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Abstract

Keywords:

In this report we describe the results of the UseLine Project, a project that was
funded by the , Stiftung Rheinland Pfalz fir Innovation” under grant number
0621.

In this project, the interplay between the two Software Engineering disciplines
Usability Engineering on the one hand and Product Line Engineering on the
other hand is investigated. Although both disciplines seem to contain contra-
dictory elements — e.g. Usability Engineering focuses on the individual user
whereas Product Line engineering concentrates on reuse and commonality be-
tween products an integrated approach that focuses on both aspects has ad-
vantages. Especially for small and medium enterprises who traditionally have a
strong customer focus and do often not have the time and money to introduce
both — Product Line engineering and Usability engineering — an integrated ap-
proach can help to achieve a large market advantage — a usable Product Line.

In this report we describe the useline approach for planning and requirements
engineering of usable Product Lines. The approach explicitly considers the
business goals of an organisation, helps to identify user tasks and product fea-
tures and domains and improves the Usability of central and reusable tasks. For
the latter a new Usability inspection method was developed which should suit
well for small development teams and projects and persons which are unskilled
in Usability methods.

The approach was applied in a small company in Kaiserslautern. We also de-
scribe our experiences with applying the approach there and give examples on
the artefacts produced.

Usability; Product Line Engineering; UselLine; Scoping; Feature; Task
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Goal of the Use-Line Project

1 Goal of the Use-Line Project

Usability Engineering and Product Line Engineering are two upcoming topics in
software engineering. They both aim at improving software and software de-
velopment. Usability Engineering wants to improve he ease of use of software
products by integrating Usability principles into development. Product Line En-
gineering wants to improve reuse and reUsability of software by explicitly plan-
ning and developing a platform for a set of software products.

As Usability focuses on the user, on the individual usage of the software and
Product Line Engineering focuses on reuse and commonality of software they
are, at first sight, contrary approaches. Usability Engineering focuses on the
user, its tasks and its interaction with the system [Lau03], Product Line Engi-
neering focuses on the systems or products and their commonalities and vari-
abilities [CNO2].

But an integrated view on Usability and Product Line engineering has major ad-
vantages: Both approaches focus on business goals and often entail major
changes in software structure and development structure. By jointly looking at
Usability aspects and commonalities and variabilities of existing and planned
products improvements can fertilize each other and can be put into practice
more cost effective.

Especially small and medium sized companies (SMEs) often have deficiencies in
Usability of their systems that they want to improve and, on the other hand
have the need to build and release products more systematically with their lim-
ited manpower. Those SMEs do not have time and money to invest in both the
introduction of Usability and Product Line engineering principles into their soft-
ware.

In this report we present the UselLine Approach for an integrated Product Line
and Usability analysis. The approach is based on business goals and focuses on
planning aspects and the early development phases. With the approach, weak-
nesses in the products (on Usability and Product Line side) are identified and
improvement suggestions for the development of future products and current
products are given. With the approach we integrate the task-oriented mode of
working of Usability approaches and the feature- and component oriented
mode of Product Line engineering approaches. And therefore provide one step
towards bridging the gap between Usability and software engineering [KLBO3].

Copyright © Fraunhofer IESE 2004 1
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2.1

Context

In this section we describe the larger context of the approach — the two disci-
plines Usability Engineering and Product Line Engineering that we want to inte-
grate.

Usability Engineering

The field of human-computer interaction (HCI) is concerned with the joined
performance of tasks by humans and computational machines [CL99], [CL99],
[HB96]. From the computer science perspective one essential contribution of
HCl is the design, evaluation and implementation of interactive computing sys-
tems for human use. The process that guides these tasks by specifying, measur-
ing and improving the Usability of a product is commonly called Usability engi-
neering. Example for Usability engineering approaches are the User Centered
Design Process (UCD for short) [Ma99] and the Contextual Design Process
[BHO8].

Usability refers to the extend, to which a product can be used by specific users
in a specific usage context to achieve specific goals in an effective, efficient and
satisfying way [ISO01].

Usability in a simplified understanding is a non-functional property that charac-
terizes the functionality of a product. In this sense missing functionality is as
much of a thread to Usability as the so-called featuritis (which refers to a large
amount of unneeded functions)[Nor88]. This simplified view leads many novices
to the false assumption that Usability is an inherent characteristic of a product —
independently from the situational context of the person using it [MB03]. A
more elaborated understanding of Usability is the concept of “quality in use”.
Quiality in use as it is defined in ISO 9126 [ISO98] addresses more than a prod-
uct characteristic. It refers to the perception of the overall quality of a product
in use and can only be expressed accurately, if all quality aspects such as Usabil-
ity, efficiency, safety and security are taken into account [KDP04]. The percep-
tion of quality aspects of a system in use is also known as the users experience
and differs from individual to individual [KKDO3].

The discipline of Usability engineering develops methods to meet these chal-
lenges. Even though methods for all phases of the software engineering lifecy-
cle have been introduced in the past, the highest emphasis has been on evalua-
tive activities. Fewer methods are known in constructive phases such as re-
quirements analysis or design.

Copyright © Fraunhofer IESE 2004
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Activities of Usability engineering have the challenges in mind that raise with
the construction of solutions that meet usage-context-specific requirements.
They involve the future users of the system as much as resource limitations, that
every software project has, allow. The integration of specific users as well as the
concept of “quality in use” leads to certain decisions during software develop-
ment. These decisions take place on four abstraction levels: task level, domain
level, interaction level and system level (see Figure 1). For a detailed discussion
of the design decisions compare [PK03a] and [PKO3b]:

e Task level
Decisions on this level determine the user roles and the tasks of these roles
to be supported by the system. This meets the challenge of supporting spe-
cific users in specific contexts.

e Domain level
The user tasks consist of several activities. On domain level, decisions about
activities in the as-is process and those in the to-be process are made, as
well as decisions about which of those activities will be the systems respon-
sibilities (features). Further, decisions about typical data that is required in
the domain are made.

e |Interaction level
System responsibilities are realized by system functions.
The decision about the system functions determines the border between
user and system. It has to be decided how the user can use the system func-
tion to achieve the system responsibilities. This determines the interaction
between user and system. Decisions about input and output data have to be
made as well as decisions about the grouping of data and system functions
in different workspaces.

e System level
a) Code related decisions
Architectural decisions about the code realizing the system have to be made.
System functions are modularised into different components. Decisions have
to be made regarding the internal system actions that realize the system
functions. The internal system data refines the interaction data to the granu-
larity of the system actions.
b) Interface related decisions
It has to be decided how the user can navigate between different screens
during the execution of system-functions. This determines the navigation
functions. In addition support functions that facilitate the system-functions
have to be defined. These functions realize parts of system-functions that
are visible to the user in form of GUI elements. For each interaction the de-
tailed control of the user has to be decided. This determines the dialog. It
consists of a sequence of support and navigation functions executions.
For each navigation- and support-function the input data provided by the
user as well as the output data provided by the system has to be defined.

Copyright © Fraunhofer IESE 2004 3
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Figure 1
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The four levels of design decisions in Usability engineering (see [JK04])

The maximization of user and usage specific issues during these design deci-
sions seems to be in conflicts with Product Line Principles. In the following sec-
tions we will describe properties of Product Line engineering and discuss these
conflicts.

Product Line Engineering

Product line engineering can be described as a technology providing methods
to plan, control, and improve a reuse infrastructure for developing a family of
similar products instead of developing single products separately. This reuse in-
frastructure manages commonality and controls the variability of the different
products. Examples for Product Line approaches are PULSE [BFK+99], Fast
[WL99] and the SEI Product Line Practice Initiative [CNO1].

The goal of Product Line engineering is to achieve planned domain-specific re-

use by building a family of applications. Distinct from single system software
development there are two life cycles, domain engineering and application en-
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gineering. In domain engineering the reusable asset base is built and in applica-
tion engineering this asset base is used to build up the planned products (cf.
Figure 2
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System
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/ \ Domain Engineering

Domain > Domain > Domain

/ Analysis Design Implementation

Scoping

Application Engineering
Application Application|__ Application

Analysis Design Implementation
New Syste(v

Requirements

Product line engineering: A two lifecycle approach

One benefit of the Product Line approach is the idea that all members of the
Product Line are based on a single set of assets. Thereby, the maintenance ef-
fort is reduced to this single asset base. Hence, existing products must always
follow the evolution of the asset base. This is done by instantiating the changed
domain model while reusing the existing resolution of the domain decision
model.

Product line engineering stands on a middle ground between specific assets
(single system development, one time use) and general assets (general use li-
braries or components, applicable anywhere; generator based approaches). The
idea is to define a Product Line, which captures the intended scope of reuse.
The products included in a Product Line are determined to have sufficiently
common characteristics to make it more efficient to study the commonalities
and variabilities once for all products of the Product Line and to build reusable
assets, than to study and build all the products separately. Product line engi-
neering approaches define how to leverage the commonalities and create reus-
able assets that increase the efficiency of developing the products [BMW99].

Domain analysis or domain modelling, is requirements engineering for Product
Lines. Domain analysis methods provide processes for eliciting and structuring
the requirements of a domain, or Product Line. The results are captured in a
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domain model. A domain model must capture both the common characteristics
of the products and their variations. The domain model is the basis for creating
other reusable assets like a domain specific language or a component-based ar-
chitecture. For a domain analysis method to be applicable it must be appropri-
ate and it must provide enough guidance so that it can be carried out. As in
other areas of software development, the context for each domain analysis ap-
plication varies, and methods that are appropriate in one context will not be in
others. This fact is especially important for domain analysis because of the
compound effects of inappropriate models over multiple products and over the
whole lifecycle. Therefore, a generally applicable domain analysis method
should be customisable to the context of the application.

The properties which are specific to requirements engineering for Product Lines,
are:

e Commonality and Variability
When doing domain analysis the properties of several products have to be
modelled at once. As the planned products that are analysed during domain
analysis differ in their features [KCHO9] and in their functional and non-
functional requirements, the commonalities and variabilities between those
products have to be captured and adequately modelled.

¢ [nstantiation Support
As several products are modelled in one domain model it must be clear,
which part of the model or which requirement belongs to which product. In
order to have an application specific view on the product the instantiation of
the generic and variable model for several products has to be supported.

e Decision Modelling
To get this instantiation support, the decisions that have be made have also
to be captured in a separate model. This model collects and abstracts the in-
formation on which requirement is instantiated in which product and sup-
ports the instantiation.

e Traceability
providing traceability from the requirements to the product and from the re-
quirements to architecture, implementation and tests is very important in
Product Line engineering. As a Product Line spans over several products and
several releases of the products it has to be ensured that those two dimen-
sions of traceability (traceability through products and through lifecycles) are
provided

e Evolution
Product Lines are a means to cope with evolution. With Product Lines evolu-
tion in space (the space of the planned products) is controlled.

6 Copyright © Fraunhofer IESE 2004
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2.3  Integration of Usability and Product lines

A substantial strength of the German industry lies in the professional engineer-
ing of highly sophisticated products [BHK+01]. Individual production instead of
mass production is a characteristic of SMEs (Small and medium enterprises and
reflects itself also in software-developing companies. These SMEs often develop
customized software solutions for certain application domains, i.e. no standard
software to a predominant portion. The different desires of the customers are
ideally fulfilled by a carefully planned variant building on the basis of a common
platform. This variant formation concerns the architecture of the software alto-
gether but for the customer particularly materializes itself in the use surface
(variant feature, different processes etc).

The Goal of the UseLine Project is it to integrate Usability and Product Line As-
pects both into an integrated approach for software development

Usability and Product Lines engineering are complementary approaches at first
sight. Usability focuses on the user, on the concrete tasks and activities of the
user with the system and on the individual, concrete system. Product Line engi-
neering tries to find commonalities and systematize differences to synchronize
the planned systems and to make them common as far as possible.

Both approaches thus can profit from each other: The collection of require-
ments and analysis of systems from the Usability viewpoint gives valuable assis-
tance for functionality which can be systematized in the Product Line analysis.
On the other hand the systematic collection of variability within Product Line
analysis can help to uncover differences with the use and the Usability of the
existing and planned systems and so to work out the different types of usage
and the different involvement of tasks and activities in the different products
more clearly .

In order to let both approaches benefit from each other and to let Product Line
engineering leverage Usability aspects and otherwise we have to address the
following requirements on an integrated approach:

e Product Line Engineering does an explicit scoping [Sch03]. Product line
scoping is the problem of determining what is inside and what is outside
of a Product Line. With the help of scoping, the features (user visible
characteristics of a system), the domains (areas of common functional-
ities, common features or concepts within a system) are determined, and
the commonalities and variabilities between the features and domains of
the different products are determined. This feature oriented and static
view on the systems has to be more user centred and dynamic in order
to cover Usability aspects during scoping. Especially the link between the
features and the user tasks has to be made explicit.

Copyright © Fraunhofer IESE 2004 7
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e Usability Engineering often works with tasks, scenarios and user stories
[Ma99], [CL99], [C0o99], Product Line engineering with features and do-
mains. By an approach that integrates those two views, a mapping be-
tween the different types of artefacts hast to be provided.

e Product line engineering as well as Usability engineering (especially cus-
tomer centred design processes) focus on business goals. So, synergies
can be used here. Each discipline considers different aspects that affect
their viewpoint. So, an integrated approach should supports a broader
and more comprehensive view on business goals to help determine the
most valuable priorities in a given the business situation.

e As we only describe a planning approach, not the actual architecting and
implementation, the approach has to provide explicit interfaces to a
deeper requirements engineering, to architecture development and to
the actual implementation of Product Line and Usability aspects. This can
e.g. be done by prioritising activities, by giving recommendations for no-
tations and activities and by suggesting architecture, design and imple-
mentation pattern for certain parts of the Product Line. A

e Pattern are a good means to unify the Usability-driven activities and so to
support the built up of commonalities. By building a pattern based ap-
proach, recommendations for Usability pattern should be given. By giv-
ing recommendations for pattern, the commonalities for the Product
Line can be established.

So the main challenge that we want to tackle with our approach is it to inte-
grate Product Line engineering and Usability engineering in a way hat both ap-
proaches benefit from each other. As SMEs often cannot invest in both im-
proving (or starting) Product Line engineering and Usability we need an ap-
proach that integrates the advantages of both approaches and reduces the ef-
fort of introducing Usability and Product Line engineering into a development
organisation.

24  Context of our integrated Process

The approach that we describe here is only applicable in certain contexts. It is
not valid for all possible contexts but it can be customized for other approaches
too.

For introducing and applying Product Line engineering we identified the follow-
ing areas for customisation [SWO0O] that also partially hold for Usability engi-
neering. The customisation factors capture many different aspects of the situa-
tion in which a process will be applied. During the definition of these factors
for PULSE the customisation factors were classified into six categories. These in-

8 Copyright © Fraunhofer IESE 2004



Table 1

Context

clude organizational aspects, characteristics of the domain, and project charac-

teristics. The list of the different categories of customisation decisions is given in
Table 1. The purpose of these categories is to provide a structuring of the set of
customisation factors and thus to structure and simplify elicitation of these fac-

tors.

Domain Characteris- | factors which relate to the domain itself and are inde-
tics pendent of implementation aspects (e.g., domain com-
plexity which represents how difficult to understand a
domain is)

Information Sources | factors that relate to the availability of information
about the domain

Implementation factors that influence implementations in the domain
Characteristics

Integratable Soft- factors that relate to the actual artefacts that can be
ware Artefacts integrated in a new Product Line

Project context factors relating to the specific project that is planned

Enterprise context factors relating to the enterprise in general

Areas of customization factors

To support resolving the customisation decisions, the customisation requires
that, for each customisation decision, the information that may influence the
resolution is defined. This information can be at two levels. The first level in-
cludes information that can be directly collected from an organization — for
example, the skills of personnel and existing development practices. Informa-
tion at this level is called a customisation factor. The second level includes in-
formation that itself is influenced by other information and therefore has to be
resolved; for example, the level of domain understanding in an organization is a
complex factor that is influenced by other factors. Information at this level is
called an intermediate decision.

Copyright © Fraunhofer IESE 2004 9
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Product Line Customization Decisions

How the categories and intermediate decisions influence each other and how
they influence the actual decision can be seen in Figure 3. When applying these

customisation factors to the UselLine Approach we come to the following re-
strictions:

Customisation Factors

e Integratable SW Artefacts
As a Usability evaluation should be part of the analysis, there should be
existing systems in the domain. As the goal of the approach is it to
identify reusable assets and to improve the Usability of these assets, it is
essential that some reusable assets exist. It is not mandatory that the ex-
isting systems will be reusable and will be reused as a whole but there
should be some existing functionality. So, the approach is not applicable

if a Product Line is planned from scratch, without integrating existing
artefacts.

e Domain Characteristics
As Usability of a system is manifested in the user interface, the domain
that is investigated should be an externally visible domain. If no user in-
terface is planned for the Product Line (e.qg. if the planned Product Line
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is a Product Line of different protocols that is customized through a pa-
rameter file, or if the Product Line effort is concentrated on an internal
database subdomain of the systems that is not visible to the user of the
systems) it is not reasonable to integrate Usability aspects into the Prod-
uct Line effort.

On the other hand, the domain should have a certain amount of sys-
tematizable variability in order to make a Product Line effort useful.
There can be situations when a Usability improvement in a domain
makes sense but the Usability aspects are so diverse (or so unknown
from the beginning) between the different products that it doesn’t
seem possible to systematize them or to find commonalities and vari-
abilities.

e Information Sources
Concerning the information sources there main restriction is that there
should be at least one running system to be used as an information
source in order to make a Usability analysis with the system. All other
information sources (experts, books, documentation, code, contracts
etc.) can be used in different extents.

e Enterprise Context
There is no restriction on the enterprise context. Although the approach
is especially valuable for SMEs that want to integrate Product Line engi-
neering and Usability engineering and benefit from the integration of
both, also larger companies can apply the approach if they want to
have an integrated effort.

e Project Context
It is important for both Usability and Product Line engineering to get
expert input for the analysis. Especially for finding business goals and
for planning new features it is important that experts from former simi-
lar projects are available to give input. There are no further restrictions
on the size or duration of the project or on the maturity of the staff.

With these customisation factors we can also derive restrictions on the inter-
mediate decisions. Those intermediate decisions can be partially resolved with
the above given restrictions on the factors but they can only be totally resolved
in a concrete project context:

Intermediate Decisions
e Level of Detail

There are no restrictions on the level of detail of the artefacts that
should be produced.

Copyright © Fraunhofer IESE 2004 1 1
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e Coverage
The Product Line and Usability efforts do not have to cover all subdo-
mains/areas/components of the systems. A priorization of subdomains
should be given to have an order for the following activities. Further-
more it is important to cover at least some of the areas that are influ-
enced or influence the user interface in order to have the Usability as-
pects included. As with the approach we want to focus on those areas
where an improvement pays best, not the whole Product Line should be
covered with the activities but only those areas that have a high priority
concerning the business goals and the Usability problems. Therefore no
full Usability evaluation is performed but only an evaluation of those
tasks that are the most important ones in terms of commonality and
variability and fulfilment of the business goals.

e Information Types
There is no hard restriction on the information types to be produced. As
Usability often is seen as task-centred, Product Line engineering is fea-
ture centred, we recommend to produce at least task (+ descriptions)
and features but this is not a must.

e Paradigm
There are no restriction on the software development paradigm. The in-
tegrated Product Line engineering and Usability activities can be imple-
mented with an object oriented development paradigm, with genera-
tors, within an existing framework etc.

Based on those factors we made for our approach the following customisation
decisions:

Customisation Decisions

¢ Information Gathering
The information gathering is done in a mix of gathering from experts
and from documents. So, the approach can be customized based on
the available of experts and of documentation that is valuable for the
approach.

e Modelling Process
In order to integrate Usability and Product Line aspects, the modelling
process produces Product Line artefacts (feature and domain descrip-
tions) and Usability artefacts (task and scenario description) and inte-
grates them in a separate step. We support incremental introduction of
Usability and Product Line aspects (domain per domain integration,
maybe also applicable in product per product integration).

Copyright © Fraunhofer IESE 2004
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e Workproduct Types

As Useline has a strong focus of business goals and on the integration
of Usability and Product Line aspects in (multi-) project planning, the
following workproducts should (at least) be produced:

- A prioritisation of business goals

- A product feature matrix that describes which features can be found
in which product

- A domain description for each subdomain of the systems in order to
find out about the Usability aspects of the subdomain

- A description of the typical users of the system (e.g. as a persona de-
scription) for each product

- A description of the tasks that can be performed with the systems e.qg.
In form of a business process and scenarios.

- A list of Usability weaknesses based on Usability evaluations of existing
systems.

- Recommendations for development. These recommendations can e.qg.
be given in the form of Usability pattern, in the form of prioritisation
lists etc.

e Workproduct Representation

There are no restrictions on the workproduct representation. As the Us-
ability and Product Line aspects are both equally important, a represen-
tation should be chosen that is understandable by the users (at least
partially or for some of the artefacts), by the domain experts and at
least partially by the developers of the systems.

13



Description of the Process

3 Description of the Process

In this section we describe the integrated Usability and Product Line analysis
process that we developed. We fist describe the integration aspects of Product
Lines and Usability and where we had to change and extend the respective
processes in order to integrate them. We then give an overview of the inte-
grated process and describe each process step in detail.

3.1 Integration Aspects

Product Line Engineering and Usability follow similar processes in process steps
but produce and consume different artefacts. The differences and similarities
can be seen in Figure 4.

Both processes start with a business goal analysis, the outcome of the Product
Line business goal analysis are the reuse goals and the product strategy, the
outcome of the Usability business goal analysis are the Usability goals. The ac-
tual analysis and how the business goals are elicited overlaps. Additionally,
most of the business goals analyzed in Product Line engineering also play an
important role for Usability (e.g. time to market, decreased support cost, cus-
tomer satisfaction, market extension or opening new markets). But there are
also some possible business goals for Product Line engineering that do not play
a role for Usability engineering (e.g. increased maintainability, increased reuse)
and vice versa (e.g. increased task efficiency).

The next step in Product Line planning as it is done in PULSE [BMW99] and
Pulse-Eco [Sch03] is a feature analysis. The features (user visible functional and
non functional properties of a system or Product Line) and domains (areas of
functionality of a system or Product Line) are elicited and captured. The features
are located in the domains and the commonalities and variabilities between the
different products that exist and that are planned are captured. The artifact
that is produced here is a product-feature —map [Sch00], this artifact will be ex-
plained in detail in section 3.3.3. With this information about the features and
domains a domain prioritization is done. The domains are prioritized in a kind
of product assessment and a prioritization given on factors like alignment with
the business goals, systematic variability, existing implementation etc is given.
With this list of domain, features, existing artifacts etc. the domain engineering
can start with the highest priority domains, an architecture can be built for the
Product Line and the platform supporting commonalities and systematic vari-
abilities can be built.

14 Copyright © Fraunhofer IESE 2004
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Usability Evaluation

Usability Defects

A

System Design and Redesign

v

Usable System

In Usability Engineering, the business goals are elicited similar to Product Line
engineering but then the focus is more on the processes and Tasks (c.f. [PK03a]
and [PKO3b] ) that the user performs with the system. The business process
with its involved roles and activities is captured and fine-grained tasks are
found. Un the Usability Evaluation those tasks are processed with the system
and Usability defects are found. Those defects are accompanied with improve-
ment suggestions for making the system more usable that go into redesign of

the old and design of the new systems.
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3.2

Figure 5

16

Process Overview

Business Goal Analysis

Feature Analysis

Business Process Analysis

\

Features, Domains

] Users, Tasks
New Step: Mapping

A

New Step: Task Priorization

!

Usability Evaluation

, Usability Defects
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!

Reusable and Usabile System

Overview of the Useline Process

We have integrated those to similar but different process into a joint Usability
and Product line planning process, the UseLine process. You can see an over-
view of the UseLine Process in Figure 5. First, an analysis of the business goals
of the company is done in order to find out the overall goal of improving Us-
ability and commonality and variability of the systems. Then the business proc-
ess that the existing and planned systems within the Product Line cover is cap-
tured and the variabilities between the tasks and sub processes within the busi-
ness process are captured as far as possible (they can be changed and refined
later on). The next step is an extraction and analysis of the features as it is de-
scribed in [Sch03]. The outcome of this step is a product-feature matrix that
also includes the domains and subdomains of the systems and a description of
the subdomains. This step also includes an analysis of the data that the system
consumes and produces. In the Mapping step the features, data and tasks are
mapped against each other. In the next step, the domains, features and tasks
are prioritised according to the business goals. Then the most critical tasks are
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3.3

3.3.1

Goal

Description of the Process

evaluated in the Usability evaluation step by doing a Usability evaluation with
an existing system. There, the variabilities of the existing and planned features
can be explicitly taken into account as there is a mapping of the tasks to the
variable features. Based on the Usability evaluation and the business goals rec-
ommendations are given in the form of Usability pattern as they can be best
mapped to the Product Line architecture. In the last step, consolidation, the
recommendations of all analyses are harmonized and an overall recommenda-
tion for improving Usability and Product Line engineering is given.

The actual implementation of the recommendation (e.g. implementation of
user interface pattern in the form of reusable widgets) is not part of process.
These aspects are covered in a similar but in focus different project, the Re-
search Lab Product Lines and Usability. So the process focuses in the planning
and on parts of the requirements engineering phases in the software develop-
ment lifecycle.

In the following we describe the sub processes of our approach. We describe
each sub process in a different section and we describe each sub process with
the following attributes:

— Goal: The general goal of the process step

— Method: The method or methodical support that is applied or given in order
to perform the process. This can on one hand be a general description of
the method but also be a pointer on templates, checklists etc.

— Input Artefacts: The input that is needed to perform the step, including the
templates, checklists etc that are needed.

— Output artefacts: The artefacts that are built while performing the step and
that are useful as intermediate product for the general process or as general
result

Description of Activities

Business Goal Analysis

The Goal of this step is to identify the business goals of the company that drive
the improvement in the area of Usability and product-line engineering. A
deeper understanding of the business goals is beneficial for several reasons:

e |t leads to better understanding of the sub characteristics of Usability, the so
called Usability goals by deriving a first draft of a quality model [KKDO3].

Copyright © Fraunhofer IESE 2004 1 7



Description of the Process

Method

Input Artifacts

Output Artifacts

¢ |t helps focusing the Product Line aspects on the important factors and main
parts of the system from the business perspective.

e |t helps judging the importance of the improvement steps and therefore the
willingness of the company to invest in process changes. By doing so it is
possible to scale the changes in concert with the business context.

e Additionally, the context of the project (e.g. number of developers duration
of the project etc) is determined which can help in customizing the process
on the context of the organization as described in section 2.4.

The business goal analysis is conducted by a guided interview of the managers
of the company, which takes around 2 hours. This interview is guided by a set
of questions (for an example see section4).

The results of the interview are analyzed and transferred to the description of
the business goals, Usability goals and a first version of the Usability quality
model. This set of documents is reviewed by the interview partners in order to
correct or complete the derived documents.

Interview questions

Description of business goals, First draft of the Usability quality model, Usability
goals

3.3.2 Business-Process Analysis

Goal

Method

18

The goal of this step is to identify the typical user roles of the product variants,
their tasks and the variation between the user roles and task for the different
variants of the product family. As a result of this step the understanding of the
business process, in which the software products are used has to be developed.

There are various methods to conduct this business process analysis. The
cheapest is to talk to the managers or the marketing of the company, which
usually have a very solid understanding of the business of their clients. In that
case the business process can be derived based on a tow to four hours inter-
view guided by a given set of questions. In addition to interviews user observa-
tions. can complete the analysis [DM96]. While user observations provide first
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Input Artefacts

Output Artefakts

Description of the Process

hand information about users and their tasks (and therefore we strongly rec-
ommend them), at the same time they are more expensive and need more ex-
perienced people to perform them.

The results of the business process analysis are condensed in one to tow page
graphical overview of the business process, showing the tasks of the various
user roles and the information that is transferred between these activities. The
business process gives a complete overview over the process including the
steps, that are currently not supported by the system. In addition to the busi-
ness process overview a description of the various user roles as Personas
[Co99], [Ni03].and a set of tasks summarizes the outcome of the business proc-
ess analysis.

The user roles and business process are elicited for the variants of the product.
The differences between the variations are condensed in the graphical overview
as well as in a table listing the tasks of the business process.

The business process should either be documented in ARIS or UML-Activity dia-
grams. The differences in the business process for the variations of the product
should be represented in one graphical overview [SBK+00]

Guidelines for Interview including questions

Personas, Business Process Overview, Table with Task of the different product
variations. Examples for these artefacts are listed as part of the case study in
section 4.2.3.

3.3.3 Feature Analysis

Goal

Schmid identifies three levels of scope [SchO0]:

e The product portfolio defines the various products that are part of the
Product Line, and their requirements.

e The domain scope bounds the domain(s) that are relevant for reuse and
what should be part of them.

e The asset scope identifies which assets should be part of the reuse infra-
structure.
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Method

Input Artifacts

Output Artifacts

The goal of this step is to find domains (concept areas of the system that con-
tain matching functionality; domains can be related to components but do not
have to) and subdomains of the system and to identify the common and vary-
ing features (user visible capabilities) of the Product Line. To perform this analy-
sis technigues from PULSE-ECO [Sch03] are used.

Domain structuring, domain descriptions and feature analysis (see [Sch03] and
[SchOO0] for further descriptions- The Feature Analysis is generally done with
guided interviews , existing user documentation can be used as a source as de-
scribed in [JDO3].

Business Process, Business Goals, User documentation of existing systems (if
available). Templates for Product-Feature Matrix, Structure Chart and domain
descriptions (can be found in [Sch01])

Product Feature Matrix, Structure Chart, Domain descriptions, Data Table

3.3.4 Mapping of Features, Tasks and Data

Figure 6:

20

Task

Are all data items Is every tasks

available that are supported by at
needed in the least one

tasks? features?

Is every feature
motivated by at
least one task?

Data > Feature

Are all data items
needed in at least
one feature?

Mapping of tasks, features and data
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Description of the Process

The goal of this step is to ensure the quality of the developed model in respect
to completeness, consistency and minimality. In addition this step aligns the re-
sults of the business process analysis and the feature analysis.

A simple method to conduct this step is to create tables that align the features
identified in step Feature Analysis to the tasks identified in step quality model,
Usability goals

Business-Process Analysis as well as aligning the data to the tasks. As Figure 6
shows the mapping of the features to tasks ensures two things. First, it verifies
that every feature is motivated by at least one tasks, which means we do not
provide features that are unnecessary for the user (minimality). Second, it en-
sures that all tasks are supported by features, which means the system provides
the desired support for the user (completeness). Additional one can make the
same kind of mapping between data and tasks or data and features to ensure
the completeness and minimality of the data model.

But mapping the tasks and features is not only an activity to ensure the quality,
it also combines the results of the business process analysis that represents a
Usability engineering oriented method and the feature analysis that is Product
Line oriented. It joins the user-oriented view and the software/architectural ori-
ented view to a coherent picture on the requirements.

As part of this step we also have to resolve the identified inconsistencies or
gaps. This has usually be done by the experts, responsible for the software.

Task list from the step quality model, Usability goals
e Business-Process Analysis
e Feature list and data model form the Feature Analysis .

e Table with mapping of tasks and features: Which features are “used” within
which task?

e Table with mapping of tasks to data or features to data: Where is which
data element involved?

e List of gaps or faults identified during this step
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3.3.5 Task prioritisation

Goal

Method

Input Artifacts

Output Artifacts

22

Especially in SMEs there is not enough time to analyze all tasks in depth. So
there has to be a priorization of the tasks to give an order of processing and to
give a focus Based on the information found so far the Tasks are prioritized.
The tasks are prioritized with the help of the artifacts produced (e.g. the table
with the mapping of the tasks and features). The tasks are prioritized based on
the following factors:

— Commonality: Is there enough commonality between the features that are
used within the task between different products. If there is no commonality
this means that this task is done differently in different products and there is
no reuse potential to be expected from improving the Usability there.

— Systematic Variability: On the other hand, as a Product Line also consists of
systematic variabilities one important factor for a highly prioritized task is
that some features differ (systematically) within the task. If all features of
the task are common features, it can be expected that the existing imple-
mentation will be reused one to one, so there is no need to touch the code
and so a Usability improvement in this task would not be efficient

— System Coverage: The business process also consists of tasks that are per-
formed without the system or just with minor support of the system. Those
tasks that are not performed with the system are of low importance for a
Usability analysis as there is no large improvement potential for this task
without changing the external business process.

— Importance for the business goals: Some tasks are more, some tasks are less
important for the business goals.

The first three factors can be counted from the existing artifacts (e.g. from the

product feature matrix), the last factor is based on subjective judgment and can
be elicited in interviews.

Similar to the PuLSE-ECO: Benefit and Risk Assessment [Sch03] interviews can
be performed. The existing artifacts are analyzed and the numbers for the prior-
ization factors can be computed from the task- and feature lists

Business Goals, , Tasks, Product Feature Matrix, , Task-Feature Mapping, Expert
Opinion

Commented List of prioritized tasks of the system
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3.3.6 Usability Evaluation

Goal

The goal of this step is to identify the weaknesses of the product (and its varia-
tions) in respect to Usability under consideration of the given Usability goals
and the results of the domain priorization.

Especially in SMEs there are not enough resources to conduct participatory
studies like Usability tests. Therefore there is a strong indication towards an
analytical approach (expert evaluations).

Another aim is that the evaluation method not just exhibits design defects but
proposes better design solutions.

Method

In our view analytical evaluation methods generally can be decomposed into
two aspects: the Usability knowledge component and the walkthrough compo-
nent. The Usability knowledge component contains rules, heuristics and best
practice examples from the body of Usability experience. The walkthrough
component describes how the examiner makes his/her way through the appli-
cation (e.g. by task scenarios) and defines the decision points where he/she is to
apply the Usability knowledge. Additionally useful is a report component which
consists of a structured presentation of the evaluation results.

The most prominent analytical evaluation methods are probably the Heuristic
Evaluation [NI94] and the Cognitive Walkthrough [WRL94]. Under perspective
of the mentioned components these both have different strength and weak-
nesses. The Heuristic Evaluation uses a set of well established Usability heuristics
and so has a medium rich Usability knowledge component - medium rich be-
cause the Usability knowledge is presented in a very condensed and generalized
form. This requires the examiner to draw conclusions, which may by vague and
subjective and require sound knowledge of user expectations and behaviour at
the evaluator. The walkthrough component of Heuristic Evaluation is only ill de-
fined. The Cognitive Walkthrough on the other hand has a very precise walk-
through component based on a detailed hierarchical task decomposition and it
is strong in the Usability knowledge component, which is well founded on psy-
chological theory of learning. But it is also restricted to judgements on ease of
learning which limits its applicability.. Both methods focus on identifying usabil-
ity problems but lack in providing useful hints on better design solutions.

Having especially the latter in mind we came across the upcoming field of Us-
ability patterns (e.g. [Cas97]). In Usability patterns Usability knowledge is pre-
sented in a structured way, matching problems and specific contexts to proven
design solutions. Patterns are often arranged in pattern collections or languages
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[MJ98] which provide easier access by classifying patterns and defining relations
between them.

While pattern collections are primarily meant to be useful during the design
phase of an application it is also seems obvious to use them as a source of Us-
ability knowledge for Usability inspections. Instead of using somewhat abstract
heuristics and guidelines to identify Usability defects, using patterns one could
simply judge if the design of an application element conforms to a well estab-
lished standard solution. If it does not, a better design solution can be directly
given from the pattern description. Therefore a collection of Usability patterns
serves as the Usability knowledge component of our inspection method.

To complete our method we needed a well defined walkthrough component. It
is obvious to use a scenario based walkthrough where the examiner makes his
way through the application by doing a user task under typical circumstances.
The scenarios can be obtained from the prioritized task list (see 3.3.5) but fur-
ther interviews with domain experts and consulting the user manual may be re-
quired. In order to provide clear defined decision points during this walk-
through, we developed the following enhancement:

We collected a set of typical but somewhat abstract activities users are in while
doing a task with a (nearly) arbitrary application. At first it is important to note
that these activities are user centered (as opposed to system centered) in the
sense of “What am | doing at this moment?”. Examples for these activities are:
data entry, seeking orientation, monitoring and error recovery. Then we classi-
fied all patterns in our collections according to these “activity modes”. The ex-
aminer is now instructed to monitor his/her sequence of activities while doing
the scenario. With a little practice in what one could call metacognitive moni-
toring he/she will be able to identify a set of patterns matching his/her current
situation and judging if the canonical solution suggested by these patterns was
applied by the designer.

The reporting of the Usability issues is supported by a database tool. During the
inspection the deviations from patterns are recorded stating the task, the appli-
cation element including a screenshot, the description of the current solution
and references to the patterns which should be applied. From this record a in-
spection report is automatically generated.

As a result we established a method for Usability evaluation which has

e a rich Usability knowledge component, which can easily be customized
and enhanced

¢ a well defined walkthrough component with clear decision points

e a structured and detailed report component with adequate tool support
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3.4

Results

Description of the Process

We consider our method to be easy to learn and apply even for Usability non-
experts. The judgement of possible Usability issues are based on confounded
Usability knowledge and give detailed design suggestions to the interface de-
signers. We suppose that the method can be easily integrated into the devel-
opment process at different stages like design, early prototyping and testing.

Last but not least the pattern approach strongly promotes the reuse of prior es-
tablished and well understood solutions. This is in line with the ideas of Soft-
ware Engineering in general and especially Product Line Engineering.

Prioritized task list

Scenarios

Report with identified Usability issues and design recommandations

The process that we described in the proceeding section helps small and me-
dium enterprises in analysing usability and product line aspects in parallel. It

gives business goal aligned recommendations for improvement, based on the
description of the business processes, tasks, features and data of the system.

The general results of the process are:

* An explicit list of the business goals of the company for the product line
A variant business process covering all aspects of user tasks, system tasks
and user interaction with the system

e Tasks and features of the existing, planned and envisioned products includ-
ing a prioritisation of the tasks. This prioritisation can be used for aligning
forthcoming activities to the tasks where activities really pay (in terms of sys-
tematizable variability, number of features that are covered and usability im-
portance)

e Recommendations for usability improvements and design recommendations.
Those recommendations can be used to improve the design and usability of
the product line within the highly prioritised tasks

So generally the results of applying the UseLine Process a