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ABSTRACT: 
 
This dissertation proposes the Unified Process for Interactive Systems, 
called UPi, which integrates practices from Software Engineering (SE) and 
Human-Computer Interaction (HCI) with three main goals: usability, 
productivity, and integration. First, we intend to help professionals from 
both areas in developing interactive systems with usability through the 
application of a unified process. Second, we want to make HCI an essential 
and effective part of SE processes by facilitating the communication and 
interchange of artifacts between professionals from these two areas, thus, 
bringing productivity to a new working environment. Third, we aim at 
describing the basis for generating User Interfaces (UI) through the 
integration of HCI and SE concepts in a unified process and through the 
active participation of users. In order to address the issues mentioned 
previously, we have defined and evaluated the UPi and specified one 
artifact, the UI Definition Plan. To evaluate its efficacy, we applied UPi in 
the Brazilian Digital TV Project, financed by the Brazilian Government. 
UPi was also evaluated according to specific metrics to measure its Return 
on Investment and to monitor its application and continuously improve it. 
The UI Definition Plan is an innovation for the selection of usability 
patterns during UI design. UPi, the strategy to monitor its application and 
evaluate the ROI, and the UI Definition Plan are our contributions for the 
SE and HCI communities. 
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1 Introduction 

 
 

 

This chapter first presents the background knowledge that motivated this research work, 

then it delimits the scope of this work, defines the results we intend to reach, the assumptions 

and hypothesis we considered, the methodology we applied, and finally it specifies the 

organization of this work in chapters, sections, and sub-sections with by a brief explanation of 

each one of them. 

1.1 Motivation 

Software development processes, methods, techniques, best practices, models, 

templates, artifacts, among other aspects have become more widely applied in software 

organizations as users’ demand for product quality started to increase in the past decade. 

Nowadays, the reality for software organizations is the one where users not only 

demand systems that have the functionality they require, but also systems that are easy to use 

and learn, that is, systems with high level of usability. Users no longer accept errors, lack of 

visual standards, confusing messages, and difficult navigation, among other aspects that make 

their interaction with the system less productive or less pleasant.  

These needs for quality and usability lead to the identification of certain gaps in 

Software Engineering (SE) processes that were being actively applied in software 

organizations. In the need to rapidly respond to users’ requests, software process engineers 

started to perform new activities and produce artifacts in order to achieve a higher level of 

quality of the developed systems. 
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On the other hand, there were professors, researchers, students, and consultants 

specialized in usability defining processes, methods, techniques, best practices, models, 

templates, and artifacts focused on users and on their use of interactive systems. 

As a result, it was established a reality in which there were groups from different areas 

of study working on software development processes with different focuses, but that were 

complementary.  

Even though it is easy to visualize that these processes are complementary, it is difficult 

to choose the best aspects from each process in order to define a unified process that 

concentrates on both users’ functionality and usability requests. 

There are various aspects that make the integration of processes from different areas a 

difficult task. First, software engineers have been working on their processes for such a long 

time that it is hard to get used to (or to accept) concepts that come from different 

backgrounds, such as Human-Computer Interaction (HCI). Second, most professionals in 

software organizations learn SE at the university and they enter the market place with little or 

no knowledge that can contribute to usability, such as HCI, Human Factors, Ergonomics, etc. 

Third, HCI has its own set of processes, including techniques, best practices, models, 

templates, and artifacts for developing interactive systems with few or no integration with SE 

processes. Fourth, there are many models and other artifacts that have the same purpose, but 

different terminology, thus, making it difficult for SE and HCI engineers to share information 

and to work together. 

Even though this integration is difficult, there are several attempts to integrate processes 

from different areas because it is very clear for many practitioners and academic researchers 

that SE processes have certain gaps that can be bridged with aspects from HCI processes and 

vice-versa. Such attempts can come from corporations, such as IBM; academic institutions in 

their research and development projects or in their undergraduate and graduate disciplines; 
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conferences and workshops promoted yearly; or in joint projects between corporations and 

academic institutions. 

All of these attempts are happening because they result in advantages to many parties, 

such as: (i) the integrated areas of study will be able to use a unified process that integrates 

what is best from each area; (ii) users benefit with better quality and usability in their 

products; (iii) professionals from different areas work and communicate better because they 

follow the same process. 

A resulting unified process must address issues that users and professionals from 

software organizations consider to be important. In this work, we focus on three main aspects, 

which are usability, productivity, and integration. 

Usability is a main concern for final users and also for software organizations that 

intend to satisfy their customers. Usable systems are easy to learn, easy to remember how to 

use, efficient to use, and reliable, thus, leading to users’ overall satisfaction (Nielsen, 1993). 

In this process, in order to design usable User Interfaces (UIs), we focus on users’ needs, 

usability tasks, reuse of usability patterns, UI definition plan, among other usability 

recommendations. 

Productivity is directly related to the time spent by UI designers, developers, and other 

professionals throughout the Software Development Process (SDP) in order to produce 

artifacts that are necessary to develop usable UIs. Professionals in the industry work with 

strict deadlines and cost restrictions, as a result they have to be very efficient in each activity 

they perform. In order to provide a productive and collaborative working process, we want 

them to work on constant validation of UIs, prototypes, workshops, and other techniques and 

artifacts that have a high Return On Investment (ROI) for software organizations, as well, as 

for their clients. 
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Integration of SE and HCI activities and professionals is a difficult task in the industry, 

unlike in the academia, where researchers are willing to constantly make changes. In 

situations that SE and HCI professionals tend to work together, we intend to improve their 

communication by providing a unified process that describes the basis for UI generation with 

complementary artifacts. 

Integration is also related to user participation, which is crucial in today’s software 

development projects since it is very common to find users unsatisfied with the final product 

because they did not participate in the decision-making process during requirements 

elicitation or did not evaluate a prototype, for instance. Most HCI processes or methods 

nowadays (such as (Constantine and Lockwood, 1999), (Mayhew, 1999)) advocate users 

participation throughout the life cycle in order to improve the product overall quality and 

accordance to users’ needs. 

1.2 Scope and Goals 

In order to contribute to the initiatives concerning the integration of processes and 

addressing the issues mentioned in the previous section, we have defined and evaluated the 

Unified Process for Interactive Systems, and specified one artifact, the UI Definition Plan. 

1.2.1 Definition of the Process 

The Unified Process for Interactive Systems, or UPi (Sousa and Furtado, 2004), is a 

process to develop interactive systems based on the IBM Rational Unified Process (RUP) 

(Krutchen, Ahlqvist & Bylund, 2001) and on various HCI methods, such as (Mayhew, 1999), 

(Hix & Hartson, 1993) and (Constantine and Lockwood, 1999), focusing on requirements, 

analysis and design, implementation, deployment, and test. UPi intends to organize the work 

performed by professionals responsible for the generation of usable interactive systems for 

highly demanding users. 
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The UPi intends to support professionals with knowledge on usability integrated with 

SE in order to facilitate the design of usable UIs, instead of depending on the existence or lack 

of knowledge on usability of professionals, who may not be specialized in this area of study. 

1.2.2 Evaluation of the Return on Investment of the UPi 

The evaluation of the ROI of the UPi is done considering the perceived and actual 

internal ROI (Wilson & Rosenbaum, 2005). Perceived internal ROI means perceived 

efficiencies; and actual internal ROI means the measured improvements that occur during the 

development of a product or service that can be attributed to the usability staff (e.g. 

elimination of re-work, generation of clear requirements, better communication among 

stakeholders, better product usability, etc.). The evaluation of the perceived internal ROI was 

possible with the application of the UPi in a case study and the evaluation of the actual 

internal ROI was possible with the application of a performance analysis tool to analyze the 

execution of the UPi activities. 

For clarity, perceived external ROI means that the usability staff developed products or 

services more profitable for the customer’s company and better for customers themselves (e.g. 

improvement of profits in sales, increase of customer satisfaction, etc.). 

1.2.3 Definition of the UI Definition Plan 

The main goal of the UI Definition Plan is to help software organizations, clients, and 

users’ representatives to choose the best usability pattern for a certain requirement. With this 

plan, they can apply an approach during this decision making process that can result in a 

specific and quantitative result. The UI Definition Plan follows an approach that evaluates 

options of usability patterns for a specific user requirement considering multiple criteria. The 

application of this plan results on the decision of which is the most appropriate usability 



 18 

pattern for the UI design considering the opinions of the clients, the users’ representatives, 

and the professionals from the software organization. 

1.2.4 Expected Results 

As a result, we intend to make three main contributions for the SE and HCI 

communities.  

The first one is to contribute with software organizations and academic institutions with 

a process that aims to bring usability, productivity, and integration to interactive systems 

development in order to help practitioners, researchers, and professors in teaching how to 

generate or in actually generating interactive systems with quality and usability, productively 

and in an integrated manner. Quality can be achieved by providing to users the functionality 

they have required without errors, or at least, with a minimum number of errors. Usability is 

acquired by designing UIs that focus on facilitating the interaction with the system. 

Productivity can be achieved by providing professionals with a small set of activities that 

produce a valuable outcome. Integration can be achieved with the definition of artifacts that 

can be shared and complementary in order to allow an artifact from one area to help in the 

production of an artifact from another area. 

The second contribution is the ROI that the UPi can bring to software organizations and 

for the clients of those organizations. The ROI can be achieved through increase in 

productivity, decrease in costs, and increase in usability and user satisfaction. 

The third contribution is the UI Definition Plan, which support usability engineers in the 

selection of usability patterns for the UI with a higher level of certainty in order to increase 

user satisfaction since users are active participants during this decision-making process. 
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1.3 Assumptions 

The assumption related to the application of the UPi is that the software organizations 

must already apply the UP, the RUP, or other processes that already focus on management 

issues. 

Another assumption is the difficulty to integrate SE and HCI in one process; therefore, 

this work intends to simplify the application of a unified process. 

One assumption related to the adequacy of the process is that it is more appropriate for 

projects in which there is not a predefined style guide for the UI and there are many usability 

issues to be solved. 

1.4 Hypothesis 

The main hypothesis in this work is that SDPs can be enhanced with the integration of 

the best practices from SE and HCI in order to generate interactive systems with more 

usability. 

The hypothesis related to the UI Definition Plan is that it can bring a more solid 

foundation to the decision-making process during UI design in software organizations. 

The hypothesis related to the process improvement is that planning of the process 

previous to its application and monitoring the process can support software organizations in 

identifying flaws that need corrective actions that lead to process improvement and greater 

ROI in usability.  

1.5 Methodology 

The methodological aspects are important to demonstrate the manner in which this 

research work was conceived, analyzed, defined, and documented. We will present the types 

of research and the case study applied in this work, as follows. 
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1.5.1 Definition 

In order to define the UPi, we performed a bibliographic research to bring a scientific 

basis for the creation process. This bibliographic research involves the analysis of literature 

published on the SE and HCI areas of study. To define the UI Definition Plan, we researched 

literature on HCI and Operational Research. 

In addition, we will perform a case study in order to validate the application of this 

newly defined SDP and formulate hypothesis for future works. 

According to the research topology (Bastos, 2002), this work will be an applied 

research, which means that it has the goal of transforming the existing knowledge. This 

transformation occurs by learning the pros and cons of existing processes in order to define a 

unified process that integrates the best advantages of the existing ones, and also that has 

characteristics that may lack on them. 

According to its approach, this research is qualitative because there is a concern on the 

resulting knowledge; and quantitative because there is a concern also with numerical results, 

related to the ROI. The qualitative results will be noticed through the outcomes achieved with 

the application of UPi. The quantitative results will be available from the analysis of the ROI 

of the process. 

Concerning its objectives, this research is exploratory because it intends to enhance the 

existing knowledge on a specific subject (SE and HCI processes). This enhanced knowledge, 

acquired with this research, can be applied in future works, either by software development 

organizations or academic institutions. We intend to enhance the knowledge of interactive 

systems development by providing a unified process to guide professionals through the entire 

life cycle. 
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1.5.2 Case Study 

The case study for this work is the application of the UPi in the Brazilian Digital TV 

(DTV) project, with the participation of Computer Science graduate and master students from 

the University of Fortaleza (UNIFOR) in the Laboratory of Usability and Quality of 

Interactive Systems (LUQS). 

The DTV project is being funded by the Brazilian Government and the main result to be 

produced by the LUQS is to design and develop UI prototypes for the Brazilian DTV Access 

Portal. 

The application of UPi in this project facilitates the identification of positive and 

negative outcomes that lead to the improvement of the process. 

1.6 Structure 

This work is organized in the following structure: 

In the second chapter, we present the goals of SE, explain and compare some software 

development processes, and point out their characteristics that can contribute to our proposal. 

In the third chapter, we focus on HCI principles and models, and then detail this area of 

study by presenting and comparing researched processes and methods for UI design. 

In the fourth chapter, we present some proposals that integrate SE and HCI and compare 

them among each other and with our proposal. 

In the fifth chapter, we present our first contribution to SE and HCI, which is the 

Unified Process for Interactive System, or UPi. We detail its objectives and describe its 

artifacts, roles, disciplines, and activities. 

In the sixth chapter, we describe the application of UPi in a case study and the results 

generated for this project in which the process was applied. 
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In the seventh chapter, we explain the selected approach for the UI Definition Plan, 

followed by the description of its objectives, characteristics, and its application in an example 

for the DTV project. 

In the eighth chapter, we evaluate the ROI of the UPi through the use of a strategic 

planning tool. 

In the ninth chapter, we conclude this work by focusing on our contribution to the SE 

and HCI areas of study. 

The tenth chapter corresponds to the bibliographic references mentioned throughout this 

work. 

In the last chapter, there is the annex, which is composed of the definition of the process 

activities. 
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2 Software Engineering 

 

 

 

Software Engineering is composed of practices that are used in the development of 

software products, thus enhancing the software productivity and quality, aiming at providing 

more systematic and controlled SDPs to guarantee mechanisms for planning and managing 

the entire lifecycle (Sommerville, 2001). 

In the next sections, we explain and compare some SDPs. 

2.1 Software Development Processes 

A SDP is composed of a set of activities to be performed by the software development 

team, aiming to deliver software within the predicted budget and schedule, and with quality. 

SDPs allow standardization within an organization and also adaptation according to the 

needs of the organization or of specific projects in order to facilitate its application.  

Making the process a standard allows organizations to be independent from the 

willingness of specific workers in order for a project to be finished successfully. When an 

organization follows the procedures of a process, it increases the odds of presenting a project 

on time, within budget, in accordance with the users’ requirements, and with high overall 

quality. 

Adaptation is possible because most processes are defined as a set of activities, workers, 

artifacts, and guidelines that can be selected as most appropriate to the current situation of the 

organization. This can be done by the specification of an adapted process to be applied in the 

entire organization or a process refined for each new project. 
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The implementation of a new process is a difficult task because many professionals 

resist to changes, especially in cases in which their working habits and beliefs are affected. In 

order to decrease this resistance, project managers need to motivate professionals by 

involving them as early as possible in defining the process. This early involvement provides 

them the opportunity to analyze the organization’s current situation and problems in order to 

understand how the new process can contribute to their work. 

The most common benefits acquired when a process is effectively implemented within 

development teams are: workers can easily understand activities that other professionals and 

even themselves need to perform; workers can easily transfer to new projects in which the 

same process is applied; training can be standardized; and schedule and cost can be estimated 

with sufficient accuracy (Jacobson, Booch & Rumbaugh, 1999). 

In the next sections, we present the following SDPs: the Unified Process (UP), the RUP, 

and the RUP UI Design. 

2.1.1 The Unified Software Development Process 

The UP is the result of years of development starting with the Objectory Process 

(Jacobson et al., 1995) and going to the Rational Objectory Process (Booch, 1996) until the 

Rational Unified Process (Kruchten, 1998). 

The Objectory Process had the notion that use cases drive development and that 

architecture guides developers. It also had the particular characteristic of being able to be 

tailored to meet specific needs of different development organizations. The workflows in this 

Process were: requirements, analysis, design, implementation, and test. 

The Rational Objectory Process (ROP) most contributed with the emphasis on 

architecture and iterative development. The four-phase approach (inception, elaboration, 

construction, and transition) was defined to better structure and control iterations. The UML 

was used as the modeling language of the ROP. 
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The RUP was expanded with a new workflow for business modeling and with the 

concept to design UIs driven by use cases. It was also extended with tools for requirements 

management, testing, and configuration management. 

Therefore, the UP has a long history of versions and it has a list of books, on-line 

documentation, and tools that can be used as a source for process understanding and 

application in real situations. 

The key characteristics of the UP are: use-case driven, architecture-centric, and the 

iterative and incremental nature. 

The use-case driven approach serves the purpose of defining the functional 

requirements, considering the value they add to users. Use cases also drive the system design, 

implementation, and test, that is, the entire development process. 

The architecture is both use-case independent and dependent, the first part is related to 

the system structure (e.g. platform and other non-functional requirements) and the second part 

encompasses the system key functions (that is, the key use cases). 

Iterations are steps taken during the process to generate a product; and increments mean 

the growth in a product. Controlled iterations can bring the following benefits: reduction of 

the cost risk when a single increment needs changes, instead of changing the entire product; 

reduction of the risk of delayed schedules since problems are identified earlier; speed of the 

overall schedule because professionals are working with shorter and clearer schedules; and 

ease to manage users’ changing needs since in each new iteration there is the definition of 

new requirements. 

The UP life cycle is composed of four phases (inception, elaboration, construction, and 

transition). Each phase is further subdivided in iterations and each phase finishes with a 

milestone, which decides if the work can proceed to the next phase. 
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Figure 1 depicts the five UP workflows (requirements, analysis, design, implementation, 

and test) that are executed throughout the iterations of the phases in different levels. This 

Figure calls attention to an iteration in the elaboration phase, in which the UP workflows that 

are mostly executed are: requirements, design, and implementation. 

 

Figure 1 – The UP Structure, extracted from (Jacobson, Booch & Rumbaugh, 1999) 

Next, we explain the characteristic of the RUP, its best practices, structure, phases, and 

disciplines.   

2.1.2 The Rational Unified Process 

The RUP follows the best software development practices to produce software with 

quality in a predictable manner; it can be configured according to the needs and constraints of 

the adopting organization; and, most importantly, it can be implemented in any organization 

that wants to use the RUP in part or in whole in order to obtain more effective results. In 
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addition, it provides a sustained manner to conduct a project, instead of relying on the 

performance of specific individuals. 

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 the RUP are as follows: i) develop software 

iteratively; ii) manage requirements; iii) use component-based architectures; iv) visually 

model software; v) continuously verify software quality and; vi) control changes to software 

(Kruchten, 2000). 

• Develop software iteratively - The early identification of risks facilitates change 

management; forces artifacts preparation in the end of each iteration; facilitates reuse of 

partially designed or implemented elements; produces a robust architecture; decreases the 

number of misunderstanding and inconsistencies, etc. Such positive outcomes are possible 

since errors are corrected earlier, in a timely and efficient manner, thus, raising the quality of 

the final product. 

• Manage requirements - Requirements management involves controlling the 

system’s required functionality and constraints, including evaluating changes to these 

requirements and assessing their impact. Some benefits of an efficient requirements 

management are better control over complex projects; enhanced software quality, increase in 

the user satisfaction; cost and delay reduction; and better communication among the process 

stakeholders. 

• Use component-based architectures - A modular architecture definition allows 

components to be tested individually and integrated gradually to compose a complete system. 

Using component-based architectures facilitates components reuse, allows systems to be 

composed of existing parts, off-the-shelf parts, and newly developed parts of specific domains 

that can be put together to guarantee that the system’s goal is reached. 
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• Visually model software - Visual models help the development team to better 

understand complex systems by creating and visualizing the structure and behavior of a 

system's architecture. The Unified Modeling Language (UML) (Jacobson, Booch & 

Rumbaugh, 1998) is a graphical language that helps members of the development team to 

unambiguously communicate their decisions among each other. The RUP is a guide for the 

development team when using UML to model systems. 

• Continuously verify software quality - Software quality is associated to its 

functionality, reliability, and performance. This continuous verification starts early in the life 

cycle, what reduces the cost of fixing the defects. In addition, it allows project status 

assessment and testing focused on areas of highest risks. The RUP focuses on the product 

quality and on the process quality. The product quality involves the analysis of the final 

product and its elements. The process quality supports the production of the final product, 

taking into consideration metrics and quality criteria. 

• Control changes to software - Iterative development allows flexibility in planning 

and executing the software development, and it allows requirements evolution. The 

continuous control of changes lets the development team actively manage the impact of 

change, and maintain traceability among the elements of each release at the completion of 

each iteration. 

In addition to the six best practices, the RUP has other important characteristics, which 

are mentioned below: 

• The RUP applies use cases to define the system’s behavior. A use case specifies a 

sequence of actions performed by users when using a system, which produces a valuable 

result to whom interacts with it. The use cases defined for the system are useful for the entire 

development process. 
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• The RUP is a process framework that can be adjusted according to the specific 

needs, and culture of the adopting organization, such as the size, the domain, the complexity 

of the system, and the experience and skill of the organization and its people (Jacobson, 

Booch & Rumbaugh, 1999). The process elements that are likely to be modified are artifacts, 

activities, workers, disciplines, guidelines, and artifact templates. 

• The RUP is a process supported by a vast set of tools that automate the execution 

of many activities. These tools are used to create and maintain various artifacts, such as, 

requirements elicitation, visual modeling, programming, testing, etc. 

The RUP structure is divided in two dimensions (Figure 2). The first one represents the 

dynamic aspect of the process, and it is expressed in terms of phases: Inception, Elaboration, 

Construction, and Transition. The second one represents the static aspect of the process, and it 

is expressed in terms of workers, artifacts, activities, and disciplines. In the UP, there were 

five workflows, but with the evolution to the RUP, they started to be called disciplines. 

 

Figure 2 – Dimensions of the Process Structure, extracted from (Cantor, 2003) 
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Each phase executes some activities of related disciplines in order to have a product in 

the end of each iteration. Following, we describe the phases: 

In the inception phase, the focus is on understanding general requirements, and on the 

definition of the project scope. 

In the elaboration phase, the focus is on requirements, but some efforts are devoted to 

the production of one candidate architecture in order to minimize technical risks by trying to 

adopt new solutions and learning new tools and techniques. 

In the construction phase, the focus is on design and implementation, when the initial 

prototype evolves into the first operational product. 

In the transition 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 final elements are added in order to deliver the final product. 

Next, we describe the disciplines: 

In the business modeling discipline, the business-process analyst and the business 

designer model the business use cases in order to understand (and make sure that all 

stakeholders do understand) the organizational situation and to facilitate the identification of 

system requirements. 

In the requirements discipline, the system analyst establishes and maintains agreements 

with the stakeholders on the scope of the system. 

In the analysis and design discipline, the architect establishes a robust architecture to 

facilitate the generation of the system and that is in accordance with the implementation 

environment. 

In the implementation discipline, the implementer/programmer defines the organization 

of the code in layers, implements in terms of components, which are tested individually and 

integrated into an executable system. 
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 In the test discipline, the test designer organizes and defines the tests; and the tester 

verifies the correct implementation of all requirements, identifies errors, and guarantees that 

they are corrected before software deployment. 

In the deployment discipline, the deployment manager organizes deployment, by 

preparing the beta test feedback program, training users, and making sure the product is 

packaged properly with the support of other workers, such as, testers, implementers, etc. 

In the configuration and change management discipline, the configuration manager 

controls versions and dependencies among artifacts and the change control manager controls 

requested changes, evaluates their potential impact, and monitors the change itself. 

In the project management discipline, the project manager plans, staffs, executes, and 

monitors the project. 

In the environment discipline, the process engineer configures the software 

development process according to the organizational culture (as well as any necessary tools) 

and improves the configuration throughout the process. 

As follows, we explain an evolution of the RUP. 

2.1.3 UI Design in RUP 

(Krutchen, Ahlqvist & Bylund, 2001) presents a concern with UI design in the RUP 

with the inclusion of the UI Designer worker, who is responsible for performing two main 

activities: UI modeling and UI prototyping in the RUP Requirements discipline (Figure 3). 

During UI modeling, the UI designer analyzes the use case model and generates a use 

case storyboard, which is composed of a textual description of the user-system interaction 

(flow of events); interaction diagrams (collaboration or sequence diagrams); class diagrams 

that show boundary classes and their relationships; usability requirements; and references to 

the UI prototype. 

In more detailed steps, the UI designer: 
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• Identifies actors in the use case diagram; 

• Creates use cases in the use case diagram and use case storyboards in the analysis 

diagram and assigns a trace dependency between the use case and its use case storyboard; 

• Describes the flow of events for each use case; 

• Refines the flow of events with usability requirements (see this concept in section 

3.1.1); 

• Identifies boundary classes (representing user interfaces) in the class diagram and 

associates them to a use case storyboard; 

• Describes interactions between boundary objects and actors based on the flow of 

events using interaction diagrams; 

• Associates existing prototypes with use case storyboard; and 

• Details boundary classes with attributes, responsibilities, relationships, and usability 

requirements in the class diagram. 

During UI prototyping, the UI designer designs and implements the UI prototype, which 

is evaluated by other members of the project and users. 

In more detailed steps, the UI designer: 

• Identifies the primary windows based on the boundary classes; 

• Designs the visualization of the primary windows; 

o Defines which attributes of the boundary objects should be visualized based on 

the flow of events; 

• Designs the operations of the primary windows; 

o Defines which responsibilities of the boundary objects should be operations; 

and 

• Implements prototypes for the prioritized use cases. 
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Figure 3 – UI Design in the RUP, extracted from (Krutchen, Ahlqvist & Bylund, 2001) 

It is suggested that use case storyboards and UI prototypes should be evaluated by 

reviewers (other project members and external usability experts) and users. The evaluation of 

use case storyboards should be done before the prototype is implemented in order to 

guarantee that UI designers understood users’ requirements. 

There are various guidelines defined in order to help UI designers in the creation of use 

case storyboards and in the transformation of boundary classes into prototypes, especially in 

how to include usability aspects in these two activities: UI modeling and UI prototyping. 

The main advantage in this approach is that use case storyboards present a high-level 

definition of the UI, which does not take such a long time to create as prototyping, designing, 

and implementing do. But use case storyboards require specific knowledge on the UML 
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formalism from the development team in order to create them, and from the users to evaluate 

them. 

2.2 Comparison 

The RUP is an updated refinement of the UP. The UP has only five engineering 

disciplines: requirements, analysis, design, implementation, and test; while the RUP is 

enhanced with two more engineering disciplines: business modeling and deployment; and 

three supporting disciplines: project management, configuration and change management, and 

environment. In the RUP, analysis and design are merged as one discipline, and even though 

the business modeling discipline was added, most of its activities were present in the UP 

requirements discipline. 

Since the RUP is an evolution of the UP, they have the same conception of phases and 

milestones, but the curves that represent the extent to which a discipline is carried out in each 

phase were changed because of the merge between analysis and design, and the division 

between requirements and business modeling. We can notice that the implementation and test 

discipline curves are very similar in both processes. 

The UI Design in the RUP is a refinement in the RUP Requirements discipline in order 

to attend the integration demands of SE with Usability Engineering (UE), which has been 

increasing in the past few years. Previously, the refinement of the system definition in the 

RUP requirements discipline was performed with two main activities: (i) Detail a use case 

with flow of events and with supplementary specification; and (ii) Detail the software 

requirements. With the focus on UI Design, the refinement of the system definition was 

enhanced with two more activities: Model and Prototype the UI. These two new activities 

were added in order to better understand the system functionality, uncover any previously 

undiscovered requirements, address usability aspects of the system, and facilitate 
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communication with users. Even though there are many advantages in the refinement, 

organizations face the difficulty in hiring professionals experienced with usability and in 

integrating these professionals with software engineers. 

The characteristics that are present in all of these processes are: iterative and 

incremental development, and customization to specific organizations and projects. The 

iterative and incremental nature makes the process more result-prone, especially from the 

users’ point of view, since users are constantly receiving products for evaluation. The 

customization nature allows organizations to define a process that is most suitable to their 

specific needs. For instance, a small company with few professionals responsible to develop a 

institutional web site needs to execute few activities to generate the necessary artifacts in 

order to generate the final product. Most people call the RUP “too complex” to be applied in 

small software organizations or in short-term projects. This fact happens very often because 

they do not pay attention to its possibility to be configured to any organization or project. The 

Rational Edge (RationalEdge, 2005) has a technical library with articles describing 

customizations of the RUP for different kinds of projects. 

2.3 Summary 

In this chapter, we described the UP and its derivations, which are all iterative and 

incremental software development processes: the UP, the RUP, and the RUP with UI Design. 

The scope of this chapter is well limited to focus on the UP and the RUP because they are 

considered as standard processes in the industry and many leading companies worldwide 

apply them. Such acceptance comes from characteristics, such as the combination of best 

practices from SE, flexibility, and accessible documentation. 

We studied these processes in order to learn their best practices for the software 

industry. The results of this study will be presented in chapter 5, a proposal that collects the 
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best practices from SE and HCI, where the first were presented in this chapter and the latter 

are presented as follows. 
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3 Human-Computer Interaction 

 

 

 

In the HCI perspective, human means an individual or a group of individuals 

performing tasks using any kind of device; computer means any technology ranging from a 

personal computer to any mobile device; and interaction means any communication between 

the human and the computer in order to accomplish a task. In other words, “HCI is about 

designing computer systems that support people so that they can carry out their activities 

productively and safely.” (Preece et al., 1994). 

According to (Hewett, 1997), “Human-computer interaction is a discipline concerned 

with the design, evaluation and implementation of interactive computing systems for human 

use and with the study of major phenomena surrounding them.” 

In order to avoid poor design choices, designers should comprehend that users interact 

with computers in order to perform their every day’s tasks with higher performance. The 

problem is that many system analysts and software designers see themselves as users and do 

not understand the importance of studying HCI to design usable systems. To achieve a good 

level of usability, HCI cannot be applied at the last minute, before delivering the final 

product, as if it were only necessary to prepare a good-looking interface. It should be applied 

during the entire development process in order for its goals to be achieved. 

The goal of HCI is “to develop or improve the safety, utility, effectiveness, efficiency, 

and usability of systems.” (Preece et al., 1994). Usability is a key concept in HCI that is 

concerned with developing systems that are efficient to use, easy to learn, easy to remember, 

with few errors, and that lead to subjective satisfaction (Nielsen, 1993). 
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Even though new hardware and software technologies are opening up opportunities for 

HCI, marketing has had its impact in the application of HCI in many organizations 

worldwide. That is happening because marketing has been emphasizing on the importance of 

a usable interface in interactive systems. 

The advantages of applying HCI in the development of interactive systems are related 

to: greater user satisfaction since systems are easier to learn and to use, less time spent by 

designers correcting errors related to the lack of accordance to users’ reality, etc. These 

advantages are especially true when users do not have to adapt to the system, but instead, the 

system is developed to adapt to users’ needs. 

In this chapter we outline HCI principles, models, methods, and processes as a 

foundation for the definition of a unified process for interactive systems. 

3.1 Principles 

In (Juristo et al., 2003), they have organized usability in four levels: usability attributes, 

usability properties, usability patterns, and architectural patterns. In order to make this 

structure more straightforward and starting from interviews of users to elicit their needs, we 

have decided to define a structure with only three levels: usability requirements, usability 

patterns, and architectural patterns. The main reasons are that the level of the usability 

attributes is too high, far from the software solution, and not likely for users to request. Most 

users do not request “satisfaction” or “learnability”, most often, they request “I want constant 

feedback from my actions”, that is, “feedback that leads to learnability”. Therefore, usability 

attributes are considered an aspect internal to the usability staff. 

We have also changed the name from usability properties to usability requirements 

because “usability properties can also be seen as the requirements of a software system for it 

to be usable”(Juristo et al., 2003). 
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These usability levels can be defined as follows: usability requirements are 

representations of users’ needs; usability patterns represent usability requirements for visual 

UIs; and architectural patterns represent usability patterns implemented in a certain 

programming language. For instance, the usability requirement ‘provide feedback’ is mapped 

to the usability pattern ‘progress indicator’, which is mapped to the architectural pattern 

‘feedbacker.class’. A usability task can be associated to various usability requirements. 

We have extended these levels with one more concept: “usability tasks” in order to 

make users’ usability requirements an integrated part of the system functionality through the 

inclusion of usability tasks in task models, as proposed in (Sousa & Furtado, 2005) and 

explained in section 3.1.5. 

Following, we explain in more details each of these levels. 

3.1.1 Usability Requirements 

Usability requirements, which are necessary for the UI design, are drawn from 

stakeholder needs elicited early in the process. The concept of usability requirements as 

formal representations of users’ needs to support UI design is a common practice in the HCI 

literature, such as in (Hix & Hartson, 1993) and (Rosson & Carroll, 2002) (see section 3.3). 

We extend this concept by defining usability requirements as representations of users’ needs 

that are concretized as pertaining to the system through users’ tasks. 

3.1.2 Usability Tasks 

Usability tasks are used to represent usability requirements in order to improve the 

reflection on how to concretize users’ usability requests. Besides that, the integration of 

usability tasks with functionality tasks makes the specification of the system more complete, 

allowing the integration of functional with usability aspects, such as error treatment, etc. 
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3.1.3 Usability Patterns 

Usability patterns represent best design practices that are solutions for known usability 

problems; they are applied in UIs varying their types depending on environment and platform 

constraints; and they are associated to one or more usability tasks. They are the concretization 

of usability tasks through a visual UI element or a set of them, which compose a usability 

pattern. 

3.1.4 Architectural Patterns 

Architectural patterns represent a transformation of usability patterns into architectural 

ones that must be present in the system varying their types depending on the programming 

language.  

3.1.5 Proposal 

In our proposal (Figure 4), functional tasks are tasks generated from functional 

requirements and usability tasks are tasks generated from usability requirements (or 

guidelines). Both usability and functional are “interaction tasks, which are user actions with 

the possibility of immediate system feedback” (Mori, Paterno & Santoro, 2002). 

 

Figure 4 – Association of usability tasks to usable UIs 
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Usability requirements are associated to usability patterns, organized in usability tasks. 

The set of usability patterns associated to usability tasks, are considered for evaluation, 

according to the approach presented in the UI Definition Plan (see Chapter 7). Then, the most 

appropriate usability pattern is selected to be included in the UI. 

For instance, the usability requirement to provide users with ‘guidance’ has many 

options of usability patterns organized in the following tasks: search, navigate, and access 

help (See Table 1). The usability task ‘navigate in the system’ can be concretized through a 

variety of usability patterns, such as retractable menu and icon menu. The mapping illustrated 

in Table 1 can be generated during the requirements elicitation by usability engineers or it can 

be reused, based on the application of this technique in past projects. 

Table 1 – Mapping of usability requirements with usability patterns 

Usability Requirement Usability Task Usability Pattern 

Simple search 
Search 

Advanced search 

Retractable Menu 
Navigate 

Icon  menu 

Requested help 

Guidance 

Access Help 
Auto Wizard 

 

Following, we present our analysis of models and propose the use of them in a 

particular combination of SE and HCI models useful for UI design. 

3.2 Model-Based UI Design 

We have learned that, most often, HCI professionals work with task models and SE 

professionals work with use case models. Our intention is to demonstrate, from an evaluation 

of the HCI and SE literature, that use cases and task models can be used jointly, especially for 



 42 

the use cases that interact with actors, further called interactive use cases. The use cases that 

represent system processing are further called system use cases.  

It is not the intention of this work to prove that this is the best combination because we 

have not made a comparative analysis in practice yet. 

UML Use case models (Bittner & Spence, 2002) represent a well-established manner to 

define the system functionality, while task models can be used to detail use cases by breaking 

them down in tasks. We have decided to apply UML use case models because they are a 

stable and widespread notation in the entire Computer Science community. On the other hand, 

there are many ways to detail them. Therefore, we decided to compare different forms to 

detail use cases (e.g. flow of events, task models) in order to choose one format most suitable 

for our expectations concerning UI generation. 

According to (Cockburn, 2001), use cases can be textually described in a detailed flow 

of events organized in a main success scenario with possible extensions. The flow of events 

represents the interaction of the user with the system to accomplish a goal. Two of the main 

purposes of a use case are: to describe a business process and to represent functional 

requirements of a system. It is intended to be read by end users and business executives, who 

can provide valuable feedback on its validity. 

Use case storyboards (Krutchen, Ahlqvist & Bylund, 2001) are composed of flow of 

events; class diagrams that describe the boundary classes that participate in the realization of 

the use case; sequence diagrams to describe how the use case is realized in terms of objects 

and actors; usability requirements; and references to use cases and UI prototypes. Concerning 

the steps it proposes to detail a use case, it follows the same idea of flow of events, as 

proposed by (Cockburn, 2001), but it is augmented with usability aspects. 

The task description proposed by (Laussen, 2003) is similar to a flow of events 

specification, but it does not indicate if the actor of the task is the user or the system. The task 
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description intends to present business goals and users’ tasks in a simple and sequential 

manner. It does not intend to describe functional requirements that separate the tasks between 

users and the system in order not to lead to early design decisions. Since it does not identify 

actors, it becomes too abstract to help UI designers or implementers. 

An essential use case (Constantine & Lockwood, 1999) is a simplified, technology-free 

narrative organized in users’ intentions and system responsibilities. It does not describe 

concrete steps performed by users or the system, that is, user actions and system responses. Its 

tasks are simpler than in concrete use cases, as proposed by (Cockburn, 2001), in order to 

leave open more design possibilities for the UI. 

All of these formats do not focus on early design decisions and they are easily read by 

anyone involved in requirements elicitation. 

Like most use case descriptions, the task model also does not focus on early design 

decisions and it uses small sentences to specify the tasks. Furthermore, the task model 

presents more advantages for UI design, such as the hierarchical structure, as in the CTT 

formalism (Paternó, Mancini & Meniconi, 1997); the possibility to include usability tasks; 

and the clear expression of temporal relationships among tasks. We explain each one of these 

advantages as follows: The hierarchical structure is an intuitive form to decompose problems 

in smaller parts and maintains the relationship among all the parts, and it provides the 

possibility to reuse task structures (Mori, Paternò & Santoro, 2002). Concerning usability 

tasks, we can exemplify with the ‘show error message’ task performed by the system in order 

to represent two usability requirements ‘feedback’ and ‘error treatment’. Concerning the 

relationship among tasks, its definition on the model enables UI designers to understand the 

hierarchical organization as groups of tasks that can be organized in sections of the system. 

The consideration of tasks relationships and the hierarchical organization can help UI 

designers to better define the system navigation. 
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One problem that must be addressed is that most software engineers argue that the task 

model hierarchical structure is not familiar to most end users, business executives, and SE 

professionals in general, as it is to HCI professionals.  

We argue that the ease of understanding provided by textual representations is less 

important than the task model positive characteristics for UI design. In order to facilitate the 

application of the task model, system analysts and UI designers must be trained in this new 

model and a stable tool must be available for task modeling. In cases when business 

executives are reluctant to see the task model and prefer textual specifications, it is important 

to have a tool that generates a textual specification from the detailed description of each task, 

thus, avoiding re-work. The CTTE (Mori, Paternò & Santoro, 2002) is a very efficient and 

stable tool in constant improvement, besides being free, but it would be interesting if it could 

generate a textual specification of the task model as an alternative. Unlike in some proposals, 

we do not advice system analysts to review requirements with users by using task models or 

use case flow of events, we advice the use of paper sketches.  

Another option to integrate these models is to use task models to detail interactive use 

cases and to use flow of events to detail system use cases, which need to be understood by 

software architects and implementers, who are not so familiar with task models.  

As a result of this study, we have decided to apply in our process use case models and 

task models as a detailed specification of a set of related interactive use cases, and flow of 

events for system use cases. The use of use case models and task models helps UI designers 

and system analysts to work together during the definition of requirements, making the 

validation of functional and usability requirements more effective. It also improves the 

communication among SE and HCI professionals, starting earlier in the process, before the 

prototypes start being designed. Accordingly, Jacobson has stated that “use cases could play 

an important role in integrating software development and HCI approaches” (Jacobson, 2003). 
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3.3 Processes and Methods 

This section presents HCI processes and methods that are well-known in the HCI 

community. 

3.3.1 ISO 13407 

ISO 13407 (ISO 13407, 1999), or the Human centered design process for interactive 

systems, incorporates user-centered design activities throughout the life cycle of interactive 

systems. It has an iterative nature, as shown in Figure 5, and it is composed of five practices, 

which are described as follows: 

 

Figure 5 – ISO 13407 design practices, extracted from (UsabilityNet, 2003) 

Plan the human-centered process – To specify the activities that will be applied during 

the process lifecycle according to the characteristics of the organization. This practice is 

important to plan the communication between the project participants who are focused on 

human-centered issues and those who are not. 
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Understand and specify the context of use – To identify the characteristics of 

stakeholders, their tasks, and the environment where the system will operate. This practice 

allows the UI designers to design the UI focused on users since early in the lifecycle. 

Specify users and organizational requirements – To specify the requirements of users 

and of the organization in order to define the system for the target organization. These 

requirements focus on user performance (effectiveness and efficiency of use) and user 

satisfaction. 

Produce design solutions – To design the system based on three main sources: existing 

systems; the experience and knowledge of the UI designers; and the results of the context of 

use analysis. With this practice, it is possible to create several design solutions used to better 

communicate with stakeholders about requirements. 

Evaluate designs against user requirements – To evaluate the design solutions with end 

users and receive feedback from them earlier in the process. This practice allows the team to 

choose one design solution with users; assess if the users and organizational requirements 

have been met; and identify improvements for the design. 

ISO 13407 is referenced by several user-centered design processes and we intend to 

follow its practices since we propose a process that focuses on applying usability in an 

effective manner, with the involvement of users throughout a multidisciplinary and iterative 

process. 

3.3.2 The Usability Engineering LifeCycle 

The Usability Engineering LifeCycle (UEL) is a structured and iterative approach to 

develop interactive systems through usability tasks (Mayhew, 1999). There are some SE 

activities related to the UE activities to show the possibility to integrate this approach with 
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existing SE processes. In order to achieve required levels of usability, all of the tasks in this 

lifecycle should be carried out, as depicted in Figure 6. 

The requirements analysis phase involves: (i) describing the intended user population; 

(ii) understanding users’ tasks, workflows and goals in their environments; (iii) defining 

qualitative usability goals (e.g. ease of learning) and quantitative usability goals (e.g. user 

performance time); (iv) documenting the platform capabilities and constraints that affect UI 

design; and (v) gathering available UI design guidelines. 

 

Figure 6 – The Usability Engineering Lifecycle, extracted from (Mayhew, 2004) 

The design, testing, and development phase has three main levels: 

The first level concerns: (i) re-designing user tasks at the level of organization and 

workflow; (ii) generating initial high level design rules to define structural and navigational 

pathways; (iii) preparing paper-and-pencil or prototype mockups; and (iv) evaluating the 

mockups with users.  
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The second level includes: (i) defining standards and conventions for all aspects of 

detailed design; (ii) applying the standards to design running prototypes; (iii) evaluating the 

prototypes; and (iv) developing the style guide. 

The third level involves: (i) designing in details the final product; and (ii) evaluating the 

product. 

The installation phase consists in receiving feedback from users after the product has 

been installed in order to allow enhancements in the UI design. 

The activities of each level are conducted in iterative cycles until major problems are 

eliminated. 

Two important characteristics of this approach are the identification of which artifacts 

are used as input for other artifacts, and the constant evaluation of the UI throughout the 

lifecycle. Although they advocate constant evaluations, only the first level of evaluation 

suggests tests with real users, while the other two evaluation activities are suggested to be 

performed through formal usability testing with usability experts. 

The different levels of prototypes can be of the following kinds: paper-and-pencil 

mockups, running prototypes, and applications, but this approach also allows variations 

depending on the complexity of the system. For instance, the iterations can be executed over 

one of these kinds of prototypes, such as, starting iterations already with a running prototype 

for simple systems. 

When problems are detected at the end of the second level, there might be the need to 

make changes in the artifacts from the requirements analysis phase or from the first level. At 

the end of the third phase, there is the possibility to return to the requirements analysis phase, 

but there is no possibility to return to the first level or the second level. Problems detected in 

the installation phase could also lead to any of the other phases, such link is not demonstrated. 
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3.3.3 User-Centered Design 

“User-centered design states that the purpose of the system is to serve the user, not to 

use a specific technology. Users’ needs must be the focus of the UI generation and the UI 

needs must be the focus of the system design” (Norman & Draper, 1986). 

According to Figure 7, we can see that the focus on users happens in the following 

moments: i) planning of the project; ii) analysis of users, their tasks and contexts of use; iii) 

proposal of design suggestions with prototypes; iv) evaluation of the UI according to usability 

goals; v) development and deployment of the system; and vi) feedback with suggestions and 

change requests. This process happens in an iterative manner until the system is complete and 

ready to be delivered to users. 

 

Figure 7 – User-Centered Design, extracted from (Gulliksen and Goransson, 2003) 

User-Centered Design (UCD) is based on the following twelve principles (Gulliksen et 

al., 2003): 



 50 

• User focus – Users’ goals, tasks and needs should guide the development from early in 

the lifecycle. 

• Active user involvement – Users should actively participate throughout the process in 

order to represent their expectations. 

• Evolutionary systems development – the development of interactive systems should be 

iterative and incremental in order to produce systems according to users' needs. 

• Simple design representation – Use of design representations that are easily 

understood by all stakeholders in order to facilitate their participation on the analysis of 

design solutions. For instance, prefer paper sketches over UML diagrams, as suggested by 

(Gulliksen & Goransson, 2003). 

• Prototyping – Use prototypes to evaluate design solutions with users early and 

continuously throughout the process. 

• Evaluate use in context – Consider usability goals and design criteria while evaluating 

prototypes with users in their context of use. 

• Explicit and conscious design activities – Focus on UI and interaction design through 

the performance of specific design activities. 

• A professional attitude – The development process requires different skills and 

expertise to be performed by effective multidisciplinary teams. 

• Usability champion – Usability experts should be involved throughout the process to 

maintain the user-centered focus. 

• Holistic design – All aspects of the context of use should be considered during the 

design and development process in an integrated manner. 

• Process customization – The contents of the UCD process should be customized to the 
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particular organization and project based on their particular needs. 

• A user-centered attitude should always be established – All people involved in the 

project must be aware and committed to the importance of usability and of user involvement. 

According to (Preece, Rogers & Sharp, 2002), the main advantages of the UCD are the 

following: 

• Involvement of users throughout the process, which assures that the designers better 

understand users’ needs and the product will be suitable to its purpose;  

• Users’ constant analysis of the product from early in the process allows them to build 

more real expectations, leads to higher satisfaction, and integrates the system into the 

environment more quickly, and decreases the need for redesign. 

Some problems were raised in a research performed about UCD (Gulliksen, Lantz & 

Boivie, 1999), which were organized in three criteria, detailed as follows: 

• User participation: 

o In the worst possible situation, users might be unknown and 

inaccessible, making their participation in the project unviable; 

o Users can be known and inaccessible, in this case, it does not make any 

difference knowing them because they will not participate in the project; 

o In the best possible situation, users are known and accessible, allowing 

their participation in the project. 

• Organization: 

o If the managers are not interested in involving users in the project, their 

participation becomes unviable; 
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o When developers do not have any knowledge concerning usability, 

they tend to face it as unnecessary to the project. 

• Communication: 

o Because this kind of approach requires varied abilities and knowledge 

from the stakeholders (experts in human factors, usability, software engineering, etc.); where 

each one has a specific point of view, the communication can become a problem; 

o The participation of a facilitator (external consultant) can help because 

of his/her specific knowledge; on the other hand, it can make the communication even more 

difficult. This new participant does not know the organization neither the process that is being 

adopted. 

In general, UCD has a strong representation in UI design with its focus on users and 

their participation throughout the process. Such participation can be light or intensive, 

depending on the techniques applied. There is a variety of methods and processes that support 

UCD in order to develop more usable and satisfying UIs. 

Examples of processes that apply the UCD approach are presented in the following two 

sections. 

3.3.4 Usability Design Process 

Based on the twelve principles of UCD and on the structure defined in (Mayhew, 1999), 

(Gulliksen and Goransson, 2003) defined the Usability Design Process (UDP), as depicted in 

Figure 8. 
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Figure 8 – Usability Design Process, extracted from (Gulliksen and Goransson, 2003) 

Following, we present the three main phases in the UDP: 

In requirements analysis, elicitation of business goals, contextual inquiries and user 

profiling are performed in order to define the system goals, design criteria, and usability 

goals, which are all documented in the Usability Design Guide. 

In growing software with active iterative design, scenarios are created to describe the 

current work situation and facilitate design, which is performed in many stages: conceptual, 

mock-ups, interaction, prototypes, and detailed design. The design solutions are evaluated in 

three specific moments, preferably in users’ work environment. 

In deployment, there must be a concern on supporting users when the product is 

delivered. 
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In order to integrate UCD in a SE development process, they suggest the definition of a 

new discipline in the RUP, called Usability Design, as depicted in  

Figure 9. They propose a discipline in order to make UCD visible in the SE process. 

 

Figure 9 – Usability Design in the RUP, extracted from (Gulliksen and Goransson, 2003) 

The usability design discipline is composed of ten macro-activities based on the 

activities of the UDP, as depicted in Figure 10. They have defined a set of twenty-nine 

activities, twenty-seven artifacts, and five roles for this discipline. 

They have applied the discipline in a client from their consultant company, and they 

believe that the discipline was easy to apply and it helped to keep user focus. 

To present usability design as a discipline is an interesting approach, but it is necessary 

to present how the discipline activities could be executed throughout the phases and how the 

different disciplines interact by producing and using one another’s artifacts, as we are doing in 

our approach. Even though each software organization can have a specific customization of 

activities, artifacts, and roles, it is important to exemplify it, even in a simplified manner, for 

software organizations that do not have any experience in applying usability techniques. The 

presentation of the process in independent disciplines and also integrated in phases is used by 

the UP in (Jacobson, Booch & Rumbaugh, 1999). 
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Figure 10 – Usability Design Discipline, extracted from (Gulliksen and Goransson, 2003) 

3.3.5 Contextual Design Process 

The Contextual Design Process is a user-centered design process (Beyer & Holtzblatt, 

1993) composed of the following activities, as depicted in Figure 11, and explained as 

follows: 

Talk to customers while they work – The contextual inquiry is an ethnographic 

technique to gather information from the customer regarding their work without requiring 

them to articulate exactly what they do. This technique suggests observations in the customer 

workplace followed by interviews to consolidate a shared interpretation of the work. The 
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application of this ethnographic approach for UI design was first mentioned in (Suchman, 

1987). 

 

Figure 11 – The Contextual Design Process, extracted from (Beyer & Holtzblatt, 1993) 

Interpret the data in a cross-functional team – Interpretation sessions involve the design 

team to bring their perspectives into the analysis of the information gathered from the 

interviews. Interpretation sessions use the affinity diagram to organize ideas and opinions of 

the group using sticky notes. As a result, there is a shared view of the customer needs between 

the development and design teams. 

Consolidate data across multiple customers – The affinity diagram and consolidated 

work models produce a picture of the target customer population and their intended 
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interaction with the system, including different types of work, strategies, and intents. These 

diagrams consider common patterns across all customers without losing individual variation. 

Invent solutions grounded in user work practice – Work redesign improves users’ work 

by using technology to support the new work practice. A vision is produced through the use of 

storyboards to document in scenarios how people will work with the new system. 

Structure the system to support the new work practice – The User Environment Design 

(UED) captures the structure to support the system workflow (functionality), independent of 

any UI interaction style. It is used for validation with users, planning iterations and 

prioritizing release of features, and managing the project. 

Iterate with customer through paper mockups – Paper mockups using Post-it notes are 

used to present the design early to users, who participate in the redesign when problems are 

detected until users and the designers find a solution that fit users’ needs. 

Design the object model or code structure for implementation – The architecture is 

designed to support the work structure. 

Iterate visual designs with the customer – Presentation of the final interaction and visual 

design to the customer in iterations that deliver value to the customer. 

This process focuses on customer (user) data as the basis for understanding users’ 

needs, tasks, intents, and business processes in order to design products that attend their 

expectations. 

3.3.6 Communication-Centered Design 

In (Barbosa, Paula and Lucena, 2004), they propose a communication-centered design 

approach to support teams from the fields of SE and HCI. 
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Even though there are proposals that intend to bridge the gap between these two fields 

by extending UML, such as (Nunes and Cunha, 2001), they argue that an extension of UML 

that includes HCI elements means that SE values prevail. As a result, they understand that the 

resulting artifact maintains the difficulty in communication among multi-disciplinary teams. 

Their intention is not to impose the representation from any given field, they propose a 

representation that creates a shared understanding of the designer’s vision of the user-system 

interaction in a structured manner, facilitates communication among team members, supports 

decision-making for UI design, and serves as a reference manual throughout the process. 

The communication-centered design approach is based on Semiotic Engineering (de 

Souza, 2005) in the sense that UI designers try to communicate their vision to users. UI 

designers prepare the designers’ vision, as a communication artifact, which is verified by 

other UI designers. Then, when the communication among UI designers is successful, that is, 

when other designers understand this artifact, the designers’ vision is evaluated by users 

through the UI. This approach aims at facilitating communication among multi-disciplinary 

teams and promoting understanding of their ideas through the UI. 

“Since the UI is the only available translator of users and designers ideas, the UI serves 

as a communication between the designer model and the user model” (Norman, 1988). The 

designer model represents what designers understand of users and their problems translated in 

the UI. The user model represents how users understand the system, that is, its organization 

and behavior. 

As an attempt to represent the designers’ vision, they have defined a representation 

language for modeling interaction, which is called MOLIC (Modeling Language for 

Interaction as Concersation). MOLIC represents the overall behavior of the system from the 

users point-of-view. Based on the Semiotic Engineering, it represents the converstation that 

users may have with the system, without the details of the UI. 
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It can be created by different professionals (e.g. HCI designers, software engineers, etc.) 

in a complementary manner, starting in the initial design sessions until a mature vision of the 

system behavior is built. 

Figure 12 illustrates an abbreviated MOLIC digram, which is composed of five 

elements: scene, dialogue or interaction between the user and the system; system process, 

representation of the result of a system execution; user goal, one or more scenes that compose 

a user goal; ubiquitous acccess, a scene can access the system from any point; and transition, 

changes in the conversation due to users’ choice or a result in a system processing. 

 

Figure 12 – MOLIC, extracted from (Barbosa, Paula and Lucena, 2004) 

MOLIC is very useful to design systems that have a complex navigation that influences 

UI designers, software architects, and programmers. For instance, in systems with too many 

decisions that influence the navigation and the functionality, such as banking systems. 

Interaction paths, represented by transitions, directly influence architectural decisions and UI 

design. 
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With this support to complex systems and its intention to complement existing 

representations, it can be easily integrated to the unified process we present in chapter 5. 

3.3.7 Usage-Centered Design 

With the growing concern on users, User-Centered Design (Norman & Draper, 1986) 

was defined in order to change the focus from technology to focus on users. However, 

(Constantine, 1996) argues that the focus on users does not necessarily lead to the 

development of systems with quality because the developed system must meet users’ purpose 

of use. With this new vision, Usage-Centered Design was defined in order to focus on the 

work users perform and on what the system must provide, through its UI, to help users reach 

their goals. Even though this approach focuses on usage, it also advocates the interaction with 

users to avoid communication problems. 

Usage-Centered Design is composed of five key-elements that aim at enhancing 

usability in interactive systems (Constantine & Lockwood, 1999): 

• Design guidelines – guidelines contribute to design systems that are easy to learn 

and remember, efficient, reliable, and enjoyable to use. Guidelines are composed of rules and 

principles. Rules specify general characteristics of usable systems; principles specify detailed 

and specific issues to reach usability. 

• Model-based process – models help designers better understand the use of 

systems, thus, facilitating the communication among developers and users, and are useful as a 

guide for programmers. This approach adopts simple and inter-related models. 

• Organized development activities – this approach proposes a process that can be 

adapted to design with different scopes since the process activities can be re-arranged to 

attend various goals and restrictions. 
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• Iterative improvement – an iterative process allows the development of a system 

in various steps, beginning with a set of needs and that are further refined in the next 

iterations. 

• Quality metrics – metrics are useful to perform usability inspections, reviews, 

and tests because they provide the definition of the UI design quality. 

Despite these elements being used together in this approach, they can be considered as 

separate techniques to enhance usability in interactive systems and in UI design. 

Next, we explain two key-elements: design guidelines and models: 

Usage Centered Design suggests five basic usability rules: access, efficacy, progression, 

support, and context (Constantine & Lockwood, 1999), which are detailed as follows. 

The access rule refers to the designer defining the system according to users’ work and 

how they understand and perform such work. In other words, an accessible system means a 

system that is easy to learn, without the need to use manuals, both by experienced and novice 

users. 

The efficacy rule refers to the designer defining the system also considering experienced 

users, without intervening in the efficient use by novice users. 

The progression rule refers to the designer defining the system in a way that facilitates 

the continuous improvement in users’ knowledge and ability as they gain experience from 

interacting with the system. 

The support rule refers to the designer defining the system in a way that it supports 

users in performing their work in an easy, simple, fast and pleasant manner. 

The context rule refers to the designer defining the system according to real conditions 

in the environment where the system will be deployed and used. 
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The models in Usage Centered Design help designers detect problems and focus on 

issues that concern the UI design. This approach uses five main models (Figure 13): 

• The user role model represents who are the users and how they are related to the 

system; 

• The task model (essential use case) represents which tasks users are trying to perform 

through the use of the system being designed; 

• The content model represents what users need from the system to perform their tasks 

and how the system contents must be organized; 

• The navigation model represents possible transitions from one interaction space 

(represented in the content model) to another; 

• The implementation model represents a prototype specifying the layout of the UI and 

the interaction between users and the system. 

 

Figure 13 – Usage Centered Design, extracted from (Constantine & Lockwood, 1999) 
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From these models, we detail essential use cases, which are the main contribution of this 

approach. 

Essential use case is a meaningful description of the user interaction with the system in 

a simplified, generalized, and technology-independent manner. 

On the other hand, conventional use cases contain many definitions about the UI design, 

not concentrating on presenting situations faced by users. 

Figure 14 presents a flow of events of a conventional use case, which is organized in 

two columns: users’ actions and system responses. In this example, we can notice the 

existence of design options, such as, use of magnetic cards for user authentication. Design 

decisions in this early stage of the process bring restrictions of how the UI will represent 

users’ tasks. 

 

Figure 14 – Conventional use case, extracted from (Constantine & Lockwood, 1999) 

Figure 15 presents the essential use case description, which is organized in users’ 

intentions and system responsibilities. In this example, we can notice that the description is 

based on users’ purposes, instead of on concrete or mechanical steps. Besides that, the 
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description is simpler and smaller than the description in the conventional use case for the 

same interaction. 

 

Figure 15 – Essential use case, extracted from (Constantine & Lockwood, 1999) 

Usage-Centered Design brings an important concern into practice, which is to focus on 

the system usage, aiming at designing more usable interactive systems.  

3.3.8 The Interaction Development Process 

The Interaction Development Process (IDP) (Hix & Hartson, 1993) is based on the star 

life cycle, composed of the following development activities: system (and other) analysis, 

usability specifications, design and design representation, rapid prototyping, and usability 

evaluation. Even though software production and deployment are part of the life cycle, they 

are not the focus of this process. Since the activities in the star life cycle are not ordered in a 

sequence, the IDP has the characteristic of incremental and iterative development. 

The IDP is highly concerned with the relationship between user interaction development 

and SE, especially with the communication issue pertaining across activities in the process 

that involve professionals from different fields. 

Figure 16 depicts the activities and the connections of non-interface and interface 

development activities in the IDP. These connections represent communication paths, that is, 

they are not showing sequence in time. 
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The system analysis and testing and evaluation activities are shared by the interface and 

non-interface activities. As follows, we explain the activities in the following order: system 

analysis, non-interface activities, interface activities, testing and evaluation, formative user-

based evaluation, and rapid prototyping: 

System analysis involves needs analysis, task analysis, and user analysis. The result is a 

set of requirements, which state the system functionality, in which the problem domain design 

is based, and state the UI requirements and usability specifications, in which the UI 

interaction design is based. Other results concerning test analysis, such as test plan and test 

criteria, as well as usability specifications are sent for early formative evaluation. 

 

Figure 16 – The Interaction Development Process, extracted from (Hix & Hartson, 1993) 

Problem domain design is the understanding of the system domain and the evaluation of 

the requirements passed by the system analyst, when any constraints and problems are found 

in the requirements, the domain designer gives feedback about incomplete or incorrect 

specifications. The domain designer produces requirements for the application software 

design. 
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Application software design includes evaluating the requirements and working at a high 

level of abstraction (e.g. data structures), with no details of coding. When any constraints and 

problems are found in the requirements, the application software designer gives feedback 

about incomplete or incorrect specifications. The results are specifications necessary for the 

application software implementation. 

Application software implementation concerns using the design to implement the 

system. When any constraints and problems are found in the requirements, the software 

implementer gives feedback about incomplete or incorrect specifications. The results are 

programs that are to be evaluated. 

User interface interaction design involves evaluating UI requirements and usability 

specification and designing user tasks, functionality, as well as the UI layout. When any 

constraints and problems are found in the requirements, the UI interaction designer gives 

feedback about incomplete or incorrect specifications. The results are software design 

requirements necessary for user interface software design. 

User interface software design is very similar to application software design. The 

designer evaluates the requirements and works at a high level of abstraction (e.g. data 

structures), with no details of coding, but it includes widgets. When any constraints and 

problems are found in the requirements, the UI software designer gives feedback about 

incomplete or incorrect specifications. The results are specifications necessary for the UI 

software implementation. 

User interface software implementation is very similar to application software 

implementation. It uses the design to implement the UI. When any constraints and problems 

are found in the requirements, the UI software implementer gives feedback about incomplete 

or incorrect specifications. The results are programs that are to be evaluated. 



 67 

Testing and evaluation concerns tests and evaluations performed by users on UI 

software and non-UI software. When errors and bugs are found in the tested programs, the 

tester gives feedback to the application and UI software implementers for them to make 

corrections on the code. The main feedback is due to design flaws, which are directed to 

domain, UI and application designers for correction, which generates modifications in 

specifications that are forwarded to implementation. When encountered problems are 

fundamental enough, they require major reconsiderations by system analysts. 

Rapid prototyping concerns prototyping the UI based on the UI interaction design in an 

accelerated manner in order to allow early evaluation of the user interaction through formative 

evaluation. 

Formative user-based evaluation concerns early and continuous evaluation of the 

interaction design throughout an iterative process. The results of the evaluation are forwarded 

to redesign of the UI interaction. 

The IDP is represented by these activities, which are organized in parallel paths for 

application and UI development, united only by system analysis and evaluation. The most 

important points of this process are: the distinction between interaction design (view of the 

user) and interface software design (view of the system); the focus on interaction design; the 

distinction of roles to facilitate teamwork and communication; the support from an iterative 

and evaluation-centered life cycle; and the connections to SE activities. 

3.3.9 MACIA Extended 

In (Furtado & Simão, 2001), they extended the method called MACIA (Furtado, 1997), 

which is based on the IDP, and associated each activity of the process to UML diagrams, as 

depicted in Figure 17. Even though the activities have different names, they have the same 

goal as in the IDP.  
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In domain analysis, the use case diagram is used to represent users’ tasks while 

interacting with the system. In Logical Application Design, the activity diagram is used to 

detail the use cases and the class diagram to model application classes, pertaining to the 

domain. In the Logical Interface Design, the class diagram is used to create the Conceptual 

Interface Model, called MIC, which specifies the UI in an abstract level by defining 

interactive spaces and interactive objects. In Physical Application Design, the class diagram is 

refined with methods and the collaboration diagram to define the dynamic behavior of use 

cases. In the Physical Interface Design, prototypes are generated by applying style guides. In 

the Implementation, the designed classes are implemented. In the System Integration and 

Tests, the application and interface are integrated and the final product is evaluated. 

 

Figure 17 – MACIA with UML diagrams, extracted from (Furtado & Simão, 2001) 

In (Madeira, 2005), MACIA is extended with the inclusion of the control layer, as 

depicted in Figure 18, and the integration of UML diagrams with HCI models. 
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The method starts with requirements elicitation and continues with the development of 

the software following the independence of the layers, which are executed in parallel and 

followed by integration and test. But the focus of this proposal is on analysis, and design. 

In requirements elicitation, the use case diagram is used to represent the system 

functionality; similar to the activity diagram in the previous proposal, the task model is used 

to detail use cases, in this case, in a hierarchical structure; and usability requirements are 

elicited. 

In application, control, and interface analysis, similar to the MIC in the previous 

proposal, the abstract UI model is used to model the UI; and the analysis model is used to 

conceptually model the objects, organized in boundary, control, and entity stereotypes in the 

class diagram. 

 

Figure 18 – MACIA extended, extracted from (Madeira, 2005) 

In application, control, and interface design, similar to a prototype in the previous 

proposal, the concrete UI model is used to represent the visual UI using concrete objects; the 

design model is used to detail the analysis model in the class diagram and to define the use 

case realizations in the collaboration diagram; and design patterns is used to help in the 



 70 

definition of the architecture and CSS files are used to support the implementation of a 

defined style guide for the UI. 

MACIA extended is iterative and incremental, integrates SE and HCI activities and 

artifacts, and follows the UCD approach, with UI prototyping using the UI concrete model, 

and constantly evaluating UIs with users. It also focuses on the architecture throughout the 

process, especially because of the independence of the layers in the process, which allows the 

analysis and design of the architecture in the three layers: application, control, and interface. 

3.3.10 Scenario-Based Development Framework 

The Scenario-Based Development (SBD) Framework (Rosson & Carroll, 2002) is an 

iterative process supported by scenarios to design UIs. User interaction scenarios are 

descriptions of people and their activities (Carroll & Rosson, 1990), they are useful to support 

system analysis, and focus on the usability consequences of design proposals. 

Figure 19 depicts how scenarios are constructed and analyzed to support design, 

prototyping, and usability evaluation. 

As follows, we explain the phases of this framework: requirements analysis, design, and 

prototyping and evaluation. 

Requirements analysis involves interviewing stakeholders and analyzing the current 

situation in order to formulate problem scenarios, which include characteristics of users, their 

tasks, the tools they use, and their organizational context. Such scenarios are refined with 

claims, that is, statements with important aspects of a situation and their impacts on users’ 

experience. 

Design concerns transforming the problem scenarios into design scenarios by using 

resources, such as, metaphors, knowledge on information technology, on HCI theory, and on 

guidelines. The generated design scenarios are analyzed according to usability claims 
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(statements with important aspects of design solutions and their impacts on users’ tasks and 

UI design) and they are re-designed whenever the negative impacts are crucial. There are 

three kinds of design scenarios: i) activity scenarios, narratives of system functionality, 

refraining from specifying system layout and user interaction with the system ; ii) information 

scenarios, narratives that specify the information that the system will provide to users; and iii) 

interaction scenarios, specification of design visions, that is, users’ actions and the feedback 

from the system. 

 

Figure 19 – Scenario-based Development, extracted from (Rosson & Carroll, 2002) 

Prototyping is the implementation of solutions proposed in the scenarios. Each level of 

scenario can be represented by a different form of prototype in order to allow evaluation. For 

instance, a rough sketch can represent an activity scenario in order to allow users to evaluate 

if the scenario meets their requirements. 
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Evaluation is divided in formative evaluation, which concerns the comparison of UI 

design with usability specifications throughout the process; and summative evaluation, which 

serves to verify the system functionality after implementation, before delivery. 

Now, focusing on the analysis of design solutions, claims represent general tradeoffs 

(pros and cons) for the design features considered in interaction scenarios. Claims help in 

making key design decisions even before prototyping. Table 2 depicts pros and cons for some 

features of the virtual science fair case study, focusing on usability issues. 

Table 2 – Claims for key features, extracted from (Rosson & Carroll, 2002) 

Scenario Feature Possible Pros (+) and Cons (-) of the Feature 

Using Control + I to find out 
what a co-present user is 

working with 

+ ties information about people directly to their representation on the display 
+ simplifies the screen display by hiding activity information cues 

- but this conflicts with the real-world strategy of just looking around 
- but not all users will know how to find out about others’ activities 

- but it may be difficult to integrate awareness information about multiple 
people 

 

The SBD is an iterative process that relies on the use of scenarios as a design 

representation throughout the life cycle as a source of reasoning about users’ needs as an input 

for UI design. Another important point in this process is analyzing design solutions’ tradeoffs, 

that is, analyzing both positive and negative usability impacts to choose the best suited design 

solution. 

3.4 Comparison 

The next sub-sections compare the previously presented HCI methods processes among 

each other and with the SE processes presented in the previous chapter. 

3.4.1 Comparing HCI Processes 

In Figure 20, we envision a comparison between User Centered Design and Usage 

Centered Design. 
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User Centered Design is an approach in which user involvement is based on studies 

about users and their participation during design and tests. 

Usage Centered Design is a systematic process in which user involvement is selective, 

and selected users perform modeling, model validation, and usability inspection. 

 

Figure 20 – User/Usage-Centered Design, extracted from (Constantine & Lockwood, 2002) 

According to (Constantine & Lockwood, 1999), “User-Centered Design represents a 

change in focus from technology to people, from the UIs to users. However, to develop more 

usable systems, it is not the user we need to know, we need to know the system usage.” 

Even though we agree that to know the system usage is fundamental for the 

development of usable systems, we also value the participation of users through suggestions 

and evaluations of the UI. Therefore, we prefer to say that to develop more usable systems, it 

is not enough to know users, we also need to know the system usage. Therefore, we suggest 

an approach that focuses on the system usage, but that also maintains conformity to users’ 

needs. 

UCD focuses on creating a system image that is presented to users, who evaluates if 

they easily understand and remember how the system works. In Semiotic Engineering, the 

designers’ vision is presented to users through the UI. The system image in UCD is created 
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based on the user model, while the design vision in Semiotic Engineering focuses on designer 

and user understanding each other. Figure 21 shows that even though these two frameworks 

start by understanding users’ wants and needs, each one builds a different result to be 

presented to users. 

 

Figure 21 – UCD and Semiotic Engineering, extracted from (de Souza, 2005) 

The Contextual Design Process (CDP) is a UCD process, but it follows many 

techniques proposed in the Usage-Centered Design. The CDP suggests the affinity diagram, 

which is similar to the User Role in the Usage-Centered Design; the User Environment 

Design, which is similar to the Navigation Map; the paper mockups with Post-it notes, similar 

to the Content Model; and UI Prototypes. The main difference is that the CDP does not use 

essential use cases. 

The CDP is similar to the Scenario-Based Development (SBD) in the activity “Invent 

solutions grounded in user work practice” by using scenarios to capture how people will work 
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with the new system. But, unlike SBD, in other activities, it uses visual diagrams to represent 

problems, activities, information, and interaction. 

The Interaction Development Process (IDP) and the SBD focus on both the system 

usage and on users’ needs. The IDP elicits requirements for UI design by distinguishing needs 

analysis, tasks analysis, and user analysis, thus, providing more thorough requirements for the 

designers. The SBD uses different types of scenarios to understand users’ current reality and 

their needs and to envision users’ future interaction with the system as a source of information 

for UI design. 

Unlike the SBD, which uses scenarios, the Communication-Centered Design approach 

(Barbosa, Paula and Lucena, 2004) from Semiotic Engineering (de Souza, 2005) uses the 

MOLIC to give designers a view of the system behavior. They use MOLIC to describe the 

user-system interaction in a manner more structured than scenarios. 

The IDP has formative evaluation with users after system analysis and rapid prototyping 

in an iterative manner until the UI reaches the expected level of usability before going to UI 

software design. Unlike the Usability Engineering LifeCycle (UEL), which has evaluation at 

the end of each phase or level, the IDP lacks evaluation after the UI software design and after 

the application software design. They are only tested when they are integrated, that is, after 

their implementation.  

The Usability Design Process (UDP) (Gulliksen and Goransson, 2003) is very similar to 

the UEL (Mayhew, 1999). The main difference is that instead of using task analysis, the UDP 

uses scenarios. 

ISO 13407 can be applied with any UCD method, such as the UDP, the CDP (Beyer & 

Holtzblatt, 1993), and the UEL, according to the activity Select human-centered methods and 

techniques of the practice Plan and manage the HCD process. 
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3.4.2 Comparing SE and HCI Processes 

SBD claims that there is much more detail concerning user interaction in scenarios than 

in use cases, especially concerning usability implications. On the other hand, SE advocates 

that use cases have a much narrower purpose, which is to describe the system functionality, 

and that usability implications can be considered in supplementary specifications of 

requirements, as proposed in the RUP. 

The UEL associates some of its activities with SE activities, more specifically with the 

Object-Oriented Software Engineering (OOSE), a use-case driven approach, defined by one 

of the authors of the RUP with his associates in (Jacobson et al., 1992), and used as a 

foundation for the definition of the RUP. With the same goal to integrate HCI in SE, the UDP 

integrates UCD in the RUP with the inclusion of the Usability Design discipline. 

3.5 Summary 

This chapter described the most relevant HCI methods, processes, and techniques, 

which have a great influence on this work, especially the ones that integrate HCI with SE, 

which are presented in the next chapter. 

The comparison of these works supports our decisions about which artifacts and 

activities contribute the most for the definition of a unified process. Our process integrates the 

practice to focus on users’ active participation based on UCD methods and process, and on 

the focus on system usage from the Usage-Centered Design Process. It focuses on usability as 

proposed by the Usability Engineering LifeCycle, it uses the most effective artifacts to 

achieve higher productivity, and it focuses on the integration of SE and HCI, as proposed by 

some authors in the next chapter. 
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4 Processes and Methods that Integrate SE and HCI 

 

 

 

Hefley (1994) presents the integration of human factors and HCI activities with SE in 

order to design usable, useful, and satisfying interactive systems. It is pointed out that many 

SE processes are being improved, but HCI aspects are not being included. But, it is also 

presented that HCI engineering can benefit from using SE process improvements as a model 

to improve its own processes. 

HCI is becoming more important in SE because it focuses its design process on the user. 

Besides, according to (Myers and Rosson, 1992), “Almost half of the software in systems 

being developed 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 main goal of this integration is to “apply a coordinated engineering process for 

effectively, efficiently, consistently, and humanely producing high-quality, defect-free 

products that fully satisfy its users needs” (Hefley, 1994). 

This chapter presents proposals that integrate SE and HCI, followed by their 

comparisons, and a final analysis of their characteristics and those of the UPi. 

4.1 Development Activities and Usability Techniques 

The proposal in (Ferre, 2003) intends to integrate usability techniques in a general SDP 

in a manner that facilitates the execution of such techniques by software engineers. The 

proposed process has three main characteristics: iterative development, active user 

involvement, and understanding of user and task requirements. 



 78 

Figure 22 depicts usability activities (on the left hand side of the figure) associated to 

development activities in the process (on the right hand side of the figure), which has its 

analysis activities based on the SWEBOK (IEEE, 2001) and the usability activities are based 

on the HCI literature, such as (Preece et al., 2004), (ISO13407, 1999), (Constantine and 

Lockwood, 1999), (Hix and Hartson, 1993), (Shneiderman, 1998), and (Nielsen, 1993). 

 

Figure 22 – Usability activities and development activities, extracted from (Ferre, 2003) 
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The activities of this process are structured in Figure 23, which shows the Y-axis with 

the detailed activities and the X-axis with the process stages: elaboration (initial exploration, 

prior to the iterative cycles); central moments (main part of each cycle); final moments (last 

part of each cycle); and evolution (after system installation at the customer’s site). The slopes 

in the lines denote precedence in the execution of the activities and the amount of work is 

only approximate. The deltas represent grouping of techniques that are meant to be applied 

together depending on the nature of the activities (Y-axis) and on the moments in the 

development time (X-axis) in order to improve the usability of the final product. 

 

Figure 23 – Grouping of usability activities in deltas, extracted from (Ferre, 2003) 

Deltas 1 (early analysis), 2 (usability specification), 3 (early usability evaluation), and 4 

(regular analysis) are related to analysis activities, Delta 5 (interaction design) is related to 

design activities, Delta 6 (regular usability evaluation) and 7 (usability evaluation of installed 

systems) is performed during evaluation of the system. 
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Relevant contributions to software engineers are: (i) the detailed description of each 

delta, which includes purpose, phase, stage, participants, activities, techniques, and products; 

(ii) a catalogue that explains usability techniques; and (iii) ease to adapt their process to other 

processes through the application of the deltas. 

Even though this approach aims to help with the integration of SE concepts, 

terminology, and processes with the ones from UE, it is costly to support and train software 

engineers in applying the proposed techniques, as proposed in this approach, since they are 

new to usability. We suggest the participation of usability engineers throughout the process in 

order to bring more productivity to the application of usability techniques. 

The reason we do not want software engineers to apply usability lifecycles without an 

expert guidance is due to the differences in activities, techniques, timelines, iterativeness, 

scope, roles, procedures, and focus. We believe that they could be more efficient and effective 

working together, but not necessarily having to know the skills of other professionals. 

4.2 Process with Communication and Synchronization 

The framework in (Pyla et al., 2003) suggests an approach that coordinates UE and SE 

lifecycles’ activities by allowing both lifecycles to co-exist in complementary roles. It also 

suggests that artifacts built from one process lifecycle can be used as input for the creation of 

an artifact from the other lifecycle through connections for collaboration and communication. 

The approach not to merge the lifecycles is based on the differences of these areas and 

even on the lack of knowledge or appreciation for the other area of expertise. 

The problems they intend to solve with their framework are the following: 

• when software engineers and usability engineers work separately during requirements 

elicitation, they do not make early agreements on goals and requests and leave this activity to 

the implementation stage; 
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• two different teams interviewing the clients may have repeating questions and may 

confuse the client; 

• when the two teams work on designing the system without a common structure, 

greater are the possibilities of incompatibilities; 

• the lack of checkpoints of the artifacts between the two teams because of the lack of 

synchronization of their schedules; 

• with two independent and parallel lifecycles, it is difficult for team members to 

communicate; and 

• when the artifacts from the different lifecycles are dependent, but they are not shared 

for checking and merging, this may imply in inconsistencies in the final product. 

To solve these problems, they suggest a process model with communication, 

synchronization, and coordination as depicted in Figure 24. This model proposes that each 

developer can work independently, but they can also view the shared design representation 

that includes both SE and UE components, but, keeping aside the information that does not 

affect their work. 

 

Figure 24 – The Process Model, extracted from (Pyla et al., 2003) 
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For instance, Figure 25 shows that there are filters for each role in the lifecycle before 

they reach the shared space in order to prevent debates or comparisons between the two 

processes. Therefore, one engineer can make a specification (e.g. The UE specifies an undo 

operation) and the other engineer uses it to complete his/her work (e.g. The SE proceeds to 

design a software architecture that supports the undo operation). 

 
Figure 25 – The Shared Design, extracted from (Pyla et al., 2003) 

The process model has the following characteristics: 

• It allows the professionals to know the products of the other area, but they 

maintain their independence; 

• It has a communication layer between the UI and the functional core in order 

to minimize changes late in the process; 

• It coordinates the schedule of the two lifecycle professionals with warning 

messages and suggestion of activities in group; 
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• It allows professionals to share their artifacts at the end of each stage, which 

leads to the identification of potential errors earlier in the process and decreases the costs of 

fixing them too late; and 

• It warns one team about changes made in an artifact that has an impact on their 

work. 

This proposal suggests the solution of many problems faced by a multi-disciplinary 

team, but it is defined for a scenario in which the organization already has a SE and a UE 

team. From our experience in consulting services, this is not generally the case in most 

software organizations. Usually, there are SE professionals and UI designers from computer 

science or marketing courses, but there is a lack of professionals with specific knowledge on 

usability techniques, especially due to the focus on SE in computer science courses. 

4.3 Wisdom 

Wisdom (Nunes and Cunha, 2001) is a UML-based method, which uses the UP as the 

process framework, for small software companies or small teams that develop interactive 

systems. 

Its main characteristics are: 

• It follows an evolutionary rhythm with incremental prototypes; 

• It follows the user-centered perspective and participatory techniques; 

• It uses the Object-Oriented notation, the UML, but it extends this notation to 

support HCI techniques; and 

•  It uses the CTT formalism with adaptations and integrated with the UML 

notation. 
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The Wisdom method is composed of three important components: the process, the 

architecture, and the notation, explained as follows. 

• The process is iterative and incremental and its structure is similar to the UP 

(with disciplines, phases and iterations). The difference is that the phases are 

called evolutionary phases and the iterations are called evolutions. The 

disciplines (or workflows) are requirements, analysis, design, and whitewater 

evolution, the latter replaces traditional implementation and testing (Figure 26). 

The main characteristics of this process are the focus on communication, 

flexibility, ease to manage teams, and fast reaction to new situations. 

 

 

Figure 26 – The Wisdom Process, extracted from (Nunes and Cunha, 2001) 
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• The Architecture is described as Wisdom model architecture and Wisdom 

interaction architecture: 

o The Wisdom model architecture specifies the different models for the 

development of interactive systems. Wisdom suggests seven models that 

can be modeled in four diagrams, as depicted in Figure 27, which 

associates the models to workflows, activities, and diagrams. 

o The Wisdom interaction architecture specifies the types of stereotyped 

classes used to refine and structure the system’s requirements. The class 

stereotypes are composed of the standardized UML class stereotypes 

(entity, boundary, and control) and two other stereotypes proposed in the 

Wisdom architecture, which are: task, which models the dialogue 

between the user and the system; and interaction space, which models 

interaction between the system and the users considering the UI. 

• The Notation follows the standard UML notation and it also defines new class 

stereotypes and associations for the analysis and design workflow models. 

As we mentioned before, the Wisdom method has three main workflows: requirements, 

analysis, and design, presented as follows. 

The requirements workflow supports the participatory user-centered perspective with 

new activities aiming at defining the requirements of a system that satisfies the customers and 

end-users. The main activities are: (i) interiorize project: end-users and the development team 

(or team) define the scope of the system in a textual format; (ii) understand system context: 

the team produces a business model describing the business entities in UML class diagrams 

and describing the business process in UML activity diagrams; (iii) user profiling: the team 

describes the users who will be supported by the system in a textual description or following 
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the user role map (Constantine & Lockwood, 1999); (iv) requirements discovery: the team 

captures the functional requirements in the use case model using UML use case diagrams and 

details them in UML activity diagrams, and associates non-functional requirements with use 

cases and activity diagrams; and (v) prototype: the team develops functional prototypes. 

The analysis workflow refines and structures the requirements in the language of the 

developers in terms of internal architecture with classes and in terms of the UI with tasks and 

interaction spaces. The main activities are: (i) internal system analysis: the team identifies the 

analysis classes and structures them into analysis stereotypes and distributes responsibilities in 

the analysis model; (ii) interface architecture design: the team uses the task flows from 

requirements to identify and structure tasks in the task class stereotype, represented in the 

dialogue model, and identify and structure interaction spaces in the interaction space class 

stereotype, represented in the presentation model; (iii) relate analysis and interaction classes: 

the team associates classes from the analysis, dialogue, and presentation models, which are all 

integrated in the interaction model; and (iv) packaging: the team can organize the classes in 

packages, considering use cases as the basis for this organization. 

The design workflow refines the architecture considering non-functional requirements 

and constraints related to the development environment (e.g. languages, databases, etc.) in 

order to prepare the system for implementation. The main activities are: (i) internal system 

design: the team prioritizes and selects use cases for design by refining the responsibility and 

association of analysis classes in the design model, and by integrating the non-functional 

requirements; (ii) user interface design: the team refines the task classes to increment the 

dialogue model and refines the interaction space classes to increment the presentation model 

that are then related; and (iii) prototype: the team develops functional evolutions of the end 

product. 
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Figure 27 – The Wisdom Model Architecture, extracted from (Nunes and Cunha, 2001) 

The Wisdom method adds value to SE methods with HCI techniques. This method 

contributes with the definition of models that improve the process of designing architecture 

focused on UI aspects. On the other hand, it adds models to be used with customers and end 
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users that might decrease the velocity of the evolutions, since stakeholders need time to learn 

the proposed models. In addition to that, the creation of stereotypes for task classes may 

decrease the productivity of developers, who use classes to generate source-code. Since task 

classes are not supposed to be in the code, developers may have difficulties in separating from 

the code what is only documentation (from tasks classes) and what classes represent actual 

code (from entity, boundary, and control classes). 

4.4 Support to the RUP UI Design 

As mentioned in section 2.1.3, the UI design in the RUP includes the following 

properties: flow of events storyboards, interaction diagrams, class diagrams, usability 

requirements, and references to the UI prototype. The research work presented in (Phillips and 

Kemp, 2002) supports flow of events storyboards and references to the UI prototype. 

This work proposes an extended tabular use case representation: it presents the activities 

divided in two columns, one for the user and one for the system; and it adds one column for 

UI elements (workspaces and elements) independent of style of interaction (Figure 28). They 

aim at presenting this artifact to customers and end-users. As intended, this representation 

supports the flow of events storyboards and references to UI elements. 
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Figure 28 –  Extended tabular representation, extracted from (Phillips and Kemp, 2002) 

The next step they propose is to group and arrange UI elements of a use case allocated 

in interaction spaces, called UI clusters, in order to demonstrate the interaction style without 
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detailing the UI look and feel, as depicted in Figure 29. Based on the UI clusters, they suggest 

designers to define boundary classes and produce UI low fidelity prototypes in order to define 

the UI look and feel and navigation taking into consideration usability requirements. 

 

Figure 29 – UI Clusters, extracted from (Phillips and Kemp, 2002) 

This proposal extends the RUP UI design with an extended tabular use case 

representation and UI clusters. These new artifacts are useful to communicate with customers 

and end-users before preparing the UI prototype since they do not require any knowledge on 

specific UML models, like the class diagram with boundary classes. 

4.5 Comparison 

The extended tabular use case representation is similar to the Wisdom interaction 

model, as depicted in Figure 30. The flow of events serves the same purpose as the UML 

activity diagram, and the UI elements are similar to the presentation model. 
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Figure 30 – Interaction and Activity Models, extracted from (Nunes and Cunha, 2001) 

The extended tabular use case representation presented in (Phillips and Kemp, 2002) is 

a representation of detail of use cases, while the Wisdom uses two different artifacts for that: 

the task flow represented in the UML activity diagram and the dialogue model, used to detail 

the activities in a similar manner to the CTT task model (Paternó, Mancini & Meniconi, 

1997).  

UI clusters (Phillips and Kemp, 2002), the MOLIC (Barbosa, Paula and Lucena, 2004), 

and the User Environment Design (UED) (Beyer & Holtzblatt, 1993) are similar to the 

Wisdom presentation model, as depicted in Figure 31. While the Wisdom presentation model 

is an extension of UML, the other three artifacts are easier to be created by any professional 

without requiring training to understand the Object Oriented notation. Besides, as stated in 



 92 

(Paula, Barbosa & Lucena, 2005), when models use formalisms that focus on system 

specification (e.g. UML), HCI professionals have difficulties in reflecting and making 

decisions concerning usability issues. 

The Wisdom has more contributions to the UP architecture-centric approach, but the 

extension to the RUP UI design has more contributions to the participatory perspective by 

facilitating communication with customers and end-users with easier artifacts to analyze. The 

Wisdom suggests usability sessions with end-users to test the presentation architecture 

component, that is, to verify the number of interactive spaces and the number of transitions 

between interactive spaces. We have learned from our experience that it is difficult to 

communicate with users when the method suggests that they need to learn a new model, 

instead of presenting products that are easily understood by anyone, without requiring 

background knowledge. 

 

Figure 31 – Presentation Model, extracted from (Nunes and Cunha, 2001) 
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The Process Model Framework (PMF) (Pyla et al., 2003) does not intend to merge the 

UE lifecycle into the SE lifecycle, but it establishes an infrastructure in which both lifecycles 

can work in parallel in order to attend the needs for specific knowledge and skills from each 

area. They believe that Ferre creates a risk when deciding in favor of SE needs over usability 

ones by including usability techniques in a SDP. But, what Ferre intends with his proposal, 

presented in (Ferre, 2003), is to help software organizations that already apply a SE 

development process and want to improve their product with higher usability. For this reason, 

Ferre includes usability techniques in a SDP, but we argue that he should also suggest the 

participation of usability experts. On the other hand, in (Pyla et al., 2003), they suggest that 

the software organization should have a SE and a UE team, which would be more costly than 

just hiring a usability engineer to add value to an existing SE team. 

While in the PMF, they suggest the integration of two lifecycles, the other proposals 

merge the activities in only one process lifecycle in order to facilitate its application in a 

greater variety of software organizations. 

Concerning professionals, (Ferre, 2003) suggests software engineers to learn and apply 

usability techniques themselves. The PMF suggests both software engineers and usability 

engineers to work in collaboration. (Nunes and Cunha, 2001) does not explicitly mention the 

professionals background, but, based on the activities and artifacts; they must need knowledge 

on both SE (e.g. UML) and UE (e.g. task analysis). (Phillips and Kemp, 2002) suggests 

system analysts and UI designers to work together, as proposed in (Krutchen, Ahlqvist & 

Bylund, 2001). 

While the HCI methods and processes have specific and unique structures, like 

(Constantine and Lockwood, 1999) and (Mayhew, 1999), many recent proposals, which 

integrate SE with HCI, are based on the RUP structure, as demonstrated as follows: 
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Wisdom (Nunes and Cunha, 2001) is based on the UP, the extended tabular use case 

representation (Phillips and Kemp, 2002) is an extension of the RUP UI design, the 

integration of development activities with usability techniques (Ferre, 2003) is based on the 

RUP process structure; and the UCD (Gulliksen and Goransson, 2003) creates a new 

discipline for usability design in the RUP. 

Next, we make a final analysis of all the researched methods and processes as a 

foundation for the definition of a unified process. 

4.6 Final Analysis 

After the analysis of the literature, we have learned and documented the characteristics 

of these processes and compared them with the characteristics in the UPi, as depicted in Table 

3. They are presented in this table in the same order as presented in chapters 2, 3, and 4. 

Table 3 – Comparison of Processes 
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Quantitatively analyzing, we have learned that: 100% of the researched processes are 

iterative and incremental; 47% are use-case driven; 53% have task analysis; 100% have 

constant evaluation; 65% integrate SE and UE; 24% integrate architecture and usability; 

100% have early prototyping; none of them have a specific technique to concretize usability 

requirements on the UI; and only one (6%) has a specific technique to choose usability 

patterns. 

It is important to point out the following qualitative peculiarities concerning these 

findings: 

Even though the PMF (Pyla et al., 2003) integrates SE and UE, it does not merge the 

two lifecycles; Wisdom does not explicitly define the responsibilities of SE and UE roles; and 

UDP integrates SE and HCI by including a new discipline in the RUP to focus on usability.   

More than half of the proposals intend to integrate SE and HCI, but many of them only 

focus on models, not on activities for a unified process. If we analyze it closer, only 41% 

integrate SE and HCI activities. 

Even though most of these approaches do not focus on the integration of usability 

patterns in the architecture, other works focus on this, such as (Bass, John & Kates, 2001), 

(Folmer & Bosch, 2004) and (DePaoli, 2004). From the proposals we studied, (Nunes, 2003) 

defines the architecture integrating entity and control classes with interaction spaces and tasks 

in one model. (Paula, Barbosa & Lucena, 2005) use MOLIC as a resource for building class 

diagrams and sequence diagrams. (Gulliksen and Goransson, 2003) use the UED to create 

object models. 

Concerning a technique to concretize usability requirements on the UI, the RUP UI 

design associates usability requirements to use case storyboards; the UEL (Mayhew, 1999), 

the UDP, and ISO 13407 consider the usability goals directly in the prototype and then 
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evaluate if they were considered; User-Centered Design (Norman & Draper, 1986) and 

Usage-Centered Design (Constantine and Lockwood, 1999) consider usability rules/principles 

while modeling and prototyping the UIs; the IDP (Hix & Hartson, 1993) defines a usability 

specification table to check if usability attributes are in the UI; and SBD (Rosson & Carroll, 

2002) specifies usability objectives in scenarios, which are considered for prototyping; 

MOLIC associates the signs (elements in the UI) with abstract widgets (e.g. simple choice, 

free text, etc.). These processes consider usability requirements and guidelines while 

designing the UIs, in a subjective manner, they do not clearly specify how the usability 

requirements can be directly concretized in the UI. 

Concerning the choice of usability patterns, the SBD is the only process that focuses on 

it by suggesting the evaluation of UI features considering usability impacts. 

As a comparison, we list UPi main characteristics separating them in two groups: 

characteristics present in the researched processes and characteristics that most of these 

processes do not have. 

The characteristics that most of these processes have and that the UPi also has are the 

following: 

• Iterative development; 

• Use-case driven; 

• Early prototyping; and 

• Constant evaluation after each phase. 

The characteristics that most of these processes lack, which we have included in the UPi 

are the following: 

• Hierarchical task analysis to detail use cases and to drive the design of UIs; 
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• A practical technique to concretize users’ requirements in the UI through usability 

tasks in the task model; 

• Clear integration of SE and UE activities (without dividing them in different levels 

or life cycles) with clear expression of roles, activities, and artifacts in order to facilitate their 

communication; 

• Architecture improved with usability patterns; and 

• Definition of a UI Definition Plan that brings a solid foundation to the decision 

making process of choosing among alternatives of usability patterns, considering non-

functional requirements. 

4.7 Summary 

In the last five years, there has been an increase in number of proposals that integrates 

HCI and SE. This fact is visible in recently published books and in international conferences 

that have workshops specialized in this subject, such as the International Conference on 

Software Engineering (ICSE). 

This chapter presented advantages and disadvantages of some processes that integrate 

SE and HCI as a basis for the definition of a unified process, presented in the next chapter. 
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5 Unified Process for Interactive Systems 

 

 

 

UPi is the main contribution of our research work, it is described in terms of its 

theoretical foundations, and its main characteristics, which are use-case driven, architecture-

centric, and iterative and incremental, its roles, artifacts, disciplines, and activities. 

We intend to define a process that helps the development team know how to perform 

their activities in parallel and in an integrated manner. Since both SE and usability 

engineering have specific techniques for requirements, analysis and design, implementation, 

test, and deployment, we have defined a unified process and described it in detail to provide 

software organizations with the knowledge to apply HCI and SE focusing on usability, with 

productivity and in an integrated manner. We chose this integrated approach in order to 

decrease the resistance to usability by software organizations and the lack of understanding or 

knowledge about what usability is, which represent, respectively, 26% and 17.3% of the 

obstacles to strategic usability, as presented in (Rosenbaum, Rohn & Humburg, 2000). 

UPi is mainly intended for projects in which there is not a standardized visual pattern 

for the UI design, such as for new technologies that have complex usability issues that need to 

be considered (e.g. Digital TV, kiosks, etc). In projects where commercial products (e.g. off-

the-shelf) are generated according to a pre-defined style guide, there are no usability issues or 

UI complexity that would require the need for such a process. Therefore, UPi can be 

customized for this specific situation. 

Throughout the description and application of UPi, we use the term stakeholders, which 

includes people who have different perspectives of the problem and different needs. Examples 
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of stakeholders are: customers, users, user representatives, investors, buyers, and members of 

the development team. When we use the term stakeholder, we intend to include all of these 

possibilities of representatives, when we use the term user, we intend to focus on end-users 

and user representatives. 

5.1 Objectives 

From our experience in consulting services for software organizations, we have learned 

that especially small organizations want to follow a process with the following characteristics: 

For the development team: 

• Easy to learn; 

• Easy to apply; and 

• Clear benefits to their productivity. 

For the managers and customers: 

• Little impact on the overall project schedules due to the learning curve; 

• Techniques that facilitate the communication between the development team and the 

customers; 

• Clear impacts on the overall quality of the product. 

The development team is usually unmotivated to learn a complex process. By complex, 

we mean a process with too many artifacts and techniques that need to be learned. With that 

in mind, we understand that we need to provide them with a minimum set of artifacts and 

techniques that bring solid results for the generation of the end product. 
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That fact is also understood by the RUP, which allows organizations to adapt this 

process framework into a compact process personalized to the needs of the organization and 

of the project. 

With UPi, we intend to propose a process that meets all the characteristics mentioned in 

the first paragraph of this section by including usability professionals (roles), activities, and 

artifacts in a SE process in order to develop interactive systems with a high level of usability. 

5.2 Description 

UPi is a lightweight development process for interactive systems that can be combined 

with other processes, like the RUP. In general, RUP satisfies organizational demands by 

bringing a structured and proven process framework into practice and UPi can add benefits to 

the UI generation. 

UPi can serve as a guide, providing useful steps and artifacts that can be tailored and 

customized when organizations intend to develop usable interactive systems. One of the best 

advantages of UPi is the idea to focus on activities, artifacts and guidelines that add value to 

the UI generation.  

UPi is best applied by software organizations that already apply the RUP activities, 

especially because UPi does not have activities that focus on project management, 

configuration and change management, and environment. Other aspects that need to be 

considered by software organizations that intend to apply UPi are: having a usability engineer 

or at least having the will to hire a few experts; the presence of decision-makers that are 

concerned with usability issues; and managers willing to motivate and train their teams on a 

set of new usability activities. 
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5.2.1 Theoretical Foundation 

The UPi activities are based on five Usage Centered Design Rules (Constantine & 

Lockwood, 1999) and six RUP best practices (Krutchen, 2000) (See Table 4).  

Table 4 – Process Theoretical Foundation 

UPi Activity Usage Rule Best Practice 

Elicit Stakeholder Needs -Access 
-Efficacy 
-Context 
-Progression 

 

Find Actors and Use Cases -Support -Visually Model Software 

Detail a Use Case -Progression 
-Support 

-Visually Model Software 

Define the Architecture -Progression -Use Component-Based 
Architectures 
-Visually Model Software 

Apply UI Definition Plan -Progression  

UI Prototyping -Access 
-Efficacy 
-Context 

-Develop Software Iteratively 

Plan Implementation - -Develop Software Iteratively 

Implement Components -Progression -Use Component-Based 
Architectures 

Plan Deployment - -Develop Software Iteratively 

Deploy the System - -Develop Software Iteratively 

Plan Tests - -Develop Software Iteratively 

Review Requirements -Support -Manage Requirements 
-Continuously Verify Sw. Quality 
-Control Changes to Software 

Evaluate Prototypes -Support -Manage Requirements  
-Continuously Verify Software 
Quality 
-Control Changes to Software 

Evaluate Components -Support -Manage Requirements  
-Continuously Verify Software 
Quality 
-Control Changes to Software 

Evaluate the System -Support -Manage Requirements  
-Continuously Verify Software 
Quality 
-Control Changes to Software 
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The usability rules, access, efficacy, and context consider both novice and experienced 

users and the environment where they are located. The goals underlying these rules can be 

achieved by understanding users themselves and their usability needs and considering such 

characteristics when designing the UI in the UPi Activities: Elicit Stakeholder Needs and UI 

Prototyping.  

Progression concerns adaptation and it can be achieved by eliciting and analyzing 

users’ usability requests considering different users’ learning levels; defining, and 

implementing the system architecture; and designing UI Prototypes considering such usability 

requests in the UPi Activities: Elicit Stakeholder Needs, Detail a Use Case, Define the 

Architecture, Apply UI Definition Plan, and Implement Components.  

The ability to support users in performing their work better can be achieved by defining 

the tasks users perform while working, verifying the quality of elicited requirements and 

implemented components, and analyzing if they are satisfied with what is being designed in 

the UPi Activities: Find Actors and Use Cases, Detail a Use Case, Review Requirements, 

Evaluate Prototypes, Evaluate Components, and Evaluate the System. 

Concerning the six best practices, we explain each one and associate them to the UPi 

activities as follows. 

1. Develop Software Iteratively means developing the products in iterations and 

presenting each result to users in order to correct possible misunderstanding and 

inconsistencies in a timely and efficient manner, what raises the quality of the product. With 

this practice, activities can be planned incrementally and executed in iterations, for instance, 

UI prototypes with a set of functionalities are evaluated and smaller versions of the system are 
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delivered in iterations with the UPi Activities: UI Prototyping, Plan Implementation, Plan 

Deployment, Deploy the System, and Plan Tests. 

2. Manage Requirements means controlling changes to requirements as they appear 

throughout the lifecycle in order to satisfy users’ changing needs. This practice is achieved by 

the Incremental and Iterative Nature of the process, that is, in each iteration, new or changing 

requirements are accepted for evaluation. Whenever a change in requirements affects the UI, 

the ‘Control Changes to Software’ practice is invoked in order to notify UI designers that they 

have to change the prototype and evaluate the impact of such changes with users. It is most 

common to have new requirements after evaluations, such as in the UPi Activities: Review 

Requirements, Evaluate Prototypes, Evaluate Components, and Evaluate the System. 

3. Use Component-Based Architectures means designing a system focusing on its 

architecture. This practice is achieved by defining the system architecture, which considers 

usability patterns, and implementing the UI based on the architecture in the UPi Activities: 

Define the Architecture and Implement Components. 

4. Visually Model Software means defining the system structure and behavior with 

visual models. This practice is achieved by modeling use cases, users’ tasks, and architecture 

in the UPi Activities: Find Actors and Use Cases, Detail a Use Case, and Define the 

Architecture. 

5. Continuously Verify Software Quality means the analysis of the product and its 

elements throughout the lifecycle. This practice is achieved by reviewing the requirements, 

evaluating the prototypes, the developed components, and the UIs in the UPi Activities: 

Review Requirements, Evaluate Prototypes, Evaluate Components, and Evaluate the System. 

6. Control Changes to Software means controlling the evolution of requirements 

through the maintenance of the product and its elements. This practice is achieved by the 
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Incremental and Iterative Nature of the process, that is, when changing requirements are 

accepted, the artifacts related to the requirements need to be maintained. It is most common to 

have change requests after evaluations, such as in the UPi Activities: Review Requirements, 

Evaluate Prototypes, Evaluate Components, and Evaluate the System. 

5.2.2 Use-Case Driven 

As presented in section 3.2, we have decided to apply use cases to guide the entire 

process. 

In the requirements discipline, use cases are used as a basis for the detailed specification 

of the system features through task models. The usability requirements can also be organized 

by use cases. 

In the analysis and design discipline, the architecture is organized in packages for each 

use case. The UI Definition Plan is specified for each usability task (a sub-unit of a use case), 

and UI prototypes are made for each use case or a set of related ones. 

In the implementation discipline, the components are implemented according to the 

priority defined for the use cases in the requirements discipline. 

In the deployment discipline, the system is deployed in iterations as they are ready and 

made available in use-case packages, as organized in the architecture. 

In the test discipline, the tests are performed in iterations as the artifacts are available in 

the priority defined for the use cases. 

5.2.3 Architecture-Centric 

System architecture is composed of smaller components that are tested individually and 

integrated gradually to compose a complete system.  
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A system that supports users’ usability requests must have an architecture designed so 

that it allows usability requirements to be implemented. In this section, we present how 

usability requests are expressed through components in the system architecture. In this 

context, a component can be, for instance, classes that implement usability patterns; classes 

that represent pages (e.g. JSP), etc. Such classes can be modeled using the UML notation 

(Larman, 2004) in order to follow the RUP best practice to visually model software and also 

to allow software architects and developers to unambiguously communicate their decisions. 

There are system development organizations that consider usability only after the 

system is implemented. This scenario leads to architecture and source-code changes and re-

work in order to include usability into the system. Therefore, (Bass, John & Kates, 2001) 

defined how to design system architecture to achieve usability by including usability patterns 

in it. They propose an extension of the Model-View-Controller (MVC) design pattern (MVC, 

2000) by defining four modules to specify usability architectural patterns. These modules are: 

active modules, listen-for-<usability pattern> module (e.g. listen-for-cancellation module), 

<usability pattern> module (e.g. cancellation module), and collaborating modules. For the 

cancellation architectural pattern example, active modules represent modules that are 

performing the activities that are to be cancelled. The listen-for-cancellation module 

represents the module that listens for the user’s request to cancel the active modules. The 

cancellation module actually terminates the execution of the active modules and possible 

collaborating modules, returning the system to the state prior to the execution of the active 

modules. The collaborating modules represent modules that collaborate with the execution of 

the active modules. These modules are directly mapped to components that have specific 

responsibilities in order to carry out the usability pattern execution. 

We recommend designing the system architecture following a proposal similar to the 

one defined by (Bass, John & Kates, 2001), which is to include usability patterns in the 
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system architecture. The main difference is that they have proposed an extension of the MVC 

and we use the original MVC, defined by Sun. To illustrate our approach, we have designed 

an example of a usability design pattern for the Web (Figure 32). We selected the Search 

usability pattern to demonstrate the classes necessary for each layer of the architecture 

following the Struts framework (Struts, 2005). 

 

Figure 32 – MVC Example with Usability Search Pattern 

The model represents the business rules of the system. The view renders the contents 

through the UI. The controller translates user interactions into actions to be performed by the 

model. When the user interacts with the system (e.g. clicks on a button, selects an item on a 

menu), the “Search” page sends data to the controller. The “SearchAction” class is 

responsible for listening for user interactions in order to call the “SearchOnLineHelp”, which 

activates the business process of searching for information on the On-Line Help and sends the 

outcome data back to the controller. The “SearchAction” now selects the appropriate view 

(Search.jsp) that shows the search results on the UI. 

Associating our approach to the one defined in (Bass, John & Kates, 2001), the active 

and collaborating modules are represented by classes from the Model layer (e.g. Course class 

as the active module and Student class as the collaborating module for a university enrollment 
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system) and from the View layer (e.g. SearchForTakenCourses.jsp); the listen-for-<usability 

pattern> module is represented by the class from the Controller layer (e.g. SearchAction class 

for a Search Usability Pattern); and the <usability pattern> module is represented by the class 

from the Model layer (e.g. SearchForStudents class for a Search Usability Pattern). 

5.2.4 Iterative and Incremental 

UPi is an iterative and incremental process that allows the development team to capture 

the requirements, analyze tasks, design prototypes, implement components, test the system, 

and deliver the product in iterations throughout the entire process. 

When the requirements are elicited more strongly along the inception and elaboration 

phases in three to four iterations, requirements are better analyzed and refined by both the 

development team and by stakeholders since other activities (e.g. from analysis and design) 

are being performed in parallel that can influence the understanding of the requirements. The 

same happens with activities from the other disciplines that influence each other when they 

are executed in iterations. For example, tests performed in iterations lead to constant 

improvement of the quality of requirements, of prototypes, of the source code, and of the final 

product. 

The generation of artifacts from different disciplines, in parallel and in increments, 

influences each other. For instance, the implementation of components in increments and in 

parallel with the refinements of prototypes facilitates the performance of changes. This is true 

because it is easier to make changes in independent components instead of having to make 

changes in the final, integrated version of the system whenever users request design changes 

in the prototypes. 

In general, iterative and incremental processes bring benefits for both SE and HCI. But, 

we envision that this characteristic has even greater influences on integrated processes 
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because they have inter-related activities, that is, activities from one area have great impacts 

on the activities and artifacts from the other area. For example, the software architecture has 

impacts on the system usability because architectural design decisions are hard to revoke; as 

so do usability requirements impose constraints on the architectural design that have to be 

considered in order to attend users’ interaction issues. 

5.3 Roles 

The roles involved in the UPi activities are the following:  

The User (or the stakeholder who represents users’ interests) is involved in 

requirements, analysis and design, and test disciplines. The user participates during 

requirements elicitation, the generation of the UI Definition Plan, the generation and 

acceptance of the UI prototypes, and of the final system, and the delivery of the system. 

The System Analyst (see Figure 33) is responsible for eliciting the requirements, 

documenting them, and gathering agreement with the stakeholders. 

 

Figure 33 – System Analyst Activities 

The Usability Engineer (see Figure 34) is concerned with detailing functional and non-

functional requirements, applying the UI Definition Plan, designing UI prototypes, planning 

usability tests, and evaluating the UI prototypes and the system. 
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Figure 34 – Usability Engineer Activities 

The Software Architect (see Figure 35) is responsible for defining the architecture using 

architectural patterns to attend functional and non-functional requirements. 

 

Figure 35 – Software Architect Activity 

The UI Designer (see Figure 36) is responsible for designing the UI Prototypes 

according to Style Guides, and applying the UI Definition Plan. 

 

Figure 36 – UI Designer Activities 

The Integrator (see Figure 37) is concerned with planning the implementation and the 

integration of the system. 
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Figure 37 – Integrator Activity 

The Implementer or Programmer (see Figure 38) is concerned with implementing 

components and integrating them into the system. 

 

Figure 38 – Implementer Activity 

The Deployment Manager (see Figure 39) is responsible for planning the deployment, 

and installing the system at the customer site. 

 

Figure 39 – Deployment Manager Activities 

The Requirements Reviewer (see Figure 40) is involved in inspecting the requirements 

artifacts and suggesting improvements. 
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Figure 40 – Requirements Reviewer Activity 

The Tester (see Figure 41) is responsible for verifying the components and the 

integrated system with test cases. 

 

Figure 41 – Tester Activity 

5.4 Artifacts 

The artifacts in the requirements discipline are: Vision to document the stakeholder 

requirements in details, such as, problems, user profiles, user environment, product features, 

assumptions, constraints, and priority; Use Case Model to specify the overview of the system 

functionality, which can be organized in packages (Use-Case Packages) to help prioritize 

them in iterations; Task Model to detail the use cases in functional and usability tasks; and 

Supplementary Specifications to specify non-functional requirements. 

The artifacts in the analysis and design discipline are: Software Development 

Architecture to specify the architecture of the system that attends the interaction tasks 

(functional and usability tasks) from the Task Model and the non-functional requirements 

from the Supplementary Specifications, and to refine it with the usability patterns from the UI 
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Definition Plan; UI Definition Plan to specify the most appropriate usability pattern for a 

usability task in order to attend a specific usability requirement; Style Guide to guide UI 

prototyping with standardization; and UI Prototype to design the UI in paper sketches, visual 

prototypes, and executable prototypes based on the interaction tasks from the Task Model, on 

the selected usability patterns from the UI Definition Plan, and on the Style Guide. 

Prototypes can be generated in the following levels of platform-dependent categories, 

adapted from (Coyette et al., 2004): 

Paper sketches focus on the interaction, UI components, and on the overall system 

structure, keeping the style guide secondary, without being too abstract. Examples: 

storyboards using paper and pencil. 

Visual prototypes produce an accurate image of the system. Examples: prototypes using 

Microsoft Visio, Adobe Photoshop, etc. 

Executable prototypes produce the code in a certain programming language, focusing on 

the navigation, not on the implementation of business rules. Examples: prototypes using 

Macromedia Dream Weaver for web systems. 

Each category serves a specific purpose: Paper sketches are useful to demonstrate to 

users which activities the system attends and the possibilities of navigation in the system, 

even users can help build them. Visual prototypes are useful to demonstrate standards and 

style guides. Executable prototypes are useful to demonstrate navigation and usage. 

Since we advocate the generation of sketches with the participation of users, it is 

important to adopt a tool to support the generation of this artifact. SketchiXML (Coyette & 

Vanderdonckt, 2005) is a multi-platform and multi-agent interactive application that enables 

designers and end-users to sketch UIs. It matches manual drawings with widgets in order to 

perform shape recognition and interpretation for a specified platform (e.g. PalmTop). 
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The artifacts in the implementation discipline are: Programming Guidelines to guide the 

implementation with coding standards; Integration Build Plan to define the priority of the 

implementation and integration of the components into the system based on Use-Case 

Packages and on the Architecture; Components that represent the implementation of the 

Architecture in functional and usability components; and System that represents the 

integration of Components according to the Integration Build Plan. 

The artifacts in the deployment discipline are: Deployment Plan to define how to deploy 

the system taking into consideration the constraints in the customer environment and infra-

structure; Support Material to guide end users while interacting with the system; and System 

deployed at the customer site. 

The artifacts in the test discipline are: Test Case to guide the testing of components; 

Questionnaires to understand the user profile and their perception of the system; Test 

Scenario to guide users while interacting with the system; Usability Metrics to guide usability 

engineers during the evaluation of the system; Checklist to document the outcomes of the 

interaction of the user with the system; Schedule of Tests to document the date and time of the 

tests with users; Test Results to document the positive and negative outcomes of the tests; 

Change Request to document the problems detected and possible solutions; Usability 

Evaluation Graph to numerically and graphically document the results of a set of usability 

tests; and Stakeholder Acceptance to document that stakeholders agree with the artifact 

delivered. 

5.5 Disciplines 

This section presents the five UPi disciplines, which are: requirements, analysis and 

design, implementation, deployment, and test (See Figure 42), which are all detailed with 

their activities. Each activity is described in general terms in this chapter and detailed in the 
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annex A in terms of: purpose of the activity, steps necessary to perform the activity, input 

artifacts to start performing the steps, output artifacts resultant from the execution of the steps, 

roles responsible for executing the steps, and guidelines to perform the steps. 

5.5.1 Requirements 

The purpose of the Requirements discipline is to delimit the scope of the system in 

agreement with the stakeholders and provide a solid foundation to guide the entire process 

with use cases associated with usability requirements. 

5.5.1.1 Elicit Stakeholder Needs 

The goal is to identify the most relevant stakeholders that represent users’ and 

customers’ interests to facilitate the elicitation of their needs, and also to understand users, 

their personal characteristics, and information on the environment where they are located that 

have a direct influence on the system definition, and to prioritize their needs. 

Even though this activity has activities of the RUP Develop Vision and of the RUP 

Elicit Stakeholder Requests activities, we decided to name this activity Elicit Stakeholder 

Needs to merge both activities. 

These two RUP activities produce the artifacts Vision and Stakeholders Requests, which 

have similar items. Based on our experience in SDP consultancy, we simplified the Vision 

document with the most relevant information for requirements definition that are present in 

both documents, such as positioning of problems and opportunities, stakeholders and users 

description, product information and features, precedence and priority. Therefore, we perform 

requirements workshops and document the results in the Vision document and the non-

functional requirements in the Supplementary Specifications. 
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In this activity, system analysts start with visits to interview the stakeholders and 

observe them performing their work, and continue with requirements workshops with 

stakeholder participation to better define and prioritize their functional and non-functional 

needs, which are presented to stakeholders before going on to the next activities. 

 
Figure 42 – The UPi  
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5.5.1.2 Find Actors and Use Cases 

The goal is to define the actors (users or other systems) that will interact with the system 

and the functionality of the system that directly attend users’ needs and support the execution 

of their work productively. 

In this activity, system analysts define use case models, focusing on interactive use 

cases, in order to attend the specified needs, and prioritize use cases according to the 

prioritization of the needs previously defined in the requirements workshops. 

5.5.1.3 Detail a Use Case 

The goal is to detail use cases using the task model with special attention to those tasks 

that meet the identified usability requirements. 

The RUP suggests the detail of use cases with use case flow of events, but as presented 

in section 3.2, we use task models to detail interactive use cases and flow of events for system 

use cases. 

All of the steps and guidelines in this activity are contributions of our research work: 

The usability engineer prepares task models to detail the use cases, analyzes the 

usability requirements in order to include them in the task model as usability tasks. 

It is useful to use a table mapping usability requirements to usability tasks. When the 

organization does not have this table, it should be created incrementally as the process is 

applied in different projects. 

5.5.2 Analysis and Design 

The purpose of the Analysis and Design discipline is to define the system architecture 

according to both functional and non-functional requirements with a focus on usability 
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requirements, tasks, and components; and to prototype UIs as a foundation for 

implementation. 

In SE, UI prototyping is considered as a technique used for problem understanding, 

which is part of requirements. In the usability literature, UI prototyping is considered as a 

design activity, as presented in (Ferre, 2003) and as noticed in our researches, explained as 

follows: 

In UEL (Mayhew, 1999) and in UDP (Gulliksen and Goransson, 2003), prototyping 

happens in the design phase. Besides that, in UDP, prototypes are included in the usability 

design discipline. In ISO 13407, prototypes are developed in the practice ‘Produce design 

solutions’. In Wisdom, prototypes are created in the design workflow. In PMF, interaction 

prototypes are generated after requirements analysis in the usability engineering lifecycle. 

We decided in favor of the HCI methods and processes that consider UI prototyping as 

part of design, instead of as part of requirements. But, we want to point out that we argue for 

its generation in the inception phase. 

5.5.2.1 Define the Architecture 

The goal is to design the classes that fulfill the required functionality and the usability 

requirements. 

The software architect evaluates existing technology to help in designing the 

architecture that satisfies the system features and constraints, and refines the architecture with 

architectural patterns for the usability patterns selected for the UI. 

5.5.2.2 Apply UI Definition Plan 

The goal is to define which usability patterns can be part of the UI according to the non-

functional requirements defined in the Elicit Stakeholder Needs activity. 
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The usability engineer and UI designers evaluate the importance of usability patterns for 

each usability task, and stakeholders evaluate each non-functional requirement in order to 

decide the most appropriate usability pattern that attends a certain task. Stakeholders, usability 

engineers, and UI designers can re-analyze their opinions until a result agreed by both parts is 

reached. See more details in Chapter 7. 

5.5.2.3 UI Prototyping 

The goal is to design UI prototypes following the description specified in the use case 

and task models, in the UI Definition Plan, and in the style guide (if available). 

The UI designer, supported by the usability engineer, generates platform-dependent 

prototypes that can be paper sketches, visual, or executable prototypes, which are all attached 

to the style guide and delivered to stakeholders. 

When the software organization does not have a style guide, it can be produced during 

this activity. 

5.5.3 Implementation 

The purpose of the Implementation discipline is to implement components and integrate 

them into an executable system with the expected functionality and usability. 

5.5.3.1 Plan Implementation 

The goal is to plan the development and the integration of the classes previously 

designed. 

The integrator defines the coding standardization for implementation and plans the 

implementation and integration in iterations. 
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5.5.3.2 Implement Components 

The goal is to develop the classes and the UI prototypes previously designed. 

The implementer develops the components, using usability components 

(implementation of UI visual elements), organizes them in the same structure as the use case 

packages, and integrates them to build the system. 

When the software organization does not have any usability component already 

implemented, the implementer needs to develop such components. These components can be 

reused in other projects and even in future iterations of the same project. 

5.5.4 Deployment 

The purpose of the Deployment discipline is to prepare the final product for delivery 

and the support material for users. 

5.5.4.1 Plan Deployment 

The goal is to decide how to make the system able to be delivered to users. 

The deployment manager defines the artifacts that will be delivered with the system in 

order to help users interact with the system when it is delivered, how the system will be 

delivered (e.g. installed at the customer site, available on the Internet), how to assist users 

after deployment, and prepares the necessary infra-structure. 

5.5.4.2 Deploy the System 

The goal is to make the system able to be delivered to the users. 

The deployment manager prepares a package to facilitate the delivery of the system, 

verifies the configuration of the customer site according to the non-functional requirements 
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and constraints specified in the Supplementary Specifications, prepares the infra-structure, 

installs the system, delivers the support material, and trains users on the system. 

5.5.5 Test 

The purpose of the Test discipline is to focus on the verification and evaluation of the 

artifacts produced throughout the process and on the evaluation of the final product to be 

delivered to users, focusing on usability. 

Although the Test activities are part of UPi, it was defined in UPi-Test (Schilling, 

2005), which focuses on integrating software, usability and semiotic engineering to evaluate 

the system. We will explain the techniques and characteristics of UPi-Test to evaluate the 

functionality, usability, and communication of the implemented Access Portal, as presented in 

(Sousa, Schilling & Furtado, 2005). 

5.5.5.1 Plan Test 

The goal is to plan the details of the realization of the tests throughout the process. 

The usability engineer defines how to test the components, and which techniques are 

going to be applied in the usability test sessions, and prepares all the material and the infra-

structure necessary to perform those tests, such as questionnaires, test scenarios, checklists, 

etc. 

5.5.5.2 Review Requirements 

The goal is to verify if the requirements are in conformance with their needs. 

The requirements reviewer performs inspections on the requirements, documents the 

positive and negative results of the reviews, proposes solutions to the errors, defines a priority 

that should be followed to correct the errors, confirms if they were solved, and if the final 

result is according to stakeholders’ expectations. 
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5.5.5.3 Evaluate Prototypes 

The goal is to verify if the UI prototypes are in accordance to usability principles and to 

validate with users if the UI prototypes are in conformance with their view of the system and 

their needs. 

The usability engineer verifies if the UI prototypes are according to the stated usability 

requirements and also to the style guide, validates them with users, documents the positive 

and negative results of the evaluations, gather change requests, proposes solutions, negotiates 

requests, prioritizes these requests, confirms if they were attended, and if the final result is 

according to stakeholders’ expectations. 

5.5.5.4 Evaluate Components 

The goal is to verify (by using the system in the development site) if the functionality is 

according to the requirements. 

The tester verifies the components using test cases, documents the positive and negative 

results of the evaluations, proposes solutions, prioritizes the execution of the corrections, 

confirms if they were executed, and if the final result is according to stakeholders’ 

expectations. 

5.5.5.5 Evaluate the System 

The goal is to validate with users (by using the system in the customer site) if the 

interactive system is attending the purpose of supporting users’ work in a usable and efficient 

manner. 

The usability engineer performs usability tests with users in an environment that 

simulates their real-world situation (or in their work environment), explains the test, applies a 

questionnaire, presents specific tasks to be executed, observes the users, documents the 
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positive and negative results of the evaluations, generates reports stating the usability level of 

the system, proposes solutions to the problems, prioritizes the execution of the corrections, 

confirms if they were executed, and if the final result is according to stakeholders’ 

expectations. 

5.6 Summary 

This chapter presented the main contribution of this research work, which is the 

integration of SE and HCI in a unified process for the development of interactive systems. 

The UPi is a use-case driven, architecture-centric, and iterative and incremental process. 

It integrates the best practices from SE, user-centered design, and usage-centered design. Its 

main goal is to help multi-disciplinary teams of software organizations to work focused on 

usability, productively, and in an integrated manner among each other and with stakeholders. 
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6 Case Study 

 

 

 

This chapter presents the scenario in which UPi was applied, the challenges, the 

application of the process organized in phases, the lessons learned, the results achieved with 

its application, then a summary of the chapter. 

6.1 Scenario 

The application of UPi happened from January until December of 2005, during the 

realization of a Brazilian project, where thirty-two institutions and companies that compose 

different consortium are involved in developing the Brazilian DTV System. Our research 

group is part of one consortium, composed of three teaching institutions (two public and one 

private) and one company from the Northeast of Brazil. 

Our research group was represented by the LUQS at the private teaching institution, 

University of Fortaleza. With the expertise of UI designing and evaluation based on usability, 

semiotic, and software engineering, we were responsible for developing three versions of 

executable prototypes for the DTV Access Portal, which is an interactive application that 

provides access to all other interactive applications in the DTV. The other three institutions 

were responsible for developing the following applications: T-Vote, T-Mail, and Electronic 

Programming Guide (EPG). The LUQS team was composed of one coordinator, one project 

manager, five programmers, and three UI designers. The coordinator, the project manager, 

and two UI designers also played the role of usability engineers. 
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In our project, stakeholders were represented by project participants from the 

institutions, like coordinators, project managers, system analysts, programmers, UI designers, 

usability engineers; as well as the representatives of the Brazilian Government, and 

participants of other groups of the DTV project. There were eight stakeholders from the other 

three institutions and they were involved throughout the process in requirements elicitation 

and test activities to evaluate UI prototypes. 

6.2 Challenges 

Since the DTV represents a new paradigm to UI design, it became necessary to search 

for alternatives, but it was difficult to find existing material in the literature. The examples of 

UIs for the DTV we found were adequate for a user profile different from the one we intended 

to focus on. Our target user profile is the Brazilian user, who has cultural peculiarities and 

social-economic constraints. Besides that, we also had to consider technical restrictions 

concerning hardware and transmission aspects because the new DTV hardware should be 

made available in Brazilian homes through an accessible price in order to be accepted by the 

majority of the population, especially for people less privileged, who do not have access to 

computers, neither to the Internet. 

During the project, our institution focused on usability aspects while the others were 

concerned with the application functionality and implementation constraints. They believed 

that the UI should only be considered after the implementation of the application and 

especially after all the software and hardware constraint issues had been solved. 

HCI was not taken very much into consideration in the early stages of the project by the 

project participants, who did not have background knowledge of the benefits of applying HCI. 

Subjectivity of HCI leads people to think that they can modify the UI even though they do not 

have a more practical knowledge of HCI techniques. 
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With the application of UPi, we intended to solve the following problems: 

• To improve the knowledge of the stakeholders concerning a new domain or 

technology – The process suggests the analysis of existing similar systems to allow the 

improvement of background knowledge of stakeholders; 

• To address the challenges of specific user profiles – The results of constant 

evaluations help to verify if the UI attends specific needs of users and decreases the risk of 

finding non-conformities at the end of the process; 

• To understand how a multi-disciplinary team can work together – The process 

clearly separates roles, thus facilitating the communication among the professionals and better 

integrating them. 

6.3 Process Application 

UPi was applied in an iterative manner following the four RUP phases: inception, 

elaboration, construction, and transition. Figure 43 depicts the activities of the process, 

organized in phases. 

6.3.1 Inception 

The main goals of the inception phase are to understand what users want the system to 

provide, and to present an initial version of the system to allow a clear conversation between 

users, system analysts, and UI designers. 

These goals were achieved with the application of the following activities: 

Elicit Stakeholder Needs: understand users, their personal characteristics and 

information on the environment where they are located that have a direct influence on the 

system definition, and to collect users’ needs and special non-functional requirements that the 

system must fulfill. 
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To elicit stakeholder needs, we performed workshops with the stakeholders, who are 

represented by participants of the project, in order to identify the main functionality of the 

DTV Portal (Furtado et al., 2005a). 

 

 

Figure 43 – UPi organized in Phases 
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All the project stakeholders were considered as future users of the DTV and they had 

many interesting remarks and expectations that should be taken into account. In the first 

workshop, we noticed that the system analysts, UI designers, and programmers (experienced 

users of interactive devices) had many futuristic and advanced expectations of the DTV. 

Therefore, in the second workshop, we requested them to consider that most of the Brazilian 

population is not experienced with interactive devices. 

All of the non-functional requirements, such as performance, cost, and device 

constraints were informed by the Brazilian Government in a document entitled ‘Formal 

Request for Proposal’. Concerning usability, the Government required that applications 

should be easy to navigate through elements from the screen and from the remote control and 

easy to use considering user profiles. 

The analysis of users’ characteristics was allocated to another consortium, which was 

responsible for visiting prospective users, making interviews, and observing their use of TV 

and other interaction devices in their daily lives. We received the result of their analysis and 

used the information that could influence on the UI design, such as: most of the people have 

never used interaction devices or use them sparingly (Furtado et al., 2005b). 

Some of the most relevant user needs elicited from the workshop were:  

“The portal would be a place to access TV, but also to access applications” 

“The portal must allow the user to zap among the applications and channels”. 

“I would like the portal to present new applications at any time”. 

“I would like to be able to change the characteristics of the portal”. 

“The portal must never disappear. I should always know what to do and where to go”. 
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These needs expressed by the stakeholders were written down as functional and non-

functional requirements, as follows: (i) enable access to TV; (ii) possibility to interact with 

various applications; (iii) flexibility to enable the inclusion of new applications to be 

accessible through the Portal; (iv) there should be some level of adaptability to users’ specific 

needs; (v) provide guidance for novice users; etc 

These requirements were analyzed in order to translate them into functionality, goal of 

the next activity. 

Find Actors and Use Cases: define and refine the use case model based on elicited 

information and on existing similar systems. 

The system analysts considered all the requirements presented by the stakeholders in 

previous workshops and the documents sent from the Government in order to organize them 

in use cases. They also analyzed existing DTV systems to help them in defining the system 

functionality. 

System analysts and usability engineers had meetings to translate the requirements into 

the following use cases for the Access Portal: access applications (which was possible by the 

execution of another use case: structure applications), access TV guide, view help, and 

personalize (the look and feel of the system), as depicted in Figure 44. 
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Figure 44 – The DTV use case model, extracted from (Furtado et al., 2005c) 

Even though the use case access TV programming was under the responsibility of 

another group in our consortium, we had to include it in our model because it was a clear 

requirement to make the integration of the TV programming guide and the Access Portal as 

transparent as possible. 

Detail a Use Case: analyze usability requirements and relate them to tasks to be 

included in a task model. 

The usability requirements were defined through the analysis of users’ needs. For 

instance, the need “The portal must never disappear. I should always know what to do and 

where to go” was translated into the usability requirement “Guidance”, which can be 

associated to two tasks “Navigate” and “Access help”. The need “I would like to be able to 

change the characteristics of the portal” was translated into the usability requirement 

“adaptation”, which can be associated to the task “Personalize”. Each task can be visually 
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included in the UI through a list of possible usability patterns, such as the ones presented in 

Table 5. 

Table 5 – Association of Usability Requirements, Tasks, and Patterns 

Usability Requirement Usability Tasks Usability Patterns 
Retractable Menu 
Icon  Menu 
Requested Menu 

Navigate 

Fixed Menu 
Requested Help 

Guidance 

Access Help 
Auto Wizard 
Template Adaptation Personalize Options 

 

The system analysts detailed each use case in one or more task models. Even though 

they started by detailing the use cases in only one task model, they decided to separate them 

for understanding purposes. The formalism used for the task model was CTT (Paternó, 

Mancini & Meniconi, 1997) because it presents many advantages for the UI generation, such 

as the hierarchical structure, the clear expression of temporal relationships among tasks; and, 

as we propose, the possibility to include usability tasks in the model, as detailed in chapter 3. 

When detailing the task models, the system analysts considered the tasks derived from 

usability requirements (called usability tasks) and included them as interaction tasks along 

with the functional tasks. In summary, the task model has tasks derived from usability and 

functional requirements. In our proposal, functional tasks are tasks generated from functional 

requirements and usability tasks are tasks generated from usability requirements, but all of 

them are interactive tasks (Sousa, Furtado & Mendonça, 2005). 

We will explain better this new concept of usability task that we created, in the 

following example. 

The access applications use case was divided in two task models: one to select 

categories of applications (e.g. education, government) and the other one to select categories 
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of TV programs (e.g. films, sports). The organization of options in categories came from the 

usability requirement inspired by the ergonomic principle related to the need of information 

grouping in order to decrease the cognitive user effort when looking for something. So, 

applications and programs were organized in similar groups or categories.  

Figure 45 depicts the legend of the elements used in the task models generated in this 

case study, which follow the CTT task model formalism. 

 

Figure 45 – Task Model Legend 

Figure 46 shows the “access applications by categories” task model. In order to select 

categories of applications, users can: navigate through the categories; select one category; 

choose an application by selecting the desired application in order to view it (use it, then, 

close it) or the system can present an error message if anything goes wrong. “Navigate 

through the categories” task is a usability task because it was derived from a usability 

requirement, as mentioned previously. At any time, users can access the Portal main 

functions: watch TV, go back to the Portal, personalize Portal, and access help. 

When the requirements were defined, they needed to be reviewed before going on to 

other activities. 
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Figure 46 – The Application category task model 

Review Requirements: verify the artifacts with experts and validate with users if the 

requirements are in conformance with their needs. 

The requirements reviewers verified the artifacts produced up to this moment (Vision, 

use cases and task models), as depicted in Figure 47. In our project, the role “requirements 

reviewer” was played by the professionals who were system analysts and usability engineers. 

The requirements reviewers verified if the Vision document, use cases and task models were 

attending the needs/requirements specified during the activity Elicit Stakeholder Needs. 

 

Figure 47 – Usability Engineer inspecting requirements 
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After the requirements were reviewed, the UI designers needed to define the appropriate 

usability pattern to execute the interactive tasks, as presented in the next activity. 

Apply UI Definition Plan: define which usability patterns can be part of the UI according to 

the non-functional requirements defined in the activities Elicit Stakeholder Needs and Detail a 

Use Case. 

Notice that we are going to present the steps taken during the first iteration, in which we 

adopted a more abstract strategy to select usability patterns, as proposed by (Rosson & 

Carroll, 2001), not as we have proposed and exemplified in the next chapter. At that time 

when we applied the following strategy (in February/2005) we had not fully defined the UI 

Definition Plan yet. We will see in chapter 7 the application of the UI Definition Plan for the 

selection of a navigation usability pattern applied for the DTV Access Portal. 

From the list of usability patterns selected to meet usability requirements, the UI 

designers and usability engineers had to decide which of them was more appropriate for the 

DTV. These proposed usability patterns were selected from a list, such as the one available in 

(Welie, 2005), which are organized in the following format: problem to be solved, solution, 

context in which it can be used, and graphical illustration. 

We prepared usability workshops and invited all stakeholders from the institutions 

involved in the project, as specified in section 6.1. In these workshops, we presented usability 

patterns organized in use cases in order for them to evaluate negative and positive 

implications of each pattern to decide which one was the most appropriate (with more positive 

than negative implications). The result of this work was the generation of a table associating 

usability patterns with their positive and negative implications, as explained as follows for 

three use cases: access applications, view help, and personalize the system. 
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For the access applications use case, we decided to navigate with an ‘icon menu’ 

because icons represent real-world objects and they make the UI friendlier, but UI designers 

have to be careful not to use too many options. On the other hand, even though the other three 

menu options leave more space for the UI main content information, novice users may not 

know how to access the ‘retractable menu’ pattern or different TV configurations may cut 

them off when they are too close to the edges. And the ‘requested menu’ requires a high level 

of expertise from users, and novice users might never find out that there is a menu. Although 

the ‘fixed menu’ is the most common one, the icon menu was selected for being more suitable 

for the DTV since it is represented with big images and texts that facilitate viewing from a 

distance place (usually from a sofa far from the TV), unlike from a chair close to the 

computer screen. 

For the view help use case, we decided to use ‘requested help’ because it is simple and it 

allows user explicit control of the system. The ‘automatic wizard’ can be unexpected, possibly 

making the user unsatisfied when it appears in inappropriate moments. 

For the personalize the look and feel of the system use case, we decided to use ‘pre-

defined templates’ with options of font colors and font size, instead of letting users choose 

any combination of text and background color or font size. The use of templates provides 

more ease of use and accessibility for visually-disabled users, even though it does not provide 

total freedom of choice. The use of free set of options increases flexibility of use, but it is very 

difficult for novice users. 

Not everybody participated in the usability events we organized and this fact led to a 

difficulty in maintaining a unique reasoning among all participants concerning the design 

decisions. The events were incremental and if someone lost one event, they would not easily 

understand the results. 
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UI Prototyping: design a UI prototype in paper sketches following the task models and 

the UI Definition Plan. 

The UI designers prepared paper sketches of the Portal including the selected usability 

patterns to attend both usability and functional requirements. 

First, three UI designers discussed among themselves the implications of each decision 

and prepared some versions of paper sketches until they reached a consensus on a final 

version, as depicted in Figure 48 and Figure 49. 

 

Figure 48 – Drawing paper sketches 

 

Figure 49 – UI designer drawing 

 

Figure 50 depicts three buttons on the right of the top bar, which are related to: 

font/background color; font size; and organization of data. When the user selects one of these 

three buttons, the bottom bar presents four buttons, which correspond to four options for each 

kind of personalization. For instance, the bottom bar can show four options to combine 

background and font color; four options of font size; and four options to organize the 

visualization of data, dividing the space on the screen. 

Figure 51 depicts the help paper sketch in which the help section is activated when the 

user is interacting with an application and the help appears in the bottom part of the UI. 
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Figure 50 – The personalization paper sketch 

 

 

Figure 51 – The help paper sketch 

 

At the end of this phase, the stakeholders had a clear view of what the Portal was going 

to be in terms of functionality and navigation, but not yet in terms of look and feel. At this 

point, it was easier to talk with stakeholders because the definitions were no longer in the 

abstract level (needs and requests); they were now concrete and visual definitions (paper 

sketch) of the system. Therefore, we evaluated the paper sketches, as presented as follows. 

Evaluate Prototype: verify if the paper sketches are in accordance to usability principles 

and to validate with users if the paper sketches are in conformance with their view of the 

system and needs. 

The usability engineers verified if the paper sketches were following Nielsen’s usability 

heuristics (Nielsen, 1993), such as correspondence to the real world, user explicit control, 

uniformity, flexibility, etc, as depicted in Figure 52. 
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Figure 52 – Usability engineers evaluating paper sketches 

The heuristics that were clearly achieved were: help with the Help Section; visibility of 

the system status through the titles on the top of every section; association with the real world 

through icons that represent categories; and user explicit control with the Personalization. We 

detected that other heuristics were missing, such as: flexibility and efficiency of use, which 

were not met in the help section because there was no navigation when the help text was 

longer than the space reserved for the help. The detected change requests were passed on to 

the implementers. 

The usability engineers met with the stakeholders to present the paper sketches, as 

depicted in Figure 53. They requested that activated icons should be marked with a square 

around them, instead of animation of icons, which would make the design simpler, according 

to one of Nielsen’s heuristics. Besides, they requested that the personalization options were 

simplified for performance reasons, since the option to divide the TV screen in up to four 

different views would require more processing time than the set-top-box could handle. 
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Figure 53 – Stakeholders evaluating paper sketches 

Figure 54 depicts the updated paper sketch with only two personalization options that 

are accessible from the buttons on the top right, used as input for the next activities, in which 

we evolved the paper sketches. 

 

Figure 54 – The second version of the personalization 

The following three planning activities are performed in parallel with the activities 

explained previously: 
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Plan the Tests: organize the environment for tests. 

The usability experts and the developers prepared the test environment, as depicted in 

Figure 55 and Figure 56. For that, they: prepared the physical structure (TV, Video camera, 

couch, computer to simulate the set-top box) and installed the necessary software (software to 

capture the user interaction with the TV, Linux Operating System, Java Virtual Machine, and 

applications to be tested). 

 

Figure 55 – Installing the TV 

 

Figure 56 – Setting up the sofa 

A group of three usability experts were responsible for performing the following 

activities before the tests started: 

First, they defined two questionnaires: 

• One questionnaire to apply with users before the tests, in order to understand their 

characteristics and familiarity to the DTV technology. 

• The other questionnaire to apply with users after the tests, in order for them to give 

values to criteria (such as ease to perform one task) and to evaluate the navigation and 

communication of the system. In this questionnaire, each criteria is associated to one or more 

expressions said by the users (such as what is it?). These expressions were based on the 

communicability evaluation approach (de Souza, 2005) and others were specific for this 

context of use and our population. 
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Second, they selected appropriate metrics (e.g. number of errors, number of access to 

the help, time to perform a task, etc) to be taken into consideration when evaluating the 

overall results of the tests.  

Third, they created a checklist to apply with users during the tests. It is based on 

Nielsen’s usability goals and on the previously defined metrics. This checklist helped the 

experts to define the criteria used in the second questionnaire mentioned in the previous step. 

The integration of the usability and semiotic engineering happened when, for instance, the 

metrics number of errors with the expression “what is that?” helped to define if the criteria 

ease of use is high (few errors and few repetitions of this expression) or low (many errors and 

many repetitions of this expression). 

Fourth, they selected users with different profiles and scheduled their visits. 

These tasks were performed to support the usability tests, which took place at LUQS 

with prospective users.  

Evaluation of the product focused on functional tests were performed by implementers 

at LUQS and at another laboratory equipped with a set-top-box in order to evaluate the 

product in the infra-structure to be used in the homes with DTV and by the Government 

representatives at the end of the project. 

Plan Implementation: organize the implementation and integration. 

The integrator role was played by an experience implementer, who led the meetings in 

which the implementers defined the coding standardization. The organization of the 

implementation in iterations was previously defined by the Government representatives, who 

delivered a schedule in which we had to deliver three versions of the product in specific dates. 

Plan Deployment: organize the delivery of the product. 
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The Government representatives delivered a documentation informing which artifacts 

had to be delivered at specific dates along with the product, which were the executable 

prototype, the source-code in Java, user support material, and product documentation. 

6.3.2 Elaboration 

The main goals of the elaboration phase are to design a stable version of the architecture 

and of the UI prototype. 

These goals were achieve with the application of the following activities: 

Detail a Use Case: refine usability requirements and task models. 

The prototype evaluations resulted in some changes in the task model. The inclusion of 

navigation in the help section resulted in new tasks related to navigation in the “Access Help” 

task model (Figure 57). The change in the form to activate the icons did not have any impact 

on the task models. But the decrease in personalization options resulted in the deletion of the 

tasks related to the specific personalization of the division of the TV screen. 

 

Figure 57 – Task model for the help 

There were no new requirements presented, so there was no change in the UI Definition 

Plan. 
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Define Architecture: design the classes that fulfill the functionality and usability 

requirements. 

The architecture was defined by the software architects of LUQS (Furtado et al., 2005d) 

and it was validated in a meeting with software architects that represent the Government 

interests. Therefore, this architecture was established as a standard to be followed by the 

participants of the project, as depicted in Figure 58.  

The Presenter package is responsible for presenting on the screen the requested page, in 

this case, the Access Portal. The Interface Manager prepares the page to be presented based 

on the personalization rules. The Application Manager inserts the information of the 

application in the page. The Integrator consists of a repository of visual objects that will be 

used by the Interface Manager to create the page. The Data Manager accesses information that 

arrives via broadcast. The Storage Manager stores the resources in temporary memory. 

 

Figure 58 – The Portal Architecture, extracted from (Furtado et al., 2005d) 
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UI Prototyping: design visual prototypes following the description specified in the task 

models and in the UI Definition Plan. 

The personalization sketch was evolved through a visual prototype already taking into 

consideration the new version of the task model, the architecture, and the remarks resultant 

from the activity Evaluate Prototype. 

Figure 59 depicts the visual prototype with only two personalization options 

(background color and font size) on the top of the screen and the four options of background 

color on the bottom of the screen. 

 

Figure 59 – First version of visual prototype of personalization 

We can also notice that the UI designers decided to group the buttons on the top bar 

since the number of options decreased and the organization of two options on each side would 

lead the user to think that they were divided in categories, which was not the case. Uniting the 

options on one side of the bar made the design simpler and provided only one eye-focus for 

users. 
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Evaluate Prototype: verify if the visual prototypes are in accordance to usability 

principles and to validate with users representatives if they are in conformance with their view 

of the system and needs. 

Before evaluating the visual prototypes with the stakeholders, the usability experts 

evaluated the prototypes (Figure 60) according to Nielsen’s usability heuristics. 

 

Figure 60 – Usability engineers evaluating visual prototypes 

After that, the visual prototypes were presented to the stakeholders, who analyzed them, 

as depicted in Figure 61. 

 

Figure 61 – Stakeholders evaluating visual prototypes 
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The most important decision taken by the stakeholders was to standardize the colors 

(e.g. font, background) and the usability patterns since each prototype had their own style 

guide. The most important decisions concerning the patterns were: (i) the navigation arrows 

should be on the left of each option in white; (ii) the scroll bar should be gray with its 

selection in yellow on the right of the options; (iii) selected items should be yellow; and (iv) 

the most important options should be on the bottom bar using the four colors as depicted in 

any DTV remote control (red, green, yellow, and blue). 

These decisions can all be seen in Figure 62, which depicts the Help Section and 

consolidates all of these usability patterns. 

 

Figure 62 – New version of help in Portuguese, extracted from (Furtado et al., 2005d) 

The decision to use the remote control colors instead of using icons on the bar was 

unanimous because: the icons were too small to be visible from a distance; and most DTV 

systems from around the world use these colors as a standard for quick access to the most 

important options. 
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Besides that, the position of the bar was changed from the top to the bottom because 

most DTV systems used these options on the bottom bar. 

It is important to point out that even though we had studied existing DTV systems 

previously, this decision to change the main bar from the top to the bottom was a request from 

most stakeholders, especially from a group that had recently arrived from England after using 

the British DTV.  

Since the personalization option to divide the screen was excluded, the UI designers 

decided to design a separate page for the personalization functionality with an area where the 

user can preview the changes in font size or color before actually selecting an option, thus, 

excluding the bottom bar in order to facilitate navigation. This way, it was possible to offer to 

users a better preview of the selected option, thus, increasing the ease and efficiency of use 

because the user can complete the task in the same screen. 

At the end of this phase, we had a more stable version of the UI prototype after going 

through various evaluation steps with the stakeholders and according to the initial requests 

from the Brazilian Government. 

As a next step, we were ready to implement executable UI prototypes. 

6.3.3 Construction 

The main goals of the construction phase are to refine the UI design and the 

architecture, and implement a stable version of the product. 

These goals were achieve with the application of the following activities: 

UI Prototyping: refine the prototypes according to the results of the evaluation. 



 147 

Based on the decisions made in the activity Evaluate Prototype in the elaboration phase, 

the UI designers generated a new version of the prototypes for the personalization 

functionality, as depicted in Figure 63. 

 

Figure 63 – 2nd version ‘personalize’ in Portuguese, extracted from (Furtado et al., 2005d) 

Implement Components: develop the classes previously designed and the UI 

prototyped, as depicted in Figure 64. 

 

Figure 64 – The implementers 
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At first, there was no clear definition of which programming language should be used. 

There was doubt between C and Java. After many meetings, the Government decided that 

Java would be the programming language to be used because it already has components, 

library, and software available for the DTV. 

Evaluate Product: verify by using the system in the development site if the 

functionality is according to the requirements. 

In this activity, the programmers and the experts verify the applications using the test 

cases for guidance. 

Test cases were elaborated for the main use cases: Structure applications, Access 

applications, Access Help and Personalization (See Table 6). 

Table 6 – Test Case for Personalization 

Test Case Personalization 

Test Items Changes in font and background color 
Changes in font size 

Pre-conditions The user must be accessing the portal 

Inputs The user must select a type of personalization: Background 
color 

The user selects green 

Expected Result The portal must present the personalized content with a green 
background color 

 

At the end of this phase, we had a stable version of the application after its 

implementation and evaluation of the implementation. 

As a next step, we were ready to prepare the application for delivery. 
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6.3.4 Transition 

The main goals of the transition phase are: i) to implement the components, developing 

any new classes that were defined after the activity Evaluate Product; ii) to verify if the 

implemented product is still according to the requirements; and iii) to deliver the final version 

of the system, which includes to Deploy the System and Evaluate the system. 

There were few problems detected from the evaluation of the product and the 

implementer made the adequate corrections. 

Deploy the System: make the system able to be delivered to the users. 

The Deployment Manager role was performed by an experienced programmer, who 

packaged the integrated product and installed it in the environment prepared for usability 

tests, as depicted in Figure 65. 

 

Figure 65 – Deployment of the application 

Evaluate the System: validate with users if the interactive system is serving the purpose 

of supporting their work in a usable and efficient manner (Schilling et al., 2005). 
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Figure 66 depicts the icon menu representing applications (e.g. communication, 

government, education) and TV categories (e.g. news, films, sports) and the quick access to 

other functions, such as TV, personalization and help in the bottom of the TV screen. 

 

Figure 66 – The Portal in the DTV 

Usability engineers invited users of various ages who were not involved in the project. 

When the users arrived, each one at a time was taken to the DTV room, where a usability 

expert explained the goals of the test; applied the questionnaire; and defined a specific 

scenario to be achieved while interacting with the DTV, as depicted in Figure 67 and Figure 

68.  

 

Figure 67 – Test with kids 

 

Figure 68 – Test with adults 
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The strategy used during the tests was to present a scenario to the user who had to 

understand it in order to be able to execute it. Whenever difficulties were faced, the user could 

keep on trying without tips from the evaluator, but when the user did not reach the goal, 

he/she could receive some tips from the evaluator in order to keep on trying.  

While the user interacted with the application, usability experts filled out the checklist in 

the visualization room, where we monitored the environment and the user with a camera and 

captured the interaction with the DTV using specific software, as depicted in Figure 69 and 

Figure 70. 

 

Figure 69 – Usability engineers observing tests 

 

Figure 70 – Usability engineers discussing after tests 

 

After the evaluation of the Access Portal, we applied the following list of quantitative 

and qualitative questionings (associated to expressions): 

• Ease of performing tasks: I give up! 

• Ease of understanding images: What is that? 

• Ease to read texts: I can’t read… 

• Ease to navigate among options: Where am I? 

• Satisfaction with feedback: Ah! OK! 
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• Ease of use of the remote control: That is hard! 

• Satisfaction with help: I get it now! 

• Association of functionality with remote control: I forgot it! 

• Clear identification of selected option: That is not what I wanted! 

• Ease to get out of an unexpected situation: How do I …? 

With the analysis of the answers of these questionings and the expressions used, we 

reached some quantitative and qualitative conclusions: 

• 85% of the users found the system easy to use, easy to read, and easy to navigate; 

• 50% had difficulties in identifying that an option was selected and in getting out of 

an unexpected situation; 

• No user realized the possibility of navigation through the numbers associated to each 

icon, which represents an interactive application, but when they were told about this, they 

used it and said it was very practical; 

• For them, the icons were not a natural representation, but they did not want to give 

any opinion about possible solutions; 

• When the users were confused and wanted some help, they did not look for it in the 

portal (the blue option in the bottom bar that activates the help module). Some users activated 

the menu button of the remote control and others waited for the evaluator to tell them what 

was necessary to do to obtain the help; 

• As the bottom bar is used as a design pattern to put the navigation options, and as 

each option is different depending on the application being executed, the users got very 

confused. We realized they looked at this bar only once, and then they didn’t look at it any 
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more. After memorizing the options, they wanted to use them all the time, but the color was 

different, so they made many navigation errors. 

The initiative to apply this evaluation method during the development of the product 

was viewed as advantageous by the participants of the UPi. Many usability errors and 

comments to a more usable system could be identified and addressed in the product built and 

helped them to fix the errors. 

At the end of this phase, we had a finished version of the application delivered to the 

final users. Whenever this phase ends with many requests for changes that reflect on the 

implementation, a new iteration of this phase should be performed. When the changes reflect 

on the models and prototypes, a new cycle can start to perform all the phases again. 

6.4 Lessons Learned 

It is important to point out that this is not the first version of our process; we have been 

working on its definition since 2001. As a result, we have learned many lessons through its 

applications in real projects, presentations, and also with reviews of articles submitted to 

conferences. 

First, we have learned that a process that integrates HCI and SE does not necessarily 

have to include everything that is good from both areas. We have to make choices on what is 

most important for our goals. 

We have learned from the case study that the most important aspects in the HCI and SE 

integration are: the integration of HCI with SE models to facilitate communication among 

professionals from different areas; the participation of users to increase their satisfaction; and 

the consideration of usability requests in the UIs to increase the usability level of the delivered 

product. 
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Second, if we want an integrated process to work in real projects, from small to big 

organizations, we must keep it simple. The more roles, artifacts, and activities we include in 

it, the more people are reluctant to read it, understand it, or even apply it. 

This process can be applied both in small and big organizations, the differences will rely 

on the adaptation of the process. The organization can choose to apply certain roles and 

activities according to its needs. 

Third, we do not have to re-invent the wheel. We can reuse the best practices from 

existing processes and integrate them in order to reach our goals. Our process has a great 

influence from the RUP (Krutchen, 2000) and Constantine’s work (Constantine & Lockwood, 

1999), and we have demonstrated in chapter 5 how their practices and rules can be integrate to 

UPi. 

6.5 Results 

After applying the process, we questioned ourselves about its practical application and 

the achievement of its goals. Following, we make the following questions to evaluate the 

process, the generated product, and the benefits to the organization: 

How has UPi improved after its application? 

• Experience with activities made their execution more productive; 

• Adaptation of the artifacts; 

• Consolidation of the design process and of the evaluation strategy; 

• Better definition of the roles. 

How did UPi help in achieving product improvement? 

• Identification of usability patterns; 
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• Adaptation of layout to user profile; 

• Application of navigation patterns (bars); and 

• Definition of a style guide for the DTV. 

Which were the detected benefits for software organizations with the application of 

UPi? 

• Usability and User Satisfaction – The reviews with users of their requirements, use 

of prototypes, and the design of the final product in an iterative manner makes the user an 

active part of the process and results in a higher level of system usability and user satisfaction, 

since we are continually working according to their needs. 

• Facilitate integration and communication – It is easier to work with a multi-

disciplinary group (SE and HCI) when each professional knows their responsibilities in the 

process and acknowledge the advantages of artifacts from other areas of study through the 

application of an integrated process. 

• Productivity – The definition of a lightweight process focusing on activities that add 

value to the usability of the product is crucial for professionals who seek rapid and efficient 

results. 

• Reuse – The inclusion of users’ usability requests in the final system through the 

architecture facilitates the reuse of classes (usability patterns) in different projects, 

independent of the business domain. 

• Reduced Development Cost – The use of prototypes helps users detect problems 

with the UI itself and the architecture before programming starts. 
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6.6 CPQD Process 

CPQD is a Brazilian Government institution that was responsible to send to all 

consortium groups a documentation listing the artifacts that we needed to deliver on specific 

dates throughout the project. 

We made an association of the CPQD artifacts following their defined time line with the 

UPi activities organized in phases, as depicted from Figure 71 to Figure 74. The activities 

only activities that are from the RUP are the activities in the inception phase: ‘Plan the 

Project’ and ‘Evaluate the project scope and risk’, which are related to project management. 

This association is useful to demonstrate that the UPi activities can be performed with 

other process, for instance, the RUP or other customizations made by software organizations, 

such as the one made by CPQD. 

 
Figure 71 – The association of the inception phase 
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Figure 72 – The association of the elaboration phase 

 

 
Figure 73 – The association of the construction phase 
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Figure 74 – The association of the transition phase 

 

6.7 Summary 

This chapter presented the application of a process to design and evaluate applications 

for the DTV, demonstrating the difficulties of applying UPi with a multi-disciplinary team, 

and the benefits resultant from using HCI techniques integrated with SE. 

After the application of UPi in the DTV project, we have reached the goal of proving the 

first hypothesis: The integration of SE and HCI aiming at improving system usability was 

evidenced by the clear definition of roles working on usability activities and those working on 

functionality supported by clear communication and sharing of artifacts that contribute to the 

development of usable UIs. For instance, the execution of requirements workshops in which 

the system analysts identified functional and non-functional requirements served as input for 

both the UI designers and for the software architect. Another example is that the UI designers 

and usability engineers created a style guide for the DTV, which was used by the other groups 

in our consortium that did not have the participation of usability engineers. Last, but not least, 

the constant evaluations of the system lead to more proximity to users’ needs and greater 

usability level. 
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7 UI Definition Plan 

 

 

 

The UI Definition Plan is a new artifact included in the process as our contribution for 

the generation of usable UIs. Its main goal is to define which visual objects and usability 

patterns should be part of the UI. 

This chapter explains the objectives, description, approach, and the application of the UI 

Definition Plan. 

7.1 Objectives 

There are projects in software organizations that represent a new situation for its 

professionals. Picture a project where they need to develop an interactive system with the 

following constraints: its UI requires detailed analyses, its UI is essential for the system 

acceptance, it is intended for a certain user profile that needs special attention, it needs to 

work in a peculiar environment or in a new technology. One example that is well suited in this 

scenario is the Digital TV, which is in its early research and development stages in Brazil, as 

well as in other countries in Latin America. 

In this scenario, UI designers can not rely only on guidelines, since most of them are not 

suitable for new situations that require expertise concerning recent technology issues that 

impact on the UI. Therefore, we suggest UI designers to identify alternatives of UI design 

either based on their creativity or even on existing ideas, expressed in usability patterns, 

which aim to solve specific problems. 
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If this last suggestion is implemented by a software organization, one issue that arises is 

the following: How to choose the best usability pattern from a list of alternatives 

productively? Usually, there are many people involved in the project who want to make their 

opinion have an impact on the final result and such opinions can be controversial since it may 

involve users’ representatives and professionals from the software organization. This fact 

raises another issue: How can we organize the project participants with different points of 

views to choose the best usability pattern? 

These issues motivated us to research existing techniques in order to help UI designers 

in the selection of usability patterns by considering various criteria. As a result of our 

researches, we found works that evaluate options of usability patterns and most of these 

alternatives only focus on the usability criterion considering the users’ point of view, such as 

ease of use, etc. For instance, Rosson and Carroll proposed an approach based on user 

scenarios to decide which interaction features to include in the UI according to positive and 

negative ergonomic characteristics of each feature (Rosson & Carroll, 2001). 

Based on our experience in designing UIs, we noticed that designers need to follow a 

technique that guides them to consider multiple criteria that may have an impact on their 

decision, while making such important decisions in a productive manner. 

As a result, we selected a Multi-Criteria Decision Aiding (MCDA) approach to be 

applied during UI design, called MACBETH (Bana e Costa et al., 2003), and defined an 

artifact, called UI Definition Plan, which lists the usability patterns that are selected with the 

application of this approach. This artifact is useful as a formal document for users’ acceptance 

and also to be used by UI designers while prototyping. 

The UI Definition Plan is the result of the application of an innovative reasoning that 

uses an Operational Research (OR) approach for UI design. It is supported by the MCDA 

methodology, which aims at helping decision-makers in understanding and learning the 
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problem in order to make decisions. It considers both objective and subjective criteria relevant 

to the judgment of options (Baptista, 2000). 

MACBETH is very useful in making decisions based on users’ preferences, according 

to the elicited non-functional requirements. An interesting aspect is that all requirements are 

considered for evaluation, each one with its importance level as specified by users’ 

representatives. It can also consider the software organization’s reality through the analysis of 

usability patterns.  

In general, it provides a more solid decision making process instead of letting UI 

designers decide which patterns to allocate on the UI solely based on their knowledge, or 

letting users’ representatives give design opinions with no prior knowledge. 

The advantage of using patterns instead of only relying on guidelines is that they are in 

essence very general and require specialized knowledge from the UI designer. For instance, to 

apply the guideline “maintain consistency”, UI designers would have to know that they need 

to determine specific areas for: output/input data, error messages, instructions, etc. On the 

other hand, usability patterns graphically presented on a UI as solutions for users’ requests are 

easily and more productively applied during the UI design process when previously mapped 

to usability requirements. 

7.2 Description 

The generation of the UI Definition Plan follows three main steps: 

The first step to produce this artifact is to group system analysts, software architects, 

programmers, UI designers, and usability engineers from a software organization in order to 

define values (in a scale from one to five) for each usability pattern considering each non-

functional requirement. The values can be: extremely low, low, medium, high, and extremely 

high.  
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The usability patterns are organized in usability tasks, for instance, search, navigate, etc. 

That is, for the search task, we can have simple search, advanced search, site index, FAQ, etc. 

We only include tasks related to the usability requirements requested by the Government. If 

the user requested feedback, we include the alert task; for guidance, we include the navigate 

task; for searching facility, we include the search task; etc. 

The second step is to group users and business executives that represent the final user’s 

interests in order to attribute weights (in a scale from one to five) for the non-functional 

requirements selected as criteria for the analysis of usability patterns. 

As the third step, after this attribution of values, the multi-criteria decision making 

algorithm decides which one is the best usability pattern for a certain task (e.g. search) to be 

placed on the UI. 

When the user requests search facility, the UI designer has to choose one option among 

many design alternatives. But, we have to notice that users also require the system to have, for 

instance, high level of performance, high level of reliability, medium level of security, and 

high level of usability, with low costs. The UI Definition Plan decides the best option, 

considering the characteristics of all search alternatives and users’ requirements. 

7.3 Multi-Criteria Decision Approach 

The approach we are applying is called MACBETH (Bana e Costa et al., 2003), which 

is a multi-criteria decision-making process that considers multiple criteria in order to choose 

the best option for a certain issue. MACBETH (Measuring Attractiveness through a Category 

Based Evaluation TecHniques) needs only qualitative judgments, which facilitates the 

participation of customers, and end-users in the decision-making process. 

With the M-MACBETH software (www.m-macbeth.com), it is possible to: handle 

inconsistencies, which are verified; view suggestions for inconsistencies; view a quantitative 
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evaluation model based on the evaluator’s qualitative judgments; view the attractiveness of 

the options taking into consideration all the criteria; and analyze the results. 

MACBETH is a humanistic, interactive, and constructive approach because it is based 

on MCDA methodology. It is considered humanistic because it facilitates communication 

among decision-makers through discussions over their opinion; interactive because it uses a 

reflection and learning process supported by the M-MACBETH software; and constructive 

because it helps the group of decision-makers to build robust convictions based on different 

options presented to solve the given problem. 

Besides the advantages and characteristics of MACBETH and of M-MACBETH, we 

have decided to apply this approach supported by the software because our laboratory staff at 

the Masters in Applied Informatics at UNIFOR has acquired knowledge and experience in 

this approach and with the system in the past few years, especially from research works that 

resulted in articles, research works, and dissertations, such as (Mendonça, 2003) and (Souza, 

2003). In addition to that, it is not the scope of this dissertation: to prepare the state-of-the-art 

concerning multi-criteria decision making approaches, compare existing approaches, and to 

choose the most appropriate one. At this point, our goal is to demonstrate the applicability of 

a multi-criteria decision making approach in the selection of the most suitable usability 

pattern for a specific task. 

The key stages in the MACBETH decision making process are the following, as 

depicted in Figure 75: 
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Figure 75 – Phases and stages of the MACBETH 

Structuring: 

• Criteria: Structuring the values of concern and identifying the criteria. 

• Options: Defining the options to be evaluated as well as their performances 

Evaluating: 

• Scoring: Evaluating each option’s attractiveness with respect to each criterion.   

• Weighting: Weighting the criteria.   

Recommending: 

• Analyzing Results: Analyzing options’ overall attractiveness and exploring the 

model’s results.   

• Sensitivity Analyses: Analyzing the sensitivity of the model’s results in light of 

several types of data uncertainty. 

Structuring stimulates the reflection process of the decision-makers with discussions to 

identify relevant criteria (organized in a tree form) to evaluate the options. 

Evaluating is simple to apply because the group of decision-makers can rank the options 

by comparing them two at a time, and the software evaluates the compatibility of the collected 

judgments and displays the source of the problem to facilitate discussion. 
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Recommending is important to present for decision-makers the attractiveness of the 

options in order to derive the most preferred option. 

The people involved in the decision-making process, following the stages presented 

previously, are called actors. They can be either a facilitator or a decision-maker. The 

facilitator helps in understanding the problem, thus, building a model that represents the 

complexity of the situation. To do this, he/she directs the discussion, in group, aiming at 

understanding the opinions of the actors and allowing them to better know the situation as 

whole. The facilitator must, according to (Bana e Costa, 1992), maintain a neutral point of 

view related to the subject under discussion, not intervene in the judgment of the decision-

makers, and facilitate their learning process. The decision-makers are the other participants of 

the group, who benefit from the issue being analyzed, with the power to intervene in the 

construction and use of the model.  

The decision-makers are organized in two groups: one that represents the software 

organization’s point of view and evaluates patterns, and the other one that represents the 

users’ point of view and evaluates criteria. 

Following, we present an application of the MACBETH approach and the M-

MACBETH software. In this case, the facilitators were usability engineers who helped UI 

designers (decision-makers) when judging the options, that is, the usability patterns and also 

helped users (decision-makers) when ranking the criteria. 

Each actor has a different point of view related to the problem that has a direct impact 

on the final decision. Since different points of view lead to different opinions, the humanistic 

approach of MACBETH allows the decision-makers to discuss their opinions until they reach 

a consensus. 
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7.4 Application 

Following, we present all of the MACBETH stages, as depicted in Figure 76, based on 

the summary of the MACBETH decision aid process from (Bana e Costa et al., 2003), then, 

we exemplify the stages with figures from the M-MACBETH software. 

The scenario in which we applied MACBETH was on the selection of a usability pattern 

to attend the usability requirement that was considered the most relevant for the DTV project 

and that was required by the Brazilian Government, which is to provide guidance for all kinds 

of users while interacting with the system. To meet this requirement, we proposed the 

usability task navigate, and associated to it four different types of usability patterns: menu 

with icons, retractable menu; fixed menu; and activated menu. 

We involved four usability experts from the DTV project to participate as decision-

makers, who represented the organization’s point of view during the evaluation of the 

usability patterns, and eight project participants, who represented the user’s point of view to 

evaluate the criteria selected for the project, facilitated by the author of this work. 
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Figure 76 – MACBETH Stages 
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7.4.1 Structuring 

7.4.1.1 Identifying the criteria  

The Brazilian Government sent a formal documentation listing constraints for the 

Brazilian Digital TV System, which was used to identify the criteria necessary to choose the 

most appropriate usability pattern. These criteria are the child nodes in Figure 77: price, 

maintenance, performance, efficiency of use, ease of learning, ease of remembering, error 

rate, and subjective satisfaction. The other nodes (cost, quality and usability) were included in 

the tree to make explicit which non-functional requirements are relevant to the decision, but 

are not taken into account as criteria to evaluate the UI design.  

The software organization can add any other criteria based on their specific needs. 

Concerning usability, we used usability metrics defined by (Nielsen, 1993), which are 

efficiency of use, ease of learning, ease of remembering, error rate, and subjective 

satisfaction. 

Efficiency of use allows users to be fast and productive while performing tasks. 

Ease of learning concerns the UI being intuitive to novice users. 

Ease of remembering is concerned with the ability users may have to remember the UI 

after some time not using it. 

Error rate is related to the UI being reliable, thus, avoiding users to make mistakes. 

Subjective satisfaction is related to the UI being able to please and capture the attention 

of users. 

The software organization can identify any other criteria they find important for the 

project, such as security, etc. 
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Figure 77 – Criteria for UI Design 

7.4.1.2 Defining the options 

Options for the UI design decision making process involve a list of usability patterns for 

a certain usability task. 

We defined four options for the ‘navigate’ task, such as specified in Figure 78, which 

will be evaluated according to the previously identified criteria. These options will be 

evaluated considering each criteria. 

In cases when there is no usability pattern previously defined, the usability engineers 

and UI designers must identify alternatives of UI design either based on their creativity or 

even on existing ideas, expressed in usability patterns, which aim to solve specific problems. 
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Figure 78 – List of options 

7.4.2 Scoring 

7.4.2.1 Ranking within a criterion 

Usability engineers and UI designers were organized in a meeting, where they ranked 

the options for each criterion from the most attractive to the least attractive (from left to right, 

as illustrated in Figure 79 with the arrow) in the software organization’s point of view. These 

rankings were made based on the experience of UI designers and usability engineers who 

were responsible for designing and testing UIs for the Digital TV Project. 

 

Figure 79 – Ranking of options 

For price, they ranked the options from the least expensive to the most expensive.  

For maintenance, they ranked the options from the easiest to maintain to the most 

difficult to maintain. 
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For performance, they ranked the options from the highest system performance to the 

lowest system performance.  

For efficiency of use, they ranked the options from the most efficient to use to the 

slowest to use.  

For ease of learn, they ranked the options from the easiest to learn from the hardest to 

learn.  

For ease of remembering, they ranked the options from the easiest to remember how to 

use it from the hardest to remember.  

For error rate, they ranked the options from the lowest error rate to the highest error 

rate.  

For subjective satisfaction, they ranked the options from the highest satisfaction level to 

the lowest satisfaction level.  

The summary of the ranking of the criteria is depicted in Table 7. 

Table 7 – Ranking of criteria 

Criterion (values range) From To 
Price Least expensive Most expensive 
Maintenance Easiest to maintain Hardest to maintain 
Performance Highest performance Lowest performance 
Efficiency of use Most efficient Slowest to use 
Ease of learning Easiest to learn Hardest to learn 
Ease of remembering Easiest to remember Hardest to remember 
Error rate Lowest error rate Highest error rate 
Subjective Satisfaction Lowest satisfaction Highest satisfaction 

 

7.4.2.2 Judging the differences of attractiveness within a criterion 

Then, they evaluated the difference of attractiveness between the options for each 

criterion using a six-option scale that includes: extreme, very strong, strong, moderate, weak, 
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and very weak, depicted from Figure 80 to Figure 87. For instance, for price, while the 

difference between fixed menu and retractable menu is weak, the difference between fixed 

menu and icon menu is strong because the fixed menu is a lot cheaper than the icon menu. 

 

 
Figure 80 – Judgments of options for Price 

 
 

 
Figure 81 – Judgments of options for Maintenance 

 

 
Figure 82 –  Judgments of options for Performance 
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Figure 83 – Judgments of options for Efficiency of Use 

 
Figure 84 – Judgments of options for Ease of Learning 

 
Figure 85 – Judgments of options for Ease of Remembering 
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Figure 86 – Judgments of options for Error Rate 

 
Figure 87 – Judgments of options for Subjective Satisfaction 

After this analysis, it is possible to see the options in decreasing order (from top to 

bottom) of attractiveness for each of the criteria, as a summary of this evaluation in Figure 88. 

 

Figure 88 – Table of rankings 

7.4.2.3 Quantifying attractiveness from the comparison of options 

For each criterion, it is possible to see the attractiveness of the options. Figure 89 depicts 

the scores of the options for the criterion Efficiency of use. The scores of the options can be 
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changed within an interval, as depicted in red on the left of the figure. This interval needs to 

be obeyed in order to maintain compatibility with the previous judgments.  

 

Figure 89 – Attractiveness of the options for the criterion Efficiency of Use 

The possibility to make changes on the scores can be made until the decision-makers are 

satisfied with the differences within the scale. When they change the scores of options, there 
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is a direct impact on the final solution that presents a list of options from the most attractive to 

the least attractive. 

7.4.3 Weighting 

7.4.3.1 Ranking the weights 

The users’ representatives were organized in a meeting, where they ranked the criteria 

from the most attractive to the least attractive (from left to right as illustrated in Figure 90 

with an arrow) in the user’s point of view, represented by stakeholders of the Digital TV 

Project. This step is similar to the ranking of options, as presented in section 6.4.2.1. 

 

Figure 90 – Ranking of the criteria 

7.4.3.2 Judging the differences of overall attractiveness 

The users’ representatives evaluated the difference of attractiveness between the criteria 

in the user’s point of view, as depicted in Figure 91. The point of view considered was also 

obtained from the stakeholders of the Digital TV Project. This step is similar to the judging of 

options within a criterion, as presented in section 6.4.2.2. 
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Figure 91 – Weighting criteria 

 

7.4.3.3 Quantifying the weights 

 

 
Figure 92 – Weights of criteria 

 
Figure 93 – Adjusting weights of criteria 

 

From the data inserted in the weighting matrix of judgments (Figure 91), it is possible to 

analyze the weights of the criteria (Figure 92) and adjust them (Figure 93) according to the 
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user’s point of view. Any changes in the weights of the criteria may reflect on changes in the 

final result (Figure 94). 

7.4.4 Analyzing Results 

7.4.4.1 Analyzing the options’ overall attractiveness 

 
Figure 94 – Overall analysis of options 

The analysis of the weights of the criteria (from the users’ point of view) and the 

judgments of the options (from the software organization’s point of view) resulted in the 
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following sequence of attractiveness of the options (Figure 94): The list from the most 

attractive to the least attractive is: icon menu, fixed menu, requested menu, and retractable 

menu. Therefore, the selected usability pattern was the icon menu. 

7.4.4.2 Analyzing options’ profiles 

Figure 95 and Figure 96 show the profiles for the options icon menu and fixed menu, 

respectively, by taking into consideration the weights of the criteria, thus, demonstrating the 

contribution of the option’s score to the option’s overall score in Figure 94. 

 

Figure 95 – Profile of the icon menu 

 

Figure 96 – Profile of the fixed menu 

 

They learned by analyzing the profiles that the criteria that most contribute for the icon 

Menu being the most appropriate usability pattern are: ease of learning, efficiency of use, and 

ease of remembering. Therefore, changes in the scores of the options for these three criteria 

might impact on the overall result. 
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7.4.5 Sensitivity Analyses 

7.4.5.1 Analyzing sensitivity 

After the result is reached, either the user might change their opinions about the weights 

they provided for the criteria or the software organization staff about the judgments they made 

for the options. 

They can analyze to which extent changes on a criteria weight or in options’ scores can 

impact on the overall result. 

The sensitivity analysis enables the verification of the intersection of two options, 

meaning the change on the weight of a certain criterion necessary to swap the rank of the 

options in the overall attractiveness. 

In Figure 97, we see that to swap the rank of options icon menu and fixed menu in the 

overall thermometer, it is necessary to change the weight of performance to 81.6. 

 

Figure 97 – Sensitivity analysis for the performance criteria 
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As we can see in Figure 98, taking into account the current analysis, it is not possible to 

make such change in the performance weight since the maximum acceptable value for its 

weight is13.02. 

 

Figure 98 – Possibilities of weight changes for performance 

The same applies for the sensitivity analysis of the criteria maintenance and cost. For the 

sensitivity analysis of the usability criteria is different because it is not identified an 

intersection between the options icon menu and fixed menu that could swap their rank in the 

overall thermometer, as depicted in the sensitivity analysis of the criterion efficiency of use in 

Figure 99. 
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Figure 99 – Sensitivity analysis for the efficiency of use criteria 

Since in this scenario, changes in the criteria weights did not impact the overall result, 

and the stakeholders were satisfied with the analysis they made on the criteria, the UI 

designers and usability engineers made some changes on the scores of options. They selected 

three criteria that have an impact on the final result, as demonstrated in section 7.4.4.2. 

Therefore, they changed the scores of the options for the criteria ease of learning, 

efficiency of use, and ease of remembering, as demonstrated in Figure 100 for the criteria ease 

of learning.  

The scores of the options and the weights of the criteria can be changed within an 

interval, which needs to be obeyed in order to maintain compatibility with the previous 

judgments. The possibility to make changes on the scores and weights can be made until the 

decision-makers are satisfied with the differences within the scale. Any changes in the scores 

of options and weights of the criteria may reflect on changes in the final result. 
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Figure 100 – Change in the scores of options in the criteria ease of learning 

As a result, the overall thermometer presented a different result, in which the fixed menu 

is the most appropriate usability pattern, as depicted in Figure 101. But, in our project, no 

changes were made to the final result and the used usability pattern was the icon menu. 
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Figure 101 – The new result 

7.5 Contributions 

This work is innovative in the sense that it integrates an approach from OR in order to 

solve an issue for UI design. 

In this approach, several stakeholders with different knowledge background can 

participate, including project managers, programmers, software architects, usability engineers, 

UI designers, users' representatives, etc. The evaluations of patterns and criteria are supported 

by meetings in which all of them present their opinion and discuss points of view until they 

reach a consensus.  

In more details, it can contribute with usability and productivity to the UI design 

process:  
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Concerning usability, the UI Definition Plan can improve the overall UI usability 

through the use of usability patterns that represent best design solutions for known usability 

problems. 

Concerning productivity, it has four main advantages: 

- Structured technique – The UI Definition Plan has a structured technique with defined 

steps that helps UI designers in selecting usability patterns in an objective manner; 

- Defined responsibilities – This approach allows the evaluation of the importance of 

non-functional requirements that have a direct impact on usability patterns from the users' 

point of view, and it also allows UI designers to evaluate the usability patterns from the 

software organization's point of view. 

- Organized meetings – The decision-makers present their opinions in meetings 

organized by a facilitator that arranges the discussions toward a consensus with objectivity. 

- Reliable algorithm – The use of a software that processes an algorithm provides a 

rapid, mathematical, and reliable result. 

7.6 Summary 

The MACBETH approach to multi-criteria decision making allows decision-makers to 

qualitatively evaluate their preferences at a greater depth than usual in order to have a clearer 

vision of the situation and, with the support of the M-MACBETH software, receive 

mathematically significant results. 

After the application of the UI Definition Plan for the DTV project, we have reached the 

goal of proving the second hypothesis. 

The performance of usability workshops in which the participants evaluate usability 

patterns considering only usability impacts imposes difficulties since most participants are not 
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usability engineers, nor UI designers. The UI Definition Plan uses an approach in which 

several stakeholders with different knowledge background can participate, including project 

managers, implementers, software architects, usability engineers, and UI designers. The 

adopted approach allows the stakeholders from a customer point of view to evaluate the 

importance of non-functional requirements that have a direct impact on usability patterns, 

which are also evaluated by usability engineers and UI designers from the software 

organization point of view. These evaluations are supported by meetings in which all of them 

present their opinion and discuss points of view until they reach a consensus. Unlike other 

approaches, it does not require customers to evaluate the usability level of usability patterns, 

since most of them do not have background knowledge for that. Therefore, this approach is 

more solid because it does not require stakeholders to contribute with background knowledge 

they do not have. 
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8 Process Improvement 

 

 

 

There are numerous recent works, such as in (Bias & Mayhew, 2005) and in (Gulliksen 

& Goransson, 2003), that argue that numbers help in monitoring usability works, and it is also 

a concrete way to present to managers and other stakeholders the benefits of applying 

usability in a SDP. 

In this chapter, we present the motivation for the evaluation of UPi and the actual 

evaluation of some UPi activities performed during the DTV project. 

8.1 Motivation 

Software organizations that are concerned with usability do not only need to emphasize 

UI metaphors and consistent displays, they also need to have a strong process (Rosson & 

Carroll, 2001). A process must bring credibility both to the development team and to the 

customers. To do that, the process should generate effective artifacts with high productivity, 

and generate products with usability and that attend the needs of customers, including end 

users. 

In order to evaluate if organizations are applying a strong process, we propose that each 

organization should measure and monitor their process, as suggested by ISO 9001:2000 (NBR 

ISO 9001, 2000). (Karat & Lund, 2005) suggest the definition of metrics and data collection 

mechanisms to support software organizations in the evaluation and improvement of their 

process. Monitoring the process supports the generation of the final product with more quality 
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and to constantly improve the process. They argue that a process that is composed of effective 

design activities is directly related to product usability. 

With the growing need to include usability activities and techniques in SDPs, software 

organizations want such activities and techniques to promote clear requirements, eliminate 

major risks early in the process, improve effectiveness of artifacts, reduce the cost of 

development, among other aspects. With the competitive environment among software 

organizations, none of them want to lose time with ineffective activities or producing artifacts 

that are not useful. Software organizations want their work to contribute to the perceived and 

actual internal ROI (Wilson & Rosenbaum, 2005). In our experience during the Digital TV 

project, the actual internal ROI was evaluated according to the efficiencies measured during 

the development of the DTV Access Portal that can be attributed to the application of UPi. 

Therefore, software organizations need to create metrics associated with usability 

objectives and to allocate a staff to track the process across iterations. As stated in (Karat & 

Lund, 2005), the identification of how usability aspects impact the ROI improves the 

allocation of resources to those development efforts, including investment in HCI. 

In order to evaluate the actual internal ROI, such as increased employee productivity 

and improved effectiveness (Karat, 2005), we propose the application of an approach to 

measure and improve the process performance, and the use of a Performance Analysis tool, 

called PlanexStrategy. 

8.2 Evaluation of the ROI 

Our approach to measure and improve SDPs according to the actual internal ROI is 

based on PDCA (Meisenheimer, 1997) and on a quality approach proposed by (Rocha, 

Maldonado & Weber, 2001).  
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The PDCA method is composed of four phases: Plan, Do, Check, and Act. Plan means 

to plan what needs to be done, establish objectives, and define metrics to achieve them. Do 

means to execute what was planned according to the objectives. Check means to verify the 

results in order to check if the work is being executed according to the plan. Act means to take 

corrective actions whenever necessary, as detected in the Check phase. 

The quality approach proposed by (Rocha, Maldonado & Weber, 2001) is composed of 

the following steps, which can be put into practice throughout the entire process: 

• Selection/definition of adequate metrics to perform measures based on previously 

identified objectives; 

• Perform measures throughout the SDP; 

• Analyze the results of the application of the process in projects, supported by a tool. 

Integrating these two approaches, we have defined our performance analysis approach to 

measure and improve UPi using PlanexStrategy, through the execution of six main steps: 

• Identify strategic objectives; 

• Define metrics to achieve the objectives; 

• Perform measures to check if the objectives are being achieved; 

• Analyze the results of the measures; 

• Perform critical analysis of detected or possible problems; 

• Identify initiatives to solve or avoid the problems. 

There were two usability engineers and one quality expert involved in the application of 

PlanexStrategy to support our performance analysis approach. Following, we explain the six 

steps of our approach during its application in the Digital TV project. 
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8.2.1 Identification of Strategic Objectives 

The strategic objective established for this project was to evaluate the application of UPi 

in order to improve it with better techniques, artifacts, or activities that bring usability, 

productivity and integration for professionals who apply the process. 

8.2.2 Definition of Metrics 

We proposed metrics for some of the UPi activities in order to evaluate the level of 

contribution of each activity. These metrics are intended to verify if the activity has positive 

or negative outcomes with its execution for the software organization, that is, the evaluation 

of the actual internal ROI. We suggest these metrics to be collected in every project 

throughout the process whenever the activity is executed. 

This set of metrics is not intended to be the best set, but it is enough to allow the 

evaluation of UPi, according to our previously defined strategic objective. We also considered 

that we needed to define a set of metrics to start measuring the process and that such metrics 

could be further improved based on the experience obtained with their application. 

Table 8 lists the association of four UPi activities with their metrics, the complete set of 

the activities and their associated metrics is listed in Annex B. 

Some of these metrics are associated with positive outcomes, such as the metrics for the 

activities: Elicit Stakeholder Needs, Evaluate Components, and Evaluate the System; while 

the metric for the activity UI Prototyping is associated with negative outcomes. For instance, 

more number of versions for visual prototypes means that there are many change requests, 

requirements were not well understood, etc. By number of versions, we mean the number of 

changes made in UI prototypes until it is accepted by users, not number of UI alternatives. 

The outcomes of the metrics are directly related with the goal of the metric, that is, positive 
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outcomes are related to maximization goals and negative outcomes are related to 

minimization goals. 

Table 8 – Association of Activities and Metrics 

Activity Metric 

Elicit Stakeholder Needs Effectiveness of workshops and observations 

Number of versions for paper sketches UI Prototyping 

Number of versions for visual prototypes 

Evaluate Components Level of correctness of use cases 

Evaluate the System Level of user satisfaction 

 

Each metric has formula, purpose, goal, and the frequency: The formula is important to 

allow different people to collect metrics following the same procedure. The purpose is the 

reason why this metric needs to be collected; the goal is a direction aimed for the measure, 

which can be of three types: reach, maximize to reach, and minimize to reach; and the 

frequency can be: daily, weekly, monthly, yearly, but specific frequencies can also be defined, 

such as, every ‘two’ years. 

Following, we present the formula for each metric, three of them are specified in 

percentage and two in units. To better analyze if the process is reaching the goal of bringing 

more usability to the final product and if its activities are being executed in an efficient 

manner, it is necessary to define quantifiable measures that need to be frequently collected. 

Collected data presented through numbers and graphs can be a robust source of information to 

help in the analysis of the efficacy of the process and of the actual internal ROI. 

Table 9 presents the formulas for the metrics previously identified, the complete list is in 

Annex B. 
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Table 9 – Identification of Formulas for the Metrics 

Metric Formula 

Effectiveness of workshops and observations 
(%) 

(Number of requirements elicited with 
workshops and observations / Total 
number of requirements elicited) * 100 

Number of versions for paper sketches Number of versions for paper sketches 

Number of versions for visual prototypes Number of versions for visual prototypes 

Level of correctness of use cases (%) (Number of correct use cases / Total 
number of tested use cases) * 100 

Level of user satisfaction (%) (Number of tasks well accepted/ Number 
of evaluated tasks) * 100 

 

Following, we present the purpose of the identified metrics, the complete list of metrics 

and their purposes is in Annex B. 

Effectiveness of workshops and observations – To analyze if most of the system 

requirements present in the requirements documentation were acquired in the workshops and 

observations performed during the inception phase, instead of using other means, such as 

informal conversation after evaluation of artifacts, among others, which can lead to future 

change requests. 

Number of UI prototype versions (applied for the three types of prototypes) – To 

verify the number of versions for paper sketches, visual prototypes, and executable prototypes 

throughout the process in order to learn if there are more change requests in the UI prototypes 

than expected. 

Level of correctness of use cases – To verify if the use cases are correct according to 

test cases in order to evaluate their adequacy to the specified functionality during the activity 

Evaluate Components. 
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Level of user satisfaction – To verify the number of tasks well accepted by users 

during the activity Evaluate the System. 

Next, Table 10 shows the goals and frequencies for the metrics, previously explained. 

Table 10 – Identification of goals and frequency for the metrics 

Metric Goal Frequency 

Effectiveness of workshops and 
observations 

Maximize to reach Every week (inception) 

Number of versions for paper 
sketches 

Minimize to reach Every month (elaboration) 

Number of versions for visual 
prototypes 

Minimize to reach Every month (elaboration) 

Level of correctness of use cases 
 

Maximize to reach Every month (construction) 

Level of user satisfaction Maximize to reach Every month (transition) 

 

The goal ‘reach’ is used when the organization wants to reach a specific value. The 

goals ‘maximize to reach’ and ‘minimize to reach’ are used when the organization is starting 

to evaluate the process and it does not have data from previous years, so, it needs to define a 

specific value to be reached towards a specific direction. In our examples for the DTV project, 

we are going to use the goals ‘maximize to reach’ and ‘minimize to reach’ for all the 

identified measures. 

The frequency of data collection respects the execution of the process. 

8.2.3 Performance of Measurements 

To collect metrics, the software organization needs to document the results of the 

activities throughout the process lifecycle. Table 11 shows the values we have collected for 

some of the metrics during the process.  
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When we defined the goal of the measure as being maximize to reach, we needed to 

define the planned target value and the minimum acceptable value; and with the goal to 

minimize to reach, we needed to define the planned target value and the maximum acceptable 

value.  

Table 11 – Values for the metrics 

Metric Minimum 

acceptable 

value 

Planned 

target 

value 

Maximum 

acceptable 

value 

Effectiveness of workshops and observations 45.00% 80.00%  

Number of versions for paper sketches  3 6 

Number of versions for visual prototypes  2 5 

Level of correctness of use cases 75.00% 90.00%  

Level of user satisfaction 60.00% 70.00%  

The activity Elicit Stakeholder Needs had data collected for the effectiveness of 

workshops and observations, as shown in Figure 102, which depicts that such effectiveness 

increased slowly throughout the process. The goal of the metric Effectiveness of workshops 

and observations is to maximize to reach 80%, with the minimum acceptable of 45%. Since 

the collected data did not reach the goal, but it got close, by the end of the process, the metric 

is labeled with a yellow sign, which means that this activity is in a regular level. 



 195 

 
Figure 102 – Collected data of effectiveness of workshops/observations 

 

The activity UI Prototyping had data collected for the number of versions of paper 

sketches, as shown in Figure 103, which depicts that the number of versions decreased 

throughout the process. The goal of the metric Number of versions for paper sketches is to 

minimize to reach three (3) versions, with the maximum acceptable number of six (6) 

versions. Since the collected data passed the aimed goal by the end of the process, the metric 

is labeled with a green sign, which means that this activity is in a good level. 
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Figure 103 – Collected data of number of paper sketches 

The activity UI Prototyping had data collected for the number of versions of visual 

prototypes, as shown in Figure 104, which depicts that the number of versions decreased 

throughout the process. The goal of the metric Number of versions for visual prototypes is to 

minimize to reach two (2) versions, with the maximum acceptable number of five (5) 

versions. Since the collected data just reached the goal by the end of the process, the metric is 

labeled with a yellow sign, which means that this activity is in a regular level. 



 197 

 
Figure 104 – Collected data of number of visual prototypes  

The activity Evaluate Prototype had data collected for the level of correctness of use 

cases, as shown in Figure 105, which depicts that the level of correctness increased 

throughout the process. The goal of the metric Level of correctness of use cases is to 

maximize to reach 90%, with the minimum acceptable number of 75%. Since the collected 

data passed the aimed goal by the end of the process, the metric is labeled with a green sign, 

which means that this activity is in a good level. 

The activity Evaluate the System, which had data collected during usability tests 

(presented in section 6.3.4), shown in Figure 106, which depicts that the level of user 

satisfaction increased throughout the process. The goal of the metric Level of User 

Satisfaction is to maximize to reach 70%, with the minimum acceptable level of 60%. Since 

the collected data passed the aimed goal, the metric is labeled with a green sign, which means 

that this activity is in a good level. 
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Figure 105 – Collected data of level of correctness of use cases 

 
Figure 106 – Collected data of level of user satisfaction 
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8.2.4 Analysis of the Results 

It is possible to analyze the overall situation of each metric in terms of its level (bad, 

regular or good) and of its tendency (to increase, to decrease or neutral). 

When the goal of the metric is to maximize to reach and its tendency is to increase, the 

overall analysis shows a green arrow pointing up, but if its tendency is to decrease, the overall 

analysis shows a red arrow pointing down. When the goal of the measure is to minimize to 

reach and its tendency is to decrease, the overall analysis shows a green arrow pointing down, 

but if its tendency is to increase, the overall analysis shows a red arrow pointing up. 

Figure 107 depicts that: (i) the metric Effectiveness of workshops and observations is in 

a regular situation and its tendency is good, since it is increasing and its goal is to maximize to 

reach; (ii) the metric Level of correctness of use cases is in a good situation and its tendency 

is neutral, since it had two collected data with the same level and only in the last collection it 

had an increase, which can not determine a tendency; (iii) the metric Level of User 

Satisfaction is in a good situation and its tendency is good, since it is increasing and its goal is 

to maximize to reach; (iv) the metric Number of versions for paper sketches is in a good 

situation and its tendency is good, since it is decreasing and its goal is to minimize to reach; 

and (v) the metric Number of versions for visual prototypes is in a regular situation and its 

tendency is good, since it is decreasing and its goal is to minimize to reach. 

 
Figure 107 – Situation of metrics 

In order to see the comparison among some activities, we can relate them, as 

demonstrated as follows. 
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First, we related the metric Effectiveness of workshops and observations with the metric 

Number of versions of paper sketches. Figure 108 depicts that the more effective the 

workshops and observations are, the number of versions of paper sketches decreases. 

 
Figure 108 – Relation between workshops and paper sketches 

What we have learned with these results is that the clearer are the requirements 

elicitation in the workshops and observations, less change requests are required for paper 

sketches because of forgotten functionality, unclear communication, etc. 

8.2.5 Performance of Critical Analysis 

When the collected data has values contrary to the specified goals, it means that the 

activity is presenting problems in its execution. The main goal of this evaluation is to detect 

problems early in the process in order to take corrective actions to constantly improve the 

process. Following, we present an example that happened during the DTV project in which 

the outcome of the activity UI Prototyping was negative. As a result, we analyzed the possible 

causes for the detected problem, as depicted in Table 12. 
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Table 12 – Causes of the detected problem 

Problem Many versions to correct problems in UI prototypes 

Cause 1 Lack of  pre-defined style guide 

Cause 2 Lack of foundation for decision on usability patterns 

Cause 3 Lack of participation of stakeholders in all of the workshops 

         Cause 3.1 Stakeholders did not understand sketches to be able to give 
suggestions of improvement 

 

After identifying these causes, we specified a corrective action, directly related to cause 

3.1, by defining the action, justifying it, and defining a procedure to be followed during the 

process, as specified in Table 13. 

Table 13 – Specification of corrective actions 

Corrective Action Designers sketch UIs with stakeholders actively participating 
during the workshops 

Justification Stakeholders better understand sketches and the reason for selected 
interaction styles and usability patterns when they are active 
participants. 

Procedure - Schedule workshops 

During the workshops: 

- Apply the UI Definition Plan 

- Sketch UIs for each use case on the board with stakeholders 

- Make changes on the UIs on the board as stakeholders request 
(obeying the UI Definition Plan) until an agreement is reached. 

 

We can also analyze the results of the current project by comparing them with the 

measurements from previous projects. It is our intention to do this comparison in the next 

projects at LUQS. 
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8.2.6 Specification of Initiatives 

Based on the corrective action previously defined, we created an initiative that is 

monitored by an action plan, which has a planned schedule that is compared with the real 

schedule as the actions are performed. 

The defined action plan is based on the procedure of the corrective action and it is 

composed of four actions: schedule workshops, apply the UI Definition Plan, sketch UIs, and 

change UIs, as depicted in Figure 109. 

 

Figure 109 – Action Plan for the initiative to perform paper sketch workshops 

The action plan serves as a mini project to guide process evaluators in checking if the 

corrective actions are put into practice to solve the detected problems. 

8.3 Summary 

This chapter presented the application of a Performance Analysis tool, PlanexStrategy, 

in the evaluation of the process we proposed, UPi, in order to facilitate its constant 

improvement. 
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After the application of PlanexStrategy in some UPi activities executed in the DTV 

project, we have reached the goal of proving the third hypothesis. 

Strategic planning previous to the application of the process helps in the identification of 

areas in the process that need special attention during its execution. Such attention can be 

given through collection of data, which leads to the identification of potential risks early in 

the process and the performance of corrective actions before such risks become actual 

problems for the process or for the product. The avoidance or correction of problems related 

to the execution of the process leads to constant process improvement and greater ROI of 

usability. 
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9 Conclusion 

 

 

 

This chapter concludes this work with an overview of our perception of the work, the 

lessons learned with this work, and finishes with a list of future works. 

9.1 Overview 

We aimed at presenting a real application of UPi in a research project in order to prove 

that this process is able to achieve results that are aimed by most professionals involved in 

designing interactive systems.  

The main contributions of this process are: (i) the participation of users throughout the 

process, especially during requirements elicitation, requirements validation, and prototyping; 

(ii) the concretization of usability requirements through the identification of usability tasks; 

(iii) the integration of usability tasks and functionality tasks in the task model; (iv) the use of 

task models to facilitate the organization of UIs based on the task model’s hierarchical 

structure; (v) the evaluation of multiple usability patterns to choose the one most suitable to 

functional and non-functional requirements; (vi) the iterative evaluation of the UIs starting 

with the evaluation of prototypes until the implemented system; and (vii) the mapping of 

usability requirements, usability tasks, and usability patterns as a source for UI design. 

The results we achieved with the process were the following, which are related to each 

contribution specified above, respectively: (i) user satisfaction; (ii) the decrease in the number 

of change requests in the final system related to the lack of usability; (iii) better 

communication between UI designers and system analysts; (iv) the facilitation of the work of 
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UI designers; (v) the design of UIs more consistent with users’ requests; (vi) the design of 

usable prototypes; and (vii) acquisition of a reusable source. 

In the way to achieve these results, we have passed through six different situations as 

our research evolved in the LUQS at UNIFOR since 2001, depicted in Figure 110 and 

explained as follows.  

 

Figure 110 – Process Situations 

At first, we were in the early stages of learning SE and HCI techniques and applied the 

knowledge of experts in the projects that we participated in an improvised manner. The first 

project we participated was on the domain of distance learning in which the LUQS staff were 

responsible to develop a distance learning system for UNIFOR. At that moment, each 

developer designed UIs and decided on some crucial design issues in meetings. During a 

second project on the same domain, we had designers involved and we created a style guide to 

support them in their work. 

During the second project, we studied SE and HCI processes and proposals of the 

integration of SE and HCI, then compared them in order to detect the most relevant activities, 

artifacts, and roles, and important aspects that were lacking on them. As a result, we defined a 

unified process with the best aspects learned from the literature and from our experience, and 

integrated SE and HCI aspects, such as: RUP best practices, UML models, style guides, 

prototypes, task models, usability patterns, architectural patterns, among others. 

After we defined the unified process, UPi, we applied it in a one-year project for the 

development of an executable prototype for the Brazilian DTV System. During this project, 

we applied the process and submitted papers to conferences stating our experience and 
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findings. As a result of numerous paper reviews, we continuously improved the process until 

we reached a good quality level. We noticed that we reached a good quality level from the 

feedbacks obtained, especially, in two renowned conferences in the HCI area of study: 

CLIHC 2005 and TAMODIA 2005.  

During the last four months of the DTV project, we started to focus on the evaluation of 

the process by measuring its performance. First, we envisioned the applicability of a 

Performance Analysis tool, called PlanexStrategy, to constantly evaluate and improve the 

process. PlanexStrategy can be used to aid professionals to: analyze the execution of the 

process activities through the collection and observation of metrics; detect possible problems; 

identify improvements; and execute the solutions to the detected problems. Second, we 

applied the software after the project with the documented data we had as a way to learn the 

strong and weak points of the process to be able to improve it. We have not fully finished 

evaluating the process because we need to apply this tool throughout the application of the 

process in another project. 

For future work, we intend to continue evaluating the process with PlanexStrategy. 

Next, we intend to adapt the process to the scenario of the organization or of specific 

projects. For instance, we intend to customize the process to be applied during the 

development of interactive systems for multiple contexts of use, which is a growing demand 

from software organizations nowadays, as presented in (Calvary et al., 2003) and (Seffah & 

Javahery, 2004). 

We also intend to define and develop an environment to automate the execution of the 

process activities in order to bring more productivity to the process application. 

Finally, we intend to optimize the process with higher levels of integration, usability, 

automation, and productivity. 
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In general, we intend UPi to be applied in software organizations, first, based on its 

documented definition aggregated with its constant evaluation by applying PlanexStrategy; 

second, based on the notion that this is a work in progress, which we still intend to measure, 

customize, automate, and constantly optimize. 

9.2 Lessons Learned 

After the application of the UPi in the Digital TV project, in which there were four 

institutions involved. Our institution was composed of ten professionals, who played the roles 

of coordinator, project manager, software architect, programmer, UI designer, and usability 

engineers. Most professionals played two roles, except for the programmers. There were eight 

stakeholders from the other three institutions who played the role of users' representatives in 

requirements elicitation and test activities to evaluate UI prototypes. From this experience, we 

have learned the following lessons: 

• Application of UPi 

It was not necessarily easier to apply UPi because it was in an educational institution, 

since there were also professionals from a private software company participating in the 

project. What we have learned is that project participants do need the following characteristics 

to apply UPi: motivation to work in a multi-disciplinary environment; ability to adjust to 

changes; organization to document results of activities according to pre-defined procedures, 

among others. 

• Use of usability patterns 

It was necessary to point out that the definition of options during the application of 

MACBETH is composed of two sub-tasks: a) selection of existing usability patterns, and b) 

the specification of new usability patterns, when they do not exist for a certain technology. 
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Therefore, the use of usability patterns does not decrease the creativity of UI designers; on the 

other hand, the use and re-use of patterns do increase standardization. 

• Monitoring of the process 

We noticed that monitoring the process with the support of a tool aids in the 

identification of problems earlier during the lifecycle, which allows the performance of 

corrective or preventive actions, before the problems actually happens or gets worse. Before 

we applied PlanexStrategy, there were few meetings in which we identified problems in the 

process. After its application, the tool supported the identification of potential problems, 

which led to schedules of constant meetings to improve the process. For instance, we 

identified the problem with UI prototyping, in which we spent a long time to execute the 

activities and the feedback was not as positive as expected. As a result, we selected more 

effective techniques to apply in the next iterations, which had impact in the activities UI 

prototyping and evaluate prototypes. 

The graphs in PlanexStrategy serve as reports for software organizations’ project 

managers, process engineers, and executives, who want to know the status of the 

organization’s projects in terms of ROI of usability. 

9.3 Future Works 

We suggest the following strategies for future work: 

• Investigation of Decision-Making Processes and Tools 

From the application of the MACBETH, we have learned that it brings positive results, 

but its application is still slow, therefore, we intend to investigate and evaluate other decision-

making processes and tools in order to be able to apply an approach that provides results with 

more precision and in less time. 
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Such characteristic will certainly bring improvements for this work, but we have 

detected from its application that it is an efficient and reliable approach to select usability 

patterns during UI design. It can also be extended to select UI prototype alternatives, which is 

a technique that is being widely applied in HCI. 

• Customization of UPi 

Besides customizing UPi for multiple contexts of use, we also intend to specify a 

simplified version of UPi for projects where there are no usability issues or UI complexity 

that would require the need for such a process. The following aspects need to be considered in 

order to identify different customizations of the process: knowledge of the project participants 

concerning usability, existence of usability patterns, participation of users, etc. 

• Application of PlanexStrategy 

We intend to apply Planexstrategy to monitor UPi in different projects in order to 

improve the process for a greater variety of situations. With this experience, we also expect to 

apply the entire list of metrics, identify new metrics and improve the existing ones. As a 

result, with a list of learned lessons, we will share them with the community organized as new 

versions of the unified process with techniques that add value for software organizations and 

for the final product, in terms of actual internal ROI. 

• Techniques for Paper Sketches 

We have detected that we need to specify or use an existing technique to apply during 

meetings where paper sketches are created and evaluated, identifying: roles involved; 

responsibilities of each role; procedures to be followed; etc. 

• Architecture and Implementation 

Investigate in more details how to design software architecture and implement systems 

focused on usability. Research existing works both on the HCI (e.g. Bass, John & Kates, 
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2001) and SE literature (e.g. JavaServerFaces) that already have solutions for this issue in 

order to propose a solution that integrates both areas of study. 

• Surveys for Task Models 

Prepare and apply surveys with professionals from software companies in order to 

evaluate: their understanding of task models; and the acceptability from project managers, 

system analysts, and UI designers to apply task models in their current/future projects in order 

to quantitatively compare the acceptability of task models in use-case environments. 
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ANNEX A 

Requirements - Elicit Stakeholder Needs 

Purpose 

• To identify relevant stakeholders; 

• To elicit the needs of the stakeholders; 

• To define the profile of the users; 

• To prioritize stakeholder needs. 

Steps 

• Schedule visits to see how they work (without a system/with a current system); 

• Identify user profiles; 

• Document the results of the visits; 

• Gather more information with workshops; 

• Document the results of the workshops; 

• Prioritize the collected information; 

• Present results in workshops. 

Input Artifacts Output Artifacts 

• Customer Request • Vision 

• Supplementary Specifications 

Roles: System Analyst; User 

Guidelines 

• Interview people in the organization to identify the most relevant stakeholders (especially potential end 
users) to participate in future activities; 

• The visits are performed through observations of job functions, tasks of potential users, and 
organizational workflows. Questions can also be used to facilitate understanding the current situation, such as 
contextual inquiry; 

• User profiles are identified and documented in a list including their characteristics and skills; 

• Document the results of the observations of the visits in the document Vision; 

• Gather more information through requirements workshops with the participation of stakeholders 
focusing on non-functional requirements, especially usability; 

• The needs specified in the workshops are organized in terms of problems, general goals, basic features 
of the system, and non-functional requirements, which are included in the document Vision and in the 
Supplementary Specifications; 

• Prioritize the needs and organize them in iterations in the document Vision. 
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Requirements - Find Actors and Use Cases 

Purpose 

• To define the functionality of the system; 

• To define who and what will interact with the system. 

Steps 

• Find actors; 

• Find use cases; 

• Describe how actors and use cases interact; 

• Prioritize use cases. 

Input Artifacts Output Artifacts 

• Vision • Use Case Model 

• Use-Case Packages 

Roles: System Analyst 

Guidelines 

• Define the actors based on the user profiles and on existing systems gathered from the 
visits and workshops in the Elicit Stakeholder Needs activity; 

• Define the use cases based on the basic features of the document Vision and in 
workshops where stakeholders specify features in more details, keeping the scope previously 
defined, with special attention to interactive use cases; 

• Define relationships among related actors, among related use cases, and among actors 
and use cases; 

• Package use case and actors that are related and prioritize these packages based on 
the needs and priorities of stakeholders specified in the document Vision. 
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Requirements - Detail a Use Case 

Purpose 

• To detail use case specifications; 

• To analyze usability requirements. 

Steps 

• Detail use cases in the task model; 

• Analyze usability requirements; 

• Associate usability requirements to usability tasks; 

• Include usability tasks in the task model. 

Input Artifacts Output Artifacts 

• Use Case Model 

• Supplementary Specifications 

• Mapping of Usability Requirements 
and Tasks 

• Task Model 

Roles: Usability Engineer 

Guidelines 

• Detail a use case or a set of related use cases in a Task Model with interaction tasks, 
beginning with functional tasks; 

• Analyze the usability requirements from the Supplementary Specifications; 

• Use a mapping of usability requirements to usability tasks (if available, if not, create 
one incrementally) to define usability tasks to attend such requirements; 

• Include the specified usability tasks in the task model merged with the previously 
defined functional tasks. 
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Analysis and Design - Define the Architecture 

Purpose 

• To evaluate technical solutions; 

• To design the architecture. 

Steps 

• Evaluate existing technologies; 

• Design the classes; 

• Define architectural patterns for usability tasks. 

Input Artifacts Output Artifacts 

• Use Case Model 

• Task Model 

• Supplementary Specifications 

• UI Definition Plan 

• Software Development Architecture 

Roles: Software Architect 

Guidelines 

• Analyze existing technology that can attend the system features in the Task Models 
and the constraints specified in the Complementary Specifications; 

• Design the classes with attributes and methods based on the Task Models and 
document  them in the Software Development Architecture; 

• Refine the architecture by considering the usability patterns chosen in the UI 
Definition Plan in order to define architectural patterns. 
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Analysis and Design – Apply UI Definition Plan 

Purpose 

• To select usability patterns that can attend both the needs of users and of the 
development team for a certain task. 

Steps 

• List the usability patterns for each usability task; 

• Define values for each usability pattern with UI designers; 

• Attribute weights for each non-functional requirement with stakeholders; 

• View the result of the UI Definition Plan; 

• Analyze the results. 

Input Artifacts Output Artifacts 

• Task Model 

• Supplementary Specifications 

• UI Definition Plan 

Roles: Usability Engineer; UI Designer; User 

Guidelines 

• The list of usability patterns can be prepared from a previously defined list based on 
the literature and it can be enhanced by the usability engineer during the realization of 
projects; 

• Group the development team to define values for the usability patterns in a scale from 
one to five; which are in the following order: extremely low, low, medium, high, and 
extremely high; based on their experience in designing and developing such patterns; 

• Group users and business executives that represent the final user’s interests to 
attribute weights for the non-functional requirements in the same scale as the values for the 
usability patterns; the non-functional requirements are considered from the Complementary 
Specifications; 

• The result is presented in an order of most appropriate to least appropriate usability 
pattern for the task under consideration; 

• The values and weights can be changed according to the needs of users and of the 
development team until a result is agreed by both parts. 
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Analysis and Design - UI Prototyping 

Purpose 

• To generate platform-dependent prototypes. 

Steps 

• Generate paper sketches; 

• Define or select a style guide; 

• Generate visual prototypes; 

• Generate executable prototypes; 

• Deliver results to stakeholders. 

Input Artifacts Output Artifacts 

• Use Case Model 

• Task Model 

• UI Definition Plan 

• Style Guide 

• Style Guide 

• UI Prototype 

Roles: UI Designer; Usability Engineer; User 

Guidelines 

• Design paper sketches with paper and pencil to show the organization of the UI 
components; 

• Define a style guide or select one from the literature or from previous projects; 

• Design visual prototypes using a tool to present the UI components according to the 
Style Guide; 

• Have users participating in UI prototyping whenever the evaluation becomes 
complex; 

• Develop the prototype in the selected programming language, focusing on the 
navigation, not on the implementation of business rules; 

• Document the UI style guide and deliver it to the customer along with the UI 
Definition Plan and UI Prototypes. 
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Implementation - Plan Implementation 

Purpose 

• To plan the implementation of the components 

Steps 

• Define the coding standardization; 

• Plan integration of components. 

Input Artifacts Output Artifacts 

• Use-Case Packages 

• Software Development Architecture 

• Programming Guidelines 

• Integration Build Plan 

Roles: Integrator 

Guidelines 

• Define the coding standardization based on the literature or improve existing 
definitions from previous projects; 

• State the order in which the use-case packages should be implemented, which 
components need to be implemented to realize the use cases, the dependency among the 
classes; and the iteration in which the components will be implemented. 
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Implementation - Implement Components 

Purpose 

• To develop the system. 

Steps 

• Develop the components; 

• Package components; 

• Integrate the components. 

Input Artifacts Output Artifacts 

• Integration Build Plan 

• Software Development Architecture 

• Task Model 

• Supplementary Specifications 

• UI Prototype 

• Programming Guidelines 

• Functional Components 

• Usability Components 

• System 

Roles: Implementer 

Guidelines 

• Develop the components according to the priority defined for the use cases in the 
Integration Build Plan, to the architecture, to the functional specifications in the task model, 
to the non-functional requirements, to the UI prototype, to the programming guidelines; and 
to design patterns, and focus on usability components for reuse; 

• Organize the components in the same structure as the use case packages; 

• Integrate the components to generate a version of the system following the priority 
defined for the use cases. 
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Deployment - Plan Deployment 

Purpose 

• To plan how and when the product will be made available at the customer site. 

Steps 

• Define the artifacts that will be delivered; 

• Define how the system will be installed; 

• Notify Stakeholders of infra-structure; 

• Define how to assist users. 

Input Artifacts Output Artifacts 

• Supplementary Specifications • Deployment Plan 

• Support Material 

Roles: Deployment Manager 

Guidelines 

• Some artifacts that can compose a complete deployment unit are: installation scripts, 
user support material, configuration data, and migration programs; 

• The system can be installed in the customer site or it can be distributed on the 
Internet, depending on the constraints imposed by the customer in the Supplementary 
Specifications; 

• Notify stakeholders of the necessary infra-structure to install the system at the 
customer site; 

• Define how to assist users and with which artifacts: training material, end-user 
support material, and in which form: internet support, telephone support, online help. 
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Deployment - Deploy the System 

Purpose 

• To deploy the system in the user environment. 

Steps 

• Package the product; 

• Verify customer site; 

• Prepare infra-structure; 

• Install the system. 

• Deliver support material; 

• Train users; 

Input Artifacts Output Artifacts 

• Deployment Plan 

• System (tested) 

• System (deployed) 

• Support Material 

Roles: Deployment Manager; User 

Guidelines 

• Package all the artifacts that will be delivered to the customer on a suitable media, 
like a CD; 

• Verify if the customer site attends all the installation requirements specified in the 
deployment plan; 

• Prepare infra-structure for deployment with the necessary software and hardware; 

• Install the last version of the system in the customer site according to the deployment 
plan (or using an automated deployer); 

• Deliver the Support Material to users; 

• Train users using the Support Material. 
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Test - Plan Test 

Purpose 

• To define how the tests will be performed. 

Steps 

• Define how to test the components; 

• Define test questionnaires; 

• Prepare test scenarios; 

• Select usability metrics; 

• Prepare the test environment; 

• Create a checklist for the observers; 

• Select users. 

Input Artifacts Output Artifacts 

• Use Case Model 

• Task Model 

• Test Case 

• User Questionnaire 

• System Questionnaire 

• Test Scenario 

• Usability Metrics 

• Checklist 

• Schedule of Tests 

Roles: Usability Engineer 

Guidelines 

• Define input, output, execution conditions, points of observations, points of control, data 
sources, values, and ranges for each use case in Test Cases; 

• Define a Questionnaire to understand the user profile and one to understand how users 
perceived the evaluated system; 

• Prepare Test Scenarios for each user profile that will be invited for the tests, such as: 
children, adults, teenagers, novice, experts, etc; 

• Select Usability Metrics that help evaluate the level of usability of the system, such as: 
number of errors, frequency of access to the help, time spent to perform the task, etc; 

• Prepare the test environment to simulate a real environment where end-users will interact 
with the system, and an extra room for observation that can not be noticed by users; 

• Create a Checklist to guide requirements reviewers in analyzing requirements; one for 
usability engineers to evaluate prototypes; and one related to the usability metrics to guide observers 
when analyzing users; 

• Select users and schedule their visits. 
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Test - Review Requirements 

Purpose 

• To inspect the quality of the requirements artifacts. 

Steps 

• Perform inspections on the requirements; 

• Document the results; 

• Identify the defects on the requirements; 

• Identify correction actions; 

• Prioritize the requests; 

• Confirm resolution of problems; 

• Receive confirmation from stakeholders. 

Input Artifacts Output Artifacts 

• Checklist 

• Vision 

• Use Case Model 

• Task Model 

• Supplementary Specifications 

• Test Results 

• Change Request 

• Stakeholder Acceptance 

Roles: Requirements Reviewer 

Guidelines 

• At least three reviewers inspect requirements artifacts (not at the same time) 

o Verify if there are no inconsistencies or repetitions of the functional and non-
functional requirements in the document Vision; 

o Verify if all the necessary use cases/tasks/non-functional requirements have been 
identified or if there are any unnecessary ones; 

• Document the results (positive and negative outcomes) in the Test Results; 

• Identify defects, such as ambiguity, inconsistency among artifacts in the Change Request; 

• List candidate solutions to solve the detected problems; 

• List the change requests in a priority from the ones that have the most impact to the lowest 
impact on the system specification; 

• Direct the Change Request to the responsible and verify if the defects were solved and that 
they do not impact quality in other ways; 

• Present the Test Result and receive signature of stakeholders to confirm that the requirements 
achieved the expected level of quality. 
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Test - Evaluate Prototypes 

Purpose 

• To verify and validate the quality of UI prototypes. 

Steps 

• Verify UI Prototypes; 

• Validate UI Prototypes; 

• Document results; 

• Identify and gather change requests; 

• Identify correction actions; 

• Negotiate change requests; 

• Prioritize the requests; 

• Confirm resolution of problems; 

• Receive confirmation from stakeholders. 

Input Artifacts Output Artifacts 

• Checklist 

• Task Model 

• Supplementary Specifications 

• UI Prototype 

• UI Definition Plan 

• Style Guide 

• Test Results 

• Change Request 

• Stakeholder Acceptance 

Roles: Usability Engineer, User 

Guidelines 

• Evaluate prototypes against design standards (UI Definition Plan, Style Guide) in order to ensure that 
the system meets the stated usability requirements (task models, supplementary specifications); 

• Evaluate prototypes against users’ needs in order to ensure that the system meets the necessary 
usefulness; 

• Document the results (positive and negative outcomes) in the Test Results; 

• List all the detected problems and the change requests from users in the Change Request; 

• List candidate solutions to solve the detected problems in the Change Requests; 

• Before accepting any change request from users, clearly demonstrate in the prototype evaluation that 
the UI Prototype was designed according to the UI Definition Plan and to the Style Guide; 

• List the change requests in a priority from the ones that have the most impact to the lowest impact on 
the system quality; 

• Direct the Change Request to the responsible and verify if the requests were attended and that they do 
not impact quality in other ways; 

• Present the Test Result and receive signature of stakeholders to confirm that the UI prototypes 
achieved the expected level of quality before implementation begins. 
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Test - Evaluate Components 

Purpose 

• To verify the quality of the components. 

Steps 

• Verify components; 

• Document results; 

• Identify the defects on the requirements; 

• Identify correction actions; 

• Prioritize the requests; 

• Confirm resolution of problems; 

• Receive confirmation from stakeholders. 

Input Artifacts Output Artifacts 

• Test Case 

• System 

• Integration Build Plan 

• Test Results  

• Change Request 

• Stakeholder Acceptance 

Roles: Tester 

Guidelines 

• Verify components using Test Cases according to the priority defined in the Build 
Integration Plan by first checking architecture, then source-code; 

• Document the results (positive and negative outcomes) in the Test Results; 

• Identify defects, such as ambiguity, inconsistency among artifacts in the Change 

Requests;  

• List candidate solutions to solve the detected problems in the Change Requests; 

• List the change requests in a priority from the ones that have the most impact to the 
lowest impact on the system quality; 

• Direct the Change Request to the responsible and verify if the defects were solved 
and that they do not impact quality in other ways; 

• Present the Test Result and receive signature of stakeholders to confirm that the 
components achieved the expected level of quality before deployment begins. 
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Test - Evaluate the System 

Purpose 

• To evaluate the quality of the system. 

Steps 

• Present the scope of the test; 

• Apply a initial questionnaire for user profile; 

• Present the scenarios; 

• Observe the user interaction; 

• Fill out the checklist; 

• Apply a result questionnaire for system evaluation; 

• Document results; 

• Generate reports; 

• Propose solutions to detected problems; 

• Prioritize the requests; 

• Confirm resolution of problems; 

• Receive confirmation from stakeholders. 

Input Artifacts Output Artifacts 

• System 

• User Questionnaire 

• System Questionnaire 

• Test Scenario 

• Checklist 

• Test Results  

• Usability Evaluation Graph 

• Change Request 

• Stakeholder Acceptance 

Roles: Usability Engineer; User 

Guidelines 

• Present the scope of the test, state the goals, and the confidentiality of users in the final results; 

• Apply a initial questionnaire to understand the user profile; 

• Present the scenario in which the user will execute a certain task with a time limit; 

• One evaluator is present in the room with the user for eventual guidance and two evaluators are in the observation 
room analyzing the user interaction; 

• The evaluators are in the observation room to fill out the checklist to verify the system attendance to the usability 
metrics using sentences as proposed in Semiotic Engineering to facilitate documentation; 

• After the execution of the scenarios, apply a questionnaire to learn the user perception of the system; 

• Document the results (positive and negative outcomes) in the Test Results; 

• Create a graph associating the values of the usability metrics to the users from the system questionnaire and from 
the checklists to analyze the usability level of the system; 

• List the problems and propose solutions, such as change in existing usability patterns or creation of new ones in 
the Change Request; if the defects impact on the tests, schedule time for fixes between sessions; 

• List the change requests in a priority from the most to the lowest impact on the system quality; 

• Direct the Change Request to the responsible and verify the resolution of defects and their impact on quality; 

• Present the Test Result and receive signature of stakeholders to confirm that the system achieved the expected 
level of quality. 
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ANNEX B 

Association of Activities and Metrics  

 
 
 

Activity Metric 

Elicit Stakeholder Needs Effectiveness of workshops and observations 

Apply the UI Definition Plan Level of approval of usability patterns 

Number of versions for paper sketches 

Number of versions for visual prototypes 

UI Prototyping 

Number of versions for executable prototypes 

Implement Components Level of reuse of usability components 

Review Requirements Level of inconsistencies 

Level of usability complaints for paper sketches 

Level of usability complaints for visual prototypes 

Evaluate Prototypes 

Level of usability complaints for executable 
prototypes 

Level of correctness of use cases Evaluate Components 

Level of correctness of components 

Level of acceptance by stakeholders Evaluate the System 

Level of user satisfaction 
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Identification of Formulas for the Metrics 

 

Metric Formula 

Effectiveness of workshops and observations 
(%) 

(Requirements elicited with workshops 
and observations / Total of requirements 
elicited) * 100 

Level of approval of usability patterns (%) (Number of patterns approved by users / 
Number of patterns selected by the UI 
Definition Plan) * 100 

Number of versions for paper sketches Number of versions for paper sketches 

Number of versions for visual prototypes Number of versions for visual prototypes 

Number of versions for executable 
prototypes 

Number of versions for executable 
prototypes 

Level of reuse of usability components (%) (Number of usability components 
available / Number of usability 
components needed) * 100 

Level of inconsistencies (%) (Number of documents with non-
conformances / Total number of 
documents) * 100 

Level of usability complaints for paper 
sketches 

Number of complaints for paper sketches 
 

Level of usability complaints for visual 
prototypes 

Number of complaints for visual 
prototypes 

Level of usability complaints for executable 
prototypes 

Number of complaints for executable 
prototypes 

Level of correctness of use cases (%) (Number of correct use cases / Total 
number of tested use cases) * 100 

Level of correctness of components (%) (Number of correct components / Total 
number of tested components) * 100 

Level of acceptance by stakeholders (%) 
 
 

(Number of prototypes previously 
approved and accepted / Number of 
prototypes previously approved) * 100 

Level of user satisfaction (%) (Number of tasks well accepted/ Number 
of evaluated tasks) * 100 
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Metrics and their Purposes 

 

Effectiveness of workshops and observations – To analyze if most of the system 

requirements present in the requirements documentation were acquired in the workshops and 

observations performed during the inception phase, instead of using other means, such as 

informal conversation, after evaluation of artifacts, among others, which can lead to future 

change requests. 

Level of approval of usability patterns – To verify if users approve the usability 

patterns selected by the UI Definition Plan during the activities Evaluation of Prototypes and 

Evaluation of the System, when users express their opinion of the system. 

Number of UI prototype versions (applied for the three types of prototypes) – To 

verify the number of versions for paper sketches, visual prototypes, and executable prototypes 

throughout the process in order to learn if there are more change requests in the UI prototype 

than expected. 

Level of reuse of usability components – To verify if there are implemented usability 

components that are available in the software organization to be reused during the activity 

Implement Components in order to bring more productivity for the implementation. 

Level of inconsistencies – To verify if all the requirements documentation are in 

conformance with the guidelines for producing requirements artifacts during the activity 

Review Requirements at the end of the inception phase. 

Level of usability complaints (applied for the three types of prototypes) – To verify the 

number of usability complaints for paper sketches, visual prototypes, and executable 

prototypes in order to learn the ease of use of the system during the activities Evaluation of 

Prototypes and Evaluation of the System. 
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Level of correctness of use cases – To verify if the use cases are correct in order to 

evaluate their adequacy to the specified functionality during the activity Evaluate 

Components. 

Level of correctness of components – To verify if the components are correct in order 

to evaluate their adequacy to the specified functionality during the activity Evaluate 

Components. 

Level of acceptance by stakeholders – To verify if the prototypes approved in previous 

evaluations are also approved when the system is ready for delivery during the activity 

Evaluate the System. 

Level of user satisfaction – To verify the number of tasks well accepted by users 

during the activity Evaluate the System. 
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Identification of Goal and Frequency 

 

 

Metric Goal Frequency 

Effectiveness of workshops and 
observations 

Maximize to reach Every week (inception) 

Level of approval of usability 
patterns 

Maximize to reach Every month (elaboration 
and transition) 

Number of versions for paper 
sketches 

Minimize to reach Every month (inception) 

Number of versions for visual 
prototypes 

Minimize to reach Every month (elaboration) 

Number of versions for executable 
prototypes 

Minimize to reach Every month (construction) 

Level of reuse of usability 
components 

Maximize to reach Every month (construction) 

Level of inconsistencies Minimize to reach Every month (inception) 

Level of usability complaints for 
paper sketches 

Minimize to reach Every month (elaboration 
and transition) 

Level of usability complaints for 
visual prototypes 

Minimize to reach Every month (elaboration 
and transition) 

Level of usability complaints for 
executable prototypes 

Minimize to reach Every month (elaboration 
and transition) 

Level of correctness of use cases 
 

Maximize to reach Every month (construction) 

Level of correctness of components Maximize to reach Every month (construction) 

Level of acceptance by stakeholders 
 

Maximize to reach Every month (transition) 

Level of user satisfaction Maximize to reach Every month (transition) 

 

 


