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Abstract

This research has the main objective of presenting a
study on the areas of Human-Computer Interaction (HCI)
and Software Engineering (SE), focusing on the
importance of integrating HCI in SE, more precisely in
the Software Development Process (SDP). More
specifically, it concerns the adaptation of the Rational
Unified Process (RUP) towards having HCI aspects
integrated into its main workflows, generating the
Rational Unified Process for Interactive Systems, called
RUPI. The RUP is a well-established SDP that intends to
guarantee quality by controlling the project schedule,
budget, communication, productivity, and trustworthiness.
Meanwhile, the RUPI intends b guarantee usability,
accessihility, and acceptability by focusing on the users
and on their context of use, modeling users tasks,
considering guidelines during the SDP, and defining
mechanisms to design the User Interfaces (Uls) and to
test their usability.

1. Introduction

Many SDP that exist nowadays guarantee quality
for the developed system, focusing on schedule, budget,
communication, and productivity. But on the other hand,
few of them guarantee usability, that is, ease of learn and
use. This way, they forget to focus on the users, in their
tasks, in their contexts of use, and on the application of
guidelines, which are recommendations concerning the
usability of the system.

Many works as [1], [10], and [19] have shown that
the integration of aspectsrelated to HCI in the SDP brings
improvements to the developed software, such as, higher
user satisfaction derived from a user-centered SDP. Such
integration aims to promote usability, accessibility, and
acceptability for interactive systems.

In order to achieve these goals, this work presents
anew SDP (RUPiY) [23] based on the existing one (RUP),
but it has HCI conceptsinserted into it. The RUP isa SDP
that has many qualities that made it be chosen for this
research, such as, being well-defined, goplied worldwide,
and flexible. The research on this SDP has the goal of
acquiring knowledge on its workflows, as well as on the
activities, artifacts and workers involved in each
workflow. A worker performs activities and creates,
modifies, and controlsthe artifacts. Anactivity definesthe
work that the workers perform in order to produce a
valuable result to the project. An artifact is a tangible
product that can be produced, modified, or used by a
process. A workflow describes a group of activities that
produce a result to the project and shows interactions
among workers.

The HCI concepts studied in thisresearch are able
to contribute to the generation of usable systems when
applied in a SDP. These HCI concepts are: human factors,
guidelines, user-interfaces (Uls) for all, and the
generation of model-based Uls. These concepts were
chosen based on established literature that consider these
aspects fundamental to be applied during the SDP.

Our strategy to demonstrate the importance of HCI
concepts integration is the explanation of artifacts
generated with the RUP, followed by the explanation and
presentation of artifacts generated with the RUPi. The
comparison between these artifacts will make it possible
for us to envision the benefits of applying a SDP that
includes HCI aspects.

In the RUPi, we created new workflow details,
composed of a set of activities that will be included in the
existing workflows. We inserted new workers and new
artifacts to be produced by them while performing new
activities, part of the newly inserted workflow details.

! The RUPi name was el aborated based on the UM Li[20], which
standsfor Unified Modeling Language for Interactive Systems,
an extension of UML. UMLi addresses the modeling of

complete interactive applications, specially their Uls.
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The RUP will have its characteristics presented in
the second section. Some aspects of HCI were selected
and will be presented in the third section. Finally, these
aspects will be included in the RUP, generating the RUR,
which will have its specific characteristics presented in
the fourth section.

2. The Rational Unified Process

The RUP is a software development process
concerned with the production of software that meets the
needs of its end users within the predefined budget,
schedule and with high quality. RUP is able to aggregate
the best software development practices in a suitable way
for a great number of organizations and projects. The six
best practices are so-called because they are commonly
used by successful organizations and for being able to
mitigate the main causes of software development
problems. The best practices applied in a SDP are the
following: i) develop software iteratively; ii) manage
requirements; iii) use component-based architectures; iv)
visually model software; v) continuously verify software
quality; and vi) control changesto software. [8]

The RUP architecture is divided in two
dimensions. The first one represents the dynamic aspect
of the process, and it is expressed in terms of phases:
Inception, Elaboration, Construction, and Transaction.
The second one represents the static aspect of the process,
and it is expressed in terms of workers, artifacts,
activities, and workflows.

Concerning its dynamic aspect, each phase
executes some activities of related workflows in order to
have a product in the end of each iteration. In the
inception phase, the focus is on understanding general
requirements, and on the definition of the project scope.
In theelaboration phase, the focusis on requirements, but
some efforts are devoted to the production of an
architecture prototype in order to minimize technical risks
by trying to adopt new solutions and learning new tools
and techniques. In theconstruction phase, the focusis on
the design and implementation, when the initial prototype
evolvesinto thefirst operational product. In thetransition
phase, the focus is on ensuring that the system has the
correct level of quality to reach its goals, when the defects
are corrected, users are trained, features are adjusted, and
elements are added in order to deliver thefinal product.

Concerning its static aspect, a process describes
who (workers) is doing what (artifacts), how (activities),
and when (workflows).

Figure 1 depicts the relationship among thefour of
the RUP workflows and their specific artifacts and
workers. Only these workflows were chosen because they
are the most commonly applied phases in any SDP,
especially in interactive systems design, such as in [12]
andin[15].
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The requirements workflow of the Rational
Unified Process presents an approach to identify and
control the system requirements. The analysis and design
workflow of the Rational Unified Process shows an
approach to trandate the requirements into a specification
that describes how to implement the system. The
implementation workflow of the Rational Unified Process
has an approach to implement systems by developing
components, and incrementally integrating them, and
producing prototypes to reduce risks. The test workflow
of the Rational Unified Process presents an approach to
evaluate the quality of the product, beginning early in the
life cycle throughout the process until the evaluation of
thefinal product delivered to users.

We verified some difficulties can be identified in
the use of the RUP for developing interactive
applications, such as: i) no consideration of human factors
during the SDP; ii) no consideration of international and
intercultural aspects during the Ul design; iii) no
consideration of user-centered models during the Ul
design and; iv) no consideration of Ul customization
based on the interaction technology and on the users. In
order to attend these aspects, we propose the integration
of HCI aspects that address the considerations mentioned
above, resulting in the RUPI.

3. Human-Computer Interaction

HCI is becoming critical in the emerging
information society because of the proliferation of
interactive systems as tools for communication,
collaboration, and social interaction among groups of
people, and because human activities are increasingly

42



becoming mediated by computers, so computers are
viewed astools for productivity enhancement.
HCI concepts are becoming more important in the SDP
because they focus the design process of an interactive
system on the user. Besides, according to [11], “ Almost
half of the software in systems being devel oped today and
thirty-seven to fifty percent (depending on life-cycle
phase) of the efforts throughout the life cycle are related
to the system's user interface.”

The HCI concepts studied and presented in this
work are. human factors, guiddines, Ul for all, and
model-based Ul generation.

3.1. Human Factors

Human factors study the way people perform their
activities. It is important to include human factors since
the beginning of the software development in order to
reach human factors goals. These goals are: time to learn
how to use the software; speed of performance of tasks
using the software; rate of errors by users while
performing their tasks; retention of knowledge on the
software over time; and subjective satisfaction of users
about the software. [17]

Designers have to be sensitive to human capacities
and needs related to technology use. This attention is
extremely useful in order to avoid users feeling
frustration, fear, and failure when facing a complex
system with incomprehensible terminology, or chaotic
layout. In order to develop an interactive system that
provides users the possibility of performing their tasks
effectively, designers must consider the diversity of
human physical and intellectual abilities, personalities,
cultural backgrounds, and age constraints. In addition,
they can consider some cognitive models to help identify
the task of the system to be devel oped [4].

3.2. Guidelines

Guidelines are a set of advices that guide designers
towards developing usable Uls. They are useful to
provide solutions to design problems or to serve as a
source of information necessary for unfamiliar design
situations.

There are some principles that can be applied in
any interactive system design in order to achieve users
satisfaction. This satisfaction can be achieved by
“providing simplified dataentry procedures,
comprehensible displays, and rapid informative feedback
that increase feelings of competence, mastery, and control
over the system” [17].

Some organizations adapt guidelines to suit the
reality of their cultural needs and characteristics or to suit
a single project requirements, producing a document
composed of a collection of principles and rules that can
be used to develop consistent Uls, called style guide.

Furtado [6] describes a collaborative process to define a

style guide for an organization. This approach is
implemented through a tod, which supports the
participatory and evolutionary process of creation of a

style guide. This approach for elaborating a style guide is
structured with questions and answers and it can be used
as a help if adeveloper encounters a problem when using
a development tool or as documentation for new
developers.

3.3. User Interfaces For All

In the information era, it is important to develop
high-quality user interfaces, accessible and usable by a
diverse user population with different abilities, skills,
requirements, and preferences in a variety of contexts of
use, and through a variety of different technologies, that
is, user interfaces for all [18]. It is becoming compelling
to design for the greatest possible user population.

One of the basic guidelines for HCI design is to
study the user. Designers increasingly have to provide
information to be used by diverse user groups, including
people with different cultural, educational, training, and
employment background, novice and experienced
computer users, the very young and the ederly, and
people with different types of disabilities.

The development of User interfaces for all can be
achieved by applying international and intercultural,
usability, accessibility, and acceptability methods.

- International and intecultural Uls provide
availability of, and easy access to interactive
systems among people for countries worldwide.

In order to achieve this, user-centered design,

globalization and intercultural issues are
considered,;

- In order to achieve usability, the interactive
system should be easy to learn; efficient to use;
easy to remember; have a low error rate; and
pleasant to use;

- Information is accessible by all kinds of people,
if careful attention is provided to their abilities,
needs, and preferences during interactive
systems devel opment and,;

- Acceptability is the possibility that users have to
access, understand, and use interactive systems
easily.

3.4. Model-Based User Interface Generation

The process of generating a Ul based on models
means that Ul’ s chaacteristics and its functionalities are
generated from specifications represented in different
models.

These models can be the following: conceptual
interface model, task model, user model, and context of
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use model. The conceptual interface model defines the
data that a user can view, access, and manipulate through
a Ul. The visualization can be displayed for the user in
different media, e.g., text, sound, graphics, etc. The task
model consists of a list of tasks that allows designers to
envision what tasks users perform. The user model
includes descriptions of users, and the way they perform
their tasks. Users perform their tasks in a specific
environment, which is represented by the context of use
model [4]. Graphica scenarios can help designers
understand different contexts of use where multiple types
of users may carry out multiple tasks.

4. The Integration of Human-Computer
Inter action in the Rational Unified Process

4.1. Workswith Human-Computer Interaction in
Softwar e Engineering

Although many software engineers have not yet
noticed the importance of HCI in the SDP, some HCI
experts have been trying to demonstrate that the
integration between these two areas can bring
improvements, such as, higher user satisfaction derived
from a user-centered SDP [7].

Benner [1] presents the integration of scenariosin
the software development process in order to better
describe properties of the domain, define system
requirements, and evaluate design alternatives. The
intention to integrate scenarios in the software
development process is devoted to better represent
situations of users performing tasks while interacting with
an interactive system. Having scenarios as artifacts,
generated by specialized tools, can be helpful to guide
designers during the Ul generation and to evaluate
usability.

Tavares [19] presents the integration of Ul design
mechanisms in the software development process by
using UML diagrams and scenarios. The intention is to
apply modeling techniques during requirements analysis
in order to design the Ul. The modeling techniques
proposed are: scenario generation; task modeling; UML
diagrams generation, such as, use case model, activity
diagram, interaction diagram, class diagram; and a
formalism related to the designer message specification
language, called LEMD, which specifies the Ul according
to the semiotics engineering approach. These modeling
techniques are applied in order to generate prototypes to
be validated by users.

Long [10] presents the integration of human
factors with SE by applying guidelinesin a design method
based on Denley’ s work [2]. It is also presented the
application of a design method, called a Method for
Usability Engineering (MUSE), based on Lim and Long’ s
work [9]. The first phase involves: collecting information

about users and their tasks, and producing a task model of
the system to be designed. The second phase involves:
eliciting users needs and defining the application domain,
preparing the conceptual design of the system considering
users' needs and the application domain as a task model.
The third phase includes: preparing the interaction design
that represents human behaviors and considers the style
guide, the users' needs and the application domain.

None of the works mentioned above considers the
main HCl concepts during the entire development
process, such as, human factors, guidelines, and user
interfacesfor all.

4.2. RUPi Characteristics

The six best practices adopted by the RUPi are:

- Develop software iteratively — HCI aspects can
be applied since early in the lifecycle until the
product is ready for release, what raises the
quality of the final product. Prototypes can be
generated by applying the results of modeling
techniques starting in the requirements
workflow.

- Manage requirements - Analysis of the users
tasks, the environment where they are
performing their tasks, and the devices that they
are using, guaranteeing that the software
accommodates users' reality.

- Use component-based architecture - Modular
architecture definition, but, more specificaly, it
suggests the adoption of the n-tier architecture.
They provide the software to be divided in
independent layers, what provides higher
reusability and flexibility.

- Visually model software — The use of user, task,
context, and domain models. These models can
be directly aided by graphical scenarios.

- Continously verify software quality - Quality
assessment also starts early in the lifecycle and
focuses on areas of highest risk. RUPi focuses
on usability, accessibility, and acceptability.

- Control changes to software - RUPi proposes
maintainability efforts towards the models
defined during requirements elicitation.

The RUPiI process structure is divided in two
dimensions. the dynamic and the static dimension. The
phases in the dynamic dimensions are the same ones
defined in the RUP. What changes is the application of
HCI conceptsin every phase and their evaluation in every
milestone. The elements in the static dimension, which
are workers, activities, artifacts, and workflows, have the
same definitions and purposes as the ones defined in the
RUP. What changes is the content of each workflow, that
is, which activities will be performed and which artifacts



will be produced to accommodate HCI aspects and who
will be the workers.

The RUPI has four workflows, which are based on
the RUP workflows and were adapted by the inclusion of
HCI concepts, described in section 3. The four chosen
workflows for RUPi are: requirements, analysis and
design, implementation, and test. This addition of HCI
concepts is done in order to perform activities that
produce artifacts that consider:

- human factors, considered during the
development of an interactive system to help
users perform their tasks effectively;

- usability reguirements, used to decide which Ul
option is most suitable to the performance of a
specific task by a particular user;

- accessibility and acceptability issues, applied
during the definition of guidelines in order to
accommodate characteristics of all different
kinds of users;

- usability evaluation, used to test the usability of
an interactive system, considering users
characteristics, tasks performed, environment of
work, and technology used and;

- graphical scenarios, generated to graphically
represent specific situations experienced by users
whileinteracting with thesystem.

Figure 2 depicts the relationship among the four of

the RUPi workflows and their specific artifacts and
workers.
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Figure 2 - Relationship among workflows, workers and
artifacts in the RUPiI

Following, the RUPi workflows are presented.

The Requirements workflow of the RUPi contains
the workflow details of the RUP requirements workflow,
and adds some more:

- user modeling, specifies the users who will use
the system. This specification details information
about: general knowledge, level of experience
performing their tasks, using a computer, or
using a similar system, preferences related to
how datais displayed on the screen, physical and
psychological abilities, role in the organization,
working method, etc. Figure 3 depicts the user
model for a project management software, in

which we present four kinds of users with their
specific characteristics;
Programmer
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Figure 3 - User model for the project management
software

- task modeling, defines the tasks performed by
users and the cognitive characteristics necessary
for users to perform them. In this work, we used
the MAD formalism [16], in which a task is
divided in two or more subtasks that are
performed in order to fulfill a certain objective.
This modd is organized in hierarchical levels
that link the tasks andorganize their performance
in: sequential, parallel, smultaneous, alternative,
optional, or recurrent;

- context of use modeling, includes definition of
the environment where the users are located in
order to perform their tasks. This model can be
enhanced with the generation of scenarios that
are helpful to anticipate risks, prepare prototypes,
and verify the accessibility and acceptability
issues. Figure 4 depicts a scenario showing the
library of a software development organization,
where a devel oper is searching for a book [4];

o !l

2 W! e . o
Figure 4 — Graphical scenario for an intranet development
project
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- domain modeling, specifies the aspects of the
work to be performed with or without the
system,

- definition of guidelines based on the users, their
tasks, their working environment, and the system
domain and;

- definition of usability requirements, related to
users satisfaction and the performance of the
system. These requirements can be gathered by
analyzing the user, the task, and the context of
use models.

The Analysis and Design workflow focuses on
transforming requirements into a design specification
useful for the implementation workflow. This is achieved
by defining the software architecture, designing
components and the database. This workflow can be
incremented with the following workflow details:

- Refinement of the task model performed in the
previous workflow by considering characteristics
of different kinds of users and different
interaction styles;

- Ul conceptual design, represents the interactive
part of the system by graphically representing the
navigational structure of the system. To choose
the best option, the designer should associate
usability requirements to the design options, as
shown in figure 5, and discuss them with the
usersto cometo adecision consensus and;

Usability
Requirements

Design {J;:1um<h" formance time

Task  Design Options Result

high

lovw

Without Help Frequancy of help wss o
1eh

Easy access to shortcuts

Defing
Activaty

Jime to execute task
\iﬁﬁlgn Option,” Number of data users need
With Help to remember

MNumbear of errors mada

high

few

faw

Figure 5 — Usability requirements related to design options

- class model, which is the foundation for the

implementation of the project. Considering the

Ul conceptual design and domain modeling, we

can define the class model in a n-tier architecture

because the information is already separated. In

such a class model, the first layer represents the

interface, the second one is the control layer, the

third is the business logic layer, and the fourth
oneisthedatalayer.

The Implementation workflow focuses on the
codification and integration of components. The
generation of the physical Ul can be enhanced by the
application of guidelines. Guidelines principles are
interpreted considering the users, the tasks they perform,
and the environment where they interact in order to select
and apply them correctly. A software tool supports
designers and devel opers during the devel opment process,

among other goals, to achieve usability. There are some
tools that intend to help in the application of gudelines
during the generation of Uls, such as SEGUIA [22] and
SIERRA [21]. These tools are useful because of the
absence of consistency among guidelines and the lack of a
uniform structure among guideline documents. These
shortcomings make it hard to organize guidelines and
inter-relate guideline documents.

As a consequence of correctly applying guidelines
during the implementation workflow, the physical Ul is
generated in away that accommodates users' expectations
towards usability, acceptability, and acessihility, thus,
their satisfaction.

Figure 6 shows an adaptation in the Ul towards the
steps taken by users to achieve their goal while
performing a set of tasks. The optionsin the menu offer a
list of workers productivity and a list of similar activities
related to prior projectsin order to help the user define the
schedule for a specific activity. This adaptation is helpful
for novice users, since it does not expect users to have
enough experience in project management, nor to directly
define the schedule for an activity.

List of Similar Activities

System Analysis 26/10/2002  26/12/2002
User Needs Modeling 06/01/2002  0B/04f2002
Define System Scope 15/10/2001 15112/2001

Figure 6 — Prototype with activity list as help

Although some Ul adaptation aspects demonstrate
the differences in applying one of the two SDP, there are
some aspects, related to the advantages of applying HCI
in a SDP, which are not visually noticed. Such advantages
are related to user satisfaction, user participation during
the SDP that leads to more precision in the
accommodation of users' requirements, risks anticipation
derived from task modeling, among other benefits related
to the cognitive level.

The Test workflow focuses on the quality of the
product since early in the SDP. Its main activities are
verifying the integration of components, correcting the
implementation of requirements, and correcting detected
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defects. The main workflow detail to be included in this
workflow is primarily concerned with usability aspects of

the system developed, which is usability evaluation.

Usahility evaluation [14] should be a concern during this
workflow since it involves analysis of a system in the
users point of view. That is, this evaluation takes into
consideration: users characteristics, the tasks they
perform, the environment in which they work, and the
technology they use. Despite of the evaluation method

applied, these aspects are important to predict the
usahility of a system. Evaluation tests can be composed of

test cases that describe what aspects to be tested in the
system. In the RUPI, these aspects are closely related to
usability requirements defined in the requirements
workflow. An example of a RUPI test case contains a list
of usability attributes defined according to the usability
reguirements, the specification of the measured value, and
the expected value for each tested attribute, as depicted in
figure 7. The test case prepared using the RUP concerns
functionality attributes.

Usahility Atiribute Measured Value Expected Result
Perforrmance tirme Tirne to coraplete task | 40 gz
Frequency of helpuse | Nuraber of accesses 4of 10

Easyraccess to shortouts | Time to complete task |28 sec

Mlernorahilitsy Time fo cormplete task | 40 sec

Mutaher of exrorh made Percentage of erroms 10,00%
Figure 7 — Test case related to usability attributes

4.4. RUPi Workflow Analysis

Analyzing the application of HCI aspects in these
four workflows, we can notice the difference in the
artifacts created by RUP and by RUPI. In the latter, there
are more artifacts that consider the domain of work, the
users, the tasks they perform, the devices they use, and
the environment where they work. In addition to that,
guidelines and usability requirements ae considered in
order to accommodate any specificity derived from the
HCI aspects analyzed by the devel opment team.

The main intention of this section is to
differentiate the artifacts produced by RUPi from the ones
from RUP, and especially to show the advantages
achieved by the SDP from the RUPI artifacts.

In the RUP requirements workflow, the main
artifact is the use case mode. In the RUPi, the main
artifacts are the user model and the task model oriented by
the use case model. These models contribute to the
generation of a Ul that is suitable to the users' redlity,
opposed to being too generic to an extent that does not
support userswith their tasks.

In the RUP analysis and design workflow, the
primary artifact isthe design model that contains the cless
model. In the RUPI, the class model is designed according
to the ntier architecture, which allows this model to be

reused by other systems in a more flexible manner.
Besides that, there is an analysis of Ul conceptual design
options based on usability requirements. This analysis
makes the decision process more concrete because it is
based on HCI aspects and not on personal opinions.

In the implementation workflow, the most
important artifact is the system. The Ul designed
following workflow details from RUPI present adaptation
in the semantic level, which is related to adapting the Ul
towards the steps taken by users to achieve their goal
while performing a set of tasks; and adaptation in the
syntactic level, which is related to adapting the Ul
towards visualization aspects, such as, menu option, font
size, font colors, background colors, etc. The Ul designed
following workflow details from RUP do not present any
level of adaptation. It is noticeable that the RUPi's Ul is
more usable than the other one because of its possibility
of customization.

In the test workflow, the key artifact is the test
model, which contains test cases. The RUP's test cases
verify and validate the system functionality, while RUPi's
test cases focus on usability.

The application d RUPi will prove to achieve the
goals mentioned above along with usability goals. These
usability goals have proven to bring benefits, such as ease
to learn and use the system, reducing training time and the
number of errors, consequently, reducing costs and time
spent in the correction of defects.

5. Conclusion

This research demonstrated the need for the
integration of HCI concepts into a SDP because of the
importance of concentrating on the users, their tasks, their
environment, and the technol ogies they use.

The main contribution of this work is the
definition of RUPi and its first workflows by taking into
account HCI concepts.

Each RUPi workflow suggests the generation of
some artifacts that intend to aid the development team in
developing an interactive system that considers human

factors, usability requirements, accessibility and
acceptability issues, usability evaluation, graphical

scenarios, among other aspects.

The future of this work is to define the other five
RUPi workflows. In addition to that, we intend to develop
a module for a project management software. This
module will guide the development team in generating a
Ul by applying those HCI concepts integrated into the
workflows. The automation of this integration will help in
making it more easily applicable in many organizations.
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