.

•

Jedit (Open Source programmer's text editor) can have EMACS and VI
key bindings modes.
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Table 31: Context Sensitive Help
Usability context:

When help in the context of the current task would be useful.

Intent:

Monitor what the user is currently doing, and make documentation available
that is relevant to the completion of that task.

Architectural
implications:

There needs to be provision in the architecture for a component that tracks
what the user is doing at any time and targets a relevant portion of the
available help.

Usability properties
affected:

+ Guidance: the provision of context sensitive help can give the user guidance.

Examples:

•

Microsoft Word includes context sensitive help. Depending on what
feature the user is currently using (entering text, manipulating an image,
selecting a font style) the Office Assistant will offer different pieces of
advice (although some users feel that it is too forceful in its advice).

•

Depending upon what the cursor is currently pointing to; Word will pop
up a small description or explanation of that feature.

•

Eclipse (a popular Java development environment) allows the user to
consult context sensitive info (such as specific API specifications )
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Putting it Together: Relation between SA and Usability

Figure 33 summarizes the different usability attributes, usability properties and
architecturally sensitive usability patterns that have been considered in the previous
sections of this paper and the (positive) relationships between them.

Figure 33: Usability Framework
The usability properties in the framework in this figure may be used as requirements
during design. For example, if the requirements specify, "the system must provide
feedback”, or “minimize cognitive load”, we use the framework to identify which
usability patterns may be implemented to fulfill these properties by following the
arrows in Figure 33. For each architecturally sensitive usability pattern that we
identified we linked it to certain usability properties, as discussed in section 0.
Usability properties are linked to usability attributes as discussed in section 4.4. The
relationships link architecturally sensitive usability patterns to requirements so that
when the designer has a usability property as a requirement, they can easily find
candidate patterns to meet these requirements.
Consider for example that we want provide guidance to improve learnability. Using the
relationships in the framework, we can identify that the patterns “wizard” and “context
sensitive help” relate to guidance. During architectural design, we may adjust our
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architecture to facilitate such patterns. The choice of which pattern to apply may be
made based on cost and trade-off between different usability properties or between
usability and other quality attributes such as security or performance. In some systems
however, the indicated relationships may not apply. It is up to the software architect to
decide how and at which levels these patterns and properties are implemented. Using
the framework in this way may guide architectural design and may avoid the retrofit
problem we identified in the introduction.
Ongoing work in the STATUS project focuses on developing architectural assessment
techniques based on this framework. By evaluating a software architecture for its
support of architecturally sensitive usability patterns and/or usability properties, we
get an indication of the architectures support of usability. If the architecture does not
provide sufficient support for usability (for example, learnability), the framework may
be consulted to select usability attribute improving properties and patterns.

4.7

Related Work

Many authors for example: (Constantine and Lockwood, 1999), (Hix and Hartson,
1993), (ISO 9126-1), (Nielsen, 1993), (Preece et al, 1994), (Shackel, 1991),
(Shneiderman, 1998), (Wixon & Wilson, 1997) have studied usability. Most of these
authors focus on finding and defining the optimal set of attributes that compose
usability and on developing guidelines and heuristics for improving and testing
usability. Several techniques such as usability testing (Nielsen, 1993), usability
inspection (Nielsen, 1994) and usability inquiry (Nielsen, 1993) may be used to
evaluate the usability of systems. However, none of these techniques is focused on
evaluating software architectures for usability. These authors do not explicitly define a
relationship between usability and software architecture or elaborate on how usability
requirements may be fulfilled during architectural design.
The layered view on usability presented in (Welie et al, 1999) inspired several elements
of the framework model we presented in Section 4.2. For example their usage
indicators and usability layer inspired our attribute layer and our architecturally
sensitive usability patterns and usability properties are present in their means layer.
One difference with their layered view is that we have made a clear distinction between
patterns (solutions) and properties (requirements). In addition we have tried to
explicitly define the relationships between the elements in our framework. The terms
“usability factors” and “usability criteria” in (Abowd et al, 1992) are similar to our
notion of usability attributes".
In our work, the concept of a pattern is used to define an architecturally sensitive
usability pattern. Software patterns first became popular with the object-oriented
Design Patterns book (Gamma et al 1995). Since then a pattern community has
emerged that specifies patterns for all sorts of problems (e.g. architectural styles
(Buschmann et al, 1996) and object oriented frameworks (Coplien and Schmidt, 1995).
An architecturally sensitive usability pattern as defined in our work is not the same as a
design pattern (Gamma et al 1995) Unlike the design patterns, architecturally sensitive
patterns do not specify a specific design solution in terms of objects and classes.
Instead, we outline potential architectural implications that face developers looking to
solve the problem the architecturally sensitive pattern represents.
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One aspect that architecturally sensitive usability patterns share with design patterns is
that their goal is to capture design experience in a form that can be effectively reused
by software designers in order to improve the usability of their software, without
having to address each problem from scratch. The aim is to capture what was
previously very much the “art” of designing usable software and turn it into a
repeatable engineering process.
Previous work has been done in the area of usability patterns, by (Tidwell 1998),
(Perzel and Kane 1999), (Welie and Trætteberg, 2000). Several usability pattern
collections (Brighton, 1998), (Common ground, 1999), (Welie, 2003), (PoInter, 2003)
can be found on the web. Most of these usability patterns collections refrain from
providing or discussing implementation details. Our paper is not different in that
respect because it does not provide specific implementation details. However, we do
discuss potential architectural implications. Our work has been influenced by their
work, but takes a different standpoint, concentrating on the architectural effect that
patterns may have on a system. We consider only patterns that should be applied
during the design of a system’s software architecture, rather than during the detailed
design stage.
(Nigay and Coutaz, 1997) discuss a relationship between usability and software
architecture by presenting an architectural model that can help a designer satisfy
ergonomic properties. [Trætteberg 2000] presents model fragments that can be used
for UI patterns. (Bass et al, 2001) give several examples of architectural patterns that
may aid usability. They have identified scenarios that illustrate particular aspects of
usability that are in their opinion architecture-sensitive and suggest architectural
patterns for implementing these scenarios. Our approach has been influenced by their
work. However we have taken a different approach towards investigating the
relationship between usability and software architecture because of the following
reasons:
•

Instead of heuristically evaluating an architecture for a list of usability scenarios
we wanted to be able to guide architectural design by investigating how usability
requirements can be expressed in a more concrete form. The properties in our
framework serve that purpose.

•

The number of usability scenarios [Bass et al, 2001] have identified is limited
and for some of their scenarios it is debatable whether they are related to
usability (Evaluating the system, Verifying resources) or whether they are
architecture sensitive (Retrieving forgotten passwords).

This was our motivation to take a top-down approach to investigating the usability software architecture relationship. We started by a survey from the definition of
usability and gradually refined this definition until we defined usability properties and
finally related those to architecturally sensitive usability patterns. We focus less on
software architecture details, such as possible implementation patterns, but focus more
on detailing the relationship those patters have with usability. For defining our
framework we used as much as possible usability patterns and design principles that
where already defined and accepted in HCI literature and verified the architecturalsensitivity with the industrial case studies we conducted.
We present several new patterns and properties that are not listed in the work of [Bass
et al, 2001]. To an extent some of our framework overlaps with their usability scenarios
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though we make distinction between the concept of a architecture sensitive pattern and
the concept of a usability property. Some of their patterns are defined in our framework
as a usability properties, for example the scenarios “working in an unfamiliar context”
and “operating consistently across views” are defined in our framework as the usability
property “consistency”. Some usability scenarios such as “predicting task duration” and
“observing system state” are defined in our framework as a pattern “system feedback”.
We defined architecture sensitive patterns and properties with the highest possible
level of abstraction. We believe both approaches are complementary and present
different views on a set of “usability improving design solutions” that require
architecture support.
A number of papers discuss the relationship between SE and HCI. (Willshire, 2003)
and (Milewski, 2003) focus on educational issues. (Walenstein, 2003) discusses what
bridges need to be built between the SE and HCI community. (Constantine et al, 2003)
and (Ferre, 2003) discuss how HCI engineering should be integrated with software
engineering. However, with the exception of (Bass et al, 2001) and (Nigay and Coutaz,
1997), few authors focus on the essential relation with software architecture. The
notion of software architecture was already identified in the late sixties. However, it
was not until the nineties before architecture design gained the status it has today.
Publications such as (Shaw and Garlan, 1996) and (Bass et al, 1998) that discuss
definitions, methods and best practices have contributed to a growing awareness of the
importance of an explicit software architecture.

4.8

Conclusions

In this article, we present a framework that captures the relationship between usability
and software architecture. The framework consists of usability attributes, usability
properties, architecturally sensitive usability patterns and the relationships between
these elements. The purpose of this framework is the following:
•

Express the relationship between usability and software architecture.

•

Guide the architecture design process. Existing design experience from the
usability and software engineering communities is consolidated in a form that
allows us to inform architectural design.

This framework describes an integrated set of ‘design solutions’, that, in most cases, are
considered to have a positive effect on the level of usability but that are difficult to
retro-fit into applications because these design solutions may require architectural
support. For each of these design solutions we have analyzed the usability effect and
the potential architectural implications. The architecturally sensitive usability patterns
and properties that we identified have been derived from internal case studies at the
industrial partners in the STATUS project and from existing usability pattern
collections.
The framework may be used to guide design; however, we do not claim that a particular
pattern or property will always improve usability. It is up to the architect to assess
whether implementing a property or pattern at the architectural level will improve
usability. In addition, the architect will have to balance usability optimizing solutions
with other quality attributes such as performance, maintainability or security.
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We believe that it is vital that usability issues are taken into account during the
architecture design phase to as large an extent as is possible to prevent high costs
incurring adaptive maintenance activities once the system has been implemented. This
not only holds for usability patterns but also for the usability properties we identified.
Usability properties such as consistency need to be considered during architectural
design. Future research should focus on how usability properties may be fulfilled
during architecture design stage (apart from implementing architecturally sensitive
patterns that address them).
This framework has allowed us to develop an architectural assessment technique that
may solve some of these problems discussed in the introduction. Using this technique
software architects may analyze their architectures for their support of usability
without a prototype. Issues such as performance or reliability which affect usability but
that are hard to model with a prototype can be analyzed in an architecture, by
analyzing the presence of properties such as error management or patterns such as
data validation or workflow modeling.
Using the assessment technique, software architectures may become more flexible
towards unanticipated usability requirements caused by the limitations of
requirements engineering techniques or changes of usability requirements. We have
already used this framework at three case studies. These cases studies, which will be
published as part of the STATUS deliverables and in a pending article, show that it is
possible to use the framework for assessing software architectures for their support of
usability. The industrial partners in the STATUS projects are using the results of the
assessment and the framework to improve their architectural designs.
Empirical validation is important when offering new techniques. Our framework is a
first step in illustrating the relationship between usability and software architecture.
The list of architecturally sensitive usability patterns and properties we identified are
substantial but incomplete. The relationships depicted in the framework indicate
potential relationships. Further work is required to substantiate these relationships
and to provide models and assessment procedures for the precise way that the
relationships operate.
Future research should focus on verifying our assumptions concerning the
architectural sensitiveness of the usability patterns and properties. Proving the
architecture sensitivity of a usability pattern is difficult because the patterns we
presented may be implemented in different ways, influencing architectural
sensitiveness. Practice shows that patterns such as cancel, undo and history logging
may be implemented by the command pattern (Gamma et al 1995), emulation and
providing multiple views may be implemented by the MVC pattern (Buschmann et al,
1996). Actions for multiple objects may be implemented by the composite pattern
(Gamma et al 1995) or the visitor pattern (Gamma et al 1995). Investigating how our
usability patterns may be implemented by design patterns or architectural patterns is
considered as future work.
In addition to the patterns that we identified, there are some techniques that can be
applied to the way that the development team designs and builds the software and that
may lead to improvements in usability for the end user. For example, the use of an
application framework as a baseline on which to construct applications may be of
benefit, promoting consistency in the appearance and behavior of components across a
number of applications. For instance, using the Microsoft Foundation Classes when
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building a Windows application will provide “common” Windows functionality that will
be familiar to users who have previously used other applications build on this library.
This is not a pattern that can be applied to the architecture in the same way as those
presented in section 4.5, but it is nonetheless something which will be considered
during the further study of the relationship between software architecture and usability
during the remaining parts of this project.
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Chapter 5

Bridging Patterns
Published as:
Abstract:

5.1

Bridging Patterns; an approach to bridge gaps between SE and HCI. Eelke Folmer,
Martijn van Welie, Jan Bosch, accepted for the Journal of Information and Software
Technology. 17 Jan 2005.
Adding usability improving solutions during late stage development is to some extent
restricted by the software architecture. However, few software engineers and human
computer interaction engineers are aware of this important constraint and as a result
avoidable rework is frequently necessary. In this paper we present a new type of pattern
called a bridging pattern. Bridging patterns extend interaction design patterns by
adding information on how to generally implement this pattern. Bridging patterns can
be used for architectural analysis: when the generic implementation is known, software
architects can assess what it means in their context and can decide whether they need
to modify the software architecture to support these patterns. This may prevent part of
the high costs incurred by adaptive maintenance activities once the system has been
implemented and leads to architectures with better support for usability.

Introduction

A software product with poor usability is likely to fail in a highly competitive market;
therefore software developing organizations are paying more and more attention to
ensuring the usability of their software. Practice however shows that product quality
(which includes usability among others) is not that high as it could be. Organizations
spend a relative large amount of money and effort on fixing usability problems during
late stage development (Pressman, 1992, Landauer, 1995). Some of these problems
could have been detected and fixed much earlier. This avoidable rework leads to high
costs and systems with less than optimal usability, because during the development
different tradeoffs have to be made, for example between cost and quality.
This problem has been around for a couple of decades especially after software
engineering (SE) and human computer interaction (HCI) became disciplines on their
own. While both disciplines developed themselves, several gaps have appeared which
are now receiving increased attention in research literature. Major gaps of
understanding, both between suggested practice and how software is actually
developed in industry, but also between the best practices of each of the fields have
been identified (Carrol et al, 1994, Bass et al, 2001, Folmer and Bosch, 2002) (Folmer
and Bosch, 2004). In addition, there are gaps in the fields of differing terminology,
concepts, education, and methods. (Walenstein, 2003). Several problems and solutions
have been identified to cover some of these gaps. (Constantine et al, 2003, Ferre, 2003,
Milewski, 2003, Willshire, 2003).
Our approach to bridging one of these gaps is based upon the following observation:
software engineers in general have few techniques available for predicting the quality
attributes of a software system before the system itself is available. Therefore often
systems are developed and the provided quality is measured only when the system is
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completed. If a usability problem is detected during late stage sometimes this is very
expensive to fix because its solution may have a structural impact. We call this problem
the retrofit problem (Folmer et al, 2003). The quintessential example that is always
used to illustrate the retrofit problem is adding Undo. From experience it is learned
that it can be very hard to implement undo in an application because it requires many
system functions to be completely rewritten and it also prescribes certain components
and relationships between these components. If a certain software architecture i.e. a
fundamental organization of a system embodied in its components, their relationships
to each other and to the environment and the principles guiding its design and
evolution (IEEE, 1998) has already been implemented then changing or adding new
components to this structure during late stage design is likely to affect many parts of
the existing source code. Large parts of the code need to be rewritten and restructured
which is of course very expensive.
Adding usability improving solutions during late stage development is to some extent
restricted by the software architecture. However, few software engineers and human
computer interaction engineers are aware of this important constraint and as a result
avoidable rework is frequently necessary. User interface designers and software
engineers have usually very different backgrounds resulting in a lack of mutual
understanding of each others view on technical or design issues.
In this paper we present a new type of pattern that is called a 'bridging pattern'. This
pattern 'bridges' one of the gaps between SE and HCI we identified during architectural
design by describing a usability improving design solution that exhibits the retrofit
problem. This pattern consists of a user interface part and an
architecture/implementation part. When the architectural implications are known such
a pattern can be used for architectural analysis e.g. deciding during architectural design
whether this pattern needs to be accommodated by the architecture. This may prevent
part of the high costs incurred by adaptive maintenance activities once the system has
been implemented.
The remainder of this paper is organized as follows. In the next section, we present and
define the concept of a bridging pattern. Section 3-6 present four examples of bridging
patterns we have identified. Section 7 discusses some of the issues we encountered
during the definition of bridging patterns. Section 8 discusses future work and the
paper is concluded in section 9.

5.2

Bridging Patterns

Patterns and pattern languages for describing patterns are ways to describe best
practices, good designs, and capture experience in a way that it is possible for others to
reuse this experience. Design patterns (Gamma et al 1995, Buschmann et al, 1996) are
extensively used by software engineers for the actual design process as well as for
communicating a design to others. Software patterns first became popular with the
object-oriented Design Patterns book (Gamma et al 1995). Since then a pattern
community has emerged that specifies patterns for all sorts of problem domains:
architectural styles (Buschmann et al, 1996), object oriented frameworks (Coplien and
Schmidt, 1995), domain models of businesses (Fowler, 1996), interaction patterns
(Tidwell 1998, Welie and Trætteberg, 2000, PoInter, 2003) etc.
A lot of different types of patterns have been defined in the field of HCI; interaction
patterns (Tidwell 1998, Welie and Trætteberg, 2000, PoInter, 2003) (undo), user
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interface patterns (Welie, 2003, Laakso 2004) (progress indicator), usability patterns
(Brighton, 1998, Perzel and Kane 1999) (Model view controller), web design patterns
(Duyne et al, 2002, Welie, 2003) (shopping cart) and workflow patterns (Workflow
patterns). These patterns have a lot of similarities, some patterns are known under
different names (or even the same name) in different pattern collections. The main
thing they share is that they most commonly provide solutions to specific usability
problems in interface and interaction design. A lot of work has been done in these
fields in recent years and several pattern collections (Brighton, 1998, Common ground,
1999, Welie, 2003, PoInter, 2003) are freely accessible on the web. Our work focuses
on these patterns which we from now on refer to as Interaction Design (ID) patterns.
Unlike the design patterns, ID patterns do not specify a specific design solution for
example in terms of objects and classes. Most existing ID patterns collections refrain
from providing or discussing implementation details. This is not surprising since most
ID patterns are written by user interface designers that have little interest in the
implementation part and usually lack the knowledge to define the implementation
details. This is a problem since without knowing these implementation details it
becomes very hard to assess whether such a pattern can be easily added during late
stage design
Bridging patterns extend ID patterns by adding information on how to generally
implement the pattern. When the generic implementation is known, software
architects can assess what it means in their context and can decide whether they need
modify the architecture to facilitate the use of this pattern. Some previous work has
been done in this area: Trætteberg (Trætteberg, 2000) presents model fragments that
can be used for UI patterns. Bass and John (Bass et al, 2001) identified scenarios that
illustrate particular aspects of usability that are architecture-sensitive and suggest
architectural patterns for implementing these scenarios. In (Folmer et al, 2003) we
defined a framework that expresses the relationship between usability and software
architecture consisting fifteen architecture sensitive usability patterns.
The problem with these approaches is that they are quite preliminary. For example
Bass (Bass et al, 2001) gives a very high-level of the architecture needed for Undo.
Basically he proposes a transaction manager component. Although that is not wrong, it
is in our opinion too general to be of much practical help. (Folmer et al, 2003) state a
more precise architectural description that talks about maintaining state information
and the suggestion that undo may be implemented using the Command (Gamma et al
1995) pattern. However, while researching UNDO implementations, we found that of
the many possibilities to capture state information, only one is commonly used. That is,
the one were only state-changes against the original are stored in ‘Command-like’
objects. It requires a variant of the Command pattern where some more methods,
classes and interfaces are used. The real difficulty arises when implementing the
Command objects so that they work within a framework. Command objects have to
deal with issues such as dynamic pointers and storing sufficient state to undo and redo
the command. On top of that implementing ‘selective undo’ functionality puts even
more constraints on the framework and the command objects. The question that arises
from this reasoning is whether is it useful to talk about architectural sensitivity of some
of the ID patterns without fully understanding the detailed issues when implementing
this pattern.
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We defined bridging patterns with the following purposes:
•

Provide detailed implementation issues and solutions. This allows a software
architect to assess the architectural impact of implementing such a pattern.
Although applications do not become usable by using bridging patterns, they
may help to become more aware of how to implement user interface things and
what that could mean for the architecture of an application.

•

Provide an instrument to facilitate communication across the HCI and SE
boundaries. By discussing how a certain pattern is implemented and what its
effect may be on the architecture mutual awareness of the restrictions that exist
between SE and HCI can be raised. Even if the architecture consists of certain
mechanisms (such as style sheets) software architects may become aware that
these mechanisms may support certain usability features (such as multiple
views). On the other hand UI engineers may become aware of the architectural
impact of a particular design solution which allows them to understand that it is
expensive to add such solutions during late stage.

In this paper we present four bridging patterns namely multi-level undo, multi channel
access, wizard and single sign-on. This paper extends previous work (Welie and
Trætteberg, 2000, Folmer et al, 2003) we have done on this topic. The Undo and
Wizard patterns had already had been described by several ID pattern collections
(Common ground, 1999, Welie and Trætteberg, 2000) though sometimes these
patterns are described with different names (e.g. Tidwell undo = go one step back).
Undo (Bass et al, 2001, Folmer et al, 2003), Wizard(Folmer et al, 2003) and
Multichannel access (Folmer et al, 2003) have also been recognized as being
architectural sensitive. Some of our bridging patterns such as Multi channel access and
Single sign-on are not recognized in ID pattern collections however these patterns
consist of elements such as providing multiple views (printable pages & personalize
content (Duyne et al, 2002)) that are recognized in pattern and guideline literature.
These patterns can be considered to be of a higher level of abstraction than ID patterns.
We analyzed the pattern's architectural impact and implementation by analyzing oftenused applications and documentation. We merely extended existing ID patterns by
adding an implementation part to the pattern. As identified by (Granlund et al, 2001)
patterns are an effective way of capturing and transferring knowledge due to their
consistent format and readability.
To describe our bridging patterns the following format is used:
Problem: Problems are related to the usage of the system and are relevant to the user
of any other stakeholder that is interested in usability.
Use when: a situation (in terms of the tasks, the users and the context of use) giving
rise to a usability problem. The use when extends the plain problem-solutions
dichotomy by describing situations in which the problems occur.
Solution: a proven solution to the problem. However a solution describes only the
core of the problem but other patterns may be needed to solve sub problems.
Why: How and why the pattern actually works including an analysis how it may affect
certain attributes of usability. The rationale (why) should provide a reasonable
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argumentation for the specified impact on usability when the pattern is applied. The
why should describe which usability aspects should have been improved or which other
aspects have to suffer (Welie and Trætteberg, 2000).
Examples: The example shows how the pattern has been successfully applied in a real
life system. This is often accompanied by a screenshot and a short description.
Architectural implications: An analysis of the structural impact of the pattern and
which responsibilities may need to be fulfilled by the architecture. Often these
responsibilities can be fulfilled by the use of design patterns (Gamma et al 1995) or the
use of architecture styles and patterns (Buschmann et al, 1996).
Implementation: Specific implementation details in terms of classes and objects or
either in terms of technologies or techniques that should be used. The implementation
part gives a basic framework or architecture and points to the main issues while
implementing.

5.3

Multi Level Undo

Table 32: Multi Level Undo

Figure 34: Undo in Microsoft Word
Problem

Users do actions they later want reverse because they realized they made a mistake
or because they changed their mind.

Use when

You are designing a desktop or web-based application where users can manage
information or create new artifacts. Typically, such systems include editors, financial
systems, graphical drawing packages, or development environments. Such systems
deal mostly with their own data and produce only few non-reversible side-effects,
like sending of an email within an email application. Undo is not suitable for
systems where the majority of actions is not reversible, for example, workflow
management systems or transaction systems in general.
Both novice and expert users may want to reverse their actions, either because of
mistakes or changes in intention. Expert users may want to use the history of their
actions for more specific manipulation of the data in the application. For example, in
a graphical modeling application, users may want to undo work on some specific
object while keeping later work done on other objects.

Solution

Maintain a list of user actions and allow users to reverse selected
actions.
Each 'action' the user does is recorded and added to a list. This list then becomes the
'history of user actions' and users can reverse actions from the last done action to the
first one recorded. This is also called a Linear Multi-level Undo.
Interacting with the history
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There are two variations on how to show the history of actions to the users. First
there is the standard 'office-like' way where the 'Edit' menu contains both 'Undo'
and 'Redo' functions with their keyboard shortcuts. Often there is also a widget in
the toolbar that can show the last items in the history. By dragging the selection in
the list, actions can be undone. A second variant is to work with primarily with the
history list itself and moving a slider or scrollbar to move back in history and undo
actions. Photoshop uses such a variant.
Displaying actions
Actions in the history are usually displayed using a text label such as 'Create circle',
'Typing',' New contact'. Such labels only name the function and not the object the
functions work on. In some applications it may be better to include the object and
the parameters as well, for example 'Change-color Circle12 to Red'.
Granularity of actions
When designing Undo it is important to determine the desired granularity of
actions. For example, it is usually not desired to record each key press in a text
editor as an action. Instead, typing a word is used as a unit of action. Designers need
to determine what unit of action is appropriate in the application.
Non-reversible actions
Although most actions in the application may be reversible, it is very likely that some
actions will not be reversible. For example, printing, saving, doing a payment, or
downloading an object. For actions that are non-reversible and 'negative' of nature
(like paying or destroying something), need to show the user a Warning Message
and not add the action to the history.
Selective undo
In some cases, it can be meaningful to allow single actions from the history to be
deleted. This is the case when a certain 'episode' of work must be deleted or undone
while keeping work that has been done later on. Selective undo is conceptually much
more difficult than linear undo since there is a notion of 'dependency between
actions' that determines the consequences of undoing a particular action. For
example, if a 'create circle' action is undone at some point in the history, subsequent
actions in the history working on that object loose their meaning and must be
deleted. There are many semantic issues with selective undo, see (Berlage, 1994) for
more information on selective undo.
Object-based Undo
Object-based Undo can sometimes be considered as an alternative to Selective
Undo. With Object-based Undo, each object has its own action history. Upon
selecting the object, the users can undo actions done on the object. Naturally, this
requires the application to have a clear concept of an 'object' and is therefore not
applicable for bitmap editors. See (Zhou and Imamiya, 1997) for more on Objectbased Undo.
Multi-user undo
If the application is a multi-user application and uses undo, the application must
distinguish between local actions and global actions. That leads to multiple histories
and requires special semantics for what happens when undoing actions. See (Abowd
and Dix, 1992, Ressel and Gunzenhouser, 1999, Sun, 2000) for more on multi-user
undo issues.

Why

Offering the possibility to always undo actions gives users a comforting feeling. It
helps the users feel that they are in control of the interaction rather than the other
way around. They can explore, make mistakes and easily go some steps back, which
facilitates learning the application's functionality. It also often eliminates the need
for annoying warning messages since most actions will not be permanent
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More Examples

Figure 35: Undo in
Word
As in all MS Office applications,
in Word 2000 the users can see
the history of their actions and
undo one or more of them. The
actions are briefly described and
the users can select a range of
actions to be undone. After
selecting undo, users can even
redo the actions.

Figure 36: Undo in Photoshop
In Photoshop a selective undo is also possible.
By moving the slider, users can do the normal
multi-level undo but they can also drag an action
into the trashcan and thereby do a selective
undo. Operations that depended on that action
are automatically deleted as well of they are not
relevant anymore.
Architectural
Considerations

There are basically two possible approaches to implementing Undo. The first is to
capture the entire state of the system after each user action. The second is to capture
only relative changes to the system's state. The first option is obviously needlessly
expensive in terms of memory usage and the second option is therefore the one that
is commonly used.
Since changes are the result of an action, the implementation is based on using
Command objects that are then put on a stack. Each specific command is a
specialized instance of an abstract class Command. Consequently, the entire useraccessible functionality of the application must be written using Command objects.
When introducing Undo in an application that does not already use Command
objects, it can mean that several hundred Command objects must be written.
Therefore, introducing Undo is considered to have a high impact on the software
architecture.

Implementation

Most implementations of multi-level undo are based on the Command (Gamma et al
1995) pattern. When using the Command pattern, most functionality is encapsulated
in Command objects rather than in other controlling classes. The idea is to have a
base class that defines a method to "do" a command, and another method to "undo"
a command. Then, for each command, you derive from the command base class and
fill in the code for the do and undo methods. The "do" method is expected to store
any information needed to "undo" the command. For example, the command to
delete an item would remember the content of the item being deleted. The following
class diagram shows the basic Command pattern structure:
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Figure 37: Command Pattern
In order to create a multi-level undo, a Command Stack is introduced. When a new
command is created, its 'Do' function is called and the object is added to the top of
the stack if the command was successful. When undoing commands, the 'Undo'
function of the command object at the top of the stack is called and the pointer to
the current command is set back.
When you want to redo a command, you increment the stack pointer and call the
"do" method of the object at the stack pointer. Note that the act of pushing a new
command to the command stack truncates the stack at that point, discarding all of
the command objects after the current top-of-stack stack entry. Redoing and
undoing just moves the stack pointer up and down the stack.
Participants
The classes and/or objects participating in this pattern are:

•

Command (Command), declares an interface for executing an operation.

•

ConcreteCommand (CalculatorCommand) defines a binding between a Receiver
object and an action and implements Execute by invoking the corresponding
operation(s) on Receiver.

•

Client (CommandApp) creates a ConcreteCommand object and sets its receiver.

•

Invoker (User) asks the command to carry out the request.

•

Receiver (Calculator) knows how to perform the operations associated with
carrying out the request.

A practical Undo framework
Although Multi-level Undo is based on the Command pattern, in practice a more
elaborate framework is needed. In some toolkits such as Java Swing, such a
framework is already present. The following picture shows the main components:
This framework shows that there are additional methods necessary for
implementing Multi-level Undo. First of all there are extra methods in the
Command class that allow the UI objects to display names for the objects. Then you
can see that the stack has a limited size which can be configured. This is often
necessary since there can be a lot of memory used by Command objects because of
the information they need to remember. Then there is a 'Compound' command
class. In practice it shows that what is one command from a user's perspective are
actually several commands at the implementation level. Compound commands
allow such groupings of command objects.
Dynamic Pointers
When implementing Command objects, there is an issue of using pointers. When a
command is created all pointers will usually be valid but at the time the command is
undone, there is no hard guarantee that the pointers are still valid. Anything may
have happened to those objects in the mean time. Depending on the actual
application it may be necessary to use 'dynamic pointers' that allow the command
object to retrieve a valid pointer to the right object.
Storing state information
Since the Command object must be able to undo the operation, enough information
must be captured to be able to do so. Usually, the command objects stores aspects of
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the objects it works on. Alternatively, the memento (Gamma et al 1995) pattern can
be used to anonymously store the state of an object and to set a stored state back.
Selective undo
If you want to support selective undo where an arbitrary command in the stack can
be undone, you must deal with dependencies between command objects. The most
common way to implement this is to add a method 'isPossible()' to command
objects. When a command is undone, a check is done whether the next command is
still possible. If it is the object can stay on the stack and a check is done for the
subsequent command object. If it is not possible, the command is removed from the
stack and the subsequent command is checked.

Figure 38: Undo Framework
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Multi Channel Access

Table 33: Multi Channel Access

Figure 39: Amazon Accessible through a WAP Browser
Problem

A user wants or requires access to a system using different devices (mobile phone,
desktop, PDA).

Use when

You are designing a web based system (such as an e-commerce system) that targets
many users. To increase the number of potential users/customers the accessibility of
the system is increased by supporting multiple devices.
The need for a device is either determined by the users (for example a disabled person
with speech input device) or either by the user context (for example a mobile phone)
or by a combination of these.
An application that has been designed for the Web will contain lists of items that
would fit in a desktop screen without problems but that we are unavailable to display
completely on the very small screen of a mobile phone. Interaction on a mobile phone
is also limited.
Therefore the same software functionality is required to be manipulated and
presented using different human-computer controls and different interface styles for
different user preferences, needs or disabilities.
Devices are different with regard to input device (e.g. mouse, stylus, keyboard, voice)
but also with regard to output device (screen size, resolution, screen colors, audio
etc). In addition devices may pose constraints because they are limited concerning
hardware (memory, CPU power), Operating systems (multi/single threaded),
communication types (asynchronous/synchronous) and software (languages/
character sets/ browsers) posing constraints on the ability to present functionality in
the same way as for example on a desktop computer.

Solution

Provide a mechanism that provides multiple channels that are specialized
to support different devices.
Multi channeling defines the user's accessibility to a system through more than one
channel. Each channel specifies a certain presentation and or control set for a device
or group of devices. Different input devices often also prescribe certain interface
components (such as projecting a keyboard on a touch screen). How this information
is presented and manipulated may be different for each device but the accessibility
(e.g. access to the system) is the same for each user.

Why

Accessibility may increase satisfaction by allowing the use of the system adapted to
the users (user context, device, disability etc).
Providing device specific views may aid visual consistency and functional consistency
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hence contributing to learnability.
Having device-specific views available at any time will contribute to error prevention
and minimize cognitive load.
More Examples

Figure 40: Ebay on PC, WAP and I-Mode Phone
Ebay.com can be accessed through conventional channels such as a desktop
computer, but also through more advanced channels such as an I-mode/WAP phone
or a PDA. Although the how the information is presented and manipulated is different
for each device, the accessibility is the same for each channel which allows users to
fulfill their goal of use (e.g. buy a specific object on eBay)
Architectural
Considerations

The architecture must be constructed in such a way that new channels can be easily
added and maintained. There are several architecture styles (Buschmann et al, 1996)
that fulfill these responsibilities.
2-tier architecture
The classical two-tier architecture divides the software system into server and clients.
The client application contains business logic as well as the complete interaction.
There is no separation of functionality and interaction. In traditional monolithic / two
tier applications when adding new channels business functionality and interaction
logic needs to be duplicated for each channel. This solution works fine if the number
of devices that need to be supported is small.
3-tier architecture
A more elegant solution is to use a 3-tier architecture. The 3-tier architecture
separates the application into two tiers by separating the application logic from the
user interface. In most cases, the application-logic part of the software on the server
side is specially designed for a specific type of user interface. In this case the
presentation is encapsulated but the interaction is not separated from business logic.
When adding new channels part of the business logic and interaction in the second
layers need to be duplicated. 2 and 3 tiered architecture are all examples of the
architectural pattern layers (Gamma et al 1995).
Model view controller
One step further is to decouple the interaction from the business logic. The MVC
pattern (Buschmann et al, 1996) is a way of breaking an application, or even just a
piece of an application's interface, into three parts: the model, the view, and the
controller.

•

The view manages the output device (PDA screen, voice) that is allocated to its
application.

•

The controller interprets input device (mouse, stylus or keyboard) from the user,
commanding the model and/or the view to change as appropriate.

•

Finally, the model manages the behavior and data of the application domain,
responds to requests for information about its state (usually from the view), and
responds to instructions to change state (usually from the controller). The model
component needs to notify the view component when the model is updated, so
that the display can be redrawn.
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This pattern decouples changes to how data are manipulated from how they are
displayed or stored, while unifying the code in each component. This leads to greater
flexibility. There is a clearly defined separation between components of a program -problems in each domain can be solved independently. New views and controllers
(and hence devices) can be easily added without affecting the rest of the application.

Figure 41: 2T/3T and MVC Architectures
Supporting Multichannel access by MVC or n-tier architectures is considered to have
a high impact on the software architecture.
When introducing Multichannel Access in an application that does not already use
layers or MVC (such as traditional monolithic applications), it means that a large part
of existing functionality must be rewritten and reallocated. Responsibilities which are
dispersed in a monolithic application need either be allocated to specific layers and to
specific entities (client/server) or to specific controller and view components on
specific devices.
Implemen-tation In order to provide Multichannelling several mechanisms and techniques are
required.
Being able to describe data independent from how it is displayed on a
device.
This is often done using XML (Extensible Markup Language). XML allows designers
to create their own customized tags, enabling the definition, transmission, validation,
and interpretation of data between applications and between organizations.
A mechanism to convert device independent data to device specific
presentation.
XSL Transformations (XSLT) is a language for transforming XML documents into
other another form. This could be another XML document, or a document in a
different format altogether, such as PDF, HTML, or even Braille. XSLT style sheets
work as a series of templates which produce the desired formatting effect each time a
given element is encountered. One of the most common uses of XSLT is to apply
presentational markup to a document based on rules relating to the structural
markup. Using XSLT XML objects can be transformed to a specific format suitable for
a specific channel (for example WML or HTML).
A mechanism to convert device independent data to device specific
interaction and views.
Generating the presentation for clients with different interaction models and flows of
control (for example WAP vs. Desktop) requires very different transformations.
Supporting such transformations increases development and runtime costs. A more
efficient solution is to define client specific controllers and views. This can be done
using Java Server Pages (JSP) and or Struts. The Struts framework is a flexible
control layer based on standard technologies like Java Servlets, JavaBeans, Resource
Bundles, and XML, as well as various Jakarta Commons packages. Struts encourages
application architectures based on the Model 2 approach (also known as the JSP
Model 2 architecture), a variation of the classic MVC design paradigm. Several View
and Controller components can be defined for different devices, while all target
devices have a common Model component, which encapsulates business logic and
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data and is implemented as JavaBeans. To map this model on the persistent data
some data abstraction layer is needed. Using Struts and JSP and or XSLT the
application can be converted to device specific applications (views + controller) each
of which contains one or more specialized JSP files. For example a dialog can be split
into multiple specialized JSP's for devices with small screens. These specialized JSP's
support the markup languages that their particular devices require, such as HTML or
WML.
See (Seshadri, 1999, Sun, 2004) for more on implementing Multichannel access with
Java Server Pages and XML. Other types of implementations using MVC are also
possible for example model 2X approach (Mercay and Gilbert, 2002), .NET MVC
application framework (Stuart et al,, asp.net).
A mechanism to assign devices to specific channels.
Certain device profiles can be defined which describe individual devices detailed
capabilities. A persistent storage device such as a database should record these
definitions for different types of client devices such as mobile phones, PDA's, and
desktop clients. Alternatively an online profile repository (w3 uaprof) may be used.
Steps 1+2+4 lead to a typical 3 tier architecture (Model 1)

Figure 42: Model 1 Architecture
Steps 1+2+3+4 lead to typical MVC architectures (Model 2)

Figure 43: Model 2 Architecture
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Wizard

Table 34: Wizard

Figure 44: a Typical Wizard
Problem

The user wants to achieve a single goal but several decisions need to be made before
the goal can be achieved completely, which may not be known to the user.

Use when

A non-expert user needs to perform an infrequent complex task consisting of several
subtasks where decisions need to be made in each subtask. The number of subtasks
must be small e.g. typically between ~3 and ~10. The user wants to reach the overall
goal but may not be familiar or interested in the steps that need to be performed. The
task can be ordered but are not always independent of each other i.e. a certain task
may need to be finished before the next task can be done. To reach the goal several
steps need to be taken but the exact steps required may vary because of decisions
made in previous steps. In some cases, a Wizard may act as a 'macro'.

Solution

Take the user through the entire task one step at the time. Let the user step through
the tasks and show which steps exist and which have been completed.
When the complex task is started, the user is informed about the goal that will be
achieved and the fact that several decisions are needed. The user can go to the next
task by using a navigation widget (for example a button or some other form of
mechanism). If the user cannot start the next task before completing the current one,
feedback is provided indicating the user cannot proceed before completion (for
example by disabling a navigation widget). The user is also able to revise a decision by
navigating back to a previous task.
The users are given feedback about the purpose of each task and the users can see at
all times where they are in the sequence and which steps are part of the sequence.
When the complex task is completed, feedback is provided to show the user that the
tasks have been completed and optionally results have been processed.
If relevant, users that know the default options can immediately use a shortcut that
allows all the steps to be done in one action. At any point in the sequence it is possible
to abort the task by choosing the visible exit.
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Figure 45: Wire Frame Wizard
Why

The navigation buttons suggest the users that they are navigating a path with steps.
Each task is presented in a consistent fashion enforcing the idea that several steps are
taken. The task sequence informs the user at once which steps will need to be taken
and where the user currently is. The learnability and memorability of the task are
improved but it may have a negative effect of the performance time of the task. When
users are forced to follow the order of tasks, users are less likely to miss important
things and will hence make fewer errors.

More Examples

Figure 46: Pack-and-go Wizard in PowerPoint
The Pack-and-Go Wizard in Microsoft PowerPoint is one of the few wizards that also
give an overview of the tasks and where the users are in the list.
Architectural
Considerations

In order to implement Wizards, a small framework is needed. Once such a Wizard
framework has been implemented it is fairly easy to create individual Wizards
The architectural impact is medium for introducing a Wizard framework in the
application and low for creating individual wizards when a framework is in place.
However a complicating factor may be that Command (Gamma et al 1995) objects
maybe needed in that case the architecture impact is high.

Implemen-tation Technically speaking a wizard is a set of 'property pages' (or 'forms') that are filled in
one by one. Basic ingredients of a Wizard Framework:

•

Wizard component (manages pages and navigation/help buttons, does the final
execution of Commands). Usually this component also determines what the logic
is between steps.

•

WizardStep containing the 'form' often implemented as a 'property page'. Must
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remember the input values. Defines title, subtitle, image and form.

•

WizardListener for events such as "next", "finish", "exit".

•

Model, the WizardStep works ultimately on a model which will be modified once
the Wizard is completed.

Figure 47: UML Model of a Wizard
The complete transaction is done after the "finish" event. If the application uses
Multi-level Undo, the finish code creates the command objects and executes them.
After the finish event has been handled successfully, the 'completion page' is shown to
give users feedback.
Opening and finishing page
In the new wizard's Welcome page design, a general explanation of the wizard's task
or purpose is stated. A list or overview of the main or specific tasks can be included in
the Welcome page. The Completion page provides closure for the wizard and can
contain either a general description or a specific list of what was accomplished in the
wizard. The Completion page can also point the user to related tasks to be
accomplished following wizard completion.
Navigating from step to step
In the case of pure linear wizards, the Wizard class may receive an event that the
'next' button has been pressed. The wizard class must check whether the form is valid,
and if so, show the new step while storing the information of the previous step. The
Wizard class asks the WizardStep whether or not the 'next'/previous button can be
enabled. The Wizard class must als check whether the 'finish' button can be enabled.
Dynamic paths
In complex wizards, the path users take using the wizards is not strictly linear. For
example, many installation Wizards contain a step where user can choose between
'standard installation' and 'custom installation'. In such cases, the path has branching
points and a Wizard navigator class is needed to manage what the next step needs to
be.
Execution and cancellation
While the user is going through all the steps, the WizardStep's simply remembers the
entered data. When the users selects 'finish', the Wizard class has the responsibility to
really execute the thing the wizard does. It uses the information collected in the
WizardStep's and creates the necessary Command objects. If Multi-level Undo is
used, the commands are executed and added to the stack. If the user wants to cancel
during any of the wizard steps before the finalizing step, all data collected is simply
destroyed and the Wizard exits. In some cases it may be necessary to already execute
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steps so that the next step can be performed. In such cases, Command objects are
needed so that the effects can be cancelled when the user cancels the wizard.

5.6

Single Sign On

Table 35: Single Sign On

Figure 48: .NET Passport Providing SSO Capability
Problem

The user has restricted access to different secure systems for example customer
information systems or decision support systems by for example means of a browser.
The user is forced to logon to each different system. The users who are allowed to
access each system will get pretty tired and probably makes errors constantly logging
on and off for each different system they have access to.

Use when

When you have a collection of (independent) secure systems which allows access to
the same groups of users with different passwords.

Solution

Provide a mechanism for users to authenticate themselves to the system
(or system domain) only once.
The user can authenticate and authorize him/her by a single action to all systems
where he/she has access permission. After that the identity and session of the users is
preserved across heterogeneous servers/systems as if all servers/systems were fully
integrated, which avoids having to enter multiple passwords.

Why

If users don't have to remember different passwords but only one, end user
experience is simplified. The possibility of sign-on operations failing is also reduced
and therefore less failed logon attempts can be observed. Security is improved
through the reduced need for a user to handle and remember multiple sets of
authentication information (However having only one password for all domains is
less secure incase the user loses his password). When users have to provide a
password only once, routine performance is sped up including reducing the possibility
of such sign-on operations failing. Reduction in the time taken, and improved
response, by system administrators in adding and removing users to the system or
modifying their access rights. Improved security through the enhanced ability of
system administrators to maintain the integrity of user account configuration
including the ability to inhibit or remove an individual user's access to all system
resources in a coordinated and consistent manner.
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More Examples

Figure 49: .NET Password
Microsoft .NET Passport has become one of the largest online authentication systems
in the world, with more than 200 million accounts performing more than 3.5 billion
authentications each month. Passport participating sites include NASDAQ, McAfee,
Expedia.com, eBay, Cannon, Groove, Starbucks, MSN Hotmail, MSN Messenger, and
many more.

Figure 50: Windows 2000 SSO
Microsoft Windows 2000 operating system provides an integrated, comprehensive
and easy-to-use SSO capability. SSO is provided natively in Windows 2000 by means
of the built-in Kerberos and Secure Sockets Layer protocols, which also can provide
standards-based SSO within mixed networks.
Architectural
Considerations

There are several solutions to providing SSO capabilities and some of those have
architectural implications. In general the system- or software architecture must fulfill
several responsibilities:
Encapsulation of the underlying security infrastructure
Authentication and authorization are distributed and are implemented by all parts of
the system or by different systems. Authentication and or authorization mechanisms
on each system should be moved to a single SSO service, component or trusted 3rd
party dedicated server. Other systems and or parts of the system should be released
from this responsibility. The SSO server/component/service can act as a wrapper
around the existing security infrastructure to provide a single interface that exports
security features such as authentication and or authorization. Either some
encapsulating layer or some redirection service to the SSO service needs to be
established.
Integration of user records
User records (which contains authentication and authorization details) of different
systems should be merged in to one centralized system to ease the maintenance of
these records. In case of a trusted 3rd party trusted service some local access control
list needs to be created which maps the passports of the 3rd party trusted service to
authorization profiles.
Providing SSO has a high impact on the software architecture.

Implemen-tation The most important aspect of providing SSO is encapsulation of existing security
functionality and providing one interface for authentication and or authorization to
the user. In this implementation we consider typical client-server systems since
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providing SSO capabilities to standalone systems
In most cases encapsulation is done on the server side. However there are also
solutions where some sort of form filler agent in installed in a clients browsers that
provides SSO capabilities but we leave this option out of our discussion since this type
of solution does not integrate user records. Encapsulation of authorization and
authentication can either be done by encapsulating each system or all systems.

Figure 51: Encapsulation on Each System.
One can put a wrapper around each system that needs SSO. This can be done by
installing an agent/ service/component on each system that deals with the
authentication and or authorization. This agent should redirect the login attempt to a
centralize credential server. The user logs in against a central authentication and or
authorization server, the server then issues a session for the user's browser or system
(for example IP nr) to SSO into all systems. In case the central server only provides
authentication (for example with a trusted 3rd party identify provider), authorization
still needs to be done on the encapsulated system. Authorization should then be done
on a local centralized authorization server which manages a local access control list
with user ID's from the trusted 3rd party. If authorization succeeds a valid session
should be provided into all systems.
Encapsulation around all systems.
One can put a wrapper around all systems that needs SSO. This is especially useful for
web based applications. A proxy is used to capture all http requests to the systems.
Only requests with a valid session credential issued by the centralized authorization
server are permitted. This design avoids any installations on the application servers.
In this case the central authorization server provides authentication as well as
authorization.
Location of centralized server
The centralized authentication / authorization server can be a part of a cluster of SSO
systems or can be a trusted 3rd party SSO provider. In the case of a trusted 3rd party
it is often not possible for system administrators to manage the user's credentials. A
trusted 3r party often only provides an authentication mechanism just like a passport.
Authorization still needs to be done on the local server. Some mapping between the
user's passport and a local access control list needs to be established.
Microsoft passport
Microsoft .NET Passport provides an authentication service. This means that the
service will determine whether users are who they claim to be, not whether they are
allowed (authorization) to access resources. Participating sites can implement their
own access control functionality to manage authorization after users have been
authenticated (.net microsoft).
Users may obtain a .NET Passport account by providing two pieces of information: a
unique e-mail address and password. This allows the user to take advantage of the
benefits of the .NET Passport service, while maintaining a degree of anonymity. The
.NET Passport service will verify a user's claimed identity only in the sense that he or
she is the owner of the .NET Passport.
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Figure 52: Overview of Passport Mechanism
Implementing the MS Passport begins by including the Passport Manager object as a
server-side object on any webpage that requires authentication (Rauschenberger ,
2001).

Figure 53: UML Model Passport Manager
The Passport Manager object interacts with Microsoft® Internet Information
Services (IIS) and active server pages (ASP) to automatically handle .NET Passport
cookie reads and writes, and provides information to ASP pages by calling various
Passport Manager application programming interface (API) methods and properties.
This object checks whether Passport has already authenticated the user for a
particular site by looking for an authentication ticket in the user's cookies. If the ticket
exists and is "fresh," the site treats the user as authenticated, and can access the user's
profile information. Microsoft provides passport managers API's for languages such
as C++, C# and VBScript (Microsoft, 2004). Once this object is created, each page
can make a call using the IsAuthenticated method to determine if the user has signed
into Passport. If IsAuthenticated returns True, the user is authenticated; if the
method returns False, you can redirect the user to Microsoft's Passport site for
authentication, or offer to sign them into Passport directly from your site.
Security
Optional parameters can be specified to increase the security according to your own
site policies. For example, you can ask Passport to verify that the user has signed in
using a secure method using encryption or digital certificates, as opposed to single
unencrypted text passwords.
Access control list
Once you've verified that the user has been authenticated to Passport, you can query
the Passport Manager object to acquire the user's Passport Unique ID, a hex string.
That's the only information that you can learn about the Passport user, without asking
for additional permissions from the user; however, that PUID code can be used as the
basis for your own access control list.
Privacy
If more needs to be known about the user, the Passport Manager's HasProfile can be
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queried to determine if there is a profile associated with that PUID, and then use the
Profile method to acquire specific data fields from the Passport server, such as first
and last name, e-mail address, birth date, nickname, street address, occupation,
gender, time zone, and whether the user has subscribed to Microsoft's Wallet
payment service.
For more info on how to implement Microsoft passport see (Microsoft, 2004). Several
other SSO initiatives exist such as MYUID (MYUID, 2004) and the Liberty Alliance
Project (LAP).

5.7

Discussion

There are a number of general issues related to the definition and format of bridging
patterns.
Usefulness

The question remains how detailed or elaborated a bridging pattern needs to be.
Experienced software engineers may find bridging patterns trivial and dismiss them.
For beginners they might prove useful. Showing an implementation part in terms of
classes and objects may not communicate well outside the SE community but may be
quite valuable for software engineers in understanding the problem better. In addition,
there may be problems when describing the implementation part because the
implementation may be different for the type of system (for example web based or
desktop). For example Cancel in regular applications is often differently implemented
than in a web application (where it is often not supported apart from the Cancel button
in a browser). The issue of detailedness of a pattern is a general ‘problem’ in design
pattern research. Nonetheless, we feel that the level of detailedness we show in our
example patterns allows the patterns to be useful for both UI designer and software
engineers/architects while not being too detailed.
Architecture sensitivity

The architectural impact of a pattern on given system very much depends on what
already has been implemented in the system. If some toolkit or framework is used that
already supports a pattern (such as for example struts framework supporting model
view controller), the impact may be low while the impact can be high if no pattern
support is there. The criterion that we used to define the architectural sensitiveness is
whether it has an impact on the software architecture. Architectural sensitivity is a
relative notion and depends on the context in which a pattern is being applied. It is
therefore the responsibility of the pattern writers to identify the main dependencies
together with an explanation of how they influence the architectural sensitivity. A goal
of architecture design and analysis is therefore to get rid of the irreversibility (Fowler,
2003) in software designs. To some extent it should be possible to design an
architecture that allows one to add usability solutions without much effort during late
stage if need be.
Architectural impact

The architectural impact can work on different levels in the architecture. Bosch (Bosch,
2000) identifies four types of architectural transformations e.g. architectural style,
architectural pattern, design pattern and transformation of quality requirements to
functionality. The impact of a bridging pattern can be either one of those
transformations or a combination. Each of such a transformation has a different
impact on the architecture. Imposing an architectural style is a transformation with a

134

Bridging Patterns

major architecture wide impact (Bosch, 2000). Multichannelling can be implemented
using n-tier architectures which are examples of a layering style (Buschmann et al,
1996). An architectural pattern does not generally reorganize the fundamental
components but rather extends and changes their behavior as well adds one or a few
components that contains functionality needed by the pattern. Multichannelling can
also be facilitated using the architectural pattern MVC (Buschmann et al, 1996). MVC
adds view and controller components to the current architecture, which is considered
to be the model since it contains the domain functionality. Applying a design pattern
(Gamma et al 1995) generally affects only a limited number of components in the
architecture; however the impact can still be very high depending on the size of the
components. An example of a design pattern implementation is the undo which can be
facilitated using the command pattern. The last transformation deals with extending
the system with additional functionality not concerned with the applications domain
but primarily with improving the quality attributes. The encapsulation strategies for
providing SSO are an example of such a strategy. This type of transformation (such as
adding a wrapper around existing security functionality) may require minor
reorganizations of the existing architecture but may still be expensive to do during late
stage design.
Creating bridging patterns

When creating bridging patterns only a subset of ID patterns can be meaningfully
converted to bridging patterns. Many ID patterns do not require any significant
programming that can generically be described in a bridging pattern, e.g. Mode Cursor
or Warning (Welie and Trætteberg, 2000) pattern. The ID patterns that exist are of
different levels (ranging from detailed interface issues to large scale interface and
interaction issues such as providing consistency) so it should not be expected that all
patterns can be re-written as bridging patterns. Even for patterns where it is possible to
create a bridging version, the implementation description is bound to be very
situational (e.g. depending very much upon which UI toolkits/ libraries are used). It
remains the question whether this information is still useful then. To create bridging
patterns software engineers and HCI engineers should work together closely.

5.8

Future Work

Our bridging pattern format and the examples we have shown are not intended to be
exhaustive. For specific application domains different implementations may be
possible. Therefore a number of domains specific implementations may need to be
provided. Also the architectural sensitiveness of some patterns for some applications
domains is open to dispute. As identified with the Undo pattern often some sort of
framework is necessary that uses design- or architectural patterns. Without a
sufficiently detailed description of the framework that is needed for the
implementation, the architectural description lacks credibility.
Practice shows that a number of ID patterns such as Auto save (Laakso 2004), Cancel
(Bass et al, 2001, Workflow patterns), Interaction History(Common ground, 1999) and
Scripted Action Sequence/Macros(Common ground, 1999) are often implemented
using the same implementation framework that is needed to facilitate Undo. Other
frameworks such as the framework needed for Multichannelling also provide ID
patterns such as Preview (Welie, 2003), Container Navigation (Welie, 2003) and
Overview beside Detail (Laakso 2004). We suspect that some clusters of ID patterns
are facilitated by the same architectural framework. This is very interesting since often
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engineers are not aware multiple ID patterns can be facilitated using the same
implementation framework.
In this paper only four patterns are presented. Future work should lead to the
expansion and reworking of the set of patterns and validating our assumptions that
clusters of patterns exist that share the same implementation framework. Concerning
the purpose of bridging patterns e.g. using them for architectural assessment three case
studies (Folmer et al, 2004) have been performed (using a pattern framework that
consists of more patterns but these patterns are have less detail than the bridging
patterns presented in this paper). The experiences (Folmer et al, 2004) with a pattern
based approach for architectural assessment were good. In some cases architects
changed their software architecture to provide support for these patterns.
This paper has presented a new type of pattern called a bridging pattern. Bridging
patterns extend interaction design patterns by adding information on how to generally
implement this pattern. For four patterns (selective undo, multi-channel access, wizard
and single sign-on) the generic implementation and architectural considerations are
presented. Bridging patterns can be used for architectural analysis: when the generic
implementation is known, software architects can assess what it means in their context
and can decide whether they need to change the software architecture to support these
patterns. Such architectural analysis can take place during design phases but also
during product evolution when new requirements arise for new releases of the system.
In addition bridging patterns may aid communications across the SE and HCI
boundaries. By discussing how a bridging pattern can improve usability and what its
effect may be on the architecture, the mutual awareness of the restrictions that exist
between SE and HCI can be raised during requirements analysis. This may prevent part
of the high costs incurred by adaptive maintenance activities once the system has been
implemented and leads to architectures with better support for usability.
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Chapter 6

Reusable SA Tradeoff Solutions
Published as:
Abstract:

6.1

A Framework for Reusable Architectural Tradeoff Solutions. Eelke Folmer, Jan Bosch,
Submitted to the International Journal of Software Engineering & Knowledge
Engineering, August, 2005
It often proves to be hard to make the necessary changes to a system to improve its
quality. A reason for this is that certain changes require changes to the system that
cannot be easily accommodated by the software architecture. Architects are often not
aware that certain quality improving solutions cannot be added during late stage
development (a retrofit problem). In addition architecture design, which includes
activities such as deciding on tradeoffs between qualities, is a complex non formalized
process, much relying on the experience of senior software engineers. This paper
outlines and presents a framework that formalizes some of the essential relations
between software architecture and software quality. It consists of an integrated set of
design solutions that may improve a particular quality but that require much effort to
be implemented during late stage design. Furthermore this framework provides
insights into how particular design solutions may improve or impair other qualities.
This framework can assist software architects in the design and decision making
process; existing design knowledge and experience can be consolidated in a form that
allows us to guide and inform architectural design. The use of this framework is
illustrated using four architecture sensitive quality improving patterns, namely Undo
(usability), Warning (safety), Single point of access (security) and Single Sign on
(usability/security).

Introduction

In the last decades it has become clear that the most challenging task for a software
architect is not only to design for the required functionality, but also to focus on
designing for specific attributes such as performance, security or maintainability,
which contribute to the quality of software (Bosch and Bengtsson, 2002). Quality is not
something you can easily add to a system during late stage; it has to be built into the
system from the beginning (Svahnberg et al, 2000).
During architecture design, those design decisions are made that you wish to get right
early on in a project (Fowler, 2003) since these are very costly to revoke, however,
software engineers in general have few techniques available for predicting the quality
attributes of a software system before the system itself is available (Bengtsson, 2002).
Therefore systems are often developed and the provided quality is measured only when
the system is completed. The problem with this type of development is that sometimes
a retrofit problem (Folmer et al, 2003) occurs. I.e. In some cases, if you want to
improve the quality of a system, certain design solutions need to be applied which
cannot be supported by the software architecture. I.e. such solutions are often
implemented as new architectural entities (such as components, layers, objects etc) and
relations between these entities or an extension of old architectural entities. If a certain
software architecture i.e. a fundamental organization of a system embodied in its
components, their relationships to each other and to the environment and the
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principles guiding its design and evolution (IEEE, 1998) has already been implemented
then changing or adding new components to this structure during late stage design is
likely to affect many parts of the existing source code. Large parts of the code need to
be rewritten and restructured which is very expensive.
Software development is restricted around the natural tradeoffs of resources, time and
quality. In the last decades business objectives such as time to market and cost have
been preferred over delivering a high quality product; especially in web based systems
it was more important to reach the market before competitors, than to deliver a high
quality product. However in recent years this strategy has lead to failure; because of the
intense competition in the software industry and the increasing number of users, if a
software product has low quality, users will move to a competitive product with a
higher quality.
When a particular software architecture is chosen the qualities are determined and
restricted by that same architecture, therefore one of the challenges in architecture
design and analysis is to an extent reduce the frequency of irreversibility problems
(Fowler, 2003) in software designs. Using this strategy certain design solutions can still
be applied during late stage to improve the quality (to a certain extent).
Determining the level of quality that a system needs to provide is essential to the design
of any architecture but for some qualities this is very hard to determine. During
product evolution often new levels of quality need to be supported which are hard to
predict upfront. Adding flexibility (e.g. making things easier to change) is a way to deal
with this but it adds additional complexity to a system. Adding complexity makes a
system harder to change; therefore a good architect should know when more
complexity adds value over simplicity in design. Designing means making decisions,
and making the right decisions. Architecture design should include:
•

Making tradeoffs between qualities: most design decision have a considerable
influence on the qualities of a system such as reliability, performance and
modifiability. These qualities are not independent, a design decision that has a
positive effect on one quality might be very negative for other qualities
(Bengtsson, 2002). Some qualities frequently conflict: for example design
decisions that improve modifiability often negatively affect performance.
Tradeoffs between qualities are inevitable and it is important to make these
explicit during architecture design because design decisions are generally very
hard to change at a later stage.

•

Deciding where to put flexibility. For some architecture designs it is still
possible to add specific solutions which allow for fine tuning of some of the
qualities, however this adds additional complexity to the architecture.

•

Maintain a conceptual integrity (Brooks, 1995) i.e. knowing when to stop adding
complexity to maintain simplicity in design.

Architecture design is a complex non formalized process. To make tradeoffs requires
assessment of how a particular design decision may improve or impair other qualities
which sometimes is unknown. Design decisions are often taken on intuition, relying on
the experience of senior software developers (Svahnberg et al, 2000). Most of the
knowledge needed for the decision making process is tacit knowledge stored in the
heads of experienced software architects. In addition software architects are often
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unaware which quality improving mechanisms cannot be added easily during late
stage.
The effect of a design decision should be assessed before it becomes too expensive to
retract. Although alternatives exist, most architectural assessment techniques (Kazman
et al, 1994, Kazman et al, 1998, Bosch, 2000) employ scenarios. A typical process for
scenario based technique is as follows: A set of scenarios is elicitated from the
stakeholders. Then a description the software architecture is made. Then the
architecture's support for, or the impact of these scenarios is analyzed depending on
the type of scenario. Based on the analysis of the individual scenarios an overall
assessment of the architecture is formulated. Though scenario based assessment is a
more structured and formalized way to reason about design decisions and tradeoffs it
still has some problems. It still requires an experienced engineer to assess whether an
architecture supports a particular scenario or not (although for some qualities metrics
are provided(Bengtsson, 2002)). Another problem is that and individual assessment
may be rather subjective. I.e. One architect may decide that a scenario is supported and
another may decide to reject the scenario.
The goal of this paper is to outline and present a framework that formalizes some of the
essential relations between software architecture and software quality in order to assist
software architects in the design and decision making process. Existing design
knowledge and experience is consolidated in a coherent form that allows us to guide
and inform architectural design. The remainder of this paper is organized as follows. In
the next section, we outline the framework that expresses the relationship between
quality and software architecture. Section 3 presents an instance of this framework for
three qualities namely usability, safety and security. Section 4 discusses some of the
issues we encountered during the definition of our framework. Section 5 discusses
related work. Section 6 discusses future work and the paper is concluded in section 7.

6.2

The Software Architecture - Quality Framework

Our framework is composed of a layered model consisting of 6 different layers. Each
layer is discussed in detail below:
Architecture sensitive patterns

The core layer of our framework is composed of a special category of design solutions
that inhibit the retrofit (Folmer et al, 2003) problem which are called architecture
sensitive patterns. Patterns and pattern languages for describing patterns are ways to
describe best practices, good designs, and capture experience in a way that it is possible
for others to reuse this experience. Design patterns (Gamma et al 1995, Buschmann et
al, 1996) are extensively used by software engineers for the actual design process as
well as for communicating a design to others. Software patterns first became popular
with the object-oriented Design Patterns book (Gamma et al 1995). Since then a
pattern community has emerged that specifies patterns for all sorts of problem
domains: architectural styles (Buschmann et al, 1996), object oriented frameworks
(Coplien and Schmidt, 1995), domain models of businesses (Fowler, 1996), but also
software quality related patterns have been identified such as usability patterns
(Tidwell 1998, Welie and Trætteberg, 2000, PoInter, 2003), safety patterns (Mahemof
and Hussay, 1999), maintainability patterns (Fowler et al, 1999), security patterns
(Yoder and Barcalow, 1997, Kienzle and Elder, 2002) etc. A plethora of patterns can be
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found in literature, current practice and on the web (Hillside group) but in our
framework only those patterns are considered that are "architecture sensitive".

Figure 54: Relation between Quality and Software Architecture
To define an architecture sensitive pattern we use the following criteria:
•

Improves quality: The pattern specifically addresses one or more quality related
problems and its solution improves one or more qualities or as a side effect
impairs one or more qualities.

•

Impact on the architecture: The impact can work on different levels in the
architecture. In (Bosch, 2000) we identify four types of architectural
transformations e.g. architectural style, architectural pattern, design pattern
and transformation of quality requirements to functionality. The impact of a
pattern can be either one of those transformations or a combination. Each
transformation has a different impact on the architecture. Imposing an
architectural style (Buschmann et al, 1996) is a transformation with a major
architecture wide impact (Bosch, 2000). An architectural pattern does not
generally reorganize the fundamental components but rather extends and
changes their behavior as well adds one or a few components that contains
functionality needed by the pattern. Applying a design pattern (Gamma et al
1995) generally affects only a limited number of components in the architecture;
however the impact can still be very high depending on the size of the
components. The last transformation deals with extending the system with
additional functionality not concerned with the applications domain but
primarily with improving the quality attributes. This type of transformation
may require minor reorganizations of the existing architecture but may still be
expensive to do during late stage design.

•

Effort needed to implement the pattern: The architectural impact of a pattern
can be any of the four aforementioned transformations. However the effort
needed to implement such a pattern during late stage may be high or low for
any type of transformation. Therefore only those patterns are considered, that
for a reasonable system, have a high implementation effort during late stage.
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We defined the term architecture sensitive pattern with the purpose of:
•

Architecture design; e.g. use the pattern collection as an informative source that
may guide architecture design.

•

Architecture evaluation; when a specific pattern has been implemented in the
architecture we can analyze how it affects certain qualities and which tradeoffs
are made.

In order to fulfill in that purpose we need to explicate the relationship of these patterns
to specific parts of software quality, we therefore defined the following layers (see also
figure 1).
Qualities

The qualities layer forms the topmost layer concerning software quality and is based on
quality models. Quality models are useful tools for quality requirements engineering as
well as for quality evaluation, since they define how quality can be measured and
specified. Several views on quality expressed by quality models have been defined.
McCall (McCall et al, 1977) proposes a quality model consisting of 11 factors:
correctness, reliability, efficiency, integrity, usability, maintainability, testability,
flexibility, portability, reusability and interoperability. Boehm (Boehm et al, 1981)
proposes a quality model that divides quality into the following quality factors:
portability, reliability, efficiency, human engineering, testability, understandability and
modifiability. The ISO 9126 [1] model describes software quality as a function of six
characteristics: functionality, reliability, efficiency, usability, portability, and
maintainability. In general, different authors construct different lists and compositions
of what those qualities are, but they all pretty much agree on the same basic notions,
therefore in our framework either one of these quality models can be taken as a starting
point. In figure 1 we use the ISO 9126 quality model.
Quality attributes

All quality models are based on the idea that qualities are decomposed in a number of
high level quality attributes (or factors). Qualities attributes are supposed to be much
easier to measure than the qualities themselves. For example according to ISO 9126
usability is to be composed of learnability, efficiency of use, reliability of use etc. How a
particular quality should be decomposed in which different attributes is still a topic of
discussion in some quality research areas.
Quality indicators

How to measure a quality attribute for a given system depends very much on the type
of system and or what can be measured. Quality indicators are directly observable
properties of software such as the time it takes to perform a specific task, number of
hack attempts or number of crashes. These indicators are very application specific; in
an application without users (such as control software for a robot arm) you cannot
measure how long it takes for a user to perform a certain task. An indicator can be an
indicator for multiple quality attributes. For example the number of application crashes
may be an indicator for the reliability of use attribute of safety but also for the stability
attribute of reliability.
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Quality properties

Because telling you how to measure a particular quality attribute does not guide design
there need to be some sort of guidelines, heuristics or design principles that describe
how a particular quality can be improved. We call these quality properties. Guidelines
such as ISO/IEC 9126 (ISO 9126-1) give standard definitions of quality attributes and
proposed measures, together with a set of application guidelines. This quality
properties form the fourth layer in our framework.
Design decisions

In addition to the software quality related layers we defined an additional "design
decision layer", which belongs to the software architecture solution domain.
Architecture sensitive patterns may be implemented by an architecture style
(Buschmann et al, 1996), architectural pattern (Buschmann et al, 1996) and or design
patterns (Gamma et al 1995) or by some framework consisting of these elements. The
choice to use a style or pattern or design pattern is motivated by a particular design
decision. This last layer was introduced to show that certain patterns share the same
implementation. In our work on a framework for usability (Folmer et al, 2005) we
identified that with a single mechanism sometimes multiple patterns can be
implemented. For example the UI patterns multi level undo and cancel can all be
implemented using the Command pattern (Folmer et al, 2005).
Relationships between the elements of the framework

The quality attributes, indicators and properties layers allow us to connect architecture
sensitive patterns to software quality. Relationships between the elements in the
framework are an essential part of our framework. Using the relationships, a designer
can analyze when he or she has a quality requirement which architecture sensitive
patterns may need to be implemented to fulfill this requirement. On the other hand
when heuristically evaluating an architecture for a set of quality requirements an
architect can decide whether an architecture has sufficient support based on whether
certain quality improving architecture sensitive patterns have been implemented.

Figure 55: Relationships between the Elements in the Framework
The relationships have been defined as follows:
•

Software quality consists of several qualities.

•

These qualities can be decomposed in attributes which are much easier to
measure than the qualities.
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•

For a system observable properties can be measured which are an indicator for
a particular attribute.

•

Guidelines can be used to improve specific indicators & attributes.

•

Architecture sensitive patterns fulfill address to one or more properties.

•

Certain design decisions such as the use of an architectural style or framework
implement an architecture sensitive pattern.

We illustrate these relationships for one specific architecture sensitive pattern for
usability namely a wizard (see Figure 56). A wizard is a solution for dividing a complex
task into a set of smaller subtasks. When users are forced to follow the order of tasks,
users are less likely to miss important things and will hence make fewer errors. A
wizard can be implemented by a small wizard framework (Folmer et al, 2005), a wizard
on its turn addresses the usability property of guidance as it guides the user through
the complex task. Guidance may decrease the time it takes to learn a task. The time to
learn a task is an indicator of the usability attribute learnability. Learnability is an
attribute of usability. Using these relationships a relationship between software quality
and software architecture design is established.

Figure 56: Relationships for Wizard/ Usability
In our framework these relationships are not exclusively defined between the
attributes, indicators and properties of a particular quality attribute, as is the case with
most pattern descriptions. Some architecture patterns have an effect on multiple
qualities, hence directly showing which possible tradeoffs need to be made. We will
illustrate this effect in the next section.

6.3

The Security-Safety-Usability Framework

In this chapter we will illustrate the use of the framework by presenting how different
quality improving patterns fit in this framework. The qualities we use to illustrate this
framework are: security, safety and usability. These three qualities are recognized in
the ISO 9126 Standard (ISO 9126-1), though security and safety are not recognized as
high level qualities such as usability, but rather as parts of functionality and quality in
use. We consider usability, safety and security to be of the same level and we use the
following definitions for them:
•

Safety: Software is considered safe if it is impossible that the software produces
an output that would cause a catastrophic event for the system that the software
controls.
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•

Security: The security of a system is the extent of protection against some
unwanted occurrence such as the invasion of privacy, theft, and the corruption
of information or physical damage.

•

Usability: The extent to which a product can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction in a
specified context of use (ISO 9241-11).

These qualities were chosen because often tradeoffs need to be made as security and
safety frequently conflict with usability. In order to determine whether an architecture
provides sufficient support or to be able to design an architecture we first need to
specify a necessary level for these quality requirements. For architecture design &
evaluation often scenarios are used. An interesting observation is that usability,
security and safety requirements can all be expressed using a usage scenario. A usage
scenario describes a particular interaction that a stakeholder has with the system in a
particular context. For example "novice users inserts order using a mobile phone". We
can annotate such a usage scenario to express usability, safety and security
requirements. In order to do that we can relate such as scenario to specific attributes of
that quality. For example usability is often decomposed into learnability, efficiency of
use, reliability of use etc attributes (Figure 57 shows the attributes we identified). As it
is often impossible to design a system that has high values for all the attributes often
intra quality tradeoffs must be made. A purpose of quality requirements is therefore to
somehow specify a necessary level for each quality. For example a security requirement
could be: mobile devices should always use encryption. In order to express this
requirement one could give a higher priority to the encryption security attribute to
express that this attribute is more important than other security attributes. The
benefits of having a usage scenario as a common starting point for defining scenarios
for different qualities is that often when one has completely different scenarios for
different qualities and one has to for example decide on tradeoffs between scenarios
one is often comparing apples with pears. When we defined scenarios that are all based
on a usage scenario the scenarios are more alike and one can easier compare one
scenario with another.
In literature several security patterns (Yoder and Barcalow, 1997, Kienzle and Elder,
2002), safety patterns (Mahemof and Hussay, 1999) and usability (interaction)
patterns (Tidwell 1998, Welie and Trætteberg, 2000, Duyne et al, 2002) have been
described. In our own work (Folmer et al, 2003, Folmer et al, 2004) and in others
(Bass et al, 2001) already several "architecture sensitive" usability patterns had been
identified. Using the same process (e.g. analyzing specific implementations of these
patterns in different case studies) architecture sensitive patterns for other qualities
have been collected. In our work we only focus on the architecture sensitive patterns
i.e. non architecture sensitive patterns can be easily added afterwards and do not
require architectural modifications; therefore there is no need to consider these during
architecture design. As identified by (Granlund et al, 2001) patterns are an effective
way of capturing and transferring knowledge due to their consistent format and
readability.
To describe our patterns the following format is used:
Quality: for which quality problem this pattern provides a solution.
Authors: the authors that have written this pattern.
Problem: Problems are related to a particular quality aspect of the system.
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Use when: A situation giving rise to a quality problem. The use when extends the
plain problem-solutions dichotomy by describing specific situations in which the
problem occurs.
Solution: A proven solution to the problem. However a solution describes only the
core of the problem, strategies for solving the problem are not described in this pattern
format and for a fully detailed solution we refer to the specific patterns authors'
reference.
Why: The rationale (why) provides a reasonable argumentation for the specified
impact on a quality when the pattern is applied. The why should describe which
properties should have been improved or which other properties have to suffer.
Quality properties: Quality properties are guidelines and design principles in the
domain of that quality which the pattern addresses. We specifically list the properties
the pattern authors themselves mention in the pattern description.
Architectural implications: An analysis of the architectural impact of the pattern
and which responsibilities may need to be fulfilled by the architecture. Again these are
taken from the pattern description by the authors.
The three patterns we use to illustrate our framework with are listed below. For more
details concerning the patterns implementation and forces etc one should consult the
specific pattern authors' reference.
Table 36: Single Access Point
Quality

Security

Authors

Yoder and Barcalow (Yoder and Barcalow, 1997).

Problem

A security model is difficult to validate when it has multiple “front doors,” “back
doors,” and “side doors” for entering the application.

Use when

Software that has multiple access points.

Solution

Set up only one way to get into the system, and if necessary, create a mechanism for
deciding which sub-applications to launch.

Why

Having multiple ways to open an application makes it easier for it to be used in
different environments (accessibility). An application may be a composite of several
applications that all need to be secure. Different login windows or procedures could
have duplication code (redundancy). A single entry point may need to collect all of the
user information that is needed for the entire application. Multiple entry points to an
application can be customized to collect only the information needed at that entry
point. This way a user does not have to enter unnecessary information.

Security
Properties

•

Secure weakest link

•

Principle of least privacy

•

Keep it simple

•

Be reluctant to trust. (Viega and McCraw, 2001)

Architectural
Considerations

As claimed by the authors themselves, single access point is very difficult to retrofit in
a system that was developed without security in mind (Yoder and Barcalow, 1997). A
singleton (Gamma et al 1995) can be used for the login class especially if you only
allow the user to have one login session started or only log into the system one. A
singleton could also be used to keep track of all sessions and a key could be used to
know which session to use. Introducing Single Access Point is considered to have a
high impact on the software architecture.
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Table 37: Warning
Quality

Safety

Authors

Mahemof and Hussay (Mahemof and Hussay, 1999)

Problem

How can we be confident the user will notice system conditions when they have arisen
and take appropriate actions?

Use when

Use this pattern when identifiable safety margins exist so that likely hazards can be
determined automatically and warnings raised.

Solution

Provide warning devices that are triggered when identified safety-critical margins are
approached.

Why

Software itself is good at monitoring changes in state (better than humans are).
Software is good at maintaining a steady stage in the presence of minor external
aberrations that would otherwise alter system state. Software is not good at
determining the implications of steady state changes and appropriate hazard recovery
mechanisms. User's workload is minimized and the hazard response time is
decreased. Conditions may be user defined.

Safety
Properties

•

Automation

•

Monitoring

•

Error Prevention

•

Error reduction (Mahemof and Hussay, 1999)

Architectural
Considerations

There are a lot of different implementations of the Warning pattern. The
implementation depend on many factors: What is there to observe? Who establishes
connections between the observer and observable? Who notifies who when something
goes wrong? Etc.
Some monitoring needs to take place where either the Observer (Gamma et al 1995)
or Publisher Subscriber (Buschmann et al, 1996) kind of patterns need to be used.
When introducing Warning in an application that does not already use these patterns,
it can mean some new relationships between objects need to be established and
possibly some new objects (such as an observer) need to be added. Therefore,
introducing Warning is considered to have a high impact on the software architecture.

Table 38: Multi-Level Undo
Quality

Usability

Authors

Welie and Folmer (Folmer et al, 2004)

Problem

Users do actions they later want reverse because they realized they made a mistake or
because they changed their mind.

Use when

You are designing a desktop or web-based application where users can manage
information or create new artifacts. Typically, such systems include editors, financial
systems, graphical drawing packages, or development environments. Such systems
deal mostly with their own data and produce only few non-reversible side-effects, like
sending of an email within an email application. Undo is not suitable for systems
where the majority of actions is not reversible, for example, workflow management
systems or transaction systems in general.

Solution

Maintain a list of user actions and allow users to reverse selected actions.

Why

Offering the possibility to always undo actions gives users a comforting feeling. It
helps the users feel that they are in control of the interaction rather than the other
way around. They can explore, make mistakes and easily go some steps back, which
facilitates learning the application's functionality. It also often eliminates the need for
annoying warning messages since most actions will not be permanent.
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Usability
Properties

Explicit user control, explorability, error management, minimize cognitive load
(Folmer et al, 2003)

Architectural
Considerations

There are basically two possible approaches to implementing Undo. The first is to
capture the entire state of the system after each user action. The second is to capture
only relative changes to the system's state. The first option is obviously needlessly
expensive in terms of memory usage and the second option is therefore the one that is
commonly used.
Since changes are the result of an action, the implementation is based on using
Command objects (Gamma et al 1995) that are then put on a stack. Each specific
command is a specialized instance of an abstract class Command. Consequently, the
entire user-accessible functionality of the application must be written using
Command objects. When introducing Undo in an application that does not already
use Command objects, it can mean that several hundred Command objects must be
written. Therefore, introducing Undo is considered to have a high impact on the
software architecture.

Patterns in the framework

Figure 57: Intra Quality Relations between Usability, Security and Safety
Figure 57 shows how the patterns, Undo, Warning and Single Point of Access fit in our
framework. The qualities and indicators layers has been left out not to make this graph
presentation of the framework too cluttered. In this instance we only visualized the
relationships of each pattern with one quality. E.g. a particular pattern only improves
certain properties and attributes of one quality. The security properties, attributes and
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relationships have been derived from (ISO 9126-1, Viega and McCraw, 2001). the safety
properties, attributes and relationships have been derived from (Mahemof and Hussay,
1999) and the usability properties, attributes and relationships have been derived from
our previous (Folmer et al, 2003) work on this topic. The relationships can be positive
as well as negative for example Undo improves explorability (e.g. testing out the
application) but explorability may negatively affect efficiency and may positively affect
learnability.
Most pattern descriptions only focus on how a particular pattern improves the quality
properties of that particular quality improving pattern. For example in descriptions of
undo only those relations with attributes of usability are given i.e. they only discuss
intra quality tradeoffs (for example between learnability and efficiency attributes of
usability). However, it's obvious that certain patterns also affect other qualities. For
example Single Access Point has a negative influence on the accessibility of a system
since the application can only have one entry point. Accessibility is also recognized as a
property of usability (Holcomb and Tharp, 1991, Nielsen, 1993). Single Access Point
improves security but to a certain extent impairs usability. In the pattern descriptions
these effects on other qualities are often not discussed or provided and it is left up to an
architect to identify the impact on other qualities. Our framework also tries to
formalize these intra quality attribute tradeoffs.
Figure 58 shows the relationships that some of the patterns have with other quality
attributes. These relationships and the properties that are involved are depicted with
red lines. For example warning not only improves security also improves error
management (which is also recognized as a usability property).
Quality properties
Usability
Design decisions

Architecture
sensitive
patterns

Command

Undo

Minimize cognitive
load

+
+
+
+

Error managment
Explicit user control
Accessibility

Singleton

+
+
+
+

Warning

Reliability of use
satisfaction

Security
Security
Secure weakest link

+

controllability

Principle of least
privilige

+

Data encryption

Keep it simple

Safety
Observer

learnability
Efficiency of use

Be reluctant to trust

+

Single
access
point

++
++

Usability

+

Security

+

System feedback

+
+
+
+

+ +

Usability

Quality attributes

explorability

+
+
+

Safety
monitoring
automation
Error prevention

Safety

+
+
+

robustness
reliability

Figure 58: Inter Quality Relations between Usability, Security and Safety
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Guide design

The first purpose of the framework is to consolidate existing design knowledge in a
form that allows useful guidance of architectural design. For example, when a designer
has a safety requirement to fulfill, for example "provide robustness", he or she may use
the properties in the framework to find a suitable pattern (such as warning) to
implement during architecture design. Of course one cannot design a high quality
system by just implementing all the patterns in our framework, there are many other
factors involved. The framework emphasizes that if provision of a pattern is considered
it should be implemented during architecture design, as it requires architecture
support. This may reduce development costs as it is very expensive to modify the
software architecture during late stage development. Discussing these concerns with
quality engineers such as an interaction designer or a security engineer will raise
awareness of the restrictions that exist between architecture design and fulfilling
quality requirements.
Reason about tradeoffs

The second purpose is related to the first purpose in the sense that the framework
provides guidance in reasoning about tradeoffs. The software architecture is the first
product of the initial design activities that allows analysis and discussion about
different concerns. Being able to understand how a particular design decision may
improve or impair particular qualities during architecture design is very important as it
this stage it is still cheap to change design decisions. The framework serves in this
purpose as it explicitly connects quality improving design solutions to different
qualities. This allows an architect to explicitly identify the tradeoffs that must be made
for the implementation of each pattern.
Architecture assessment

The third purpose of the framework is to assist in the decision process of architecture
assessment. During architecture design an analysis can only be based on information
that is available during that stage for example architecture designs and documentation
used with in the development team. At such a stage there is only the vague concept of a
software architecture either existing in the head of a software architect or formalized by
means of architecture diagrams (Kruchten, 1995, Hofmeister et al, 1999) and design
documentation.
As already mentioned in the introduction most architectural assessment techniques
such as ATAM (Kazman et al, 1998) or QASAR (Bosch, 2000) employ scenarios. For
some qualities such as security and usability which are often only measurable for a
completed system it is very hard to determine whether an architecture provides
sufficient support for these scenarios. As in the best case there are only architecture
diagrams, there is only one way of evaluating, namely a pattern/design solution based
heuristic evaluation of the architecture. Our framework can assist in that process.
When heuristically evaluating an architecture for a set of quality requirements an
architect can decide whether an architecture has sufficient support, based on whether
certain quality improving architecture sensitive patterns from our framework have
been implemented. The framework also provides insights in intra- and inter- quality
tradeoffs. The result of such an assessment does not result in a system with a necessary
higher quality but it ensures that at least the architecture provides support for these
solutions so during late stage such solutions may still be easily implemented thus
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saving on development costs. For example when evaluating an architecture for its
support of usability, an architect may come to the conclusion to implement a command
framework (Folmer et al, 2004) even if it is unknown if undo is needed. A pattern
based framework approach has already been successful for assessing software
architecture for their support of usability (Folmer et al, 2004). In our opinion creating
frameworks for other qualities will lead to the similar results.
Boundary patterns

Another interesting observation that we made while identifying patterns that fit in the
usability, safety security framework is that sometimes it is possible to find patterns that
provide a way around traditional quality tradeoffs. For example, traditionally usability
and security are conflicting; provide a mechanism that improves security such as a
password and users will find such a mechanism not usable (users prefer not having to
provide a password at all). However, a solution such as Single Sign on (SSO) provides a
solution to improve security without negatively affecting usability. SSO is an example
of a solution that provides a solution to a quality problem but also provides a solution
that counters the negative effects on another quality that traditionally come with this
pattern. SSO is a pattern that is on the boundary of the traditional usability-security
tradeoff. Figure 59 shows how SSO fits in our framework and it displays the inter
quality relationships with usability and security.
Table 39: Single Sign-on
Quality

Usability & Security

Authors

Folmer and Welie (Folmer et al, 2004)

Problem

The user has restricted access to different secure systems for example customer
information systems or decision support systems by for example means of a browser.
The user is forced to logon to each different system. The users who are allowed to
access each system will get pretty tired and probably make errors constantly logging
on and off for each different system they have access to.

Use when

You have a collection of (independent) secure systems which allows access to the
same groups of users with different passwords.

Solution

Provide a mechanism for users to authenticate themselves to the system (or system
domain) only once.

Why

If users don't have to remember different passwords but only one, end user
experience is simplified. The possibility of sign-on operations failing is also reduced
and therefore less failed logon attempts can be observed. Security is improved
through the reduced need for a user to handle and remember multiple sets of
authentication information (However having only one password for all domains is
less secure in case the user loses his password). When users have to provide a
password only once, routine performance is sped up including reducing the possibility
of such sign-on operations failing. Reduction in time taken, and improved response,
by system administrators in adding and removing users to the system or modifying
their access rights. Improved security through the enhanced ability of system
administrators to maintain the integrity of user account configuration including the
ability to inhibit or remove an individual user's access to all system resources in a
coordinated and consistent manner.

Security

Be reluctant to trust

Properties

Secure weakest link

Usability
Properties

minimize cognitive load
error prevention
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There are several solutions to providing SSO capabilities and some of those have
architectural implications. In general the system- or software architecture must fulfill
several responsibilities:
Encapsulation of the underlying security infrastructure
Authentication and authorization are distributed and are implemented by all parts of
the system or by different systems. Authentication and/or authorization mechanisms
on each system should be moved to a single SSO service, component or trusted 3rd
party dedicated server. Other systems and/or parts of the system should be released
from this responsibility. The SSO server/component/service can act as a wrapper
around the existing security infrastructure to provide a single interface that exports
security features such as authentication and or authorization. Either some
encapsulating layer or some redirection service to the SSO service needs to be
established.
Integration of user records
User records (which contains authentication and authorization details) of different
systems should be merged in to one centralized system to ease the maintenance of
these records. In case of a trusted 3rd party's service some local access control list
needs to be created which maps the passports of the 3rd party trusted service to
authorization profiles.
Providing SSO has a high impact on the software architecture.

Figure 59: Framework Showing SSO as a "Boundary" Pattern
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Discussion

Contents of the framework

Crucial to the success of the framework is an accurate filling in of the framework. At
this moment only a framework for usability (Folmer et al, 2003) has been developed
and we provided the skeleton for extending this framework to the qualities security and
safety.
Concerning how a particular quality is composed of which attributes, how it can be
measured by which indicators and which properties improve that quality, we do not
make any hard claims. The elements and relationships we identified for usability are
based upon existing quality models and literature studies. For security and safety we
analyzed the patterns descriptions and quality models to identify some attributes and
properties. These attributes and properties are far from complete. However we are
convinced that any quality model can be used for that. For a given system different
indicators may be defined. The indicators we propose in our framework are only a
suggestion based upon the quality models. It is up to an analyst using our framework to
select and find those indicators that for his or her system are valid.
Relationships

Some relations in the framework are hard to express. For example Warning is a form of
feedback but an application which gives too many warnings is not considered usable
i.e. too much feedback impairs the usability attribute of efficiency. A warning for
example a popup increases task length and consequently task execution times. Such
things are hard to express in our framework since there is no direct property related to
these issues. A solution could be to directly relate one of the patterns to an indicator for
a quality attribute, but because indicators are very application dependent it would
make the framework less generally applicable. A similar argumentation holds for the
properties. Warning improves the error prevention property of safety but also the error
management property of usability. Possibly error management and error prevention
should be grouped into one property that affects usability as well as safety.
Relationships have been defined between the elements of the framework. However
these relationships only indicate positive relationships. Effectively an architect is
interested in how much a particular pattern or property will improve a particular
aspect of quality in order to determine whether requirements have been met. Being
able to quantify these relationships would greatly enhance the use of our framework. In
order to get quantitative data we need to substantiate these relationships and to
provide models and assessment procedures for the precise way that the relationships
operate. However, we doubt whether identifying this kind of (generic) quantitative
information is possible, as some relationships may be very context dependent. In order
to overcome this we consider putting this framework in a tool and allow architects and
engineers to put weights on the patterns and properties that they consider to be
important.
Applicability of the framework

Our pattern format and the example patterns we have shown are not intended to be
exhaustive. For specific application domains, the architecture sensitiveness of a
pattern's implementation may be different. Therefore a number of domain specific
architectural considerations may need to be provided. For now the patterns
architectural sensitivity is based upon examining web based applications. For certain
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systems the patterns in our framework may not be applicable. For example for an
emailing system, undo may not make any sense, as sending an email cannot be undone.
The same pattern may be implemented or adopted in many parts of the target system.
In order to be able to analyze the impact on qualities somehow this must be related to a
set of requirements. In order to accurately determine an architectures support for
quality we encourage the use of some formalized method such as scenario based
assessment that allows one to explicitly define the required quality of the system. When
a set of scenarios has been defined that expresses the required quality of the system
one can analyze for each scenario whether certain patterns and properties influence the
required quality that is expressed by the scenario. In this case also multiple instances of
the pattern implementation can be taken into account.
Completeness

The patterns in our framework may also improve or impair qualities other than
usability, security and safety. But for simplicity we only formalized the relationships
with these qualities. A complete framework should express the relationships with all
qualities.
Architecture sensitivity

Architecture sensitivity of a specific pattern for a specific system can be a relative
notion and depends on the context in which a pattern is being applied. The
architectural impact of a pattern on a given system very much depends on what already
has been implemented in the system. If some toolkit or framework is used that already
supports a pattern, the impact may be low while the impact can be high if no pattern
support is there. In that case, that pattern for that system is no longer considered to be
"architectural" because with little effort it could be implemented. When writing
architecture sensitive patterns it is therefore the responsibility of the pattern writers to
identify the main dependencies together with an explanation of how they influence the
architectural sensitivity.
Terminology

We use the term framework to express a relationship between software architecture
and software quality. This framework is used to store design knowledge and consist of
elements which exist in layers. This is something different than Object-oriented (OO)
application frameworks. A framework is a reusable, "semi-complete'' application that
can be specialized to produce custom applications (Johnson and Foote, 1988). Though
such OO frameworks may consists of architecture sensitive patterns and patterns in
our framework may be supported by OO frameworks. For the elements in our
framework we chose the terms attributes and indicators and properties but these may
also be replaced by terms such as factors (McCall et al, 1977), measures and design
heuristics.
Creating / adding patterns

When creating new patterns that fit in our framework only a subset of all existing
quality improving patterns can be meaningfully converted. Certain patterns do not
require any significant programming that can generically be described as an
architecture sensitive pattern. For example mode Cursor (Welie and Trætteberg, 2000)
is an example of an interaction design pattern that does not require any significant
programming nor has any architectural impact.
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We intend to publish our pattern collection as a WIKI on the web. In that case
developers can add their own patterns to the collection and/ or modify existing
patterns.
Selection rather than design

The design knowledge that has been captured in the form of patterns, styles,
components or frameworks form the building blocks that an architect can use to build a
software architecture. Because of increasing reuse, the granularity of the building
blocks has increased from design patterns to OO frameworks; therefore the role of
software engineering and architecture design has significantly changed. Where a
decade ago only some GUI libraries where available to a developer, now there is a wide
variety of commercial off-the-shelf (COTS) and open source components, frameworks
and applications that can be used for application development. The role of a software
engineering has shifted from developing all the code to developing glue code. I.e. code
that is written to connect reused components, frameworks and applications. Glue code
is often written in scripts such as Tool Command Language (TCL) to parameterize the
component with application specific interactions. When the component needs to
interact with other components in the system, it executes the appropriate script in the
language interpreter. The role of software architecture design has also changed.
Software architecture design has shifted from starting with a functional design and
transforming it with appropriate design decisions (such as using an
architectural/design patterns) to selecting the right components and composing them
to work together while still ensuring a particular level of quality. Within this selection
process our framework can also be useful. Determining whether a particular
framework provides sufficient support for quality can be based upon the amount of
evidence for patterns and properties support that can be extracted from the
architecture of such a framework. For example, one may choose to use the JAVA struts
framework based on that it supports the Model 2 approach; a variation of the classic
Model view controller paradigm. Using MVC multiple views and or controllers can be
defined to support multiple devices which increases the accessibility property of
usability.
Implementation clusters

As identified when analyzing architecture sensitive usability patterns with the Undo
pattern often some sort of framework is necessary that uses design- or architectural
patterns. Practice shows that a number of usability patterns such as Auto save (Laakso
2004), Cancel (Bass et al, 2001, Workflow patterns) and Macros (Common ground,
1999) are often implemented using the same implementation framework needed for
Undo. This is very interesting since often engineers are not aware multiple patterns can
be facilitated using the same implementation framework. It is our assumption that for
other qualities also clusters of patterns can be found that share the same
implementation.

6.5

Related Work

There is a large amount of software pattern documentation available today, with the
most well known and influential possibly being the book Design Patterns: Elements of
Reusable Object-Oriented Software (Gamma et al 1995). This book provides a
collection of patterns that can be used for software design. However in our opinion this
book is focusing more on problems related with functional design.
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An architecturally sensitive usability pattern as defined in our work is not the same as a
design pattern (Gamma et al 1995) Unlike the design patterns, architecturally sensitive
patterns do not specify a specific design solution in terms of objects and classes.
Instead, we outline potential architectural implications that face developers looking to
solve the problem the architecturally sensitive pattern represents.
One aspect that architecturally sensitive patterns share with design patterns is that
their goal is to capture design experience in a form that can be effectively reused by
software designers in order to improve the quality of their software, without having to
address each problem from scratch.
Concerning patterns for qualities a lot of work has been done in the area of usability
patterns (also known as interaction patterns) (Tidwell 1998, Perzel and Kane 1999,
Welie and Trætteberg, 2000). Considerable work has been done on other qualities such
as security patterns (Yoder and Barcalow, 1997, Kienzle and Elder, 2002), safety
patterns (Mahemof and Hussay, 1999), maintainability patterns (Fowler et al, 1999),
performance and reliability (Microsoft, 2004) etc. But to the best of our knowledge
none of these patterns discuss architecture related issues (as far as that applies to
certain patterns).
The layered view on usability presented in (Welie et al, 1999) inspired several elements
of the framework model we presented in Section 2. For example their usability layer
inspired our attribute layer. Their usage indicators layer inspired our indicators layer
and their means layer forms the basis for our properties and patterns layer. One
difference with their layered view is that we have made a clear distinction between
patterns (solutions) and properties (requirements). In addition we have tried to
explicitly define the relationships between the elements in our framework.
In (Chung et al,) a NFR (Non Functional Requirements) Framework is presented which
is similar to our approach. Structured graphical facilities are offered for stating NFRs
and managing them by refining and inter-relating NFRs, justifying decisions, and
determining their impact. Our approach is similar to theirs but differs in that we take
as a basis for our framework existing patterns and we focus on different qualities.
Related to our work to establish a clear relation between software quality and software
architecture design is the architectural tactics approach by (Bachman et al, 2002,
Bachman et al, 2003). They define a tactic to be a means to satisfy a quality-attributeresponse measure by manipulating some aspect of a quality attribute model through
architectural design decisions. Our approach shares some similarities with theirs apart
from that they focus on performance and modifiability and we focus on usability,
security and safety. A quality attribute response (such as mean time between failure) is
similar to our quality indicators. Our framework for usability, security and safety is
somewhat similar to their analytical models for quality attributes. Though in our
framework we explicitly connect architectural patterns to different qualities to be able
to reason about inter- and intra- quality tradeoffs. Our quality properties are similar to
their tactics.
The main difference between both approaches is that we did not try to be innovative
when defining our framework, we merely organized existing patterns and related them
to existing quality models and design principles to show that in such a format they can
be useful for informing architectural design. Also the focus in our work lays more on
web based applications and theirs is more focused on the generic domain.

156

6.6

Reusable SA Tradeoff Solutions

Conclusions

The framework we outline and present in this paper is a first step in formalizing and
raising awareness of the complex relation between software quality and software
architecture. The key element of the framework is the notion of an architecture
sensitive pattern. An architecture sensitive pattern is a design solution that in most
cases is considered to have some effect (positive or negative) on one or more quality
aspects but which is difficult to retrofit into application because this pattern has an
architectural impact. With our framework we aim to consolidate existing design
knowledge in order to:
•

Guide architectural design: The framework shows for a set of qualities
which design solutions should be considered during architecture design.
Deciding to implement some of these patterns still allows for some quality
tuning during detailed design, this may save some of the high costs incurred by
adaptive maintenance activities once the system has been implemented. The
framework may also reveal that certain patterns can be facilitated by the same
design decision.

•

Reason about tradeoffs: For each design decision tradeoffs must be made. A
specific solution may improve a particular quality but may also impair others. It
is very important to explicate these relationships to inform architects in the
decision making process as it is still cheap to change such decisions during
architecture design. Our framework explicates the tradeoffs that are made when
applying a pattern.

•

Architecture assessment: When heuristically evaluating a software
architecture for a set of quality requirements, an architect can decide whether
an architecture provides sufficient support for these quality requirements based
on the evidence for patterns and properties support that can be extracted from
the architecture of the system under analysis.

Crucial to the success of the framework is an accurate filling in of the framework. At
this moment only a framework for usability (Folmer et al, 2003) has been developed.
But we intend to expand and refine this framework in the future also for other quality
attributes. The relationships depicted in the framework indicate potential
relationships. Further work is required to substantiate and quantify as far as possible
these relationships and to provide models and assessment procedures for the precise
way that the relationships operate. Some patterns such as single sign on have been
identified that somehow do not necessarily lead to "traditional" tradeoffs between
qualities.

Chapter 7

SALUTA: Webplatform
Published as:
Abstract:

7.1

Software Architecture Analysis of Usability, Eelke Folmer, Jilles van Gurp, Jan Bosch,
Proceedings of the The 9th IFIP Working Conference on Engineering for HumanComputer Interaction, Wiley, pp. 321-339, July 2004.
Studies of software engineering projects show that a large number of usability related
change requests are made after its deployment. Fixing usability problems during the
later stages of development often proves to be costly, since many of the necessary
changes require changes to the system that cannot be easily accommodated by its
software architecture. These high costs prevent developers from meeting all the
usability requirements, resulting in systems with less than optimal usability. The
successful development of a usable software system therefore must include creating a
software architecture that supports the right level of usability. Unfortunately, no
documented evidence exists of architecture level assessment techniques focusing on
usability. To support software architects in creating a software architecture that
supports usability, we present a scenario based assessment technique that has been
successfully applied in several cases. Explicit evaluation of usability during
architectural design may reduce the risk of building a system that fails to meet its
usability requirements and may prevent high costs incurring adaptive maintenance
activities once the system has been implemented.

Introduction

One of the key problems with many of today’s software is that they do not meet their
quality requirements very well. In addition, it often proves hard to make the necessary
changes to a system to improve its quality. A reason for this is that many of the
necessary changes require changes to the system that cannot be easily accommodated
by the software architecture (Bosch, 2000) The software architecture, the fundamental
organization of a system embodied in its components, their relationships to each other
and to the environment and the principles guiding its design and evolution (IEEE,
1998) does not support the required level of quality.
The work in this paper is motivated by the fact that this also applies to usability.
Usability is increasingly recognized as an important consideration during software
development; however, many well-known software products suffer from usability
issues that cannot be repaired without major changes to the software architecture of
these products. This is a problem for software development because it is very expensive
to ensure a particular level of usability after the system has been implemented. Studies
(Pressman, 1992, Landauer, 1995) confirm that a significant large part of the
maintenance costs of software systems is spent on dealing with usability issues. These
high costs can be explained because some usability requirements will not be discovered
until the software has been implemented or deployed. This is caused by the following:
•

Usability requirements are often weakly specified.
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•

Usability requirements engineering techniques have only a limited ability to
capture all requirements.

•

Usability requirements may change during development.

Discovering requirements late is a problem inherent to all software development and is
something that cannot be easily solved. The real problem is that it often proves to be
hard and expensive to make the necessary changes to a system to improve its usability.
Reasons for why this is so hard:
•

Usability is often only associated with interface design but usability does also
depend on issues such as the information architecture, the interaction
architecture and other quality attributes (such as efficiency and reliability) that
are all determined by the software architecture. Usability should therefore also
be realized at the architectural level.

•

Many of the necessary usability changes to a system cannot be easily be
accommodated by the software architecture. Some changes that may improve
usability require a substantial degree of modification. For example changes that
relate to the interactions that take place between the system and the user, such
as undo to a particular function or system wide changes such as imposing a
consistent look and feel in the interface.

The cost of restructuring the system during the later stages of development has proven
to be an order of magnitude higher than the costs of an initial development (Bosch,
2000). The high costs spent on usability during maintenance can to an extent be
explained by the high costs for fixing architecture-related usability issues. Because
during design different tradeoffs have to be made, for example between cost and
quality, these high costs may prevent developers from meeting all the usability
requirements. The challenge is therefore to cost effectively usable software e.g.
minimizing the costs & time that are spent on usability.
Based upon successful experiences (Lassing et al, 2002a) with architectural assessment
of maintainability as a tool for cost effective developing maintainable software, we
developed architectural analysis of usability as an important tool to cost effectively
development usable software i.e. if any problems are detected at this stage, it is still
possible to change the software architecture with relative cheap costs. Software
architecture analysis contributes to making sure the software architecture supports
usability. Software architecture analysis does not solve the problem of discovering
usability requirements late. However, it contributes to an increased awareness of the
limitations the software architecture may place on the level of usability that can be
achieved. Explicit evaluation of software architectures regarding usability is a
technique to come up with a more usable first version of a software architecture that
might allow for more “usability tuning” on the detailed design level, hence, preventing
some of the high costs incurring adaptive maintenance activities once the system has
been implemented.
In (Folmer and Bosch, 2004) an overview is provided of usability evaluation techniques
that can be used during the different stages of development, unfortunately, no
documented evidence exists of architecture level assessment techniques focusing on
usability. The contribution of this paper is an assessment technique that assists
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software architects in designing a software architecture that supports usability called
SALUTA (Scenario based Architecture Level UsabiliTy Analysis).
The remainder of this paper is organized as follows. In the next section, the
relationship between software architecture and usability is discussed. Section 7.3
discusses various approaches to software architecture analysis. Section 7.4 presents an
overview of the main steps of SALUTA. Section 7.5 presents some examples from a case
study for performing usability analysis in practice and discusses the validation of the
method. Finally the paper is concluded in section 7.6.

7.2

Relationship between Usability and SA

A software architecture description such as a decomposition of the system into
components and relations with its environment may provide information on the
support for particular quality attributes. Specific relationships between software
architecture (such as - styles, -patterns etc) and quality attributes (maintainability,
efficiency) have been described by several authors. (Gamma et al 1995, Buschmann et
al, 1996, Bosch, 2000). For example (Buschmann et al, 1996) describes the
architectural pattern layers and the positive effect this pattern may have on
exchangeability and the negative effect it may have on efficiency.
Until recently (Bass et al, 2001, Folmer et al, 2003) such relationships between
usability and software architecture had not been described nor investigated. In (Folmer
et al, 2003) we defined a framework that expresses the relationship between usability
and software architecture based on our comprehensive survey (Folmer and Bosch,
2004). This framework is composed of an integrated set of design solutions such as
usability patterns and usability properties that have a positive effect on usability but
are difficult to retrofit into applications because they have architectural impact. The
framework consists of the following concepts:

7.2.1 Usability attributes
A number of usability attributes have been selected from literature that appear to form
the most common denominator of existing notions of usability:
•

Learnability - how quickly and easily users can begin to do productive work with
a system that is new to them, combined with the ease of remembering the way a
system must be operated.

•

Efficiency of use - the number of tasks per unit time that the user can perform
using the system.

•

Reliability in use the error rate in using the system and the time it takes to
recover from errors.

•

Satisfaction - the subjective opinions of the users of the system.

7.2.2 Usability properties
A number of usability properties have been selected from literature that embody the
heuristics and design principles that researchers in the usability field consider to have a
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direct positive influence on usability. They should be considered as high-level design
primitives that have a known effect on usability and most likely have architectural
implications. Some examples:
•

Providing Feedback - The system should provide at every (appropriate) moment
feedback to the user in which case he or she is informed of what is going on, that
is, what the system is doing at every moment.

•

Consistency - Users should not have to wonder whether different words,
situations, or actions mean the same thing. Consistency has several aspects:

•

Visual consistency: user interface elements should be consistent in aspect and
structure.

•

Functional consistency: the way to perform different tasks across the system
should be consistent.

•

Evolutionary consistency: in the case of a software product family, consistency
over the products in the family is an important aspect.

7.2.3 Architecture sensitive usability patterns
A number of usability patterns have been identified that should be applied during the
design of a system’s software architecture, rather than during the detailed design stage.
This set of patterns has been identified from various cases in industry, modern
software, literature surveys as well as from existing (usability) pattern collections.
Some examples:
•

Actions on multiple objects - Actions need to be performed on objects, and
users are likely to want to perform these actions on two or more objects at one
time (Tidwell 1998).

•

Multiple views - The same data and commands must be potentially presented
using different human-computer interface styles for different user preferences,
needs or disabilities (Brighton, 1998).

•

User profiles - The application will be used by users with differing abilities,
cultures, and tastes (Tidwell 1998).

Unlike the design patterns, architecturally sensitive patterns do not specify a specific
design solution in terms of objects and classes. Instead, potential architectural
implications that face developers looking to solve the problem the architecturally
sensitive pattern represents are outlined. For example, to facilitate actions on multiple
objects, a provision needs to be made in the architecture for objects to be grouped into
composites, or for it to be possible to iterate over a set of objects performing the same
action for each. Actions for multiple objects may be implemented by the composite
pattern (Gamma et al 1995) or the visitor pattern (Gamma et al 1995). (Positive)
relationships have been defined between the elements of the framework that link
architectural sensitive usability patterns to usability properties and attributes. These
relationships have been derived from our literature survey. The usability properties in
the framework may be used as requirements during design. For example, if a
requirements species, "the system must provide feedback”, we use the framework to
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identify which usability patterns may be implemented to fulfill these properties by
following the arrows in Figure 60. Our assessment technique uses this framework to
analyze the architecture’s support for usability.

Figure 60: Usability Framework

7.3

Software Architecture Assessment

The design and use of an explicitly defined software architecture has received
increasing amounts of attention during the last decade. Generally, three arguments for
defining an architecture are used (Bass et al, 1998). First, it provides an artifact that
allows discussion by the stakeholders very early in the design process. Second, it allows
for early assessment of quality attributes (Kazman et al, 1998, Bosch, 2000). Finally,
the design decisions captured in the software architecture can be transferred to other
systems.
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Our work focuses on the second aspect: early assessment of usability. Most engineering
disciplines provide techniques and methods that allow one to assess and test quality
attributes of the system under design. For example for maintainability assessment code
metrics (Li and Henry, 1993) have been developed. In (Folmer and Bosch, 2004) an
overview is provided of usability evaluation techniques that can be used during
software development. Some of the more popular techniques such as user testing
(Nielsen, 1994), heuristic evaluation (Nielsen, 1993) and cognitive walkthroughs
(Wharton et al, 1994) can be used during several stages of development.
Unfortunately, no documented evidence exists of architecture level assessment
techniques focusing on usability. Without such techniques, architects may run the risk
of designing a software architecture that fails to meet its usability requirements. To
address to this problem we have defined a scenario based assessment technique
(SALUTA).
The Software Architecture Analysis Method (SAAM) (Kazman et al, 1994) was among
the first to address the assessment of software architectures using scenarios. SAAM is
stakeholder centric and does not focus on a specific quality attribute. From SAAM,
ATAM (Kazman et al, 1998) has evolved. ATAM also uses scenarios for identifying
important quality attribute requirements for the system. Like SAAM, ATAM does not
focus on a single quality attribute but rather on identifying tradeoffs between quality
attributes. SALUTA can be integrated into these existing techniques.

7.3.1 Usability specification
Before a software architecture can be assessed, the required usability of the system
needs to be determined. Several specification styles of usability have been identified
(Lauesen and Younessi, 1998). One shortcoming of these techniques (Hix and Hartson,
1993, Nielsen, 1993, Preece et al, 1994) is that they are poorly suited for architectural
assessment.
•

Usability requirements are often rather weakly specified: practitioners have
great difficulties specifying usability requirements and often end up stating:
“the system shall be usable” (Lauesen and Younessi, 1998).

•

Many usability requirements are performance based specified (Lauesen and
Younessi, 1998). For example, such techniques might result in statements such
as “customers must be able to withdraw cash within 4 minutes” or “80% of the
customers must find the system pleasant”.

Given an implemented system, such statements may be verified by observing how users
interact with the system. However, during architecture assessment such a system is not
yet available. Interface prototypes may be analyzed for such requirements however we
want to analyze the architecture for such requirements.
A technique that is used for specifying the required quality requirements and the
assessment of software architectures for these requirements are scenario profiles
(Lassing et al, 2002a). Scenario profiles describe the semantics of software quality
attributes by means of a set of scenarios. The primary advantage of using scenarios is
that scenarios represent the actual meaning of a requirement. Consequently, scenarios
are much more specific and fine-grained than abstract usability requirements. The
software architecture may then be evaluated for its support for the scenarios in the
scenario profile. Scenario profiles and traditional usability specification techniques are
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not interfering; scenarios are just a more concrete instance of these usability
requirements.

7.3.2 Usage profiles
A usage profile represents the required usability of the system by means of a set of
usage scenarios. Usability is not an intrinsic quality of the system. According to the
ISO definition (ISO 9241-11), usability depends on:
•

The users - who is using the product? (system administrators, novice users)

•

The tasks - what are the users trying to do with the product? (insert order,
search for item X)

•

The context of use - where and how is the product used? (helpdesk, training
environment)

Usability may also depend on other variables, such as goals of use, etc. However in a
usage scenario only the variables stated above are included. A usage scenario is defined
as “an interaction (task) between users, the system in a specific context of use”. A usage
scenario specified in such a way does not yet specify anything about the required
usability of the system. In order to do that, the usage scenario is related to the four
usability attributes defined in our framework. For each usage scenario, numeric values
are determined for each of these usability attributes. The numeric values are used to
determine a prioritization between the usability attributes.
For some usability attributes, such as efficiency and learnability, tradeoffs have to be
made. It is often impossible to design a system that has high scores on all attributes. A
purpose of usability requirements is therefore to specify a necessary level for each
attribute (Lauesen and Younessi, 1998). For example, if for a particular usage scenario
learnability is considered to be of more importance than other usability attributes
(maybe because of a requirement), then the usage scenario must reflect this difference
in the priorities for the usability attributes. The analyst interprets the priority values
during the analysis phase (section 7.4.3) to determine the level of support in the
software architecture for the usage scenario.

7.4

SALUTA

In this section we present SALUTA (Scenario based Architecture Level UsabiliTy
Analysis). SALUTA consists of the following four steps:
1.

Create usage profile.

2. Describe provided usability.
3. Evaluate scenarios.
4. Interpret the results.
When performing an analysis the separation between these steps is not very strict and
it is often necessary to iterate over various steps. In the next subsections, however the
steps are presented as if they are performed in strict sequence.
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7.4.1 Create usage profile
The steps that need to be taken for usage profile creation are the following:
1.

Identify the users: rather than listing individual users, users that are representative
for the use of the system should be categorized in types or groups (for example
system administrators, end-users etc).

2. Identify the tasks: Instead of converting the complete functionality of the system
into tasks, representative tasks are selected that highlight the important features of
the system. For example, a task may be “find out where course computer vision is
given”.
3. Identify the contexts of use: In this step, representative contexts of use are
identified. (For example. Helpdesk context or disability context.) Deciding what
users, tasks and contexts of use to include requires making tradeoffs between all
sorts of factors. An important consideration is that the more scenarios are
evaluated the more accurate the outcome of the assessment is, but the more
expensive and time consuming it is to determine attribute values for these
scenarios.
4. Determine attribute values: For each valid combination of user, task and context of
use, usability attributes are quantified to express the required usability of the
system, based on the usability requirements specification. Defining specific
indicators for attributes may assist the analyst in interpreting usability
requirements as will be illustrated in the case study in section 7.5. To reflect the
difference in priority, numeric values between one and four have been assigned to
the attributes for each scenario. Other techniques such as pair wise comparison
may also be used to determine a prioritization between attributes.
5. Scenario selection & weighing: Evaluating all identified scenarios may be a costly
and time-consuming process. Therefore, the goal of performing an assessment is
not to evaluate all scenarios but only a representative subset. Different profiles may
be defined depending on the goal of the analysis. For example, if the goal is to
compare two different architectures, scenarios may be selected that highlight the
differences between those architectures. If the goal is to analyze the level of support
for usability, scenarios may be selected that are important to the users. To express
differences between usage scenarios in the usage profile, properties may be
assigned to scenarios, for example: priority or probability of use within a certain
time. The result of the assessment may be influenced by weighing scenarios, if
some scenarios are more important than others, weighing these scenarios reflect
these differences. A usage profile that is created using these steps is summarized in
a table (See Table 2). Figure 61 shows the usage profile creation process.
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Figure 61: Example Usage Profile
This step results in a set of usage scenarios that accurately express the required
usability of the system. Usage profile creation is not intended to replace existing
requirements engineering techniques. Rather it is intended to transform (existing)
usability requirements into something that can be used for architecture assessment.
Existing techniques such as interviews, group discussions or observations (Hix and
Hartson, 1993, Nielsen, 1993, Shneiderman, 1998) typically already provide
information such as representative tasks, users and contexts of use that are needed to
create a usage profile. Close cooperation between the analyst and the person
responsible for the usability requirements (such as a usability engineer) is required.
The usability engineer may fill in the missing information on the usability
requirements, because usability requirements are often not explicitly defined.

7.4.2 Describe provided usability
In the second step of SALUTA, the information about the software architecture is
collected. Usability analysis requires architectural information that allows the analyst
to determine the support for the usage scenarios. The process of identifying the support
is similar to scenario impact analysis for maintainability assessment (Lassing et al,
2002a) but is different, because it focuses on identifying architectural elements that
may support the scenario. Two types of analysis techniques are defined:
•

Usability pattern based analysis: using the list of architectural sensitive usability
patterns defined in our framework the architecture’s support for usability is
determined by the presence of these patterns in the architecture design.

•

Usability property based analysis: The software architecture can be seen as the
result of a series of design decisions (Gurp and Bosch, 2002). Reconstructing
this process and assessing the effect of such individual decisions with regard to
usability attributes may provide additional information about the intended
quality of the system. Using the list of usability properties defined in our
framework, the architecture and the design decisions that lead to this
architecture are analyzed for these properties.

The quality of the assessment very much depends on the amount of evidence for
patterns and property support that is extracted from the architecture. Some usability
properties such as error management may be implemented using architectural patterns
such as undo, cancel or data validation. However, in addition to patterns there may be
additional evidence in the form of other design decisions that were motivated by
usability properties. The software architecture of a system has several aspects (such as
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design decisions and their rationale) that cannot easily be captured or expressed in a
single model. Different views on the system (Kruchten, 1995) may be needed access
such information. Initially the analysis is based on the information that is available,
such as diagrams etc. However due to the non explicit nature of architecture design the
analysis strongly depends on having access to both design documentation and software
architects. The architect may fill in the missing information on the architecture.
SALUTA does not address the problem of properly documenting software architectures
and design decisions. The more effort is put into documenting the software
architecture the more accurate the assessment is.

7.4.3 Evaluate scenarios
SALUTA’s next step is to evaluate the support for each of the scenarios in the usage
profile. For each scenario, it is analyzed by which usability patterns and properties, that
have been identified in the previous step, it is affected. A technique we have used for
identifying the provided usability in our cases is the usability framework approach. The
relations defined in the framework are used to analyze how a particular pattern or
property affects a specific usability attribute. For example if it has been identified that
undo affects a certain scenario. Then the relationships of the undo pattern with
usability are analyzed (see Figure 1) to determine the support for that particular
scenario. Undo in this case may increase reliability and efficiency. This step is repeated
for each pattern or property that affects the scenario. The analyst then determines the
support of the usage scenario based on the acquired information. See Figure 3 for a
snapshot assessment example.
Users

Tasks

Context
use

Account
manager

Insert
new
customer in
database

training

USAGE PROFILE

Software Architecture

of

Satisfaction

Learnability

Efficiency

Reliability

User
should
feel that he is
in control

How easy this
task
is
to
understand

The time it takes
to perform this
task.

No errors should
occur performing
this task

1

4

2

3

Usability patterns
-User Modes
-Undo
-Multiple views
Usability properties
-Consistency
-Provide feedback
-Guidance
-Error prevention

framework

Figure 62: Snapshot Evaluation Example
For each scenario, the results of the support analysis are expressed qualitatively using
quantitative measures. For example the support may be expressed on a five level scale
(++, +, +/-,-,--). The outcome of the overall analysis may be a simple binary answer
(supported/unsupported) or a more elaborate answer (70% supported) depending on
how much information is available and how much effort is being put in creating the
usage profile.
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7.4.4 Interpret the results
Finally, after scenario evaluation, the results need to be interpreted to draw
conclusions concerning the software architecture. This interpretation depends on two
factors: the goal of the analysis and the usability requirements. Based on the goal of the
analysis, a certain usage profile is selected. If the goal of the analysis is to compare two
or more candidate software architectures, the support for a particular usage scenario
must be expressed on an ordinal scale to indicate a relation between the different
candidates. (Which one has the better support?). If the analysis is sufficiently accurate
the results may be quantified, however even without quantification the assessment can
produce useful results. If the goal is to iteratively design an architecture, then if the
architecture proves to have sufficient support for usability, the design process may be
ended. Otherwise, architectural transformations need to be applied to improve
usability. Qualitative information such as which scenarios are poorly supported and
which usability properties or patterns have not been considered may guide the
architect in applying particular transformations. The framework may then be used as
an informative source for design and improvement of the architecture’s support of
usability.

7.5

Validation

In order to validate SALUTA it has been applied in three case studies:
•

eSuite. A web based enterprise resource planning (ERP) system.

•

Compressor. A web based e-commerce system.

•

Webplatform. A web based content management system (CMS)

The goal of the case studies was twofold: first to conduct a software architecture
analysis of usability on each of the three systems and to collect experiences. Our
technique had initially only been applied at one case study and we needed more
experiences to further refine our technique and make it generally applicable. Second,
our goal was to gain a better understanding of the relationship between usability and
software architecture. Our analysis technique depends on the framework we developed
in [9]. Analyzing architectural designs in the case studies allowed us to further refine
and validate the framework we developed. As a research method we used action
research (Argyris et al, 1985), we took upon our self the role of external analysts and
actively participated in the analysis process and reflected on the process and the
results.
These cases studies show that it is possible to use SALUTA to assess software
architectures for their support of usability. Whether we have accurately predicted the
architecture’s support for usability is answered by comparing our analysis with the
results of user tests that are conducted when the systems are implemented. These
results are used to verify whether the usage profile we created actually matches the
actual usage of the system and whether the results of the assessment fits results from
the user tests For all three cases, the usage profile and architecture assessment phase is
completed. In the case of the Webplatform, a user test has been performed recently. In
this article, we limit ourselves to highlighting some examples from the Webplatform
case study.
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ECCOO develops software and services for one of the largest universities of the
Netherlands (RuG). ECCOO has developed the Webplatform. Faculties, departments
and organizations within the RuG are already present on the inter/intra/extra –net but
because of the current wild growth of sites, concerning content, layout and design, the
usability of the old system was quite poor. For the Webplatform usability was
considered as an important design objective. Webplatform has successfully been
deployed recently and the current version of the RuG website is powered by the
Webplatform. As an input to the analysis of the Webplatform, we interviewed the
software architect and usability engineer, examined the design documentation, and
looked at the newly deployed RuG site. In the next few subsections, we will present the
four SALUTA steps for the Webplatform.

7.5.1 Usage profile creation
In this step of the SALUTA, we have cooperated with the usability engineer to create
the usage profile.
•

Three types of users are defined in the functional requirements: end users,
content administrators and CMS administrators.

•

Several different tasks are specified in the functional requirements. An accurate
description of what is understood for a particular task is an essential part of this
step. For example, several tasks such as “create new portal medical sciences” or
“create new course description” have been understood for the task “make
object”, because the Webplatform data structure is object based.

•

No relevant contexts of use were identified for Webplatform. Issues such as
bandwidth or helpdesk only affect a very small part of the user population.

The result of the first three steps is summarized in Table 40.
Table 40: Selected Tasks Webplatform
User type

Task

End-users

Quick search (search for specific data)

End-users

Navigate (use the menu structure to navigate the web-platform)

Content administrators

Edit object (edit the contents of a section)

Content administrators

Make object (create new section)

Content administrators

Quick search (search for specific data)

Content administrators

Navigate (use the menu structure to navigate the web-platform)

CMS administrators

Edit object (edit a portal)

CMS administrators

Make object (create a new portal)

CMS administrators

Delete object (delete a portal)

CMS administrators

Quick search (search for specific data)

CMS administrators

Navigate (use the menu structure to navigate the web-platform)

The next step is to determine attribute values for the scenarios. This has been done by
consulting the usability requirements and by discussing these for each scenario with
the usability engineer. In the functional requirements of the Webplatform only 30
guidelines based on Nielsen’s heuristics (Nielsen, 1993) have been specified.
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Fortunately, the usability engineer in our case had a good understanding of the
expected required usability of the system. As an example we explain how we
determined attribute values for the usage scenario: “end user performing quick search”.
First, we formally specified with the usability engineer what should be understood for
each attribute of this task. We have associated reliability with the accuracy of search
results; efficiency has been associated with response time of the quick search. Then the
usability requirements were consulted. A usability requirement that affects this
scenario states: “every page should feature a quick search which searches the whole
portal and comes up with accurate search results”. In the requirements, it has not been
specified that quick search should be performed quickly. However, in our discussions
with the usability engineer we found that this is the most important aspect of usability
for this task. Consequently, high values have been given to efficiency and reliability and
low values to the other attributes. For each scenario, numeric values between one and
four have been assigned to the usability attributes to express the difference in priority.
Table 41 states the result of the quantification of the selected scenarios for
Webplatform.
Table 41: Usage Profile Webplatform
No.

Users

Tasks

S

L

E

R

1

End-user

Quick search

2

1

4

3

2

End-user

Navigate

1

4

2

3

3

Content Administrator

Edit object

1

4

2

3

4

Content Administrator

Make object

1

4

2

3

5

Content Administrator

Quick search

2

1

4

3

6

Content Administrator

Navigate

1

4

2

4

7

CMS Administrator

Edit object

2

1

4

3

8

CMS Administrator

Make object

2

1

4

3

9

CMS Administrator

Delete object

2

1

4

3

10

CMS Administrator

Quick search

2

1

4

3

11

CMS Administrator

Navigate

1

2

3

4

7.5.2 Architecture description
For scenario evaluation, a list of usability patterns and a list of usability properties that
have been implemented in the system are required to determine the architecture’s
support for usability. This information has been acquired, by analyzing the software
architecture (Figure 4) consulting the functional design documentation (some specific
design decisions for usability had been documented) and interviewing the software
architect using the list of patterns and properties defined in our framework.
One of the reasons to develop Webplatform was that the usability of the old system was
quite poor; this was mainly caused by the fact that each “entity” within the RuG
(Faculties, libraries, departments) used their own layout and their own way to present
information and functionality to its users which turned out to be confusing to users.
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Figure 63: Webplatform Software Architecture
A specific design decision that was taken which facilitates several patterns and
properties in our framework was to use the internet file system (IFS):
•

Multiple views (Folmer et al, 2003): The IFS provides an interface that realizes
the use of objects and relations as defined in XML. Using XML and XSLT
templates the system can provide multiple views for different users and uses on
the server side. CSS style sheets are used to provide different views on the client
site, for example for providing a “print” layout view but also to allow each
faculty their own “skin” as depicted in Figure 64.

•

Consistency (Folmer et al, 2003): The use of XML/ XSLT is a means to enforce
a strict separation of presentation from data. This design decision makes it
easier to provide a consistent presentation of interface and function for all
different objects of the same type such as portals. See for example Figure 5
where the menu layout, the menu items and the position of the quick search box
is the same for the faculty of arts and the faculty of Philosophy.

•

Multichanneling [8]: By providing different views & control mappings for
different devices multichanneling is provided. The Webplatform can be
accessed from an I-mode phone as well as from a desktop computer.
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Next to the patterns and properties that are facilitated by the IFS several other patterns
and properties were identified in the architecture. Sometimes even multiple instances
of the same property (such as system feedback) have been identified. Some properties
such as consistency have multiple aspects (visual/functional consistency). We need to
analyze the architecture for its support of each element of such a property. A result of
such a detailed analysis for the pattern user modes and the property accessibility is
displayed in Table 42.

Figure 64: Provide Multiple Views/ & Visual/Functional Consistency
Table 42: Pattern and Property Implementation Details
User Modes

Accessibility

Webplatform does provide specific
channels with information for specific user
groups
Xopus has different user modes (novice,
experienced)
Disabilities
Not implemented
Multi access

Access by mobile
phone. Webplatform
supports
audio
browsers.

Internationalization

Language support is
provided
for
two
languages
(english
and dutch)

Using XLST different user roles can be
defined providing channels for different
user modes.
Multi channeling can be provided by
the web server. XML / XSLT Is also
handy for provding different views for
different devices though such templates
have not been implemented yet.
Langues are an attribute of XML objects
for example for an object course a
language attribute english and a
language attribute dutch are given with
a description in english and dutch.
When a users views this object
according to the users language
selection either one of those attributes
is filtered out.

7.5.3 Evaluate scenarios
The next step is to evaluate the architecture’s support for the usage scenarios in the
usage profile. As an example, we analyze usage scenario #4 “content administrator
makes object” from Table 41. For this scenario it has been determined by which
patterns and properties, that have been identified in the architecture it is affected. It is
important to identify whether a scenario is affected by a pattern or property that has
been implemented in the architecture because this is not always the case. The result of
such an analysis is shown in a support matrix in Table 43 for two scenarios. A
checkmark indicates that the scenario is affected by at least one or more patterns or
properties. Some properties such as consistency have multiple aspects
(visual/functional consistency). For a thorough evaluation we need to analyze each
scenario for each element of such a property. The support matrix is used together with
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the relations in the framework to find out whether a usage profile is sufficiently
supported by the architecture. The usage profile that we created shows that scenario #4
has high values for learnability (4) and reliability (3). Several patterns and properties
positively contribute to the support of this scenario. For example, the property
consistency and the pattern context sensitive help increases learnability as can be
analyzed from Figure 60. By analyzing for each pattern and property, the effect on
usability, the support for this scenario is determined. Due to the lack of formalized
knowledge at the architecture level, this step is very much guided by tacit knowledge
(i.e. the undocumented knowledge of experienced software architects and usability
engineers). For usage scenario #4, we have concluded that the architecture provides
weak support. Learnability is very important for this scenario and patterns such as a
wizard or workflow modeling or different user modes to support novice users could
increase the learnability of this scenario.
Table 43: Architecture Support Matrix
Usability properties
Undo

User Modes

Provide feedback

Error management

Explicit user control

Natural mapping

Minimize cognitive load

Explorability

3

3

2

2

2

2

2

3

3

2

2

3

2

3

2

2

3

2

2

3

3

3

2

3

3

2

2

3

3

3

2

3

3

3

2

2

3

2

2

3

3

2

2

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

2

2

3

2

2

4

3

2

2

3

3

3

3

3

3

2

3

3

3

3

3

3

3

3

3

3

2

2

3

2

2

Accessibility

Multi Channeling

3

2

Guidance

Multiple views

2

2

Adaptability

Scripting

2

2

Consistency

History Logging

2

2

Context sensitive help

Data validation

2

3

Emulation

Cancel

2

2

Workflow model

Actions for multiple obj.

1

Wizard
User Profiles

System Feedback

Scenario number

Usability patterns

7.5.4 Interpret the results
The result of the assessment of the Webplatform is that three scenarios are accepted,
six are weakly accepted and that two scenarios are weakly rejected. The main cause for
this is that we could not identify sufficient support for learnability for content
administrators as was required by the usage profile. There is room for improvement;
usability could be improved if provisions were made to facilitate patterns and
properties that have not been considered. The usability requirement of consistency was
one of the driving forces of design and our analysis shows that it has positive influence
on the usability of the system. Apart from some general usability guidelines (Nielsen,
1993) stated in the functional requirements no clearly defined and verifiable usability
requirements have been specified. Our conclusion concerning the assessment of the
Webplatform is that the architecture provides sufficient support for the usage profile
that we created. This does not necessarily guarantee that the final system will be usable
since many other factors play a role in ensuring a system’s usability. Our analysis
shows however that these usability issues may be repaired without major changes to
the software architecture thus preventing high costs incurring adaptive maintenance
activities once the system has been implemented.
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7.5.5 Validation
Whether the usage profile we created is fully representative for the required usability is
open to dispute. However, the results from the user test that has recently been
completed by the ECCOO is consistent with our findings. 65 test users (students,
employees and graduate students) have tested 13 different portals. In the usability
tests, the users had to perform specific tasks while being observed. The specific tasks
that had to be performed are mostly related to the tasks navigation and quick search in
our usage profile. After performing the tasks, users were interviewed about the
relevance of the tasks they had to perform and the usability issues that were
discovered. The main conclusions of the tests are:
•

Most of the usability issues that were detected were related to navigation,
structure and content. For example, users have difficulties finding particular
information. Lack of hierarchy and structure is the main cause for this problem
Although the architecture supports visual and functional consistency,
organizations themselves are responsible for structuring their information.

•

Searching does not generate accurate search results. This may be fixed by
technical modifications. E.g. tuning the search function to generate more
accurate search results. (This is also caused by that a lot of meta-information on
the content in the system has not been provided yet).

The results of this usability tests fit the results of our analysis: the software architecture
supports the right level of usability. Some usability issues came up that where not
predicted during our architectural assessment. However, these do not appear to be
caused by problems in the software architecture. Future usability tests will focus on
analyzing the usability of the scenarios that involve content administrators.
Preliminary results from these tests show that the system has a weak support for
learnability as predicted from the architectural analysis.

7.6

Conclusions

In this paper, we have presented SALUTA, a scenario based assessment technique that
assists software architects in designing a software architecture that supports usability.
SALUTA consists of four major steps: First, the required usability of the system is
expressed by means of a usage profile. The usage profile consists of a representative set
of usage scenarios that express the required usability of the system. The following substeps are taken for creating a usage profile: identify the users, identify the tasks,
identify the contexts of use, determine attribute values, scenario selection & weighing.
In the second step, the information about the software architecture is collected using a
framework that has been developed in earlier work. This framework consists of an
integrated set of design solutions such as usability patterns and usability properties
that have a positive effect on usability but are difficult to retrofit into applications
because they have architectural impact. This framework is used to analyze the
architecture for its support of usability. The next step is to evaluate the architecture’s
support of usage profile using the information extracted in the previous step. To do so,
we perform support analysis for each of the scenarios in the set. The final step is then
to interpret these results and to draw conclusions about the software architecture. The
result of the assessment for example, which scenarios are poorly supported or which
usability properties or patterns have not been considered, may guide the architect in
applying particular transformations to improve the architecture’s support of usability.
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We have elaborated the various steps in this paper, discussed the issues and techniques
for each of the steps, and illustrated these by discussing some examples from a case
study. The main contributions of this paper are:
•

SALUTA is the first and currently the only technique that enables software
architects to assess the level of usability supported by their architectures.

•

Because usability requirements tend to change over time and may be discovered
during deployment, SALUTA may assist a software architect to come up with a
more usable first version of a software architecture that might allow for more
“usability tuning” on the detailed design level. This prevents some of the high
costs incurring adaptive maintenance activities once the system has been
implemented.

Future work shall focus on finalizing the case studies, refining the usability framework
and validating our claims we make. Our framework is a first step in illustrating the
relationship between usability and software architecture. The list of architecturally
sensitive usability patterns and properties we identified are substantial but incomplete.
The framework possibly needs to be specialized for particular applications domains.
Architectural assessment saves maintenance costs spent on dealing with usability
issues. To raise awareness and change attitudes (especially those of the decision
makers) we should clearly define and measure the business and competitive
advantages of architectural assessment of usability. Preliminary experiences with these
three case studies shows the results from the assessment seem reasonable and do not
conflict with the user tests. The usage profile and usage scenarios are used to evaluate a
software architecture, once it is there. However a much better approach would be to
design the architecture based on the usage profile e.g. an attribute-based architectural
design, where the SAU framework is used to suggest patterns that should be used
rather than identify their absence post-hoc.
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Analyzing Software Architectures for Usability. Eelke Folmer, Jan Bosch, Accepted for
the Euromicro Conference on Software Engineering, September 2005, Porto.
Studies of software engineering projects reveal that a large number of usability related
change requests are made after its deployment. Fixing certain usability problems
during the later stages of development has proven to be costly, since some of these
changes require changes to the software architecture i.e. this often requires large of
code to be completely rewritten. Explicit evaluation of usability during architectural
design may reduce the risk of building a system that fails to meet its usability
requirements and may prevent high costs incurring adaptive maintenance activities
once the system has been implemented. In this paper, we demonstrate the use of a
scenario based architecture analysis technique for usability we developed, at two case
studies.

Introduction

Usability is increasingly recognized as an important consideration during software
development; however, many well-known software products suffer from usability
problems that cannot be repaired without major changes to the software architecture of
these products. Usability, similar to other qualities, is restricted and fulfilled by
software architecture design. The quintessential example that is always used to
illustrate this restriction is adding undo to an application. Undo is the ability to reverse
certain actions (such as reversing deleting some text in Word). Undo may significantly
improve usability as it allows a user to explore, make mistakes and easily go some steps
back; facilitating learning the application's functionality. However from experience, it
is also learned that it is often very hard to implement undo in an application because it
requires large parts of code to be completely rewritten e.g. undo is hard to retrofit.
The problem is that software architects and HCI engineers are often not aware of the
impact of usability improving solutions on the software architecture. nor are there any
techniques that explicitly focus on analyzing software architectures for their support of
such solutions. As a result, avoidable rework is frequently necessary. This rework leads
to high costs, and because tradeoffs need to be made during design, for example
between cost and quality, this leads to systems with less than optimal usability.
To improve upon this situation we developed a Scenario based Architecture Level
UsabiliTy Assessment technique called SALUTA (Folmer et al, 2004). A method
provides the structure for understanding and reasoning about how particular design
decisions may affect usability, however, to assess a software architecture for its support
of usability we need to know which usability improving design solutions are hard to
retrofit so that these may be considered during architecture design. In (Folmer et al,
2003) we presented the software-architecture-usability (SAU) framework, which
consists of an integrated set of usability improving design solutions that have been
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identified to be hard to retrofit. SALUTA uses the SAU framework for identifying the
architecture's support for usability. In this paper we report upon two case studies
performed with our technique.
The remainder of this paper is organized as follows. In the next section, the SAU
framework is presented. Section 3 presents an overview of the main steps of SALUTA.
Section 4 presents the results of the case studies performed and provides some
examples for performing usability analysis in practice and discusses the validation of
the method. Finally the paper is concluded in section 5.

8.2

SAU Framework

In order to be able to assess an architecture for its support of usability, we need to
know which usability improving design solutions are hard to retrofit. Several
approaches (Bass et al, 2001, Folmer et al, 2003) aimed at capturing this relevant
design knowledge. In (Folmer et al, 2003) we defined a framework that captures this
relevant design knowledge. This framework is composed of a set of design solutions
such as usability patterns and usability properties that have a positive effect on
usability but that, have been identified in practice and literature to be difficult to
retrofit. The framework consists of the following concepts:

8.2.1 Architecture sensitive usability patterns
Interaction design (ID) patterns such as undo (Welie and Trætteberg, 2000), user
profiles (Tidwell 1998) or multiple views (Brighton, 1998), most commonly provide
solutions to specific usability problems in interface and interaction design. Several
pattern collections (Common ground, 1999, Welie, 2003) are freely accessible on the
web providing user interface designers with examples of good practice. Most existing
ID patterns collections however, refrain from providing or discussing implementation
details. This is not surprising since most ID patterns are written by user interface
designers that have little interest in the implementation part and usually lack the
knowledge to define the implementation details.
This is a problem since without knowing these implementation details it becomes very
hard to assess whether such a pattern can be easily added during late stage design.
Architecture sensitive usability patterns (ASUP) are an extension of existing ID
patterns and we focused on identifying potential architectural implications for
implementing these patterns. Our set of patterns has been identified from various cases
in industry, modern software, literature surveys as well as from existing (usability)
pattern collections. Table 44 shows part of the undo ASUP.
Table 44: Undo
Problem

Users do actions they later want reverse because they realized they made a mistake
or because they changed their mind.

Use when

You are designing a desktop or web-based application where users can manage
information or create new artifacts. Undo is not suitable for systems with actions
that are not reversible such as emailing.

Solution

Maintain a list of user actions and allow users to reverse selected actions.

Why

Offering the possibility to always undo actions gives users a comforting feeling.

Usability
properties

+ Error management: providing the ability to undo an action helps the user to
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correct errors if the user makes a mistake.
+ Explicit user control: allowing the user to undo actions helps the user feel that
they are in control of the interaction.

Architectural
Considerations

There are two approaches to implementing Undo. The first is to capture the entire
state of the system after each user action. The second is to capture only relative
changes to the system's state. Since changes are the result of an action, the
implementation is based on using Command objects (Gamma et al 1995) that are
then put on a stack. Each specific command is a specialized instance of an abstract
class Command. Consequently, the entire user-accessible functionality of the
application must be written using Command objects.

8.2.2 Usability properties
In order to be able to "guide" architectural design we identified a set of usability
properties that embody the heuristics and design principles that researchers in the
usability field consider to have a direct positive influence on usability. Usability
properties most likely have architectural implications.
shows the of the error management usability property.
Table 45: Error Management
Intent:

Usability
affected:

The system should provide a way to manage user errors. This can be done in
two ways:

attributes

•

By preventing errors from happening, so users make fewer mistakes.

•

By providing an error correcting mechanism, so that errors made by users
can be corrected.

+ Reliability: error management increases reliability because users make
fewer mistakes.
+ Efficiency: efficiency is increased because it takes less time to recover from
errors or users make fewer errors.

Relationships have been defined between usability properties and ASUP's. For example
undo is connected to error management as undo provides the ability to correct errors.
The usability properties in the framework can then be used as requirements during
design. For example, if a requirements species, "the system must provide feedback”, we
can use the framework to identify which usability patterns may be implemented to
fulfill these properties.

8.2.3 Usability attributes
In order to identify how an ASUP implemented in the architecture may improve
usability, an additional layer in our framework was needed. A number of usability
attributes (e.g. a decomposition of usability into more concrete measurable terms) have
been selected from literature that appear to form the most common denominator of
existing notions of usability:
•

Learnability - how quickly and easily users can begin to do productive work with
a system that is new to them, combined with the ease of remembering the way a
system must be operated.

•

Efficiency of use - the number of tasks per unit time that the user can perform
using the system.
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•

Reliability in use the error rate in using the system and the time it takes to
recover from errors.

•

Satisfaction - the subjective opinions of the users of the system.

These attributes have been related to usability properties to be able to identify how an
ASUP that has been implemented may improve or impair certain aspects of usability.
For example, if undo has been implemented in the architecture, we can analyze the
relationships in the SAU framework to identify that undo improves explicit user control
and error management. Explicit user control increases satisfaction and error
management improves reliability and efficiency. SALUTA uses this framework to
analyze an architecture’s support for usability. Figure 65 shows some relationships
defined. Table 46 shows a list of ASUP's and properties we identified.
Table 46: ASUP's and Properties Identified
ASUP

Usability Properties

Workflow modeling
Scripting
User Modes
Wizard
User profiles
Context Sensitive Help
System Feedback
Actions for multiple objects
Cancel
Undo
History Logging
Data validation
Multiple views
Emulation
Multi Channeling

Natural mapping
Minimize cognitive load
Adaptability
Guidance
Provide feedback
Explicit user control
Error management
Consistency
Accessibility

Figure 65: SAU Framework
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SALUTA

SALUTA consists of the following four steps:
1.

Create usage profile; describe required usability.

2. Analyze architecture; describe provided usability.
3. Evaluate scenarios; determine support.
4. Interpret the results; take actions.

8.3.1 Create usage profile
Before a software architecture can be assessed, the required usability of the system
needs to be determined. Several specification styles of usability have been identified
(Lauesen and Younessi, 1998). One shortcoming of these techniques (Hix and Hartson,
1993, Nielsen, 1993, Preece et al, 1994) is that they are poorly suited for architectural
assessment. A format more suitable for architecture assessment are scenario profiles
(Lassing et al, 2002a). Scenario profiles describe the semantics of software quality
attributes by means of a set of scenarios. Scenarios are much more specific and finegrained than abstract usability requirements.
For the assessment we defined our own type of scenario profile called usage profile,
which consists of usage scenarios. According to the ISO definition (ISO 9241-11),
usability depends on: the users (who is using the product?), the tasks (what are the
users trying to do?), the context of use (where and how is the product used). Usability
may also depend on other variables, such as goals of use. In our usage scenario
definition only these aforementioned variables are included. However, a usage scenario
specified as a valid combination of (user, task, context of use), does not specify
anything about the required usability of the system.
In order to do that, the usage scenario is related to the four usability attributes defined
in our framework. This is because for some usability attributes, such as efficiency and
learnability, tradeoffs have to be made as it is often impossible to design a system that
has high scores on all attributes. A purpose of usability requirements is therefore to
specify a necessary level for each attribute (Lauesen and Younessi, 1998).
For each usage scenario, numeric values are determined for each of the attributes to
determine a prioritization between the usability attributes. For example, if for a
particular usage scenario learnability is considered to be of more importance than
other usability attributes, then the usage scenario must reflect this difference in the
priorities for the usability attributes. The analyst interprets the priority values during
the analysis phase to determine whether the architecture sufficiently supports
particular usability attributes for that usage scenario.
The steps that need to be taken for usage profile creation are the following:
1.

Identify the users: Users that are representative for the use of the system should be
categorized in types or groups (for example system administrators, end-users etc).
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2. Identify the tasks: Representative tasks are selected that highlight the important
features of the system. For example, a task may be “find out where course
computer vision is given”.
3. Identify the contexts of use: Representative contexts of use are identified. (For
example. Helpdesk context or disability context.)
4. Determine attribute values: For each valid combination of user, task and context of
use, usability attributes are quantified to express the required usability of the
system, based on the usability requirements specification. To reflect the difference
in priority, for example numeric values between one and four can be assigned to
the attributes for each scenario.
5. Scenario selection & weighing: Evaluating all scenarios may be a costly and timeconsuming process. Therefore, the goal of performing an assessment is not to
evaluate all scenarios but only a representative subset. Different profiles may be
defined depending on the goal of the analysis. For example, if the goal is to
compare two architectures, scenarios may be selected that highlight the differences
between those architectures. If the goal is to analyze the level of support for
usability, scenarios may be selected that are important to the users. To express
differences between usage scenarios in the usage profile, properties may be
assigned to scenarios, for example: priority or probability of use within a certain
time. The result of the assessment may be influenced by weighing scenarios, if
some scenarios are more important than others, weighing these scenarios reflect
these differences.
A usage profile that is created using these steps is summarized in a table (see Table 48
for an example). Usage profile creation is not intended to replace existing requirements
engineering techniques. Rather it transforms (existing) usability requirements into
something that can be used for architecture assessment. Existing techniques such as
interviews, group discussions or observations (Hix and Hartson, 1993, Nielsen, 1993,
Shneiderman, 1998) already provide information such as representative tasks, users
and contexts of use that are needed to create a usage profile. Close cooperation between
the analyst and the person responsible for the usability requirements is required. The
usability engineer may fill in the missing information on the usability requirements.

8.3.2 Describe provided usability
Usability analysis requires architectural information that allows the analyst to
determine the support for the usage scenarios. This process focuses on identifying
architectural elements that may support the usage scenario. Two types of analysis
techniques are defined:
•

Usability pattern based analysis: using the list of architectural sensitive usability
patterns defined in our framework the architecture’s support for usability is
determined by the presence of these patterns in the architecture design.

•

Usability property based analysis: The software architecture can be seen as the
result of a series of design decisions (Gurp and Bosch, 2002). Reconstructing
this process and assessing the effect of such individual decisions with regard to
usability attributes may provide additional information about the intended
quality of the system. Using the list of usability properties defined in our
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framework, the architecture and the design decisions that lead to this
architecture are analyzed for these properties.
The quality of the assessment very much depends on the amount of evidence for
patterns and properties support that can be extracted from the architecture. Some
usability properties such as error management are fulfilled by ASUP's such as undo,
cancel or data validation. In addition to patterns there may be additional evidence in
the form of other design decisions that were motivated by usability properties. The
software architecture of a system has several aspects (such as design decisions and
their rationale) that cannot easily be captured or expressed in a single model. Different
views on the system (Kruchten, 1995) may be needed access such information. Initially
the analysis is based on the information that is available, such as diagrams etc.
However due to the non explicit nature of architecture design the analysis strongly
depends on having access to both design documentation and software architects. The
architect may fill in the missing information on the architecture. SALUTA does not
address the problem of properly documenting software architectures and design
decisions. The more effort is put into documenting the software architecture the more
accurate the assessment is.

8.3.3 Evaluate scenarios
In this step we evaluate the support for each of the scenarios in the usage profile. For
each scenario, we analyze by which usability patterns and properties, that have been
identified in the previous step, it is affected. To determine the support we use the
relations defined in the SAU framework to analyze how a particular pattern or property
may improve or impair a specific usability attribute. This step is repeated for each
pattern or property that affects the scenario. The analyst then determines the support
of the usage scenario based on the acquired information.
For each scenario, the results of the support analysis are expressed qualitatively using
quantitative measures. For example the support may be expressed on a five level scale
(++, +, +/-,-,--). The outcome of the overall analysis may be a simple binary answer
(supported/unsupported) or a more elaborate answer (70% supported) depending on
how much information is available and how much effort is being put in creating the
usage profile.

8.3.4 Interpret the results
After scenario evaluation, the results need to be interpreted to draw conclusions
concerning the software architecture. This interpretation depends on the goal of the
analysis i.e. based on the goal of the analysis; a certain usage profile is selected. If the
goal of the analysis is to compare two or more candidate software architectures, the
support for a particular usage scenario must be expressed on an ordinal scale to
indicate a relation between the different candidates. (Which one has the better
support?).
If the goal is to iteratively design an architecture, then if the architecture provides
sufficient support, the design process may be ended. Otherwise, architectural
transformations need to be applied to improve usability. Qualitative information such
as which scenarios are poorly supported and which usability properties or patterns
have not been considered may guide the architect in applying particular

182

SALUTA: Compressor & Esuite

transformations. The framework may then be used as an informative source for design
and improvement of the architecture’s support of usability.

8.4

Case Studies

In order to validate SALUTA it has been applied in three case studies. The first case
study (a web based CMS system) has been published in (Folmer et al, 2004) and in this
paper we report upon two other case studies performed at our industrial partners in
the STATUS project that sponsored this research. All case studies have been performed
in the domain of web based enterprise systems; an increasingly popular application
format. From a usability point of view this is a very interesting domain: as anyone with
an internet connection may be a potential user and a lot of different types of users and
usages must be supported.
The Compressor catalogue application is a product developed by the Imperial Highway
Group (IHG) for a client in the refrigeration industry. It is an e-commerce application,
which makes it possible for potential customers to search for detailed technical
information about a range of compressors; for example, comparing two compressors.
There was an existing implementation as a Visual Basic application, but the application
has been redeveloped in the form of a web application. The system employs a 3-tiered
architecture and is built upon an in-house developed application framework. The
application is being designed to be able to work with several different web servers or
without any. The independence of the database is developed through Java Database
Connectivity (JDBC). The data sources (either input or output) can also be XML files.
The application server has a modular structure, it is composed by a messaging system
and the rest of the system is based on several connectable modules (services) that
communicate between them.
The eSuite product developed by LogicDIS is a system that allows access to various
ERP (Enterprise Resource Planning) systems, through a web interface. ERP systems
generally run on large mainframe computers and only provide users with a terminal
interface. eSuite is built as an web interface on top of different ERP systems. Users can
access the system from a desktop computer but also from a mobile phone. The system
employs a tiered architecture commonly found in web applications. The user interfaces
with the system through a web browser. A web server runs a Java servlet and some
business logic components, which communicate with the ERP.
Table 47: Comparison of Both Cases
Aspect

Compressor

eSuite

Type

E-commerce

ERP

No. of users

> 100

> 1000

Goal of the
analysis

Selection: Compare old versus new version of
Compressor.

Design: iteratively design
improve an architecture.

types of users

3

2

Type of
interaction

Information browsing; Comparing and
analyzing data of different types of
compressors and compressor parts.

Typical ERP functionality. (e.g.
insert order, get client balance
sheet)

Usage contexts

Mobile/Desktop/Standalone

Mobile/Desktop

&
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As an input to both case studies, we interviewed the software architects and several
other individuals involved in the development of these systems. We analyzed the
results from usability tests with the old systems and with interface prototypes of the
new systems and examined the available design documentation such as architectural
designs and, usability requirements specifications. Table 47 provides a comparison
between both cases. In the next subsections we present the results of applying the steps
of SALUTA at each case.

8.4.1 Usage profile creation
First we created usage profiles for both cases to express the required usability of these
systems. We first identified relevant users, tasks and contexts of use. In both cases this
information could be retrieved from analyzing requirements specification. In the
Compressor case the analysis of users, tasks and context of use resulted in 58 unique
(user, task, usage context) combinations. In order to keep the assessment at a
reasonable size the number of scenarios was reduced. Some tasks that were quite
similar were combined and certain tasks with low execution frequencies were left out.
We tried to minimize the number of scenarios without losing any representativeness of
the required usability of the system. Eventually 14 scenarios were distilled.
In the next step we determined attribute priority values for the scenarios. In the
requirements specification some usability requirements were explicitly specified for
certain user groups or for certain tasks and contexts of use. For example in the eSuite
case it was specified that learnability was important for simple users. Analyzing these
requirements provided us with an indication which usability attributes were important
for which scenario, however translating these sometimes abstract or weakly specified
usability requirements to concrete attribute values was difficult. In addition some
(obvious) usability requirements were not specified at all. As a result a close
cooperation with those responsible for specifying the usability requirements was
necessary to be able to make this translation.
For scenario 5 in we give the argumentation that led to assigning specific values to the
attributes. Learnability is not important for administrators since they are quite familiar
with the application. Inserting an order is error prone therefore reliability is important.
Manipulating data and interaction on a mobile phone can be very difficult and time
consuming if the system is slow and unreliable; consequently, high values have been
given to reliability and efficiency and low values to the other attributes. Table 48 lists
the usage profile we created for eSuite.
Table 48: eSuite Usage Profile
#
1
2
3
4
5
6
7
8
9
10
11
12

User
Simple users
Simple users
Administrators
Administrators
Simple users
Administrators
Simple users
Administrators
Simple users
Administrators
Simple users
Administrators

Context
Desktop
Mobile
Desktop
Mobile
Desktop
Desktop
Desktop
Desktop
Desktop
Desktop
Desktop
Desktop

Task
Insert Order
Insert Order
Insert Order
Insert Order
Search Order
Search Order
Get balance
Get balance
View Stock
View Stock
Get Statistics
Get Statistics

e
1
4
4
4
1
3
1
3
1
4
1
4

l
4
3
1
1
3
1
4
1
4
1
4
1

r
3
2
3
3
4
4
3
4
2
2
2
3

s
2
1
2
2
2
2
2
2
3
3
3
2
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8.4.2 Architecture description
In the next step we analyze the software architecture designs and documentation for
the presence of ASUP's and usability properties. We did this by interviewing the
architect using our SAU framework. This provided us with a list if particular patterns
and properties had been implemented. We then got into more detail by analyzing
available architecture designs and documentation for evidence of how these patterns
and properties had been implemented. Table 49 shows ASUP's and properties we
identified in the new Compressor architecture.
Table 49: ASUP / Properties Present in SA
History Logging
Multi Channeling
Undo

Adaptability

Matching user preferences
Matching user expertise

Guidance

All user actions go through basic servlet,; these can be
logged.
Through the use of XML/ XSLT different views /
controllers can be defined for different devices such as
Mobile/ WAP.
Not implemented / Not relevant
Stylesheets / customization.
Using xml and a user profile database user
roles could be defined.

No specific DD.

Accessibility

Disabilities
Multi access

No specific DD.
Multi channeling is provided by the web server
which can provide a front end to for example
WAP based devices.
Greek/English support (language in xml files )
/ java support Unicode /locale,
Xml placeholder for languages.

Internationalization

8.4.3 Evaluate scenarios
Using the information acquired in the previous step we determined the architecture's
support for the usage profiles. By analyzing for each pattern and property, the effect on
usability, the support for this scenario was determined. Table 50 shows some of the
results of the analysis.
Table 50: Example Usage Profile Evaluation
Compressor
eSuite

Scenario #

# patterns

# properties

support

1 (old)
2 (old)

0/15
1/15

0/15
1/15

--/+

1 (new)
2 (new)
3
5
6

6/15
10/15
8/15
8/15
8/15

5/10
5/10
7/10
7/10
7/10

-/+
+
+/+
++

To illustrate this step we provide an example analysis for the support of scenario nr 3 of
the eSuite case study. The scenario requires high values for efficiency (4) and reliability
(3) (See Table 48). Several patterns and properties positively contribute to the support
of this scenario (see Table 50). However this number does only provide an indication.
We have to look at each pattern and property to determine the support; for example
data validation positively contributes to reliability. But apart from data validation no
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other ASUPs support reliability or efficiency. This task could benefit from adding
specific ASUPS such as undo which will improve reliability as users can correct their
mistakes or guidance which will also improve reliability. In the context of this specific
system we can conclude that the architecture has only medium support for this
scenario.

8.4.4 Interpret the results
Table 51 lists the results of the assessments of both cases. The table lists the number of
scenarios analyzed and lists whether these scenarios are strongly rejected (--), weakly
rejected (-), medium accepted (-/+), weakly accepted (+) or strongly accepted (++).
Table 51: Evaluation Results Assessments
Nr of scenarios

--

-

-/+

+

++

Old Compressor

14

2

2

8

-

-

New Compressor

14

-

-

5

6

3

eSuite

12

-

-

3

4

3

In the Compressor case we identified that the new architecture has significantly
improved over the old architecture, however there was still room for improvement.
Unfortunately we were not involved during architecture design. However, the
assessment did provide the architect with valuable insights till which extent certain
usability improving design solutions could still be supported by the architecture
without incurring great costs.
In the eSuite case we were involved during architecture design. Based on the
assessment results the Esuite architecture was improved by applying certain patterns
(actions for multiple objects, undo, and contexts sensitive help) from the SAU
framework. Our general impression was that the assessments were well received by the
participating architects. The assessments emphasized and increased the understanding
of the important relationship between software architecture and usability. The results
of the assessments were documented and taken into account for future releases and
redevelopment of the products.

8.4.5 Validation
The case studies show that it is possible to use SALUTA to assess software architectures
for their support of usability, but whether we accurately predicted the architecture’s
support for usability is only answered when comparing the results of the analysis with
the results of usability tests when the system has been finished.
Several user tests have been performed. The results of these tests fit the results of our
analysis. Some usability issues came up that where not predicted during our
architectural assessment. However, these do not appear to be caused by problems in
the software architecture. Validating SALUTA is difficult as any improvement in the
usability of the final system should not be solely accounted to our method. More focus
on usability during development in general is in our opinion the main cause for an
increase in usability. To validate SALUTA we should measure the decrease in costs
spent on usability during maintenance. However in the organizations that participated
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in the case studies such figures have not been recorded nor is any historical data
available.
Future case studies shall focus on designing the architecture based on the usage profile
e.g. an attribute/property-based architectural design, where the SAU framework is
used to suggest patterns that should be used rather than identify their absence posthoc.

8.5

Conclusions

Fixing certain usability problems during the later stages of development has proven to
be costly, since some of these changes require changes to the software architecture,
which is expensive to modify during late stage. The goal of an architecture analysis
method is to understand and reason about the effect of design decisions on the quality
of the final system, at a time when it is still cheap to change these decisions.
In this paper, we have presented the results of applying SALUTA, a scenario based
assessment technique for usability, at two case studies. SALUTA consists of four major
steps: First, the required usability of the system is expressed by means of a usage
profile. The following sub-steps are taken for creating a usage profile: identify the
users, identify the tasks, identify the contexts of use, determine attribute values,
scenario selection & weighing. In the second step, the information about the software
architecture is collected using the SAU framework which consists of an integrated set of
design solutions that have a positive effect on usability but are difficult to retrofit into
applications because of their architectural impact. The next step is to evaluate the
architecture’s support of usage profile using the information extracted in the previous
step. The final step is then to interpret these results and to draw conclusions about the
software architecture. The result of the assessment for example, which scenarios are
poorly supported or which usability properties or patterns have not been considered,
may guide the architect in applying particular transformations to improve the
architecture’s support of usability. We have elaborated the various steps in this paper,
discussed the issues and techniques for each of the steps, and illustrated these by
discussing some examples from the case studies.
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9.1

Architecting for Usability; a Survey, Eelke Folmer, Jan Bosch, Submitted to the Journal
of Systems and Software, January 2005. A summary of this journal paper has been
accepted as a conference paper entitled "Cost Effective Development of Usable
Systems; Gaps between HCI and Software Architecture Design" at Fourteenth
International Conference on Information Systems Development - ISD´2005 Karlstad,
Sweden, 14-17 August, 2005
Studies of software engineering projects show that a significant large part of the
maintenance costs of software systems is spent on dealing with usability issues. Fixing
usability problems during the later stages of development often proves to be costly as
some changes are not easily accommodated by the software architecture. These high
costs often prevent developers from meeting all the usability requirements. Explicit
evaluation of a software architecture for its support of usability is a tool to cost
effectively develop usable systems. Previously few techniques for architecture analysis
of usability existed. Based on our investigations into the relationship between usability
and software architecture and experiences with architecture analysis of usability, a
Scenario based Architecture Level UsabiliTy Analysis technique (SALUTA) was
developed. The contribution of this paper is that it provides experiences and problems
we encountered when conducting architecture analysis of usability at three industrial
case studies performed in the domain of web based enterprise systems. For each
experience, a problem description, examples, causes, solutions and research issues are
identified.

Introduction

One of the key problems with most of today’s software is that it does not meet its
quality requirements very well. In addition, it often proves hard to make the necessary
changes to a system to improve its quality. A reason for this is that many of the
necessary changes require changes to the system that cannot be easily accommodated
by its software architecture (Bosch, 2000), i.e. the fundamental organization of a
system embodied in its components, their relationships to each other and to the
environment and the principles guiding its design and evolution (IEEE, 1998).
The work in this paper is motivated by that this shortcoming also applies to usability.
Usability is increasingly recognized as an important consideration during software
development; however, many well-known software products suffer from usability
problems that cannot be repaired without major changes to the software architecture of
these products. Studies (Pressman, 1992, Landauer, 1995) confirm that a significant
large part of the maintenance costs of software systems is spent on dealing with
usability issues. A reason for these high costs is that most usability issues are only
detected during testing and deployment rather than during design and
implementation.
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This is caused by the following:
•

(Usability) requirements are often weakly specified.

•

Usability requirements engineering techniques often fail to capture all
requirements.

•

(Usability) requirements frequently change during development and product
evolution.

As a result, a large number of change requests to improve usability are made after these
phases. Discovering requirements late is a problem inherent to all software
development which cannot be fully avoided. The real problem is that it often proves to
be hard and expensive to implement certain changes. Some usability improving
solutions such as adding undo, user profiles and visual consistency have for particular
application domains proven (Bass et al, 2001, Folmer et al, 2003) to be extremely hard
to retrofit during late stage development.
The level of usability is, to a certain extent, restricted by software architecture design.
However few software engineers and human computer interaction engineers are aware
of this constraint; as a result avoidable costly rework is frequently necessary. During
design different tradeoffs need to be made, for example between cost and quality. At a
certain point it becomes too expensive to fix certain usability problems.
The software architecture is the first product of the initial design activities that allows
analysis and discussion about different concerns. The goal of an architecture analysis
method is to understand and reason about the effect of design decisions on the quality
of the final system, at a time when it is still cheap to change these decisions. Software
architecture analysis of usability is a technique to come up with a software architecture
that allows for more “usability tuning” on the detailed design level, hence, preventing
part of the high costs incurred by adaptive (Swanson, 1976) maintenance activities once
the system has been implemented.
In (Folmer and Bosch, 2004) we provide an overview of usability evaluation
techniques. Unfortunately, no assessment techniques exist that explicitly focus on
analyzing an architecture's support for usability. Based upon successful experiences
(Lassing et al, 2002a) with scenario based assessment of maintainability, we developed
a Scenario based Architecture Level UsabiliTy Assessment technique (SALUTA)
(Folmer et al, 2004).
A method provides a structure for understanding and reasoning about how a design
decision may affect usability but it still requires an experienced engineer to determine
how an architecture can support usability. E.g. to assess for usability an analyst should
know whether usability improving mechanisms should be implemented during
architecture design. In order to make architecture design accessible to inexperienced
designers the relevant design knowledge concerning usability and software architecture
needs to be captured and described (Folmer and Bosch, 2004). In (Folmer et al, 2003)
we investigated the relationship between usability and software architecture. The result
of that research is captured in the software-architecture-usability (SAU) framework,
which consists of an integrated set of design solutions that in most cases have a positive
effect on usability but are difficult to retrofit into applications because they have
architectural impact.
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In (Folmer et al, 2004) we defined SALUTA which uses the SAU framework to analyze
a software architecture for its support of usability. We applied SALUTA at three
different case studies in the domain of web based enterprise systems (e.g. e-commerce, content management- and enterprise resource planning systems). During these case
studies several experiences were collected. The contribution of this paper is as follows:
it provides experiences and problems that we encountered when conducting
architecture analysis of usability. Suggestions are provided for solving or avoiding these
problems so organizations that want to conduct architecture analysis facing similar
problems may learn from our experiences.
The remainder of this paper is organized as follows. In the next section, the SAU
framework that we use for the analysis is presented. The steps of SALUTA are
described in section 9.3. Section 9.4 introduces the three cases and the assessment
results. Our experiences are described in section 9.5. Finally, related work is discussed
in section 9.6 and the paper is concluded in section 9.7.

9.2

The SAU Framework

A software architecture allows for early assessment of quality attributes (Kazman et al,
1998, Bosch, 2000). Specific relationships between software architecture entities (such
as - styles, -patterns, -fragments etc) and software quality (maintainability, reliability
and efficiency) have been described by several authors (Gamma et al 1995, Buschmann
et al, 1996, Bosch, 2000). Until recently (Bass et al, 2001, Folmer et al, 2003) such
relationships between usability and software architecture had not been described nor
investigated.
In (Folmer et al, 2003) we defined the SAU framework that expresses relationships
between Software Architecture and Usability. The SAU framework consists of an
integrated set of design solutions that have been identified in various cases in industry,
modern day software, and literature surveys (Folmer and Bosch, 2004). These
solutions are typically considered to improve usability but are difficult to retro-fit into
applications because these solutions require architectural support. The requirement of
architectural support has two aspects:
•

Retrofit problem: Adding a certain solution has a structural impact. Such
solutions are often implemented as new architectural entities (such as
components, layers, objects etc) and relations between these entities or an
extension of old architectural entities. If a software architecture is already
implemented then changing or adding new entities to this structure during late
stage design is likely to affect many parts of the existing source code.

•

Architectural support: Certain solutions such as providing visual consistency do
not necessarily require an extension or restructuring of the architecture. It is
possible to implement these otherwise for example by imposing a design rule on
the system that requires all screens to be visually consistent (which is a solution
that works if you only have a few screens). However this is not the most optimal
solution; visual consistency, for example, may be easily facilitated by the use of
a separation-of-data-from-presentation mechanism such as XML and XSLT (a
style sheet language for transforming XML documents). A template can be
defined that is used by all screens when the layout of a screen needs to be
modified only the template should be changed. In this case the best solution is
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also driven by other qualities such as the need to be able to modify screens
(modifiability).

For each of these design solutions we analyzed the effect on usability and the potential
architectural implications. The SAU framework consists of the following concepts:

9.2.1 Usability attributes
We needed to be able to measure usability; therefore the first step in investigating the
relationship was to decompose usability into usability attributes. A number attributes
have been selected from literature that appear to form the most common denominator
of existing notions of usability (Shackel, 1991, Hix and Hartson, 1993, Nielsen, 1993,
Preece et al, 1994, Wixon and Wilson, 1997, Shneiderman, 1998, Constantine and
Lockwood, 1999):
•

Learnability - how quickly and easily users can begin to do productive work with
a system that is new to them, combined with the ease of remembering the way a
system must be operated.

•

Efficiency of use - the number of tasks per unit time that the user can perform
using the system.

•

Reliability in use - the error rate in using the system and the time it takes to
recover from errors.

•

Satisfaction - the subjective opinions that users form when using the system.

9.2.2 Usability properties
As we needed some way to design for usability, for example by following certain
heuristics and design principles that researchers in the usability field have found to
have a direct positive influence on usability, a set of usability properties have been
identified from literature (Rubinstein and Hersh, 1984, Norman, 1988, Ravden and
Johnson, 1989, Polson and Lewis, 1990, Holcomb and Tharp, 1991, Hix and Hartson,
1993, Nielsen, 1993, ISO 9241-11, Shneiderman, 1998, Constantine and Lockwood,
1999). Properties are high-level design primitives that have a known effect on usability
and typically have some architectural implications. The usability property consistency
is presented in Table 52:
Table 52: Consistency
Intent:

Users should not have to wonder whether different words, situations, or actions
mean the same thing. An essential design principle is that consistency should be
used within applications. Consistency might be provided in different ways:

•

Visual consistency: user interface elements should be consistent in aspect and
structure.

•

Functional consistency: the way to perform different tasks across the system
should be consistent, also with other similar systems, and even between
different kinds of applications in the same system.

•

Evolutionary consistency: in the case of a software product family, consistency
over the products in the family is an important aspect.
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+ Learnability: consistency makes learning easier because concepts and actions
have to be learned only once, because next time the same concept or action is faced
in another part of the application, it is familiar.
+ Reliability: visual consistency increases perceived stability, which increases user
confidence in different new environments.

Example:

Most applications for MS Windows conform to standards and conventions with
respect to e.g. menu layout (file, edit, view, …, help) and key-bindings.

9.2.3 Architecture sensitive usability patterns:
In order to be able to design an architecture that supports usability, a number of
architecture sensitive usability patterns have been identified that should be applied
during the design of a system’s software architecture, rather than during the detailed
design stage. Patterns and pattern languages for describing patterns are ways to
describe best practices, good designs, and capture experience in a way that it is possible
for others to reuse this experience. Our set of patterns has been identified from various
cases in industry, modern software, literature surveys (Shackel, 1991, Hix and Hartson,
1993, Nielsen, 1993, Preece et al, 1994, Wixon and Wilson, 1997, Shneiderman, 1998,
Constantine and Lockwood, 1999) as well as from existing usability pattern collections
(Brighton, 1998, Tidwell 1998, Welie and Trætteberg, 2000, PoInter, 2003).
We defined architecturally sensitive usability patterns with the purpose of capturing
design experience in a form that allows us to inform architectural design so we are able
to avoid retrofit problems. With our set of patterns, we have concentrated on capturing
the architectural considerations that must be taken into account when deciding to
implement the pattern. For some patterns however we do provide generic
implementation details in terms objects or classes or small application frameworks that
are needed for implementing the pattern. An excerpt of the multilevel undo pattern is
shown in Table 53:
Table 53: Multi-Level Undo
Problem

Users do actions they later want reverse because they realized they made a mistake
or because they changed their mind.

Use when

You are designing a desktop or web-based application where users can manage
information or create new artifacts. Typically, such systems include editors,
financial systems, graphical drawing packages, or development environments.
Such systems deal mostly with their own data and produce only few non-reversible
side-effects, like sending of an email within an email application. Undo is not
suitable for systems where the majority of actions is not reversible, for example,
workflow management systems or transaction systems in general.

Solution

Maintain a list of user actions and allow users to reverse selected
actions.
Each 'action' the user does is recorded and added to a list. This list then becomes
the 'history of user actions' and users can reverse actions from the last done action
to the first one recorded.

Why

Offering the possibility to always undo actions gives users a comforting feeling. It
helps the users feel that they are in control of the interaction rather than the other
way around. They can explore, make mistakes and easily go some steps back,
which facilitates learning the application's functionality. It also often eliminates
the need for annoying warning messages since most actions will not be permanent

Architectural
Considerations

There are basically two possible approaches to implementing Undo. The first is to
capture the entire state of the system after each user action. The second is to
capture only relative changes to the system's state. The first option is obviously
needlessly expensive in terms of memory usage and the second option is therefore
the one that is commonly used.
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Since changes are the result of an action, the implementation is based on using
Command objects that are then put on a stack. Each specific command is a
specialized instance of an abstract class Command. Consequently, the entire useraccessible functionality of the application must be written using Command
objects. When introducing Undo in an application that does not already use
Command objects, it can mean that several hundred Command objects must be
written. Therefore, introducing Undo is considered to have a high impact on the
software architecture.

Implementation

Most implementations of multi-level undo are based on the Command (Gamma et
al 1995) pattern. When using the Command pattern, most functionality is
encapsulated in Command objects rather than in other controlling classes. The
idea is to have a base class that defines a method to "do" a command, and another
method to "undo" a command. Then, for each command, you derive from the
command base class and fill in the code for the do and undo methods. The "do"
method is expected to store any information needed to "undo" the command. For
example, the command to delete an item would remember the content of the item
being deleted. The following class diagram shows the basic Command pattern
structure:

Figure 66: Multi Level Undo UML Model
In order to create a multi-level undo, a Command Stack is introduced. When a new
command is created, its 'Do' function is called and the object is added to the top of
the stack if the command was successful. When undoing commands, the 'Undo'
function of the command object at the top of the stack is called and the pointer to
the current command is set back.
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Figure 67: Relationships between Attributes, Properties and Patterns.

9.2.4 Relationships in the SAU framework
Relationships, typically positive, have been defined between the elements of the
framework that link architecturally sensitive usability patterns to usability properties
and attributes. These relationships have been derived from our literature survey
(Folmer et al, 2003), and industrial experiences. Defining relationships between the
elements serves two purposes:
•

Inform design: The usability properties in the framework may be used as
requirements during design. For example, if a requirement specifies, "the
system must provide feedback”, we use the framework to identify which
usability patterns should be considered during architecture design by following
the arrows in Figure 67. The choice for which patterns and properties to apply
depends on several factors:
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•

•

Not all patterns & properties may improve usability or a are relevant for a
particular system. It is up to a usability expert or engineer to decide whether
a particular pattern or property may be applied to architecture of the system
under analysis.

•

Cost and trade-off between different usability attributes or between
usability and other quality attributes such as security or performance.

Software architecture analysis: Our framework tries to capture essential design
solutions so these can be taken into account during architectural design and
evaluation. The relationships are then used to identify how particular patterns
and properties, that have been implemented in the architecture, support
usability. For example, if undo has been implemented we can analyze that undo
improves efficiency and reliability.

SALUTA uses the SAU framework for analyzing the architecture’s support for usability.
A complete overview and description of all patterns and properties and the
relationships between them can be found in (Folmer et al, 2003).

9.3

Overview of SALUTA

In (Folmer et al, 2004) the SALUTA method is presented. A method ensures that some
form of reasoning and discussion between different stakeholders about the architecture
is taking place. SALUTA is scenario based i.e. in order to assess a particular
architecture, a set of scenarios is developed that concretizes the actual meaning of that
quality requirement (Bosch, 2000). Although there are other types of architecture
assessment techniques such as metrics, simulations and mathematical models (Bosch,
2000) in our industrial and academic experience with scenario based analysis we have
come to understanding that the use of scenarios allows us to make a very concrete and
detailed analysis and statements about their impact or support they require, even for
quality attributes that are hard to predict and assess from a forward engineering
perspective such as maintainability, security and modifiability.
SALUTA has been derived from scenario based assessment techniques such as ALMA
(Bengtsson, 2002), SAAM (Kazman et al, 1994), ATAM (Kazman et al, 1998) and
QASAR(Bosch, 2000). Although it's possible to use a generic scenario based
assessment technique such as ATAM or QASAR a specialized technique (such as
ALMA) is more tailored to a specific quality and will lead to more accurate assessment
results. For example guidelines and criteria are given for creating specific scenarios. To
assess the architecture a set of usage scenarios are defined. By analyzing the
architecture for its support of each of these usage scenarios we determine the
architecture’s support for usability. SALUTA consists of the following four steps:
1.

Create usage profile; describe required usability.

2. Analyze the software architecture: describe provided usability.
3. Scenario evaluation: determine the architecture's support for the usage scenarios.
4. Interpret the results: draw conclusions from the analysis results.
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A brief overview of the steps is given in the next subsections, a more detailed
elaboration of and motivation for these steps can be found in (Folmer et al, 2004).

9.3.1 Usage profile creation
One of the most important steps in SALUTA is the creation of a usage profile. Existing
usability specification techniques (Hix and Hartson, 1993, Nielsen, 1993, Preece et al,
1994) are poorly suited for architectural assessment, therefore a scenario profile
(Lassing et al, 2002a, Bengtsson, 2002) based approach was chosen. The aim of this
step is to come up with a set of usage scenarios that accurately expresses the required
usability of the system. Usability is not an intrinsic quality of the system. According to
the ISO definition (ISO 9241-11), usability depends on:
•

The users (e.g. system administrators, novice users)

•

The tasks (e.g. insert order, search for item X)

•

The contexts of use (e.g. helpdesk, training environment)

Usability may also depend on other variables, such as goals of use, etc. However in a
usage scenario only the variables stated above are included. A usage scenario describes
a particular interaction (task) of a user with the system in a particular context. A usage
scenario specified in such a way does not yet specify anything about the required
usability of the system. In order to do that, the usage scenario is related to the four
usability attributes defined in the SAU-framework. For each usage scenario, numeric
values are determined for each of these usability attributes. The numeric values are
used to determine a prioritization between the usability attributes. For some usability
attributes, such as efficiency and learnability, tradeoffs have to be made during design.
It is often impossible to design a system that has high scores on all attributes. A
purpose of usability requirements is therefore to specify a necessary level for each
attribute (Lauesen and Younessi, 1998). For example, if for a particular usage scenario
learnability is considered to be of more importance than other attributes (for example,
because of a requirement), then the usage scenario must reflect this difference in the
priorities for the usability attributes. The analyst interprets the priority values during
the analysis phase to determine the level of support in the software architecture for that
particular usage scenario. An example usage scenario is displayed in Figure 68.

Figure 68: Example Usage Scenario
Usage profile creation does not replace existing requirements engineering techniques.
Rather it is intended to transform (existing) usability requirements into something that
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can be used for architecture assessment. Existing techniques such as interviews, group
discussions or observations (Hix and Hartson, 1993, Nielsen, 1993, Hackos and Redish,
1998, Shneiderman, 1998) typically already provide information such as representative
tasks, users and contexts of use that are needed to create a usage profile. The steps that
need to be taken for usage profile creation are the following:
1.

Identify the users: rather than listing individual users, users that are representative
for the use of the system should be categorized in types or groups (for example
system administrators, end-users etc).

2. Identify the tasks: Instead of converting the complete functionality of the system
into tasks, representative tasks are selected that highlight the important features of
the system. An accurate description of what is understood for a particular task and
of which subtasks this task is composed, is an essential part of this step. For
example, a task may be “search for specific compressor model” consisting of
subtasks “go to performance part” and “select specific compressor model”.
3. Identify the contexts of use: In this step, representative contexts of use are
identified. (For example, helpdesk context or disability context.)
4. Determine attribute values: For each valid combination of user, task and context of
use, usability attributes are quantified to express the required usability of the
system, based on the usability requirements specification. Defining specific
indicators for attributes may assist the analyst in interpreting usability
requirements. To reflect the difference in priority, numeric values between one and
four have been assigned to the attributes for each scenario.
5. Scenario selection and weighing: Evaluating all identified scenarios may be a costly
and time-consuming process. Therefore, the goal of performing an assessment is
not to evaluate all scenarios but only a representative subset. Different profiles may
be defined depending on the goal of the analysis. For example, if the goal is to
compare two different architectures, scenarios may be selected that highlight the
differences between those architectures. To express differences between scenarios
in the profile, properties may be assigned to the scenarios, for example: priority or
probability of use within a certain time. The result of the assessment may be
influenced by weighing scenarios, if some scenarios are more important than
others, weighing these scenarios reflect these differences.
This step results in a set of usage scenarios that accurately express the required
usability of the system.

9.3.2 Analyze the software architecture
In the second step of SALUTA, the information about the software architecture is
collected. Usability analysis requires architectural information that allows the analyst
to determine the support for the usage scenarios. The process of identifying the support
is similar to scenario impact analysis for maintainability assessment (Lassing et al,
2002a) but is different, because it focuses on identifying architectural elements that
may support the scenario. For architecture analysis, the SAU framework in section 9.2
is used. Two types of analysis are performed:
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•

Analyze the support for patterns: Using the list of architecturally sensitive
usability patterns we identify whether these are implemented in the
architecture.

•

Analyze the support for properties: The software architecture is the result of a
series of design decisions (Gurp and Bosch, 2002). Reconstructing this process
and assessing the effect of individual design decisions with regard to usability
provides additional information about the intended quality of the system. Using
the list of usability properties, the architecture and the design decisions that
lead to this architecture are analyzed for these properties.

The quality of the assessment very much depends on the amount of evidence for
patterns and property support that can be extracted from the architecture. SALUTA
does not dictate the use of any specific way of documenting a software architecture.
Initially the analysis is based on the information that is available, such as architecture
designs and documentation used with in the development team for example Figure 69
lists a conceptual view (Hofmeister et al, 1999) that was used to identify the presence of
patterns in the Compressor case (see section 9.4.2 for a description of Compressor).
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Figure 69: Compressor Architecture

9.3.3 Scenario evaluation
The next step is to evaluate the architecture's support for each of the scenarios in the
usage profile. For each scenario, we identify by which usability patterns and properties
that are implemented, it is affected. In the next step we identify using the SAU
framework how a particular pattern or property improves or impairs certain usability
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attributes for that scenario. For example, if it has been identified that undo affects a
certain scenario, the relationship between undo and usability are analyzed to
determine the support for that particular scenario. Undo improves error management
and error management may improve reliability and efficiency. This step is repeated for
each pattern and property affecting that scenario. The number and type of patterns and
properties that support a particular attribute of a scenario are then compared to the
required attribute values to determine the support for this scenario.
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Figure 70: Snapshot Assessment Example
For each scenario, the results of the support analysis are expressed qualitatively using
quantitative measures. For example, the support may be expressed on a five level scale
(++, +, +/-,-,--). The outcome of the overall analysis may be a simple binary answer
(supported/unsupported) or a more elaborate answer (70% supported) depending on
how much information is available and how much effort is being put in creating the
usage profile.

9.3.4 Interpretation of the results
After scenario evaluation, the results need to be interpreted to draw conclusions
concerning the software architecture. If the analysis is sufficiently accurate the results
may be quantified. However, even without quantification the assessment can produce
useful results. If the goal is to iteratively design an architecture, then if the architecture
proves to have sufficient support for usability, the design process may be finalized.
Otherwise, architecture transformations need to be applied to improve the support for
usability. For example in the eSuite case (see section 9.4.3) the architecture's support
for usability was improved by adding three patterns to it. Qualitative information such
as which scenarios are poorly supported and which usability properties or patterns
have not been considered may guide the architect in applying certain design solutions.
An architect should always discuss with a usability engineer which solutions need to be
applied. The SAU framework is then used as an informative source for design and
improvement of the architecture’s support for usability.
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Case Descriptions

In this section we introduce the three systems used in the case studies. The goal of the
case studies was to conduct a software architecture analysis of usability on each of the
three systems.
As a research strategy action research (Argyris et al, 1985), was used. Action research is
an applied research strategy which involves cycles of data collection, evaluation and
reflection with the aim of improving the quality or performance of an organization.
Close cooperation and participation which are important aspects of this type of
research allowed us to get a more complete understanding of the research issues. The
first case study (Folmer et al, 2004) was performed at a software organization which is
part of our university. This provided us with valuable insights and made us revise some
of the SALUTA steps. The other two case studies were performed at our industrial
partners in the STATUS project. Between those cases again our method was revised
and refined. The last two case studies been published as part of the STATUS
deliverables (STATUS).
All case studies have been performed in the domain of web based enterprise systems,
e.g. content management- (CMS), e-commerce- and enterprise resource planning
(ERP) – systems. Web based systems have become an increasingly popular application
format in recent years. Web based systems have two main advantages: Centralization:
the applications run on a (central / distributed) web server, there is no need to install
or maintain the application locally. Accessibility: The connectivity of the web allows
anyone to access the application from any internet connection on the world and from
any device that supports a web browser. From a usability point of view this is a very
interesting domain: anyone with an internet connection is a potential user. A lot of
different types of users and different kinds of usages must therefore be supported. An
overview of the differences between the applications (See Table 54) illustrates the scope
of applicability of our method.
Table 54: Comparison of System Characteristics
Aspect

Webplatform

Compressor

eSuite

Type of system

CMS

E-commerce

ERP

Number of users

> 20.000

> 100

> 1000

Goal
of
analysis

Analyze architecture’s
support for usability /
Risk
assessment:
analyze SA related
usability issues.

Selection: Compare old versus
new version of Compressor.

Design: iteratively
design & improve
an architecture.

the

types of users

3

3

2

Characterization
of interaction

Information browsing
and manipulation of
data objects (e.g. create
portals,
course
descriptions)

Information browsing (e.g.)
Comparing and analyzing data
of
different
types
of
compressors and compressor
parts.

Typical
ERP
functionality. (e.g.
insert order, get
client
balance
sheet)

Usage contexts

Mobile
/
Helpdesk

Mobile/Desktop/Standalone

Mobile/Desktop

desktop/

The remainder of this section introduces the three systems that have been analyzed and
presents the assessment results.
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9.4.1 Webplatform
The Webplatform is a web based content management system for the university of
Groningen (RuG) developed by ECCOO (Expertise Centrum Computer Ondersteunend
Onderwijs). The Webplatform enables a variety of (centralized) technical and (decentralized) non technical staff to create, edit, manage and publish a variety of content
(such as text, graphics, video etc), whilst being constrained by a centralized set of rules,
process and workflows that ensure a coherent, validated website appearance.
The Webplatform data structure is object based; all data from the definitions of the
CMS itself to the data of the faculty portals or the personal details of a user are objects.
The CMS makes use of the internet file system (IFS) to provide an interface which
realises the use of objects and relations as defined in XML. The IFS uses an Oracle 9i
database server implementation with a java based front end as search and storage
medium. The java based front-end allows for the translation of an object oriented data
structure into HTML. The oracle 9i database is a relational based database. On top of
the IFS interface, the Webplatform application has been build. Thus, the CMS consists
of the functionality provided by the IFS and the java based front-end. Integrated into
the Webplatform is a customised tool called Xopus, which enables a contentadministrator to create, edit and delete XML objects through a web browser.
As an input to the analysis of the Webplatform, we interviewed the software architect,
the usability engineer and several other individuals involved in the development of the
system. In addition we examined the design documentation and experimented with the
newly deployed RuG site.

9.4.2 Compressor
The Compressor catalogue application is a product developed by the Imperial Highway
Group (IHG) for a client in the refrigeration industry. It is an e-commerce application,
which makes it possible for potential customers to search for detailed technical
information about a range of compressors; for example, comparing two compressors.
There was an existing implementation as a Visual Basic application, but the application
has been redeveloped in the form of a web application. The system employs a 3-tiered
architecture and is built upon an in-house developed application framework. The
application is being designed to be able to work with several different web servers or
without any. The independence of the database is developed through Java Database
Connectivity (JDBC). The data sources (either input or output) can also be XML files.
The application server has a modular structure, it is composed by a messaging system
and the rest of the system is based on several connectable modules (services) that
communicate between them. This potential structure offers a pool of connections for
those applications that are running, providing more efficiency on the access to
databases.
As an input to the analysis of Compressor, we interviewed the software architect. We
analyzed the results from usability tests with the old system and with an interface
prototype of the new system and examined the design documentation such as
architectural designs and requirements specifications.
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9.4.3 ESuite
The eSuite product developed by LogicDIS is a system that allows access to various
ERP (Enterprise Resource Planning) systems, through a web interface. ERP systems
generally run on large mainframe computers and only provide users with a terminal
interface. eSuite is built as an web interface on top of different ERP systems. Users can
access the system from a desktop computer but also from a mobile phone. The system
employs a tiered architecture commonly found in web applications. The user interfaces
with the system through a web browser. A web server runs a Java servlet and some
business logic components, which communicate with the ERP.
As an input to the analysis of ESuite, we interviewed the software architect and several
other individuals involved in the development of the system. We analyzed the results
from usability tests with the old system and with an interface prototype of the new
system and examined the design documentation such as architectural designs and,
usability requirements specifications.

9.4.4 Assessment results
Table 55: Assessment Results
No
of
scenarios

Strong
reject

Weak
reject

Accept/reject

Weak
accept

Strong
accept

Webplatform

11

-

-

-

8

3

Old
Compressor

14

2

2

8

-

-

New
Compressor

14

-

-

5

6

3

eSuite

12

-

-

3

4

3

Table 55 lists the results of the assessment. The table lists the number of scenario
defined and lists whether these scenarios are strongly rejected, weakly rejected,
accepted/rejected, weakly accepted or strongly accepted. Our impression was that
overall the assessment was well received by the architects that assisted the analysis.
Based on the assessment results the Esuite architecture was improved1 by applying
patterns from the SAU framework. In the other cases we were not involved during
architecture design but the assessments provided the architects with valuable insights
till which extent certain usability improving design solutions could still be
implemented during late stage without incurring great costs. This emphasized and
increased the understanding of the important relationship between software
architecture and usability and the results of the assessments were documented and
taken into account for future releases and redevelopment of the products.

9.5

Experiences

This section gives a detailed description of the experiences we acquired during the
definition and use of SALUTA. We consider SALUTA to be a prototypical example of an

1 The decision to apply certain patterns was not solely based on the result of the assessment but also as result
of user tests with prototypes were these patterns were present.
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architecture assessment technique therefore our experiences are relevant in a wider
context. These experiences will be presented using the four steps of the method. For
each experience, a problem description, examples, possible causes, available solutions
and research issues are provided. The experiences are illustrated using examples from
the three case studies introduced before.

9.5.1 Usage profile creation
In addition to experiences that are well recognized in the domain of SE and HCI such
as:
• Poorly specified usability requirements e.g. In all cases, apart from the web
platform case (some general usability guidelines based on Nielsen’s heuristics
(Nielsen, 1993) had been stated in the functional requirements) no clearly defined
and verifiable usability requirements had been collected or specified.
• Changing requirements e.g. in all case studies we noticed that during
development the usability requirements had changed. For example, in the
Webplatform case it had initially been specified that the Webplatform should always
provide context sensitive help texts, however for more experienced users this turned
out to be annoying and led to a usability problem. A system where help texts could
be turned off for more experienced users would be much better.
The following experiences were collected:
Difficult to transform requirements

Problem: To be able to assess a software architecture for its support of usability we
need to transform requirements into a suitable format. For SALUTA we have chosen to
use usage scenarios. For each scenario, usability attributes are quantified to express the
required usability of the system, based on the requirements specification. A problem
that we encountered is that sometimes it is difficult to determine attribute values for a
scenario because usability requirements and attributes can be interpreted in different
ways.
Example: What do efficiency or learnability attributes mean for a particular task, user
or user context? Efficiency can be interpreted in different ways: does it mean the time
that it takes to perform a task or does it mean the number of errors that a user makes?
It can also mean both. Usability requirements are sometimes also difficult to interpret
for example in the Webplatform case: “UR1: every page should feature a quick search
which searches the whole portal and comes up with accurate search results”. How can
we translate such a requirement to attribute values for a scenario?
Causes: Translating requirements to a format that is suitable for architecture
assessment is an activity that takes place on the boundary of both SE and HCI
disciplines. Expertise is required; it is difficult to do for a software architect since he or
she may have no experience with usability requirements.
Solution: In all of our cases we have let a usability engineer translate usability
requirements to attribute values for scenarios. To formalize this step we have let the
usability engineer specify for each scenario how to interpret a particular attribute. For
example, for the web platform case the following usage scenario has been defined: “end
user performing quick search”. The usability engineer formally specified what should
be understood for each attribute of this task. Reliability has been associated with the
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accuracy of search results; efficiency has been associated with response time of the
quick search, learnability with the time it takes to understand and use this function.
Then the usability requirements (UR1) were consulted. From this requirement we
understand that reliability (e.g. accuracy of search results is important). In the
requirements however it has not been specified that quick search should be performed
quickly or that this function should be easy to understand. Because most usability
requirements are not formally specified we discussed these issues with the usability
engineer that assisted the analysis and the engineer found that this is the most
important aspect of usability for this task. Consequently, high values have been given to
efficiency and reliability and low values to the other attributes (see Figure 71) Defining
and discussing specific indicators for attributes (such as number or errors for
reliability) may assist the interpretation of usability requirements and may lead to a
more accurate prioritization of usability attributes.
Research issues: The weakness in this process is that is inevitably some guesswork
involved on the part of the experts and that one must be careful not to add too much
value to the numerical scores. E.g. if learnability has value 4 and efficiency value 2 it
does not necessarily mean that learnability is twice as important as efficiency. The only
reason for using numerical scores is to reflect the difference in priority which is used
for analyzing the architecture support for that scenario. To improve the
representativeness of a usage scenario possibly a more fine grained definition of a
scenario needs to be developed.
Usability requirements
UR1- every page should feature a quick search which searches the whole portal and comes up with
accurate search results

?

#
1

Users
End user

Task
Quick search

E
4

?

L
2

?

R
3

?

S
1

Figure 71: Transforming Requirements to a Usage Profile
Specification of certain quality attributes is difficult during initial design

Problem: A purpose of quality requirements is to specify a necessary level (Lauesen
and Younessi, 1998). In section 9.2 four different usability attributes have been
presented which we use for expressing the required usability for a system in a usage
scenario. Specifying a necessary level for satisfaction and specifying how satisfaction
should be interpreted has proven to be difficult during initial design. In addition we
could not identify specific usability requirements that specify a necessary level for this
attribute during initial design.
Example: In the compressor case we defined the following usage scenario: “Suppliers
get the performance data for a specific model”. What does satisfaction mean for this
scenario? What is the necessary level of the satisfaction for this scenario? Attributes
such as learnability, efficiency and reliability are much easier interpreted and it is
therefore much easier to specify a necessary level for them.
Cause: Satisfaction to a great extent depends on, or is influenced by the other three
usability attributes (efficiency, reliability and learnability) it expresses the subjective
opinions users have in using the system, therefore satisfaction can often only be
measured when the system is deployed (for example, by interviewing users).
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Solution: The importance of satisfaction in this context should be reevaluated.
Research issues: Satisfaction has been included in our usability decomposition
because it expresses the subjective view a user has on the system. We are uncertain if
this subjective view is not already reflected by the definition of usability. Which
software systems are not usable but have high values for their satisfaction attributes?
Cost benefit tradeoffs

Problem: The number of usage scenarios in the usage profile easily becomes a large
number. Evaluating and quantifying all scenarios may be a costly and time-consuming
process. How do we keep the assessment at a reasonable size?
Example: For example for the web platform case we initially had identified 68
scenarios. For the Compressor case we identified 58 different usage scenarios.
Cause: The number of scenarios that are identified during the usage profile creation
stage can become quite large since many variables are included; users, user contexts
and tasks.
Solutions: Inevitably tradeoffs have to be made during usage scenario selection, an
important consideration is that the more scenarios are evaluated the more accurate the
outcome of the assessment is, but the more expensive and time consuming it is to
determine attribute values for these scenarios. We propose three solutions:
•

Explicit goal setting: allows the analyst to filter out those scenarios that do not
contribute to the goal of the analysis. Goal setting is important since it can
influence which scenarios to include in the profile. For example for the Web
platform case we decided, based on the goal of the analysis (analyze
architecture’s support for usability), to only to select those scenarios that were
important to a particular user group; a group of content administrators that
only constituted 5% of the users population but the success of Webplatform was
largely dependent on their acceptance of the system. This reduced the number
of scenarios down to a reasonable size of 11 usage scenarios.

•

Pair wise comparison: For most usage scenarios, concerning expressing the
required usability there is an obvious conflict between attributes such as
efficiency and learnability or reliability and efficiency. To minimize the number
of attributes that need to be quantified techniques such as pair wise comparison
should be considered to only determine attribute values for the attributes that
conflict.

•

Tool support: It is possible to specify attribute values over a particular task or
context of use or for a user group. For example for the user type “expert users” it
may be specified that efficiency is the most important attribute for all scenarios
that involve expert users. For a particular complex task it may be specified that
learnability should be the most important attribute for all scenarios that have
included that task. We consider developing tool support in the future which
should assist the analyst in specifying attribute values over contexts, users and
tasks and that will automatically determine a final prioritization of attribute
values for a usage profile.
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9.5.2 Architecture analysis
Non-explicit nature of architecture design

Problem: In order to analyze the architecture support for usability, some
representation of the software architecture is needed. However, the software
architecture has several aspects (such as design decisions and their rationale) that are
not easily captured or expressed in a single model or view.
Example: Initially the analysis is based on the information that is available. In the
Compressor case a conceptual architecture description had been created (see Figure 69
in section 9.3). However to determine the architectural support for usability we needed
more information, such as which design decisions were taken.
Cause: Because of the non-explicit nature of architecture design, the analysis strongly
depends on having access to both design documentation and software architects; as
design decisions are often not documented the architect may fill in the missing
information on the architecture and design decisions that were taken.
Solution: Interviewing the architect provided us with a list if particular patterns and
properties had been implemented. We then got into more detail by analyzing the
architecture designs and documentation for evidence of how these patterns and
properties had been implemented. Different views on the system (Kruchten, 1995,
Hofmeister et al, 1999) may be needed to access such information. A conceptual view
(Hofmeister et al, 1999) on the system of the Compressor (see Figure 69) was sufficient
for us to provide detailed information on how the patterns (Folmer et al, 2003) system
feedback, multi channeling, multiple views and workflow modeling had been
implemented. For the other systems that lacked architecture descriptions we let the
software architects create conceptual views.
Validation of the SAU framework

Problem: Empirical validation is important when offering new techniques. The
analysis technique for determining the provided usability of the system relies on the
framework we developed. Initially the SAU framework was based on discussions with
our partners in the STATUS project and did not focus on any particular application
domain. The list of patterns and properties that we had identified then was substantial
but incomplete. Even the relation of some of the patterns and properties with software
architecture was open to dispute. For particular application domains the framework
may not be accurate.
Example: Our case studies have been performed in the domain of web based systems.
Initially our SAU framework contained usability patterns such as multitasking and
shortcuts. For these patterns we could not find evidence that they were architecturally
sensitive in this domain. Other patterns such as undo and cancel have different
meanings in web based interaction. Pressing the stop button in a browser does not
really cancel anything. Undo is generally associated with the back button. Web based
systems are different from other types of applications.
Causes: the architecture sensitivity of some of our usability patterns depends on its
implementation which depends on the application domain.
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Solution: The applicability of our analysis method is not excluded to other application
domains but the framework that we use for the analysis may need to be specialized for
different application domains in the future. As discussed in section 9.2 the "best
implementation" of a particular pattern may depend on several other factors such as
which application framework is used or on other qualities such as maintainability and
flexiblity. Some patterns do not exist or are not relevant for a particular domain. Some
patterns may share similar implementations across different domains these patterns
can be described in a generic fashion.
Research issue: Our framework is a first step in illustrating the relationship between
usability and software architecture. The list of architecturally sensitive usability
patterns and properties we identified are substantial but incomplete, it does not yet
provide a complete comprehensive coverage of all potential architecturally sensitive
usability issues for all domains. The case studies have allowed us to refine and extend
the framework for the domain of web based enterprise systems, and allowed us to
provide detailed architectural solutions for implementing these patterns and properties
(based on "best" practices).
Qualitative nature of SAU framework

Problem: Relationships have been defined between the elements of the framework.
However these relationships only indicate positive relationships. Effectively an
architect is interested in how much a particular pattern or property will improve a
particular aspect of usability in order to determine whether requirements have been
met. Being able to quantify these relationships and being able to express negative
relationships would greatly enhance the use of our framework.
Example: The pattern wizard generally improves learnability but it negatively affects
efficiency. Until now it is not known how much a particular pattern or property
improves or impairs a particular attribute of usability e.g. we only get a qualitative
indication.
Causes: Our framework is a first step in illustrating a relationship between usability
and software architecture. Literature does not provide us with quantitative data on
how these patterns may improve usability.
Solution: In order to get quantitative data we need to substantiate these relationships
and to provide models and assessment procedures for the precise way that the
relationships operate. However we doubt whether identifying this kind of (generic)
quantitative information is possible. Eventually we consider putting this framework in
a tool and allow architects and engineers to put weights on the patterns and properties
that they consider to be important.

9.5.3 Scenario evaluation
Evaluation is guided by tacit knowledge

Problem: The activity of scenario evaluation is concerned with determining the
support the architecture provides for that particular usage scenario. The number of
patterns and properties that support a particular usability attribute required by a
scenario, for example learnability, provide an indication of the architecture’s support
for that scenario however the evaluation is often guided by tacit knowledge.
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Example: For example in the eSuite case the following scenario was affected by four
usability patterns and six usability properties. The scenario requires high values for
learnability (4) and reliability (3). Several patterns and properties positively contribute
to the support of this scenario. For example, the property consistency and the pattern
context sensitive help increases learnability as can be analyzed from Figure 67. By
analyzing for each pattern and property, the effect on usability, the support for this
scenario was determined. However sometimes this has proven to be difficult. How
much learnability improving patterns and properties should the architecture provide
for deciding whether this scenario is supported?
Table 56: ESuite Usage Scenario
User
User context
Task
Novice
Mobile
Insert Order

S
1

E
2

L
4

R
3

Cause: Although SALUTA provides the steps for identifying the support determining
whether a scenario is accepted or rejected is still is very much guided by tacit
knowledge i.e. the undocumented knowledge of experienced software architects.
Solution: Our framework has captured some of that knowledge (e.g. the relationships
between usability properties and patterns and usability attributes) but it is up to the
analyst to interpret these relationships and determine the support for the scenarios.
Research issues: Since evaluating all the scenarios by hand is time consuming, we
consider developing a tool that allows one to automatically determine for a set of
identified patterns and properties which attributes they support and to come up with
some quantitative indication for the support. Although it may not be possible to give an
absolute indication of an architectures support for usability, when iteratively designing
and evaluating an architecture we are able to express relative improvements.

9.5.4 Interpretation
Lacked a frame of reference

Problem: After scenario evaluation we have to associate conclusions with these
results. However initially we lacked a frame of reference to interpret the results.
Example: In our first case study (Webplatform) the result of the evaluation was that
three scenarios were weakly accepted, and eight were strongly accepted. How should
this be interpreted and which actions need to be taken?
Cause: Interpretation is concerned with deciding whether the outcome of the
assessment is acceptable or not. The experiences that we have, is at initially we lacked a
frame of reference for interpreting the results of the evaluation of Webplatform. Were
these numbers acceptable? Could we design an architecture that has a better support
for usability? The results of the assessment were relative, but we had no means or
techniques to relate it to other numbers or results yet. Another issue was that we
doubted the representativeness of the usage profile. Did this profile cover all possible
usages by all types of users?
Solution: The three case studies have provided us with a small frame of reference. We
have seen architectures with significant better and significantly weaker support for
usability. This provided us with enough information to judge whether a particular
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architecture could still be improved. In order to refine our frame of reference more case
studies need to be done within the domain of web based application. Certain patterns
such as multiple views were present in all architectures we examined, whereas other
patterns such as user modes were only present in one system. We need more info on
which patterns are already integrated in application frameworks such as STRUTS
(Mercay and Gilbert, 2002) and which patterns have not.
In addition to the architecture assessment related experiences the following general
experiences were collected.

9.5.5 General experiences
Some general experiences that are well recognized in the SE and HCI domains which
are of cultural and psychological nature have been identified such as:
•

Lack of integration of SE and HCI processes e.g. Processes for software
engineering and HCI are not fully integrated. There is no integration of SE and
HCI techniques during architectural design. Because interface design is often
postponed to the later stages of development we run the risk that many
assumptions may be built into the design of the architecture that unknowingly
may affect interface design and vice versa. The software architecture is seen as
an intermediate product in the development process but its potential with
respect to quality assessment is not fully exploited.

•

Technology driven design: Software architects fail to associate usability with
software architecture design e.g. the software architects we interviewed in the
case studies were not aware of the important role the software architecture
plays in fulfilling and restricting usability requirements. When designing their
systems the software architects had already selected technologies (read
features) and had already developed a first version of the system before they
decided to include the user in the loop. A software product is often seen as a set
of features rather then a set of “user experiences”.

In addition to these experiences the following experiences were collected:
Impact of software architecture design on usability

Problem: One of the reasons to develop SALUTA was that usability may unknowingly
impact software architecture design e.g. the retrofit problem discussed in section 9.2.
However, we also identified that it worked the other way around; architecture design
sometimes leads to usability problems in the interface and the interaction.
Example: In the ECCOO case study we identified that the layout of a page (users had
to fill in a form) was determined by the XML definition of a specific object. When users
had to insert data, the order in which particular fields had to be filled in turned out to
be very confusing.
Causes: Because interface design is often postponed until the later stages of design we
run the risk that many assumptions are built into the design of the architecture that
unknowingly affect interface/interaction design and vice versa.
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Solution: Interfaces/interaction should not be designed as last but as early as possible
to identify what should be supported by the software architecture and how the
architecture may affect interface/interaction design. We should not only analyze
whether the architecture design supports certain usability solutions but also identify
how the architecture design may lead to usability problems.
Research issues: Usability is determined by many factors, issues such as:
•

Information architecture: how is information presented to the user?

•

Interaction architecture: how is functionality presented to the user?

•

System quality attributes: such as efficiency and reliability.

Architecture design does affect all these issues. Considerable more research needs to be
performed to analyze how a particular architecture design may lead to such kind of
usability problems.
Accuracy of the analysis is unclear

Problem: Our cases studies show that it is possible to use SALUTA to assess software
architectures for their support of usability, whether we have accurately predicted the
architecture’s support for usability can only be answered after the results of this
analysis are compared to the results of final user testing results when the system has
been finished. Several user tests have been performed. The results of these tests fit the
results of our analysis: the software architecture supports the right level of usability.
Some usability issues came up that where not predicted during our architectural
assessment. However, these do not appear to be caused by problems in the software
architecture.
We are not sure that our assessment gives an accurate indication of the architecture’s
support for usability. On the other hand it is doubtful whether this kind of accuracy is
at all achievable.
Causes: The validity of our approach has several threats:
•

Usability is often not an explicit design objective; SALUTA focuses on the
assessment of usability during architecture design. Any improvement in
usability of the final system should not be solely accounted to our method. More
focus on usability during development in general is in our opinion the main
cause for an increase in observed usability.

•

Accuracy of usage profile: Deciding what users, tasks and contexts of use to
include in the usage profile requires making tradeoffs between all sorts of
factors. The representativeness of the usage profile for describing the required
usability of the system is open to dispute. Questions whether we have accurately
described the systems usage can only be answered by observing users when the
system has been deployed. An additional complicating factor is the often weakly
specified requirements, which makes it hard to create a representative usage
profile.

Solution: To validate SALUTA we should not only focus on measuring an increase in
the usability of the resulting product but we should also measure the decrease in costs
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spent on usability during maintenance. If any usability issues come up which require
architectural modifications then we should have predicted these during the
assessment.
Research issues: architectural assessment saves maintenance costs spent on dealing
with usability issues. However at the moment we lack figures that acknowledge this
claim. In the organization that participated in the case studies these figures have not
been recorded nor did they have any historical data. To raise awareness and change
attitudes (especially those of the decision makers) we should clearly define and
measure the business advantages of architectural assessment of usability.
Design rather than evaluate

Problem: The usage profile and usage scenarios are used to evaluate a software
architecture, once it is there.
Solution: A much better approach would be to design the architecture based on the
usage profile e.g. an attribute/property-based architectural design, where the SAU
framework is used to suggest patterns that should be used rather than identify their
absence post-hoc.

9.6

Related Work

Many authors (Shackel, 1991, Hix and Hartson, 1993, Nielsen, 1993, Preece et al, 1994,
Wixon and Wilson, 1997, Shneiderman, 1998, Constantine and Lockwood, 1999, ISO
9126-1) have studied usability. Most of these authors focus on finding and defining the
optimal set of attributes that compose usability and on developing guidelines and
heuristics for improving and testing usability. Several techniques such as usability
testing (Nielsen, 1993), usability inspection (Nielsen, 1994) and usability inquiry
(Nielsen, 1993) may be used to evaluate the usability of systems. However, none of
these techniques focuses on the essential relation with software architecture.
(Nigay and Coutaz, 1997) discusses a relationship between usability and software
architecture by presenting an architectural model that can help a designer satisfy
ergonomic properties. (Bass et al, 2001) gives several examples of architectural
patterns that may aid usability. Previous work has been done in the area of usability
patterns, by (Tidwell 1998, Perzel and Kane 1999, Welie and Trætteberg, 2000). For
defining the SAU framework we used as much as possible usability patterns and design
principles that where already defined and accepted in HCI literature and verified the
architectural-sensitivity with the industrial case studies we conducted. The framework
based approach for usability is similar to the work done on quality attribute
characterizations (Bass et al, 2003) in (Folmer et al, 2003) the most important
differences between their approach and ours are outlined.
The Software Architecture Analysis Method (SAAM) (Kazman et al, 1994) was among
the first to address the assessment of software architectures. SAAM is stakeholder
centric and does not focus on a specific quality attribute. From SAAM, ATAM (Kazman
et al, 2000) has evolved. ATAM also uses scenarios for identifying important quality
attribute requirements for the system. Like SAAM, ATAM does not focus on a single
quality attribute but rather on identifying tradeoffs between quality attributes. Some
specific quality-attribute assessment techniques have been developed. In (Alonso et al,
1998) an approach to assess the timing properties of software architectures is discussed
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using a global rate-monotonic analysis model. The Software Architecture Analysis
Method for Evolution and Reusability (SAAMER) (Lung et al, 1997) is an extension to
SAAM and addresses quality attributes such as maintainability, modifiability and
reusability. In (Bengtsson and Bosch, 1999) a scenario based Architecture-Level
Modifiability Analysis (ALMA) method is proposed.
We use scenarios for specification of quality requirements. There are different ways to
interpret the concept of a scenario. In object oriented modeling techniques, a scenario
generally refers to use case scenarios: scenarios that describe system behavior. The 4+1
view (Kruchten, 1995) uses scenarios for binding the four views together. In Human
Computer Interaction, use cases are a recognized form of task descriptions focusing on
user-system interactions. We define scenarios with a similar purpose namely to usersystem interaction that reflect the usage of the system but we annotate it in such a way
that it describes the required usability of the system.

9.7

Conclusions

Software engineers and human computer interaction engineers have come to the
understanding that usability is not something that can be easily "added" to a software
product during late stage, since to a certain extent it is determined and restricted by
architecture design.
Because software engineers in industry lacked support for the early evaluation of
usability we defined a generalized four-step method for Software Architecture Level
UsabiliTy Analysis called SALUTA. This paper reports on 11 experiences we acquired
developing and using SALUTA. These experiences are illustrated using three case
studies we performed in the domain of web based enterprise systems: Webplatform, a
content management system developed by ECCOO, Compressor, an e-commerce
application developed by IHG and eSuite, an Enterprise resource planning system
developed by LogicDIS.
With respect to the first step of SALUTA, creating a usage profile we found that
transforming requirements to a format that can be used for architectural assessment is
difficult because requirements and quality attributes can be interpreted in different
ways. In addition specifying a necessary level for certain quality attributes is difficult
during initial design since they can often only be measured when the system is
deployed. To keep the assessment at a reasonable size we need set an explicit goal for
the analysis to filter out those scenarios that do not contribute to this goal, tool support
is considered for automating this step.
With respect to the second step of SALUTA, architecture analysis we found that some
representation of the software architecture is needed for the analysis however some
aspects such as design decisions can only be retrieved by interviewing the software
architect. The applicability of SALUTA is not excluded to other application domains but
the SAU framework that we use for the architectural analysis may need to be
specialized and the relationships quantified for different application domains in order
to produce more accurate results.
Concerning the third step, scenario evaluation is often guided by tacit knowledge.
Concerning the fourth step, interpretation of results we experienced that initially the
lack of a frame of reference made the interpretation less certain. In addition we made
some general experiences; not only does usability impact software architecture design
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but software architecture design may lead to usability problems. The accuracy of the
analysis and the representativeness of a usage scenario can only be determined with
results from final usability tests and by analyzing whether costs that are spent on
usability during maintenance have decreased. Rather than identify the absence or
presence of patterns post-hoc we should use the SAU framework to suggest patterns
that should be used. In our view the case studies that have been conducted have
provided valuable experiences that have contributed to a better understanding of
architecture analysis and scenario based assessment of usability.
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Chapter 10

Conclusions
In the introduction of this thesis a number of challenges concerning software
architecture and software quality; usability in particular, were identified. One of the
key problems with many of today’s software products is that they do not meet their
quality requirements very well. In addition, software engineers have come to the
understanding that quality is not something that can be easily "added" to a software
product in a late stage, since software quality is determined and restricted by
architecture design. More specifically, organizations have spent a large amount of time
and money on fixing architecture-related usability problems during late stage
development. Therefore software engineers have come to the understanding that
usability is not primarily determined by interface design but that it is also restricted
and fulfilled by software architecture design.

10.1 Research Questions
In this section we will discuss how the research questions in Chapter 1 have been
addressed by the papers presented in the previous chapters. In the introduction one
overall research question was formulated. Before addressing the main research
question, we will first discuss the research questions RQ-1 and RQ-2. For each of these
research questions we first answer the four more detailed sub research questions
before answering the research question itself.

10.1.1 Investigating the relationship between SA and usability
RQ-1.1: How does software architecture design restrict usability?
Our survey in Chapter 2 argues that the general notion in software engineering was
that quality requirements are to an extent restricted by architecture design, but we did
not know how this restriction precisely worked for usability. When investigating this
relationship, we identified that certain usability improving design solutions such as
undo and multichanneling (which are described as architecture sensitive usability
patterns in chapters 3 and 4, and as bridging patterns in chapter 5) inhibited the
retrofit problem. Adding such solutions during late stage development often proves to
be problematic because their implementation is to some extent restricted by the
software architecture. These solutions are what we call "architecture sensitive" (see the
next research question for a definition of this concept). Implementing such a solution
often requires large parts of source code to be rewritten which can be very expensive
during late stage development. Because of business constraints such as time to market
and costs, certain usability-improving mechanisms are prevented from being
implemented during that stage, which could have otherwise increased the level of
usability for that system. In these cases the software architecture restricts the level of
usability.
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During our case studies, however, we noticed that this restriction sometimes also works
the other way around; architecture design sometimes leads to usability problems in the
interface and the interaction design. For example, in the Webplatform case study
(chapter 8) we identified that the layout of a page (users had to fill in a form) was
determined by the XML definition of a specific object. This led to a usability problem,
because when users had to insert data, the order in which particular fields had to be
filled in turned out to be very confusing.
RQ-1.2: What does architecture sensitive mean?
We determined that architecture sensitivity has two aspects:
•

Retrofit problem: Adding a certain design solution has a "structural" impact.
These solutions are typically implemented as new architectural entities (such as
components, layers, objects, etc) or an extension of existing architectural
entities and relations and responsibilities between these entities. To add such a
solution, some "transformation" of the software architecture is required. This
impact can work on different levels in the architecture. In chapter 5 we give
examples for four types of architectural transformations: architectural style,
architectural pattern, design pattern, and transformation of quality
requirements to functionality. The impact of implementing such a design
solution can be either one of those transformations or a combination. In chapter
5 we give for each type of transformation an example architecture sensitive
usability pattern that uses such a transformation.

•

Architecture support: In chapter 5 we also argue that certain solutions (such
as providing visual consistency, see chapter 4) do not necessarily require an
extension or restructuring of the architecture. It is possible to implement these
otherwise, for example by imposing a design rule on the system that states that
all screens should be visually consistent (which is a solution that may work if
you only have a few screens, but such a rule is often hard to enforce). However
this is not the most optimal solution as adding new screens or changing existing
screens requires a lot of effort. Sometimes because of other requirements, such
as modifiability requirements, a more elegant and practical solution is chosen.
Visual consistency may be easily facilitated by the use of a separation-of-datafrom-presentation mechanism such as using XML/XSLT for creating templates
(see chapter 5 for more details on the implementation issues). A template can
be defined that is used by all screens, when the layout of a screen needs to be
modified only the template should be changed. In this case the choice for a
particular solution is also driven by the need to be able to modify screens
(modifiability).

In general, "hard to retrofit" should be associated with "requires a lot of effort to
implement during late stage" regardless of which transformation type is required.
Architecture sensitivity of a specific pattern for a specific system can be a relative
notion and depends on the context in which a pattern is being applied. The
architectural impact of a pattern on a given system very much depends on what already
has been implemented in the system. If some toolkit or framework is used that already
supports a pattern (such as for example struts framework supporting model view
controller), the impact may be low while the impact can be high if no support is there.
In that case, that pattern for that system is no longer considered to be "architectural"
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because with little effort it could be implemented. The main ideas behind this
definition of architecture sensitive is that one of the goals of software architecture
analysis should be to get rid of the "architectural" i.e. to an extent we should get rid of
the irreversibility (Fowler, 2003) in software designs.
RQ-1.3: How can we describe these architecture sensitive design solutions?
The core contribution of our research consists of 15 architecture-sensitive usabilityimproving design solutions which we have captured in the form of patterns. These
patterns have been identified from various industrial case studies and modern software
applications as well as from existing (usability) pattern collections. An initial collection
was presented in chapter 3 and this collection has been extended and refined in
chapters 4 and 5. Patterns are an effective way of capturing and transferring
knowledge. Although we have collected patterns for different types of usability
problems such as interface design (multiple views) or interaction design (wizard)
problems, the pattern format we defined in chapter 4 allows us to describe these
patterns in a consistent format, increasing the readability of our collection. In order to
use these patterns for architecture design and analysis, we decided to put these
patterns in the Software-Architecture-Usability (SAU) framework. An initial outline of
the SAU framework was already presented in chapter 2 and this framework has been
further refined in chapters 3 and 4. In chapter 6 we also extend the main ideas behind
the SAU framework to the qualities security and safety. In order to make the pattern
collection useful we needed to answer two questions for each pattern:
1.

How does this pattern improve usability? (SA analysis)

2. How can we use these patterns to design for usability? (SA design)
In order to answer these two questions we defined two layers in this framework:
•

Properties layer: The usability properties embody the heuristics and design
principles that researchers in the usability field consider to have a direct
influence on system usability. The properties tell us how to design for usability
and patterns are connected to these properties to be able to use these patterns
for design.

•

Attribute layer: A number of usability attributes have been selected from
literature that appear to form the most common denominator of existing
notions of usability. The attributes tell us how usability can be measured and
properties are connected to attributes to express how they improve or impair
these parts of usability.

Both properties and attributes result from our extensive survey of existing design
practice and literature presented in chapter 2.
RQ-1.4: Can this design knowledge be used to improve current architecture design for
usability?
The SAU framework captures essential design solutions so that these can be taken into
account during architectural design and evaluation. Randomly applying patterns and
properties from the SAU framework does not automatically lead to a usable system.
Not all patterns and properties may improve usability for a specific system or are
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relevant for a particular system. It is up to a usability engineer to decide whether a
particular pattern or property is relevant for the system under analysis. The choice for a
particular pattern or property may also be based upon cost and trade-offs between
different usability attributes or between usability and other quality attributes such as
security or performance.
To optimally use the design knowledge captured in the SAU framework we advice the
use of our SALUTA method (see chapter 7) that guides the architect in determining the
required and provided usability and in applying patterns from the framework.
Architecture design, which includes activities such as deciding on tradeoffs between
qualities, is often a complex non formalized process, much relying on the experience of
senior software engineers. As inevitably tradeoffs need to be made during design not
only between attributes of a quality (inter-quality tradeoffs such as for usability,
efficiency of use and learnability) but also between qualities (intra-quality tradeoffs: for
example between usability and security) architecture design would benefit from
knowing exactly for a particular design solution how this may affect other qualities. In
chapter 6 we extend some of the ideas that led to the definition of the SAU framework,
such as the concepts of architecture sensitive patterns, attributes and properties to
other qualities.
Using the answers of RQ-1.1 - RQ 1.4 we can answer RQ-1.
RQ-1: What is the relationship between software architecture and usability?
The relationship between software architecture and usability is twofold:
•

From the perspective of the software architecture in RQ-1.1 and RQ-2.2, we
discovered that a software architecture may restrict the level of usability that
can be achieved by permitting certain usability improving solutions to be added
during late stage.

•

From the perspective of usability, when looking at the system in isolation,
usability is determined by the following factors:
•

Information architecture: how is information presented to the user? (This
could even be further divided into pure interface issues and data
presentation / organization) issues.

•

Interaction architecture: how is functionality presented to the user?

•

System quality attributes: such as efficiency and reliability.

Software architecture design does affect all these issues. For example, the quality
attributes such as performance or reliability are to a considerable extent defined by the
software architecture. Software architecture design may also have a major impact on
the interaction and information architecture.
Putting these two perspectives together, we conclude that in our work we have
specifically focused on the first aspect of this relationship. We identified a set of
usability-improving design solutions that have architectural implications. Some of
these solutions deal with usability problems in the information and interaction
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architecture. So to an extent the second aspect is also covered. Our research currently
does not address two parts of this complex relationship:
•

Designing a usable system is more than ensuring a usable interface; a slow and
buggy system architecture with a usable interface is not considered usable, on
the other hand the most reliable and performing system architecture is not
usable if the user can’t figure out how to use the system. Usability is to an extent
also determined by system qualities such as efficiency and reliability. In our
work we only consider these qualities from a user perspective (e.g. efficiency of
use and reliability of use). A solution such as undo helps with efficiency of use
and reliability of use but we do not consider how the system is performing. The
use of certain mechanism such as an XML/XSLT parser for facilitating
multichanneling may have a serious impact on the performance of the final
system, as such mechanisms may take a lot of memory. However this is not
included in our analysis. The reason for this is that analyses of such qualities
have their own unique problems. Researchers have already developed
numerous techniques for analyzing these qualities. In order to design a high
quality system, a whole suite of quality attribute specific assessment techniques
should be used of which our technique for usability could be used for the
assessment of usability.

•

As mentioned before, sometimes architecture design may unknowingly lead to
usability problems. For example, during one of our case studies we identified
that a usability problem occurred, because the underlying data model
determined how pages were presented. Assessing how an architecture may lead
to these "anomalous" usability problems in these specific cases is quite difficult
as these problems are only discovered during detailed design.

Summarizing, the relationship between software architecture and usability is partially
expressed by our SAU framework (RQ-1.3). It provides developers with a repository of
usability-improving design solutions that can improve current architectural design for
usability (RQ-1.4).
The next set of research questions deal with turning software architecture design into a
repeatable process.

10.1.2 Development of an SA assessment technique for usability
RQ-2.1: Which techniques can be used for architectural analysis of usability?
In chapter 2 an overview is provided of usability evaluation techniques that can be used
during the different stages of development, unfortunately, no documented evidence
exists of assessment techniques focusing on analyzing software architectures for
usability.
Although it's possible to use for example a "generic" scenario-based assessment
technique such as SAAM (Kazman et al, 1994), ATAM (Kazman et al, 1998) or QASAR
(Bosch, 2000), a specialized technique is more tailored to a specific quality and will
often lead to more accurate results. For example guidelines and criteria are given for
creating specific scenarios
RQ-2.2: How should usability requirements be described for architecture assessment?
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Before a software architecture can be assessed, the required usability of the system
needs to be determined. In chapters 2 and 7, we argue that existing usability
specification techniques and styles are poorly suited for architectural assessment, as
these specifications are either rather abstract or performance based. Requirements
specified as such are hard to evaluate for a software architecture. How should we
evaluate a requirement specified as "the user must be able to learn this application in
20 minutes" when at this stage there is only a software architecture design to evaluate?
Requirements should be expressed in such a way that we can analyze an architecture
for its support of these.
In chapter 7 a specification technique is proposed based on scenario profiles. Scenario
profiles describe the semantics of software quality attributes by means of a set of
scenarios. The primary advantage of using scenarios is that scenarios represent the
actual meaning of a requirement. For example a requirement specified as: "this part of
the application should be easy to learn" does not specify for which users, tasks or
contexts of use (usability depends on these variables) this requirement should hold.
Our usage scenarios allow a more specific fine-grained specification of requirements
which allows us to use them for architectural analysis. An additional reason for using
scenarios is that we have had successful experiences with scenarios for architectural
assessment of modifiability (Bengtsson, 2002).
Our usage scenarios are similar to use cases, a recognized form of task descriptions in
HCI describing user-system interactions. In our technique we define usage scenarios
with a similar purpose, namely to describe user-system interaction, but, as that does
not express the required usability (it only describes interaction), we relate them to our
usability attributes in the SAU framework presented in chapter 4. For certain usability
attributes, such as efficiency and learnability, tradeoffs have to be made during design;
as it is often impossible to design a system that has high scores on all attributes. A
purpose of usability requirements is therefore to explicitly specify the necessary levels
for each of these attributes. One should be aware that usage profile creation does not
replace existing requirements engineering techniques. Rather it transforms (existing)
usability requirements into something that can be used for architecture assessment.
In chapter 9 we reported some experiences with creating scenario profiles.
Transforming requirements to a usage profile is sometimes difficult as requirements
are either not specified at all, very weakly specified or change during development. As
this process is an activity that takes place on the boundary of both SE and HCI
disciplines cooperation with a usability engineer is often required. Overall, we had
positive experiences with this technique and in our opinion scenario profiles can give
an accurate description of the required usability suitable for architecture assessment, if
usability requirements have sufficiently been specified.
RQ-2.3: How can we determine the architecture's support for a usage scenario?
In order to determine how a software architecture can support a particular usage
profile, we analyze the software architecture using the SAU framework presented in
chapter 4. Certain patterns and properties may support a particular usage scenario. For
example, if undo has been implemented for a certain task then it may improve the
usability for that scenario. We therefore analyze whether patterns and properties from
the SAU framework are present in the available architecture designs and design
documentation. The number of patterns and properties that support a particular usage
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scenario are an indication for the architecture support for this scenario. For each
pattern and property we use the relationships in the SAU framework to analyze how
specific attributes of usability are improved. Using the undo example we can analyze
that it may improve reliability and efficiency. It is up to the analyst to decide whether
this support is sufficient. And our technique can assist in the decision making process
by showing exactly how the software architecture may support a scenario.
The quality of the assessment very much depends on the amount of evidence for
patterns and property support that can be extracted from the architecture. In chapter
9, we argue that because of the often non-explicit nature of architecture design, the
analysis strongly depends on having access to both design documentation and software
architects; as design decisions are often not documented the architect may fill in the
missing information on the architecture and design decisions that were taken.
RQ-2-4: Can architecture assessment successfully be used for improving the usability
of the final system?
Our cases studies (chapter 8,9,10) show that it is possible to use SALUTA to assess
software architectures for their support of usability. We compared the results of the
analysis with the results of final user testing results. Several user tests have been
performed for each case study, these were conducted by our partners in the STATUS
project. The results of these tests fit the results of our analysis: the software
architecture supports the right level of usability. Some usability issues came up that
where not predicted during our architectural assessment. However, these could not be
traced back to insufficient support of the architecture for usability and could hence be
fixed very easily.
In chapter 9 we identified several threats to the validity of our approach:
•

Usability is often not an explicit design objective; SALUTA focuses on
architectural assessment of usability. Any improvement in usability of the final
system in the case studies performed should not be solely accounted to our
method. More focus on usability during development in general is in our
opinion the main cause for an increase in observed usability.

•

Accuracy of usage profile: Deciding what users, tasks and contexts of use to
include in the usage profile requires making tradeoffs between all sorts of
factors. The representativeness of the usage profile for describing the required
usability of the system is open to dispute. Questions whether we have accurately
described the system's usage can only be answered by observing users when the
system has been deployed. An additional complicating factor is the often weakly
specified usability requirements which make it hard to create a representative
usage profile.

•

Case studies: Only three case studies were done so the conclusions presented
here would be strengthened by the use of a greater number of case studies.

We are not sure whether our assessment can actually improve the usability of a system
as so many other factors are involved. To validate SALUTA we should not only focus on
measuring an increase in the usability of the resulting product but we should also
measure the decrease in costs spent on usability during maintenance.
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The main contribution of SALUTA is that it provides software architects with a method
to understand and reason about the effect of design decisions on the quality of the final
system, at a time when it is still cheap to change these decisions. One of the goals of
architecture design and analysis is to get rid of the irreversibility (Fowler, 2003) in
software designs. With SALUTA, architects may design a software that allows for more
“usability tuning” (e.g. adding usability solutions with little effort) on the detailed
design level. This may prevent part of the high costs incurred by adaptive (Swanson,
1976) maintenance activities once the system has been implemented. And if the costs
for fixing usability issues are decreased, ensuring a usable system becomes a feasible
option.
Using the answers of RQ-2.1 - RQ 2.4 we can answer RQ-2.
RQ-2: How can we assess a software architecture for its support of usability?
As there were no usability assessment techniques (RQ-2.1) focusing on the software
architecture, we decided to develop our own technique. In chapter 7 we present a
scenario based assessment technique SALUTA, which provides the analyst with a set of
clearly defined steps for performing the analysis. Scenario profiles are used (RQ-2.2)
for specifying the required usability. SALUTA uses the SAU framework (RQ-1) to
identify the architecture support for usability (RQ-2.3). SALUTA can be used to make
sure the software architecture supports usability which may save on maintenance costs
(RQ-2.4).

10.1.3 Overall research question
Using the answers to RQ-1 and RQ-2 we can formulate an answer to the overall
research question:
Given the fact that the level of usability is restricted and determined by the software
architecture how can we design a software architecture that supports usability?
This main research question can now be answered as follows. The relevant knowledge
needed for assessing and designing a software architecture for usability has been
captured in the SAU framework in chapters 3, 4 and 5. Using the SALUTA assessment
technique presented in chapters 7, 8 and 9 software architects can now iteratively
assess and improve their software architectures.

10.2 Contributions
In the previous section about the research questions, we have already listed the
contribution made by this thesis by answering the research questions. In this section
we will summarize the contributions.

10.2.1 Investigating the relationship between SA and usability
•

Until recently the relationship between software architecture and usability was
poorly understood and described. Chapter 2 is a "call to arms" for investigating
this relationship as it identifies that a large part of maintenance costs is spent
on dealing with architecture related usability issues.
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•

In chapter 3 we present the first results of that research: a collection of
architecture sensitive usability patterns and a basic outline of the SAU
framework.

•

Chapter 4 in detail describes the SAU framework, consisting of 15 patterns and
10 properties.

•

In chapter 5 the work on architecture sensitive patterns is continued by
presenting four bridging patterns. Bridging patterns also provide detailed
implementation issues for interaction design patterns.

•

Chapter 6 applies some of the concepts behind the definition of the SAU
framework to other qualities. We illustrate this by presenting architecture
sensitive patterns for security, safety and usability and show how inter- and
intra- quality tradeoffs must be made between these qualities for implementing
these patterns. In addition we present a "boundary" pattern which provides a
solution to a quality problem (security) but also provides a solution that
counters the negative effects on another quality (usability) that traditionally
comes with implementing this pattern.

10.2.2 Development of an SA assessment technique for usability
•

Architecture assessment of usability is necessary to be able to cost-effectively
develop usable systems (as argued in chapter 2), as during this phase design
decisions are made that are hard to change. In chapter 2, we also identify that
there are no assessment techniques explicitly focusing on architecture
assessment of usability.

•

Chapter 7 addresses to this shortcoming by presenting a scenario-based
architecture-level usability assessment technique called SALUTA. The steps of
SALUTA are illustrated with a case study performed in the domain of webbased content management systems (Webplatform). To the best of our
knowledge, SALUTA is the first architectural assessment technique that
specifically focuses on usability.

•

Chapter 8 presents two other case studies (eSuite, Compressor) performed with
SALUTA at our industrial partners in the STATUS project.

•

Chapter 9 presents a set of experiences and problems we encountered when
conducting architecture analysis of usability. For each experience, a problem
description, examples, causes, solutions and research issues are identified.

10.3 Future Work and Open Issues
Various issues discussed in this thesis can be subject of further research, as research
often raises new research questions. Below, we will briefly discuss some of the areas
that require further research:
•

Processes for software engineering and HCI are still not fully
integrated: The software architecture is seen as an intermediate product in the
development process, but its potential with respect to quality assessment is not
fully exploited. Software architects still often fail to associate usability with
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software architecture design. When designing a system, software architects
often already select technologies (read features) and often already develop a
first version of the system before they decide to include the user in the loop. A
software product is often seen as a set of features rather then a set of “user
experiences”. There are still many challenges open in changing these attitudes.

•

Maintenance costs: Architectural assessment of usability as claimed in this
thesis should save on maintenance costs. However, at the moment we lack
figures that acknowledge this claim. In the organizations that participated in the
case studies, these figures have not been recorded nor did there exist any
historical data. To raise awareness and change attitudes (especially those of the
decision makers), we should clearly define and measure the business
advantages of architectural assessment of usability.

•

SAU framework: Empirical validation is important when offering new
techniques. The analysis technique for determining the provided usability of the
system relies on the framework we developed. Initially, the SAU framework was
based on discussions with our partners in the STATUS project and did not focus
on any particular application domain. The list of patterns and properties that
we had identified then was substantial but incomplete. As the goal of our
research was mainly web based systems we refined the framework for this
domain. Furthermore, our SAU framework initially contained usability patterns
such as multitasking and shortcuts. For these patterns we could not find
evidence that they were architecturally sensitive in this domain. Other patterns
such as undo and cancel have different meanings in web based interaction. The
list of architecture-sensitive usability patterns and properties we identified in
the SAU framework is substantial but incomplete, it does not yet provide a
complete comprehensive coverage of all potential architecture-sensitive
usability issues for all domains. The case studies have allowed us to refine and
extend the framework for the domain of web based enterprise systems, and
allowed us to provide detailed architectural solutions for implementing these
patterns and properties (based on "best" practices). But in order to improve
design for usability for other domains we should also define frameworks for
other domains.

•

Qualitative nature of SAU framework: Relationships have been defined
between the elements of the framework. Effectively an architect is interested in
how much a particular pattern or property will improve a particular aspect of
usability in order to determine whether requirements have been met. Being able
to quantify these relationships would greatly enhance the use of our framework.
In order to get quantitative data we need to substantiate these relationships and
to provide models and assessment procedures for the precise way that the
relationships operate. However, we doubt whether identifying this kind of
(generic) quantitative information is possible.

•

Increase frame of reference: SALUTA has been applied at three case
studies. The different characteristics and different analysis goals of these cases
have provided us with a small frame of reference for interpreting the analysis
result. We have seen architectures with significant better and significantly
weaker support for usability. This provided us with enough information to
decide whether a particular architecture could still be improved. In order to
expand our frame of reference more case studies need to be done. Certain
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patterns such as multiple views were present in all architectures we examined,
whereas other patterns such as user modes were only present in one system.
•

•

Tool support: Creating and evaluating all scenarios by hand is time
consuming, in order to automate this process tools should be developed which
allow:
•

Specifying attribute values over multiple contexts, users, and tasks and that
will automatically determine a prioritization of attribute values for a usage
profile.

•

Quantify relationships by allowing architects to put weights on the patterns
and properties that they consider to be important.

•

Determination of which patterns and properties support a scenario and
come up with some quantitative indication for the support of that scenario.

Extend SAU framework to other qualities: The SAU framework has
proven to work for architecture assessment of usability. For other qualities such
as security and safety we already identified architecture sensitive patterns such
as SSO and Warning (see chapter 6) and we have reasons to believe that
capturing this relevant design knowledge and identifying which tradeoffs must
be made will be beneficial to software architecture design. The framework we
outline and present in chapter 6 is far from complete but is a first step in
formalizing and raising awareness of the complex relation between software
quality and software architecture.
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Chapter 12

Samenvatting
Een van de eigenschappen van software die de laatste tien jaar meer aandacht heeft
gekregen is gebruiksvriendelijkheid, beter bekend als usability. Een softwareproduct
met een slechte usability is gedoemd om te falen in een concurrerende markt.
Organisaties die software ontwikkelen spenderen daarom steeds meer aandacht aan
om er voor te zorgen dat hun software usable is. Uit de praktijk blijkt echter dat de
kwaliteit van de software (waar ook usability een onderdeel van is) niet zo hoog is als
het kan zijn. Organisaties besteden een relatief groot deel van hun geld en tijd aan het
repareren van usabilityproblemen tijdens de latere fases van de software-ontwikkeling.
Er zijn diverse redenen waarom usabilityproblemen pas vaak laat ontdekt worden:
Het probleem met het reparereren van bepaalde usabilityproblemen tijdens de laatste
fases van de software-ontwikkeling is dat sommige van de oplossingen die bedacht
worden om de usability te verbeteren veranderingen aan de software architectuur
vereisen. Onder een software architectuur wordt verstaan: "de fundamentele
organisatie van een systeem, uitgedrukt in zijn componenten, de relaties van deze
componenten tot elkaar en de omgeving, en de principes die zijn ontwerp en evolutie
beheren". Een software architectuur is te vergelijken met de fundering van een huis.
Het wijzigen van de software architectuur tijdens de latere fases van de softwareontwikkeling is dan ook erg duur omdat dit invloed heeft op bijna alle delen van de tot
dan toe ontwikkelde software, die hierdoor vaak voor een groot deel herschreven moet
worden. Deze usability verbeterende oplossingen noemen we dan architectuurgevoelig.
Vanuit deze restricties komt dan ook het algemene besef voort dat de kwaliteit van
software (waaronder usability) tot een zekere hoogte beperkt en bepaald worden door
het ontwerp van de software architectuur.
Software architecten zijn vaak niet op de hoogte van van deze beperking en er zijn ook
geen technieken voorhanden die expliciet focussen op het analyseren van software
architecturen voor de ondersteuning van dit soort architectuurgevoelige
kwaliteitsverbeterende oplossingen. Het meten van softwarekwaliteit gebeurt daarom
vaak pas wanneer het systeem klaar is. Zeker voor usability is dit vaak het geval
aangezien dit erg lastig te meten is wanneer er geen werkend systeem is. Interface
prototypes kunnen maar een beperkt inzicht geven in toekomstige usability van een
systeem omdat usabiltiy ook van snelheid, betrouwbaarheid afhangt. Als men tijdens
deze fase tot de ontdekking komt dat bepaalde usability verbeterende oplossingen
moeten worden toegevoegd heeft dit als gevolg dat sommige delen van de software
opnieuw ontwikkeld moeten worden. Het herontwikkelen van software gaat gepaard
met hoge kosten en omdat ook tijdens de ontwikkeling afwegingen moeten worden
gemaakt, bijvoorbeeld tussen kosten en kwaliteit, leidt dit tot software systemen met
een lagere usability dan mogelijk is.
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Om toch op een kosteneffectieve manier systemen te ontwikkelen met hoge usability
hebben wij de relatie tussen usability en software architectuur bestudeerd.
De drie hoofdresultaten van dit onderzoek zijn:
•

Architectuur-gevoelige usability patterns (ASUP): een usability pattern
beschrijft een oplossing voor een bepaald usability probleem. Wij hebben een
collectie van usability patterns geidentificeerd zoals b.v. undo (het ongedaan
maken van bepaalde acties) die usability verbeteren maar die vanwege hun
invloed op de architectuur erg moeilijk toe te voegen zijn tijdens de laatste fases
van het ontwikkelproces. ASUP's zijn een extensie van bestaande usability
patterns en we hebben voor deze patterns informatie toegevoegd over de
generieke implementatie- en architectuurgevoeligheid. ASUP's kunnen worden
gebruikt voor het analyseren van architecturen; wanneer de generieke
implementatie bekend is kunnen software architecten bepalen wat dit betekent
in hun specifieke context en of hun architectuur aangepast moet worden om
deze patterns te ondersteunen.

•

Software Architectuur Usability Framework (SAUF): om de ASUP's te
gebruiken voor het ontwerpen en analyseren van software architecturen hebben
we ze beschreven in een framework die een relatie tussen software architectuur
en usability beschrijft. Door middel van deze relaties kan een ontwerper op
basis van specifieke usability requirements analyseren welke ASUP's mogelijk
kunnen worden geïmplementeerd om te voldoen aan deze requirements. Aan de
andere kant kan op basis van een aantal geïmplementeerde ASUP's worden
bepaald of er voldoende ondersteuning is voor specifieke aspecten van usability.

•

Scenario gebaseerde Architectuur Analyse Methode voor Usability
(SALUTA): Om een architect te assisteren in het analyseren van een
architectuur voor usability hebben we een aantal stappen gedefinïeerd die een
structuur bieden voor het begrijpen en redeneren over hoe bepaalde
ontwerpbeslissingen de usability beinvloeden. SALUTA gebruikt het SAU
framework voor het analyseren van de ondersteuning van usability.

Al het onderzoek in mijn proefschrift is gefinancierd door het Europese Unie
gefinancierde STATUS (Software Architecture That Supports Usability) project. Het
STATUS project was een samenwerking tussen verschillende industriëele en
academische partners in Europa (Verenigd Koninkrijk, Nederland, Griekenland en
Spanje) en had als doel het bestuderen van de relatie tussen software architectuur en
usability en het identificeren van karakteristieken van software architecturen die de
usability van software kunnen verbeteren. Dit project heeft zich gericht op case studies
van e-commerce systemen en is begonnen op 1 december 2001 en heeft 36 maanden
geduurd.
Om de ontwikkelde methoden (oa. SALUTA) te valideren zijn er 3 case studies
uitgevoerd in het domein van web gebaseerde applicaties.
•

Webplatform: Een systeem wat gebouwd is voor de Rijksuniversiteit
Groningen door het ECCOO (Expertise Centrum Computer Ondersteunend
Onderwijs). Het Webplatform is een Content Management Systeem (CMS) dat
volledig gebaseerd is op XML (extended markup language). Het bewerken van
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de inhoud en de structuur van informatie verloopt via de webbrowser,
onafhankelijk van tijd en plaats. Het webplatform is ontwikkeld om de kwaliteit
van de informatievoorziening binnen de RUG op een hoog peil te kunnen
houden.
•

eSuite: Esuite is ontwikkelt door LogicDIS (partner STATUS) en is een system
wat toegang bidet tot verschillende ERP (Enterprise Resource Planning)
systemen door middle van een web interface. ERP systemen draaien in een
algemeen op grote mainframe computers en bieden users vaak alleen een
terminal gebaseerde interface. eSuite biedt een web interface bovenop deze
verschillende ERP systemen aan zodat men deze b.v. via internet of een intranet
kan benaderen.

•

Compressor: De Compressor catalogus applicatie is ontwikkeld door de
Imperial Highway Group (IHG) (partner STATUS) voor een grote client in de
koel industrie. Het is een e-commerce applicatie die toegang biedt tot een grote
database met informatie over compressors. Potentiele klanten kunnen b.v. door
middel van dit system zoeken naar gedetaileerde informatie over verschillende
compressors en compressor onderdelen.

Bij alle drie case studies is de software architectuur geanalyseerd voor de
ondersteuning van usability. Er zijn verschillende interviews afgenomen met software
architecten en personen verantwoordelijk voor de usability specificaties. Ook
technicsche specficaties zoals architectuur beschrijvingen en documentatie van
ontwerp beslissingen zijn bestudeerd. Bij iedere case study is een advies uitgebracht
Iedere analyse heeft een advies uitgebracht:
•

Webplatform: Inzicht in tot hoe ver de architectuur bepaalde usability
oplossingen ondersteund.

•

eSuite: Verbeteringen aan de software architectuur.

•

Compressor: Een gemotiveerde keus voor een bepaalde architectuur met een
hoge support voor usability terwijl met de keuze uit meerdere architecturen
voorhanden had.
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