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Abstract

With the increasing relevancy of usability as a software quality factor, a growing demand for tools that sup-
port the special activities of HCD (human-centered design) processes within the industrial software deve-
lopment community is expected to arise. To elicit initial requirements for tool support, we analyzed the real
tasks of developers of four major companies engaged in the development of highly interactive systems, the
problems incurred and the burning support issues. Inspired by the results of this survey we developed
REUSE, a system that facilitates the elicitation, organization and effective reuse of best practices and arti-
facts concerning HCD activities and makes their performance more efficient. An initial formative evaluati-
on with future users showed that REUSE is able to improve the utilization of HCD methods within the deve-
lopment process of interactive systems and overcomes some limitations of related approaches.

1 Introduction

HCD methodologies like Usability Engineering [1, 2], Contextual Design [3] or Usage-Centered
Design [4] have been successfully applied through various projects. They have proved that they
have dramatically been able to improve usability and user acceptance of interactive software sys-
tems if they are applied in the correct development context.

On the other hand specific knowledge about exactly how to most efficiently and smoothly inte-
grate HCD methods into established software development processes [2] is still missing. Little
research has been done on integrating methods and tools of HCD in the development process and
gathering knowledge about interface design in a form that can capture relationships between spe-
cific development contexts and applicable methods, tools and heuristics [5].

One vital step toward bridging this gap is to provide the people involved in HCD processes
with a tool to effectively support their activities. Existing tools for supporting HCD processes
beyond computer-aided design of user interfaces (e.g. (semi-) automatic GUI builders [6] ), lar-
gely focus on two aspects of the process: supporting the performance and evaluation of usability
tests, e.g. [7-9], or supporting developers accessing guidelines, e.g. [5, 10, 11].

Most of these approaches assume that there is already a well-established HCD process in place
that is practiced by the development team and that provides use of the proposed methods and
tools.

To examine this assumption, we initiated a survey to find out what kind of development pro-
cess for interactive systems is practiced by development organizations engaged in engineering
highly interactive systems. The study comprised an analysis of the typical tasks the members of
the development teams have to perform and the common difficulties encountered as related to
HCD activities.

Taking the results of this survey into account, we had to revise some of the assumptions about
requirements for a tool to support HCD processes. These new findings have influenced the deve-
lopment of REUSE, a tool to support the introduction, establishment and continuous improve-
ment of HCD processes under the constraints discovered in the survey.
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In this paper we present the structure, performance and results of the survey. We explain the
conclusions drawn and their impact on the design and development of the REUSE system. We
present the main concepts and major components of REUSE and show how the system addresses
those problems identified in our survey. Initial results of a formative evaluation and their effects
on future developments are also presented. Finally, we discuss work related to our approach and
take a look at future research issues.

2 Examining hcd Processes In Practice

To be able to construct a tool for the effective support of HCD processes, we needed in-depth

knowledge of the future users of such a tool and their requirements. This led to the following cen-

tral questions:

* What kind of development process for interactive systems is practiced by the development or-
ganizations in their projects?

* What typical tasks do the developers have to solve?

* What problems are typical for the development process?

* What kind of support is needed?

2.1 Performance of the survey

The survey was elaborated, performed and evaluated in collaboration with industrial psycholo-

gists[12]. A total of 16 employees from four major companies' involved in the development of
highly interactive software systems were selected. The respondents are engaged in developing
these systems in projects from diverse domains: military systems, car driver assistance technolo-
gy or next-generation home entertainment components. The questioning was performed by a
single interviewer and the answers were recorded by a second person in a pre-structured protocol
document. Each interview took between 90-150 minutes.

2.2 Results

The results of the survey on tool support for HCD processes can be summarized as follows:

The organizations examined are practicing highly diverse individual development processes,
however non of the HCD development models proposed by [1-4] are exactly used.

The persons who are entrusted with the ergonomic analysis and evaluation of interactive sys-
tems are primarily the developers of the products. External usability or human factors experts or
a separate in-house ergonomics department are seldom available. Furthermore, few of the parti-
cipants were familiar with basic methods like user profile analysis or cognitive walkthrough.

The HCD methods that are considered to be reasonable to apply by the respondents are often
not used for the following interrelated reasons:

* There is no time allocated for HCD activities: they are neither integrated in the development
process nor in the project schedule.

* Knowledge needed for the performance of HCD tasks is not available within the development
team.

* The effort for the application of the HCD tasks is estimated to be too high because they are re-
garded as time consuming.

1 DaimlerChrysler Aerospace (DASA) in Ulm, Sony in Fellbach, Grundig in Fuerth and DaimlerChrysler
in Sindelfingen (all sites are located in Germany)
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2.3 Survey conclusions

The results of the survey led to the following conclusions regarding the requirements of a softwa-
re tool to support HCD processes:

¢ Requirement 1: Support flexible HCD process models

The tool should not force the development organization to adopt a fixed HCD process model as
the practiced processes are very diverse. Instead, the tool should facilitate a smooth integration
of HCD activities into the individual software development process practiced by the organiza-
tion. Turning technology-centered processes into human-centered processes should be seen as
a continuous process improvement task where organizations learn which of the methods avai-
lable best fit in certain development contexts, and where these organizations may gradually
adopt new HCD methods.

Requirement 2: Support evolutionary development and reuse of HCD experience

It was observed that the staff entrusted with ergonomic design and evaluation often lacks a spe-
cial background in HCD methods. Yet, as the need for usability was recognized by the partici-
pating organizations, they tend to developed their own in-house usability guidelines and heu-
ristics. Recent research [13-16] supports the observation that such usability best practices and
heuristics are, in fact, compiled and used by software development organizations. Spencer
[15], for example, presents a streamlined cognitive walkthrough method which has been deve-
loped to facilitate efficient performance of cognitive walkthroughs under the social constraints
of a large software development organization. However, from experiences collected in the
field of software engineering [17] it must be assumed that, in most cases, best practices like
Spencer’s are unfortunately not published in either development organizations or the scientific
community. They are bound to the people of a certain project or, even worse, to one expert
member of this group, making the available body of knowledge hard to access. Similar pro-
jects in other departments of the organization usually cannot profit from these experiences. In
the worst case, the experiences may leave the organization with the expert when changing
jobs. Therefore, the proposed tool should not only support high-level human factors methods
but also allow the organizations to compile, develop and evolve their own approaches.
Requirement 3: Provide means to contextualize HCD knowledge

HCD methods still have to be regarded as knowledge-intensive. Tools are needed to support
developers with the knowledge required to effectively perform HCD activities. Furthermore,
the tool should enable software development organizations to explore which of the existing
methods and process models of HCD works best for them in a certain development context and
how they can refine and evolve basic methods to make them fit into their particular develop-
ment context.

Requirement 4: Support efficient performance of HCD activities

There is a definite need for tool support when it comes to enabling efficient performance of ot-
herwise tedious and time consuming HCD activities. Otherwise, these essential activities fall
victim to the no-time-to-sharpen-the-saw-because-too-busy-cutting-the-wood syndrome.
With respect to requirement 2, this means that the tool has to support the efficient elicitation,
organization and reuse of best practices and artifacts relating to HCD tasks. The proposed tool
should increase the efficiency of these activities - not introduce additional efforts for questio-
nable benefits.

L]

L]

L]

3 The Reuse System

To transfer the above requirements into a software tool that supports the elicitation, organization
and reuse of HCD knowledge the related best practices and artifacts are represented and organi-
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zed using the concepts of a context model and a set of USEPACKSs (Usability Engineering Expe-
rience Package).

The REUSE system (Repository for Usability Engineering Experience) provides four compo-
nents for manipulating USEPACKSs and context models, shown in the architecture depicted in Fi-
gure 1. The components of REUSE will be discussed in more detail after introducing the con-
cepts of USEPACKSs and context models. We differentiate between two virtual roles played in the
utilization of the REUSE system: readers who search, explore and apply USEPACKSs and authors
who create, compile and organize USEPACKSs.

Web
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Figure 1: Architecture of REUSE

3.1 The USEPACK concept

A USEPACK is a semi-formal notation for structuring knowledge relating to HCD activities. It
encapsulates best practices on how to most effectively perform certain HCD activities and inclu-
des the related artifacts like documents, code fragments, templates and tools that facilitate the
compliance with the best practice described.

A USEPACK is structured into five sections:

* The core information permits authors to describe the main message of a USEPACK. It is or-
ganized according to the pyramid principle for structuring information [18]. The information
first presented to the reader has a low level of complexity, allowing the reader to quickly decide
if the USEPACK is worth further exploration. With further reading, the degree of complexity
rises, introducing the reader to the experience described. The core information section inclu-
des the fields title, keywords, abstract, description and comments.

* The context situation describes the development context related to the experience in question.
The context situation is generated by using the context model, allowing the authors and readers
of USEPACKSs to utilize a shared vocabulary for contextualizing and accessing USEPACKs.
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* A set of artifacts, such as checklists for user profile analysis or templates for usability test
questionnaires, facilitates the efficient compliance with the best practice. They represent an
added value to the readers of a USEPACK. Artifacts allow readers to regain time spent on ex-
ploring the package by using the supplied artifacts to simplify their work.

¢ A set of semantic links pointing to other USEPACKSs or external resources which, for example,
support or contradict the best practice described. By interlinking USEPACKSs and connecting
them to external resources, like web pages, a net of related experiences can be created to pro-
vide more reliable information than through the isolated sets of USEPACKs.

* The administrative data section is used to store data like the author(s) of the package, the date
of creation, access rights and statistical data such as the number of accesses to the package and
auser rating.

3.2 The context model concept

The context model serves as a template to construct the context situation for USEPACKSs - a se-
mi-formal description of the context in which the information of a USEPACK can be applied. It
is organized in a tree structure, divided into sections which contain groups of context factors. On
the one hand, authors can use the context model to easily construct a description of the context in
which the information of a USEPACK can be applied by selecting appropriate context factors
from the model. On the other hand, readers can use the context model to specify a context situati-
on which reflects the development context for which they need support in the form of USE-
PACKs.

Currently a context model containing the following five sections is used:

* The process context section provides context factors to describe elements of the development
process used, such as process phases (e.g. ‘User Interface Design’) as well as roles (e.g. ‘Usa-
bility Engineer’) and deliverables (e.g. ‘User Interface Styleguide’) related to the experience
in question.

* The project context section provides context factors to describe project constraints like the size
of the development team, budget or project duration which are related to the experience cited.

* The domain context section provides context factors to describe elements of the domain rela-
ted to the experience described. Top-level context factors of this section specify domains in
terms like ‘home entertainment systems’ or ‘car driver assistance systems’, which can be sub-
sequently refined to capture more detailed domain attributes.

* The technology context section provides context factors to describe features of technologies
related to the experience described like ‘gesture recognition’ or ‘speech input’.

* The quality context section provides context factors to describe quality factors of standards
(e.g.1S09241-11 [19] with quality factors such as self-descriptiveness or error tolerance) rela-
ted to the experience in question.

Users never work directly on the context model, instead they manipulate the model by interac-
ting with components of the REUSE system. These components hide much of the complexity of
the context model and provide appropriate means for the manipulation of each section of the con-
text model.

3.3 Components of REUSE

The USEPACK editor component makes it possible for authors to create a new USEPACK, to de-
lete packages and to change or comment on existing packages. To support this task, the editor in-
cludes specialized assistants for work on the related sections of a USEPACK.

The USEPACK explorer provides different views of the set of USEPACKSs available and vari-
ous filters to facilitate convenient browsing and retrieval of those USEPACKSs. The USEPACK
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explorer facilitates the search for USEPACKSs that share certain context factors specified by the
reader. An example for one of these filters is the process context filter, which builds a graphical
representation of the HCD process model defined in the process context section of the context
model. By directly selecting process elements in the graphical representation, the reader can ea-
sily create a context situation for a query.

The context model manager component enables users to edit and extend the currently used
context model with new context factors, e.g. to adapt REUSE to new process models or applicati-
on domains. By this means, the REUSE module and the underlying models about processes, pro-
jects, domains, technologies and quality standards can be evolved in concert with the growing
amount of experience to meet the needs of the organization.

The USEPACK servlet displays USEPACKSs on a standard web browser in read-only mode and
allows convenient browsing of the net of linked USEPACKGs.

3.4 Use Cases for the REUSE system

The following two use cases show the utilization of the REUSE system.

3.4.1 Use Case 1: Capturing an hew experience

A usability expert of a development organization conceived a new approach for efficient perfor-
mance of cognitive walkthroughs in large software development projects, called the streamlined
cognitive walkthrough method. He captures his experience by using the USEPACK editor to ge-
nerate and describe a new USEPACK. Table 1 shows an excerpt of the information which is to be
recorded in this USEPACK.

Table 1 : Sample excerpt of the information of a USEPACK

Title: Performing streamlined cognitive walkthroughs (SCW)

Abstract: Contains a short outline of the advantages of the SCW over the original cognitive
walkthrough

Description: Contains a description of the SCW and its four ground rules.

Artifacts: Contains a template for the agenda of a SCW session, a template for recording the criti-

cal output of a SCW and a document describing the details of the SCW method.

Context- Situation: ~ The described experience is linked to the process phase ‘User Interface Design and Eva-
luation’ and the process step ‘Iterative User Interface Walkthroughs’ as well as to the
process phase ‘Evaluation an tests’. Furthermore the experience was gained in a large
development organization with a large development team. In the context situation of
this USEPACK these context factors are marked.

Figure 2 shows the how the core information section and the artifacts of the USEPACK are pre-
sented in the USEPACK editor. Figure 3 shows how the description of the context situation is
done in the USEPACK editor. The user can visually manipulate the context situation by using
controls like check boxes and sliders - no textual input is required.
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Figure 2 : Editing the core information Figure 3 : Editing the context information

3.4.2 Scenario 2: Reusing an existing experience

A usability novice within the development organization has to perform a streamlined cognitive
walkthrough because the usability expert is not available in his project. In order to look for expe-
riences how to perform this task he utilizes the USEPACK explorer to search for adequate infor-
mation. Starting with the graphical overview of the usability process model, he focuses on expe-
riences in the field of iterative user interface walkthroughs by selecting the process step ‘Iterative
User Interface Walkthroughs’ in the process context filter. As a result the USEPACK with the tit-
le ¢ Performing streamlined cognitive walkthroughs’ is shown to him. By exploring the USE-
PACKSs core information and its context situation he can easily decide if this USEPACK is useful
in his development context and he can exploit the USEPACKSs artifacts to perform streamlined
cognitive walkthroughs. Later on he is able to extend the existing USEPACK by adding his own
experiences.

In this way an organization is able to augment its development processes with REUSE to faci-
litate an organizational learning process in HCD.

4 Evaluation

A formative evaluation [1] was conducted in order to gain feedback about the usefulness of the
functionality of REUSE and the usability of its components. Thinking-aloud [21] was selected as
test method.

4.1 Participants

Six participants who were selected to cover several roles of potential users of the REUSE system
were identified for the evaluation. The group consisted of one usability engineer, one user inter-
face designer, one usability inspections specialist and three Ul developers, each with professio-
nal experience in the development of highly interactive systems.

4.2 Procedure

First, the participants were allowed to play and experiment with the system for some time. Then
the participants had to read a global scenario introducing them to the test tasks. The next steps in-
cluded reading the three main test tasks. To fulfill these tasks, the participants had to make exten-
sive use of all the features and components of REUSE.
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A usability lab was deployed to simultaneously record the interactions on the screen, the parti-
cipant and the comments from the participant. After all usability test sessions had been perfor-
med, we analyzed the video tapes and documented the usability problems, new design ideas and
suggestions for improvement identified by the participants during the operation of REUSE.

4.3 Results

In the first phase of exploration of the system some participants encountered difficulties in un-
derstanding the concepts of context models and context situations. However, these difficulties
disappeared when the participants were introduced to the system by reading the scenarios and
test tasks. All participants were able to completely solve all test tasks without interventions by
the test staff.

Most usability problems were caused by the context model manager component. This compo-
nent offered the users only a low level of abstraction concerning the concept of the context mo-
del. For the related activities of maintaining and extending context models the users demanded
for a more proactive support.

No major usability problems were discovered in the USEPACK editor. Users easily construc-
ted USEPACKSs guided by the USEPACK template and contextualized USEPACKSs supported by
the context situation assistant.

The participants highly appreciated the browsing features of the USEPACK explorer which fa-
cilitated easy exploration of the information space. They were especially enthusiastic about the
overall idea of sharing their knowledge with their colleagues and profit from experiences of pre-
vious projects.

5 Related Work

A line of research related to the approach presented concentrates on augmenting the design pro-
cess by offering tools for working with guidelines. Most of this work focuses on the effective or-
ganization and presentation of existing guidelines, e.g. Smith & Mosier’s ‘Guidelines for Desig-
ning User Interface Software’ [23], styleguides, e.g. the ‘OSF/Motif Styleguide’ [24] and natio-
nal or international standards like ‘IS09241-11’ [19] by using tools like SIERRA [25] , Guide-
Book [26] or HyperSAM [27]. A comprehensive summary of this work was compiled by Van-
derdonckt [10].

One major concern regarding these approaches is the danger of getting ‘decontextualized’ gui-
delines [5, 10, 28]. Decontextualization in this regard means that it often remains unclear in
which development context the described guidelines should be applied, thus complicating their
access, interpretation and the estimation of their potential utility. REUSE offers a comprehensive
solution to these problems by providing a context model shared between authors and readers of
USEPACKS, thus explicitly facilitating contextualization of guidelines. By their open, evolving
nature, context models enable the users to keep track of the application context of guidelines
even if the underlying processes, technologies, domains and quality standards are still evolving.

6 Conclusions

We performed a survey to examine the development processes of companies engaged in the de-
velopment of highly interactive software systems and found a high potential for improvement re-
garding HCD activities. The concepts and components implemented in REUSE represent an in-
itial step towards an open tool geared for supporting HCD processes to facilitate efficient, pain-
less performance of HCD activities. First results of a formative evaluation showed that REUSE
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meets the requirements elicited in the survey, is well accepted by the users and overcomes some
limitations of related approaches.
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