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Usability is the capability of the software product to be understood, learned, used and
attractive to the user, when used under specified conditions. Many studies demonstrate the
benefits of usability, yet to this day software products continue to exhibit consistently low
levels of this quality attribute. Furthermore, poor usability in software systems contributes
largely to software failing in actual use.

One of the main disciplines involved in usability is that of Human-Computer Interaction
(HCI). Over the past two decades the HCI community has proposed specific features that
should be present in applications to improve their usability, yet incorporating them into
software continues to be far from trivial for software developers. These difficulties are due to
multiple factors, including the high level of abstraction at which these HCI recommendations
are made and how far removed they are from actual software implementation. In order to
bridge this gap, the Software Engineering community has long proposed software design
solutions to help developers include usability features into software, however, the problem
remains an open research question.

This doctoral thesis addresses the problem of helping software developers include specific
usability features into their applications by providing them with a structured and tangible
guidance in the form of a process, which we have termed the Usability-Oriented Software
Development Process. This process is supported by a set of Software Usability Guidelines
that help developers to incorporate a set of eleven usability features with high impact on
software design.

After developing the Usability-oriented Software Development Process and the Software
Usability Guidelines, they have been validated across multiple academic projects and proven
to help software developers to include such usability features into their software applications.
In doing so, their use significantly reduced development time and improved the quality of the
resulting designs of these projects. Furthermore, in this work we propose a software tool to
automate the application of the proposed process.

In sum, this work contributes to the integration of the Software Engineering and HCI
disciplines providing a framework that helps software developers to create usable applications
in an efficient way.
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1.1 Importance of usability

The term “usability” has been defined in a variety of ways throughout literature. In spite of
the differences among these definitions, most of them categorize usability as a quality
attribute that is desirable in a product and makes it easy to use.

One popular definition, offered by Jakob Nielsen, who is a leading usability researcher and
consultant, states that:

“usability is a quality attribute that assesses how easy user interfaces are
to use” [38]

He adds that “the word ‘usability” also refers to methods for improving ease-of-use during the
design process” and further breaks down the concept into the following five quality
components:

 Learnability: How easy is it for users to accomplish basic tasks the first time they
encounter the design?

« Efficiency: Once users have learned the design, how quickly can they perform tasks?

* Memorability: When users return to the design after a period of not using it, how easily
can they reestablish proficiency?

» Errors: How many errors do users make, how severe are these errors, and how easily
can they recover from the errors?

« Satisfaction: How pleasant is it to use the design?

Another widely-known definition of usability is the one offered by the 1SO 9126 standard for
product quality in software engineering since 1991, which also classifies usability as a quality
attribute and defines it as follows:

“Usability is the capability of the software product to be understood,

learned, used and attractive to the user, when used under specified
conditions” [16]

12



This standard decomposes usability in understandability, learnability, operability,
attractiveness and usability compliance, and is further expanded by its superseding version,
the I1SO 25010 issued in 2011, to include the following final set of sub-characteristics:

» Appropriateness recognizability: degree to which users can recognize whether a
product or system is appropriate for their needs.

 Learnability: degree to which a product or system can be used by specified users to
achieve specified goals of learning to use the product or system with effectiveness,
efficiency, freedom from risk and satisfaction in a specified context of use.

» Operability: degree to which a product or system has attributes that make it easy to
operate and control.

 User error protection: degree to which the system protects users against making errors

» User interface aesthetics: degree to which the user interface enables pleasing and
satisfying interaction for the user.

» Accessibility: degree to which a product or system can be used by people with the
widest range of characteristics and capabilities to achieve a specified goal in a specified
context of use.

Separately, the 1SO 9241-11 standard for Ergonomics and Human-Computer interaction in
1998 states that:

“Usability is the extent to which a product can be used by specified users
to achieve specified goals with effectiveness, efficiency and satisfaction in
a specified context of use” [28]

Yet another highly recognized standard, the IEEE Std. 1061 for Software Quality Metrics
Methodology issued in 1998, offers the following definition:

“Usability is the ease with which a user can learn to operate, prepare
inputs for, and interpret outputs of a system or component.” [26]

While the first two approaches focus mainly on the usability of the product, regarding
whether it has the characteristics needed to make it easy to use, the last two have a wider
scope, covering also the process and results of using the product.

Many other definitions and decompositions of usability can be found in literature. Kumar
Dubey et al. compile over two dozen of them in [34] spanning multiple disciplines and three
decades of research results, prompting works like that of Seffah et al. [40] who point out the
difficulty of approaching usability in practice due to this wide variety of definitions.

Regardless of this seeming lack of consensus among the disciplines involved in nailing down
the specifics of a definition for usability, it’s safe to say that they all agree in the fact that it is
a critical aspect in interactive software systems [32]. In fact, its relevance is made evident by
several studies [33][10][18][23][44], which demonstrate usability’s many benefits, including
reduction of documentation and training costs, improvement of productivity, increase in
morale and e-commerce revenue, and more. Accordingly, large-scale companies like IBM
and Boing Co. have begun to consider usability a key factor to consider when developing and
buying software [31].

1.2 Human-computer interaction recommendations

One of the main disciplines involved in usability is that of Human-computer interaction
(HCI). As defined by the Special Interest Group on Computer Human Interaction (SIGCHI),
HCI is the “discipline concerned with the design, evaluation and implementation of
interactive computing systems for human use and with the study of major phenomena
surrounding them” [46].
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SIGCHI further defines HCI as an interdisciplinary area, rooted in computer science
(application design and engineering of human interfaces) working together with the following
supporting disciplines: psychology (the application of theories of cognitive processes and the
empirical analysis of user behavior), sociology and anthropology (interactions between
technology, work, and organization), and industrial design (interactive products).

Over the past two decades, the HCI community has proposed specific recommendations for
features that should be present in software systems in order to improve their usability [31]. In
spite of overlaps and varied terminology, contributions such as Nielsen’s design heuristics
[38], Constantine and Lockwood’s usability principles [16], Welie’s patterns for interaction
design [49] and Tidwell’s usability patterns [42], to name a few, provide valuable guidelines
on how to design usable GUI.

The following two examples are part of Welie’s and Tidwell’s collections respectively, and
illustrate what these HCI recommendations look like and the different kinds of usability
features they might cover.

The first example, shown in Figure 1.2-1, shows Jennifer Tidwell’s Grid of Equals usability
pattern. This pattern has five sections:

* What: States what the pattern does, in this case, arranging items in a grid on screen.

» Use when: Describes the context in which this pattern should be applied. In this
example, the Grid of Equals pattern is applicable when content items have similar style
and importance.

* Why: Explains the rationale behind the pattern. For this example, representing
components in a grid announces that they have equal importance

» How: Describes the manner in which the interface items are to be arranged so that they
conform to the pattern. In this example, decisions must be made regarding the size of the
images, what they link to, the size of the text within them, etc.

» Examples: Provides examples of real-life applications that apply this pattern, as is the
case of Nike.com and others in this example.

14



Figure 1.2-1 HCI Recommendation example. "Grid of Equals". Jennifer Tidwel [42]
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The second example, shown in Figure 1.2-2, shows Welie’s Processing page pattern. Welie’s
patterns have the same sections as Tidwel’s, save for Tidwel’s “What” section, which is
represented as two separate fields in Wellie’s patterns: Problem and Solution.

Figure 1.2-2 HCI Recommendation example. "Processing Page". Welie [49]

16



The above example details Welie’s “Processing Page” pattern and it has the following parts:

» Problem: The problem that this pattern addresses, in this case the user’s need for
feedback while his request is being processed

* Solution: The author’s proposed solution. In this example it’s providing visual feedback
information to the user

« Use when: Similarly to Tidwel’s patterns, Welie’s detail the situations when these
patterns are useful. For this example it’s when the application connects to an external
system and communications may take more than a few seconds to be established

« How: Explains what should be present in the interface. In this case, an animated
progress indicator, ideally showing the actual progress of the communications.

« Why: The reasons for providing this type of feedback

» More examples: As in Tidwel’s case, the pattern ends with one or more real-life
applications of this pattern.

As can be seen in these examples, the types of patterns offered by the HCI community are
very comprehensive in terms of the usability problems that developers can encounter when
developing applications and what these applications should look like in order to solve them. It
can also be observed from these two examples alone, that the HCI patterns tackle a wide
range of usability features that can be classified in different groups. For example, “Grid of
Equals” deals solely with interface elements and how to lay them out visually to convey the
right message, while “Processing page” deals more with the application functionality and
implementing it may require the interface to communicate with underlying software
components to determine the actual progress to be shown.

Juristo, Moreno and Sanchez examine a wide variety of such HCI recommendations for
usability in [31]. In this work, the authors categorize these recommendations in three different
groups, depending on their effect on software development.

The first proposed group is made up of usability recommendations whose impact is limited to
the user interface, affecting only the system presentation through buttons, pull-down menus,
check-boxes, background color, fonts, etc. Such a recommendation may suggest changing the
color of certain interface elements or the size of a font to emphasize certain aspects of interest
for the user. The authors suggest that such changes would be confined to altering the value of
some source code variable related to the window or buttons, involving only slight
modifications to the Ul design, having no impact on the system core.

The second group is made up of usability recommendations that have an impact on the
development process. These are recommendations that are not limited to specific software
system products, but that require modifications to the development process in itself. Such is
the case of “involving the user in software construction”, as proposed by [24] and [25]. These
kinds of recommendations would require making the development process more user-
centered, including more powerful elicitation techniques, etc.

The third and final group proposed by the authors are recommendations that have an impact
on software design. These recommendations involve building certain functionalities into the
software to improve user—system interaction. For example, features like cancel an ongoing
task [11], undoing a task [49][36][45], and receiving feedback on what is going on in the
system [25][45] are examples of this type of HCI recommendations.

The authors have termed this last group of HCI recommendations Functional Usability
Features, as they describe functionalities that the software should provide for the user. The
focus of this doctoral thesis will be on this group, as the recommendations within it have the
greatest impact on software design and, as shown in [31], incur the highest re-work costs
when not considered in a timely manner during application development.
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1.3 The Problem

In spite of the demonstrated rewards of developing usable software, to this day software
products continue to exhibit consistently low levels of usability [41][10][32]. What is more,
poor usability in software systems is likely the single largest reason that they fail in actual use
[42].

Two possible groups of factors may explain the low usability of most current systems. The
first group is made up of business-related factors that may range from market pressures to
deliver software products before they are fully ready, to cost issues and even unawareness of
the importance of usability in software development. The second group has to do with the
technical difficulties that arise during software development when incorporating usability
features into a system [5]. This last group of difficulties will be addressed within this work.

Even as the Software Engineering community has long struggled to consistently transform the
usability principles proposed by the HCI community into actual software code over the past
two decades, incorporating them into software is not a trivial task. As was shown in the
second usability pattern example above in Figure 1.2-2, the HCI field may recommend that in
order to solve the usability need of “providing the user with information on the action they are
performing” the application may need to show “real progress feedback”. While this is a very
sound recommendation, it is also very abstract from a software engineering point of view, in
that it doesn’t really provide information on how this is to be done.

Another example of why incorporating usability into software is not a trivial task, especially
in the case of functional usability features, is presented in [32]. The authors explain the task
of building a cancel functionality for specific commands into an application. HCI experts
[43][39] suggest that users should be able to interrupt time-consuming operations with no
side-effects. In order to do so, the software application would need to be equipped with the
functionality to gather information such as the data modifications that the action triggers, the
state of the system prior to its execution, etc. It would also need to be able to restore the
system to said previous state after cancellation, reallocate resources that were otherwise
occupied while executing the action, etc. Such an example shows that this type of HCI
recommendation has an effect that goes far beyond minor changes to the user interface and
well into software design rework, making them complex to implement without further
guidance than that stated in a few lines of text describing what it should look like on the GUI.

In their work, Seffah et al. [40] also refer to the complexities faced by software developers
when attempting to include usability features with impact on design into their applications.
The authors explain how usability features such as feedback information, application status
and error messages are not trivial to implement, emphasizing the tight relationship between
usability and the underlying software architecture.

As the results of the literary review of related works will show in Chapter 2, many attempts
have been made to bridge the gap between these usability recommendations made by the HCI
community and their consistent, reliable inclusion into software applications. While many
valuable contributions have been made in this regard, the problem still remains an open
research topic.

This work is focused on addressing this problem by providing software developers with
structured, tangible guidance for including functional usability features into their software
applications. The help provided to developers with this approximation to a solution spans
multiple phases of the software development process, yet its main contribution is centered in
the software design phase(s) of a project.
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1.4 Thesis structure

In the following pages, Chapter 2 describes the related works and existing approaches to
solving the problem of helping software developers include usability into their applications.
This chapter explains how the systematic literature review was performed and how the
selection of these works was carried out.

Chapter 3 presents the proposed hypothesis for this research and provides and an overview
of the proposed solution to the problem.

In the two chapters that follow, the proposed solution is described in detail. This solution is
composed of two elements. The first is what we have termed the Usability-Oriented Software
Development Process, described in Chapter 4. The second, presented in Chapter 5, are our
proposed Usability Guidelines for Software Development.

After detailing the proposed solution, Chapter 6 explains how this solution was put to the test
in multiple experiments in order to validate it for conformance to the proposed hypotheses.

Once experimentation is carried out and its results are analyzed, Chapter 7 presents our
conclusions for the present work, as well as the opportunities it opens up for future lines of
research.

Finally, Chapter 8 lists all the works referenced within this doctoral thesis and Chapter 9
presents all relevant appendixes.

This volume is accompanied by a CD containing additional material referenced in the
Validation chapter.
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2.1 Introduction

The present work undertakes the open research question of providing software developers
with guidelines to include functional usability features into their software. However, before
attempting to propose a solution a thorough review of existing literature relevant to this
research topic was conducted. The purpose of this review was to:

 Gain a wider perspective of the subject matter (software usability)

Identify where and how the problem to address lies within this subject matter and how it
might relate to other proposed solutions, if any exist.

Clearly define the scope of the problem as it is to be addressed by this work, expanding
or modifying the original research question

 Avoid reproducing documented unviable solutions or partial results, if any exist.

» Keep up to date with possible new contributions related to the problem being addressed.

In order to conduct this review rigorously and reliably, this work follows Kitchenham’s
methodology for Systematic Literature Reviews for Software Engineering [34].

A Systematic Literature Review, as defined by Kitchenham in [34] is “a means of identifying,
evaluating and interpreting all available research relevant to a particular research question, or
topic area, or phenomenon of interest.”

Though originally intended for reviewing research results in the medical field [15], in her
work, Kitchenham modifies the existing methodology and adapts it to the Software
Engineering field. By following her guidelines, researchers in the Software Engineering field
can compile existing information about a particular research topic in a repeatable, reliable and
unbiased manner.

Section 2.2 below presents the protocol that was observed during the systematic literature
review for this work, as well as the resulting list of chosen research publications. Later, in
sections 2.3 and 2.4, these works are presented in detail. Finally, section 2.5 presents a
summarized view of the results of the literature review and how they relate to the present
work.
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2.2 Review Protocol

The protocol for a systematic literature review specifies the research questions being
addressed and the methods that will be used to perform the review.

2.2.1 Research questions

The purpose of this literature review was to find all publications that studied the relationships
between usability software architecture and design.

2.2.2 Search process

The main search engine used for this systematic literature review is Google Scholar
(scholar.google.com) which has access to a vast array of published books, as well as to the
contents of the following digital libraries, among others:

IEEExplore

ACM Digital library
Citeseer library

* Inspec

* ScienceDirect

These sources were of particular interest to the present review because they are known to
collectively cover the most relevant sources for research results in the field.

2.2.2.1 Search terms and key phrases

The following list of key phrases was used to perform the searches. It was designed to cover
all aspects of the aforementioned research question

Table 2.2-1 Search key phrases

Software architecture usability
Usability patterns software design
Architectural patterns usability
Usability patterns architecture
Software engineering usability

It is worth noting that the above search terms were input into Google Scholar using the ‘with
all of these words’ option. The ‘with any of these words’ option was discarded as repeated
use did not yield any relevant results not already included in the first type of search.

2.2.3 Study selection

The following criteria were used to produce an initial list of selected publications. As the
systematic literature review is an iterative process, these criteria were applied repeatedly
throughout the development of this work to keep the resulting list up to date.

2.2.3.1 Inclusion criteria

From the lists of studies that matched the key phrases above, those meeting the following
criteria were automatically included for initial reviewing:

1. Studies focusing on providing any kind of design or architectural solutions to the
problem of including aspects of usability into software

2. Any works that studied the relationship between software usability and software
architecture and/or design

2.2.3.2 Exclusion criteria
The following exclusion criteria helped trim down the initial list of studies to review:
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1. Multiple publications of the same data (only the most complete and/or recent study
was preserved)

2. Unpublished data

3. Papers written in languages other than English and Spanish

4. Lack of validation

2.2.4 Data Extraction

Once the initial set of studies was established, the process of data extraction was conducted
manually on physical media. With the exception of books, all studies were printed out,
organized in a binder and relevant content either was highlighted (relevant text, author names,
etc.) or written in (topic, strength of study, etc.). This process was conducted iteratively,
adding new papers that matched, or didn’t, respectively, the criteria above.

For each study, the following fields were considered:

* Title

» Source

Publication date

Author(s)

Publication type (conference proceeding, paper, etc.)

« Topic area (architectural solutions, study of the architecture/usability relationship, etc.)

2.2.5 Results

Five searches were performed in Google Scholar, one for each key phrase in the order shown
in Table 2.2-1. The process followed determined that if a study was found using more than
one set of keywords it was assigned to the first set with which it was found (duplicate results
using subsequent sets of keywords were immediately excluded). In other words, from the
second set of keywords onwards, only non-duplicate studies were gathered, explaining why
the vast majority of studies are assigned to the first set of keywords: “software usability
architecture”.

Appendix 9.3 includes the full Google Scholar search results obtained for the key phrases that
produced relevant results. It is worth noting that the four and fifth key phrases in Table 2.2-1
yielded no results that were a) not included in the results obtained from the first three
searches, nor b) consistent with any of the inclusion criteria

After a first sweep of the raw results shown in Appendix 9.3 only those that appeared to meet
the inclusion criteria (and to not meet the exclusion criteria) based on the title and abstract
alone were preserved. These studies are shown in Table 2.2-2. After fully reviewing each of
these studies, those that were found to meet any of the exclusion criteria and were further
discarded. The nine studies that were ultimately kept are highlighted.

The reasoning behind the exclusion of each discarded study (the exclusion criterion by which

they were left out or the inclusion criteria they initially appeared to meet but ultimately did
not) is presented in Table 2.2-2.
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Table 2.2-2 Selected studies

GOOGLE SCHOLAR RESULTS FOR key phrase #1:
“software architecture usability”

# Authors Title Source Year Tylpe
1 |Bass, L.; John, B. E. Linking usability to software architecture patterns through general scenarios | Journal of Systems and Software 2003 | JA
2 | Folmer,E.; van Gurp J.; Bosch J. Scenario-based assessment of software architecture usability Bridging the Gaps Between Software Engineering and Human-Computer Interaction | 2003 | JA
3 |Bass, L.; John, B. E. Achieving Usability through software architecture CMU/SEI Technical Report 2001 | TR
4 | Bass, L.; John, B. E. Supporting usability through software architecture IEEE Computer 2002 | JA
5 | Folmer,E.; van Gurp J.; Bosch J. Software architecture analysis of usability Engineering Human Computer Interaction and Interactive Systems 2005 |JA
62 | Golden,E.; Bass, L.; John, B. E. The Value of Usability-Supporting Architectural Pattern in Software International Conference on Software Engineering 2005 | CP
Architecture Design: A Controlled Experiment
7 | Bass, L.; John, B. E. Juristo, N.; Bringing Usability Concerns to the Design of Software Architecture Lecture Notes in Computer Science 2005 | JA
Sanchez-Segura, M.l.; Adams, R.J.
8 |Bass, L.; John, B. E.; Kates, J. Achieving Usability through software architectural styles CHI 2000 2000 | CP
9 | Folmer,E.; Bosch J. Usability patterns in software architecture Human-computer interaction: theory and practice 2003 |JA
10 |Bosch,J.; Juristo, N. Designing software architectures for usability Proceedings of the 25th International Conference on Software Engineering. IEEE 2003 | TO
Computer Society
11 | Folmer,E.; Bosch J. Architecting for usability: a survey Journal of Systems and Software 2004 |JA
12 | Juristo,N.; Lopez M.; Moreno A. M.; Improving software usability through architectural patterns Bridging the Gaps Between Software Engineering and Human-Computer Interaction | 2003 | JA
Sanchez M. |.
13 | Seffah,A.; Metzker E. The obstacles and myths of usability and software engineering Communications of the ACM 2004 |JA
14 | Adams, R.J.; Bass, L.; John, B. E. Applying general usability scenarios to the design of the software architecture | Human-Centered Software Engineering: Integrating Usability in the Software 2005 | CP
of a collaborative workspace Development Lifecycle. Netherlands
15 | Juristo,N.;Moreno,A.M.;Sanchez- Analysing the impact of usability on software design Journal of Systems and Software 2007 | JA
Segura,MI
16 | Golden,E.; John B. E.; Bass L. Quality vs. quantity: Comparing evaluation methods in a usability-focused International Symposium on Empirical Software Engineering 2005 | CP
software architecture modification task
17 | Juristo,N.;Moreno A. M.;Sanchez M. I. | Guidelines for Eliciting Usability Functionalities IEEE TRANSACTIONS ON SOFTWARE ENGINEERING 2007 | JA
18 | Juristo,N.;Moreno A. M.;Sanchez M. I. | Clarifying the Relationship between Software Architecture and Usability Proceedings of the Sixteenth International Conference on Software Engineering and | 2004 | CP
Knowledge Engineering
19 | Seffah,A.;Mohamed,T.;Habieb- Reconciling usability and interactive system architecture using patterns The Journal of Systems and Software 2008 | JA
Mammar,H.;Abran,A.
20 | Golden,E.; Bass, L.; John, B. E,; Helping software architects design for usability ACM SISGSOFT 2009 | CP

1 JA = Journal Article, TR = Technical Report, CP = Conference Proceedings, TN = Technical Note, Tutorial
2 Validation for results presented in study #7 addressed in section 2.4.3
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GOOGLE SCHOLAR RESULTS FOR KEY PHRASE #2:

“usability patterns software design”

# Authors Title Source Year |Type
21 |John,B. E.; Bass L.; Sanchez-Segura M. |.; Bringing usability concerns to the design of software architecture Engineering Human Computer Interaction and Interactive Systems 2005 | JA
Adams R. J.
22 | Folmer,E.; van Gurp J.; Bosch J. Scenario-based assessment of software architecture usability Bridging the Gaps Between Software Engineering and Human-Computer 2003 | JA
Interaction
23 | Ferre, X.; Jusisto N.; Moreno A. M.; Sanchez M. | A software architectural view of usability patterns Proceedings of INTERACT 2003 | JA
l.
243 | Golden,E.; John B. E.; Bass L. The value of a usability-supporting architectural pattern in software Proceedings of the 27th international conference on Software engineering 2005 | CP
architecture design: a controlled experiment ACM
25 | Folmer,E.; van Gurp J.; Bosch J. A framework for capturing the relationship between usability and software | Software Process: Improvement and Practice 2003 | JA
architecture
26 | Nielsen, J. The usability engineering life cycle Computer iEEE 2002 | JA
27 |Bass, L.; John, B. E. Juristo, N.; Sanchez- Usability-supporting Architectural Patterns 26 International Conference on Software Engineering 2004 | CP
Segura, M.l
GOOGLE SCHOLAR RESULTS FOR KEY PHRASE #3:
“architectural patterns usability”
# Authors Title Source Year |Type
28 |Bass, L.; John, B. E.; Golden,E.; Stoll, P. A responsibility-based pattern language for usability-supporting architectural | Proceedings of the 1st ACM SIGCHI symposium on Engineering interactive | 2009 | JA
patterns computing systems
29 | Stoll, P.; John, B.E.; Bass, L.; Golden, E. Preparing Usability Supporting Architectural Patterns for Industrial Use Proceedings of the International Workshop on: Interplay between Usability 2008 | CP

Evaluation and Software Development

3 Validation for results presented in study #7 addressed in section 2.4.3
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Table 2.2-3 Reasoning for exclusion of studies in final list

# Excluded Paper Crit. Reasoning

2 | Scenario-based assessment of software architecture ect#1 | More complete results are presented two years later in study #5

usability “Software architecture analysis of usability”

3 | Achieving Usability through software architecture ec#1 | More complete results are presented four years later in study #7
“Bringing Usability Concerns to the Design of Software
Architecture”

4 | Supporting usability through software architecture ec#1 | More complete results are presented three years later in “Bringing
Usability Concerns to the Design of Software Architecture”

8 | Achieving Usability through software architectural styles ec#1 | More complete results are presented three years later in “Bringing
Usability Concerns to the Design of Software Architecture”

9 | Usability patterns in software architecture ec#1 | More complete results are presented two years later in study #5
“Software architecture analysis of usability”

10 | Designing software architectures for usability ic#lic | Though the abstract seemed to meet the inclusion criteria, the

#2 content was a short tutorial outline that in itself did not

11 | Architecting for usability: a survey ec#1 | More complete results are presented one year later in study #5
“Software architecture analysis of usability”

12 | Improving software usability through architectural patterns | ec #1 | More complete results are presented one year later in study #23
“A software architectural view of usability patterns”

13 | The obstacles and myths of usability and software ic#lic | Though the abstract seemed to meet the inclusion criteria, this

engineering #2 paper is a more general analysis of software usability

14 | Applying general usability scenarios to the design of the ic #1 Only part of the results in this study are relevant to our topic,

software architecture of a collaborative workspace ec#l | specifically those presented in a study of the same year: #7
“Bringing Usability Concerns to the Design of Software
Architecture”
16 | Quality vs. quantity: Comparing evaluation methods in a ec#1 | More complete results are presented four years later in study #7
usability-focused software architecture modification task “Bringing Usability Concerns to the Design of Software
Architecture”
17 | Guidelines for Eliciting Usability Functionalities ic#lic | Though a precursor of this present work, this paper deals solely
#2 with the relationship between usability and requirements
elicitation, with only brief allusions to design
18 | Clarifying the Relationship between Software Architecture ec#l | Part of the results presented in this work are present in study #23
and Usability ec#4 | “A software architectural view of usability patterns” of the previous
year. Additional results are in the very early stages and thus not
validated.

20 | Helping software architects design for usability ec#1 | More complete results are presented in study #29 “Preparing
Usability Supporting Architectural Patterns for Industrial Use” of
the same year

21 | Bringing usability concerns to the design of software ec#1 | More complete results are presented in study #7 “Bringing

architecture Usability Concerns to the Design of Software Architecture” of the
same year

22 | Scenario-based assessment of software architecture ec#1 | More complete results are presented two years later in study #5

usability “Software architecture analysis of usability”

25 | A framework for capturing the relationship between usability | ec#1 | More complete results are presented two years later in study #5

and software architecture “Software architecture analysis of usability”

26 | The usability engineering life cycle ic#1lic | This study does not address software architecture directly, but

#2 rather a more general view of usability and diverse aspects of
software development

27 | Usability-supporting Architectural Patterns ec#1 | More complete results are presented one year later in study #7
“Bringing Usability Concerns to the Design of Software
Architecture”

29 | Preparing Usability Supporting Architectural Patterns for ec#1 | More complete results are presented one year later in study #28

Industrial Use

“A responsibility-based pattern language for usability-supporting
architectural patterns”

The selected studies were organized into two groups, depending on the subject matter they
covered within our research question: Firstly, we have the studies that focus on analyzing the
extent of the relationship between usability and software architecture, namely papers 5 and 15
above. Secondly, there are the studies that propose different kinds of architectural patterns to
including usability into software 1, 7, 19, 23 and 28. Sections 2.3 and 2.4 describe each of the

studies in these two groups, respectively.

4 ec = “exclusion criteria that was met by the study”, ic = “inclusion criteria that was not met by the study”
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2.3 Relationship between usability and software architecture

The following sections detail the studies that have delved into determining the nature of the
relationships that may exist between the usability needs of a software application and its
architecture.

Arranged chronologically, the results presented herein provide substantial evidence of the
quantifiable relationship between usability and software architecture. Furthermore, they
highlight the importance of addressing usability issues as early as the design phase of the
development process.

2.3.1 Software Architecture Analysis of Usability
Folmer, E.; van Gurp, J.; Bosch, J. Journal Article. LNCS 2005 [20]

In this work, the authors present an assessment technique to assist software architects in
designing the architecture of their systems in a way that supports usability. This assessment
technique (SLUTA, for Scenario based architecture Level UsabiliTy Analysis) promotes
explicit evaluation of usability during architectural design, with the purpose of discovering
usability issues during this early stage of development, as opposed to doing so during system
maintenance to a higher cost. The authors point out that while this type of software
architecture analysis contributes to the support of usability within the software architecture, it
also highlights the limitations that a software architecture may impose on its intended level of
usability.

The foundation for this assessment technique is a framework proposed by the authors that
expresses the relationships between usability and software architecture. More specifically,
this framework is made up of three layers:

e Usability Attributes: Complied from usability literature, these attributes represent the
most common notions of usability, such as learnability, efficiency, reliability, etc.

e Usability Properties: These are heuristics and design principles that usability
researchers have found to directly influence system usability. They represent the link
between the usability attributes (above) and the usability patterns (below) proposed by
the authors of this work. Such properties are high-level design primitives with known
architectural implications, such as providing feedback, consistency, etc.

e Architecture Sensitive Usability Patterns: These patterns express potential
architectural implications (rather than specific design solutions) that software developers
will encounter in attempting to solve the problem posed by a specific pattern, such as
“user profiles” or ““actions on multiple objects”. They were identified by the authors
from various case studies, existing applications and pattern collections and literature
surveys.

The SALUTA technique itself consists of four steps, namely:

1. Creating the usage profile. This step entails identifying the users of the system, the
tasks they will be expected to perform and the context of use. Furthermore, for each
valid combination of the three, the authors quantify each usability attribute from their
proposed framework described above, assigning them a priority for every scenario.
Ultimately, this step in the technique results in a set of usage scenarios that express
the required usability of the system to develop.

2. Describing the provided usability: This is where the information about the software
architecture is collected, specifically, its support for usability, based to the proposed
framework.

3. Evaluating the scenarios: Which is an evaluation of the support provided by the
architecture for each of the scenarios in the usage profile.
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4. Interpreting the results: The authors propose that the results of this technique can
be useful during iterative developments. For example, in cases when the architecture
has been identified as having poorly developed a certain needed usability property,
said property can be improved in a future iteration. These results are also proposed as
useful in comparing two architectures in regards of their usability, by looking at the
‘scores’ obtained by each for the scenarios being compared.

Figure 2.3-1 Partial view of the Usability Framework proposed by Folmer et al. 2005

SLUTA was evaluated over three industry projects, yielding encouraging results, though the
need for further validation and additional case studies is suggested by the authors. The
framework it is based upon, however, would benefit from a more case studies to determine its
validity.

2.3.2 Analysing the impact of usability on software design
Natalia Juristo, Ana Maria Moreno, Maria-Isabel Sanchez-Segura. JSS Vol 80/2007 [31]

In this study, the authors look to determine, measure and quantify the effects of incorporating
certain usability features into the design of a software application.

The authors begin by analyzing the Human-Computer Interaction (HCI) literature in order to
pinpoint those usability heuristics or recommendations that might have an impact beyond the
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user interface and into the software design. Then, by studying different real-world
applications where these heuristics are included, the authors can determine what this impact
entails in terms of new classes, methods and relationships in the application’s design. With
this data, the authors not only demonstrate the existence of a relationship between these
usability recommendations and the software architecture, but are also able to estimate the
implications of including these recommendations into a system.

After performing the HCI literature research and merging different authors’ terminologies and
recommendations, the authors produced a preliminary list of the usability features that they
identified as having an impact on software design. This list along with the HCI author(s)
who’ve addressed each usability feature in literature, is shown in Figure 2.3-2

Figure 2.3-2 Preliminary list of usability features with impact on software design proposed by Juristo et al. 2007

In this work, the above usability features are termed Functional Usability Features (FUFs)

In order to determine the impact, if any, that these FUFs would have on software design, the
authors had them applied over several university projects. For each project, the developers
were asked to design their software without including any FUFs. After design was completed,
they were asked to modify them to include each of the FUFs mentioned above.

One example is given, of a project that altered its design to include a particular flavor of the
Feedback FUF, namely the System Status Feedback. After being given the list of
responsibilities that the system must carry out in order to properly include this type of
feedback, the developing team in question reported needing to include three new classes, five
new methods and four new associations to their existing designs. Six other groups reported
similar results, from which the authors were able to quantify the following criteria, based on
standard metrics used to measure object-oriented systems complexity:

e FUF Impact on system functionality

« Number of new classes derived from including the FUF

» Complexity of new methods derived from including the FUF

« Number of new interactions stemming from the inclusion of the new classes

The results of this study can be seen in Figure 2.3-3.

Figure 2.3-3 Mean values for design impact for all FUFs considered by Juristo et al. in 2007
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With the results of these experiments, the authors provide initial proof of the importance of
dealing with these types of usability features as early as the design phase of the development
process, due to the demonstrated cost of including them a posteriori.

In the two works presented above, the authors show that there is a clear relationship between
certain usability factors and the underlying software architecture, and as such, it’s one that
must be carefully regarded during software development.

2.4 Architectural patterns

The studies grouped in this section propose solutions to addressing usability concerns at
design time during application development. The solutions include general, text-based
architectural recommendations, usability-specific architectural patterns, assessment
techniques to determine the needs of an architecture in regards to usability and matching
existing design patterns to existing usability needs.

In the following sections detail the five most representative studies, as selected by the
systematic literature review, from least to most recent. This will give the reader a perspective
of the work carried out in this field thus far by the various research groups that have
attempted to or are currently tackling the matter, the advances that have been made and the
present shortcomings to address.

2.4.1 Linking usability to software architecture patterns through general
scenarios
Len Bass and Bonnie John. Journal of Systems and Software. 2003 [3]

In this 2002 work, the authors identify a set of usability scenarios that appear to have
architectural implications, determine their potential usability benefits and propose software
architectural (SA) patterns to help users realize those benefits.

The usability scenarios selected by Bass and John in this work resulted from literature
searches, discussions with colleagues and their own personal experience. All of the 27
scenarios that were chosen were described as architecturally significant, in that a solution for
them would always affect the software architecture.

The selected usability scenarios are presented in Table 2.4-1.

Table 2.4-1 General Usability Scenarios, Bass, John et al. 2002

Aggregating data Aggregating commands Canceling commands

Using applications concurrently Checking for correctness Maintaining device independence
Evaluating the system Recovering from failure Retrieving forgotten passwords
Providing good help Reusing information Supporting international use
Leveraging human knowledge Modifying interfaces Supporting multiple activities
Navigating within a single view Observing system state Working at the user’s pace
Predicting task duration Supporting comprehensive searching Supporting undo

Working in unfamiliar context Verifying resources Operating consistently across views
Making views accessible Supporting visualization Supporting personalization

For each of the selected scenarios, the authors generate a solution in the form of a high-level
software architectural pattern and present it as a possible way to implement said scenarios.

The SA pattern that is provided as a solution for the Cancelling Commands usability scenario
in this work, is shown in Figure 2.4-1.
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Figure 2.4-1 SA pattern proposed for the Canceling Commands scenario. Bass, John et al. 2002

Each of the proposed scenarios is solved in a similar manner, a high-level depiction of the
proposed architectural pattern followed by a textual description of it. The full set of patterns is
presented in a CMU/SEI Technical Report titled “Achieving Usability Through Software
Architecture”, by Len Bass, Bonnie E. John and Jesse Kates.

Aside from providing an architectural solution to each of the twenty seven scenarios, they
were also classified in two ways

« From the point of view of the usability benefits that could be reaped by the user from its
implementation

« From the point of view of classifying the architectural patterns proposed as solutions for
each of them

This two-way classification yielded a usability benefit vs. architectural tactic matrix, termed
‘benefit/tactic matrix’ for short. The goal of this matrix is to provide help for the user in
understanding the benefits of each scenario and also in evaluating and designing their
system’s architecture.

This benefit/tactic matrix was applied for a couple of scenarios (‘working in an unfamiliar
context’ and ‘multiple languages’) to a large commercial information system, leading to the
examination of its existing designs and to ultimately solving difficulties present in the system
for both scenarios.

As future work in this study, Bass and John propose, among other goals, quantifying the value
of the potential benefits of the proposed scenarios to the users and fleshing out the
architectural solutions into usable patterns like those of Gamma et al. [37].

It was later reported by the authors in [4] that only the Canceling Commands was ever fully
fleshed out in this manner.

2.4.2 A Software Architectural View of Usability Patterns

Xavier Ferre, Natalia Juristo, Ana Maria Moreno, Maria-Isabel Sanchez-Segura. Conference
Proceedings of INTERACT 2003 [19]

In this study, the authors identify twenty usability patterns that, when present in a system,
improve its usability. For each of these patterns and through the inductive process
summarized below, the authors produce a possible design solution for incorporating them into
the architecture of software applications.
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In order to identify the usability patterns for which to propose architectural solutions, the
authors took a top-down approach, decomposing well-known usability attributes as defined in
literature by Nielsen and others into what the authors have termed usability properties, and
finally further down into usability patterns. Figure 2.4-2 shows a partial view of this
decomposition as proposed by the authors.

Figure 2.4-2 Relationships between usability attributes, properties and patterns. Ferré et al. 2003

The purpose of producing these usability patterns was to bring the high-level usability
attributes down to a level of abstraction for which specific architectural solutions could be
proposed. The full list of usability patterns obtained in this work is shown in Table 2.4-2.

Table 2.4-2 Final list of usability patterns produced by Ferré et al. 2003

Different languages Different access methods
Alert Status indication
Shortcuts Form/field validations
Undo Context-sensitive help
Wizard Standard help

Tour Workflow model

History logging Provision of views

User profile Cancel

Multi-tasking Commands aggregation
Action for multiple objects Reuse information

For each of these usability patterns, an architectural pattern was identified inductively: In
several laboratory studies, the authors asked the software designers to build their systems
without considering any of the usability patterns. Once designed, designers were asked to
modify their systems in order to include the usability patterns. Then, from the modifications
made by each of the teams, the authors abstracted an architectural pattern for each pattern.

Though the authors report not having validated the feasibility of the resulting patterns, they
state the importance of applying them in real software developments for this purpose.

The resulting architectural patterns that were abstracted conformed to a template that
contained the following information:

= Pattern name

« Problem: When to apply the pattern and in which context

= Solution: A high-level, generic architectural diagram (see Figure 2.4-3) and a description
of the participants involved in the interaction.

» Usability benefits: The specific usability aspects that can be improved by this pattern

» Usability rationale: The impact of the present pattern in final usability

« Consequences: Impact of the pattern in other quality attributes of the system

 Related patterns

e Implementation of the pattern in OO: A textual description of how the generic diagram
could be translated into an object-oriented design.

» Example: One of the designs used to produced the present pattern
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Figure 2.4-3 Architectural pattern proposed for the Reusing Information usability pattern. Ferré et al. 2003

Though no formal validation was ever reported on this particular set of patterns, this study
represents a step forward in ratifying the positive relationship between architectural decisions
and software usability.

2.4.3 Bringing usability concerns to the Design of Software architecture

Bonnie John, Len Bass, Maria-Isabel Sanchez-Segura, Rob J. Adams. Lecture Notes on
Computer Science. 2005 [30]

In this work, the authors introduce what they have termed Usability Supporting Architectural
Patterns, or USAPs. Each USAP describes a usability concern, provides a set of
responsibilities that must be fulfilled to satisfy the forces involved in said concern, and
describes an MV C-based sample solution for it.

This work follows the same research line as the 2002 work presented above, with one major
difference: the consideration of the aforementioned forces.

The authors point out that in their previous approaches to this problem, including their own
previous approach, no good traceability was provided between the solutions provided and the
specific aspects of the usability scenarios being addressed. This disconnect was proposed to
be remedied by the concept of forces [1].

Forces are defined as emanating from different parts of an organization unto a system of
people and machines and causing a particular task to be undertaken. When pertaining to
software architecture, the authors focus on forces coming from “the task the software is
designed to accomplish, the environment in which it exists and the desires and capabilities of
humans using the software”. The authors propose combining these forces in order to produce
the usability problem to address, along with a set of responsibilities that must be present in
the software design in order to solve the problem.

Each USAP, as proposed by the authors, is meant to conform to a table template containing
the following main elements:

= Usability context: the name of the pattern, the situation, or description of the pattern
from the point of view of the user, and any potential usability benefits

e Problem: The forces that motivate the usability situation, separated as exerted by: the
environment and the task, human desires and capabilities and the state of the software.

e General Solution: Textual description of general responsibilities the must be present in
the a system purporting to solve the problem. These general responsibilities as well as
the problem they address were deduced by the authors after examining prior research in
usability and software architecture.
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 Specific Solution: The usability-supporting architectural patterns, derived by the authors
from the general responsibilities described above, as well as from the forces exerted
prior design decisions. These patterns are made up of component and sequence diagrams
along with textual descriptions of the rationale behind the chosen responsibility

allocation, and the forces exerted by the choice of over-arching architecture (J2EE-
MVC). These patterns

The authors present one full example USAP for the Cancellation scenario. Figures Figure
2.4-4 and Figure 2.4-5 show the proposed component diagram for this pattern as well as one
of the proposed sequence diagram for the solution, respectively.

Figure 2.4-4 Component diagram for the SA pattern of the Cancellation scenario. Bass, John et al. 2005

Figure 2.4-5 Sequence diagram for the SA pattern of the Cancellation scenario. Bass, John et al. 2005

The ultimate goal of this work was to construct a collection of USAPs formatted as described
in this study, to be used by architectural and design teams in the development of projects
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The USAPs were presented to professional audiences receiving encouraging feedback and
some were also validated in practice, but in both cases this was done prior to the inclusion of
forces as proposed in this work.

2.4.4 Reconciling usability and interactive system architecture using patterns
Seffah, A; Mohamed, T; Habieb-Mammar, H; Abran, A. JSS. 2008 [39]

In this study the authors identify and model specific scenarios that illustrate how internal
software components, referred to as ‘invisible’ components may affect a system’s usability.
For each of the proposed scenarios, an existing or improved software design pattern is
suggested as a potential solution to the scenario. These scenario-pattern pairs are ultimately
documented and their application within a MVC architectural model is detailed.

In this work, the authors chose the following set scenarios, extracted from literature reviews
and day-to-day experiences:

» Time consuming functionalities

» Updating the interface when the model changes its sate

» Performing multiple functionalities using a single control
« Invisible entities keep the user informed

« Providing error diagnostics when features crash

e Technical constraints on dynamic interface behavior

Following their identification of the scenarios, the authors propose existing design and
interaction (HCI) patterns as solutions for them. For example. The “Working Data
Visualization” design pattern is proposed as a solution for the “Updating the interface when
the model changes its state” scenario. Similarly, the “Progress Indicator” interaction pattern is
proposed as solving the “Time consuming interactions” scenario.

Each pattern is described extensively, providing its name, the problem to solve, the context in
which it exists, the forces involved, a textual solution, the resulting context after applying the
pattern and the ultimate effects on the resulting usability.

Though this process is repeated for a limited number of patterns, the long-term goal of this
work is said to be proposing a general theoretical framework for identifying scenarios such as
the ones mentioned above and defining patterns for developers that need to be used in order to
solve them.

In working towards this goal, the authors propose a model of the cause-effect relationships

between software elements and usability, identifying the most probably types of cross-
relationships between usability and software architecture (bold links in Figure 2.4-6).

Figure 2.4-6 Most probable types of relationships between usability and architecture. Seffah et al. 2008
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The authors suggest that the proposed model is useful in helping developers understand where
to look for relationships between architecture and usability, though stating that one of their
future objectives is validating their results.

245 A Responsibility-Based Pattern Language for Usability-Supporting
Architectural Patterns

Bonnie John, Len Bass, Elspeth Golden, Pia Stoll. Conference Proceedings. ACM SIGCHI
EICS 2009 [5]

Following their research on Usability-Supporting Architectural Patterns (USAPs) described in
section 2.4.2, the authors looked to test them in industry. Though the authors report having
only had success in creating one full exemplar, the Cancellation pattern, (due to difficulties
encountered in creating and maintaining their originally intended catalogue of about two
dozen patterns) this particular pattern was proven to improve the quality of architecture
designs for supporting this usability characteristic. To further study and validate the rest of
the partial USAPs in the catalogue a select few were initially chosen by the company
involved in this study, ABB, to include in their current product line. The authors were quickly
made aware of the multiple challenges posed by the use of the patterns as they were. This led
to the alteration of the USAP structure as well as to the proposal of a pattern language based
on software responsibilities, alongside a web-based tool for evaluating an architecture with
respect to those patterns.

During the beginning stages of this industry-set experiment, the authors, together with an
architecture team of ABBs, completed and reformatted the USAPs (down to the UML
sequence diagrams as the Cancellation pattern had been) for two specific usability scenarios:
User Profiles and the Warning/status/alert feedback.

Upon presenting these new USAPs to a different architecture team, the authors realized that
the general response was a resistance to the use of a UML-based solution, particularly one
based on an over-arching pattern such as MVC. The architects in question felt pressured into
redesigning their systems to comply with the patterns, instead of perceiving them as helpful
tools for including the usability characteristics in question.

The architects were also put off by the nearly hundreds of responsibilities expected of the
system, and further wondered whether three or more of these large patterns could be used
together within a single architecture design.

Such feedback led the authors to remove the UML diagrams altogether from their patterns,
and replace them with textual descriptions of implementation details. These descriptions
explained the structure and behavior of the solution, without imposing a particular
architecture.

Furthermore, the many responsibilities contained in each USAP were grouped into categories,
leading to a two-level structure with emphasis on the hierarchical relationships between the
structure’s elements. Furthermore, the concepts of End-user USAP and Foundational USAP
were proposed, leading to the creation of a pattern language, based on Alexander’s principles
[1] Figure 2.4-7 depicts part of the structure of this language.
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Figure 2.4-7 Scales of proposed pattern language. Bass, John et al. 2009

By expressing the USAPs through this pattern language, the authors were able to reuse 84%
of the responsibilities across all patterns, resulting in a 63% reduction of the number of
responsibilities that had to be presented to the software architects. This fact, together with a
proposed checklist-based delivery tool which automated the tailoring of patterns for a
project’s particular needs, made architects more welcoming to the USAPs design suggestions,
with some reports of highly increased productivity stemming from its use.

While the authors acknowledge that actual validation of results still remains to be carried out,
they are optimistic about the viability of their proposed pattern language judging by the
results of this experiment.

2.5 Systematic literature review results

The past two decades have seen extensive amounts of research carried out in regards to
understanding and quantifying the strong relationship that exists between software
architecture and usability. These results highlight the importance of said relationship and the
need to address usability concerns from a software architecture perspective. Multiple
approaches have been explored for addressing said concerns, mainly proposing diverse forms
of architectural frameworks, guidelines and patterns in order to include usability into software
systems correctly and effectively.

While the results obtained thus far are encouraging, there is still work to be done in this field.
For instance, most of the aforementioned works are substantially backed up by prior research
proving the usability features the authors chose to address are in accordance to usability
principles that have been proposed in the HCI field. Furthermore, no empirical validation was
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performed in any of these works, save for the three case studies carried out by Folmer, et al.
(2005) in [20] and one, under way at publication time, by Ferré, et al. (2003) in [19].

Furthermore, the usability issues addressed in existing works as starting points are identified
mostly by heuristic-based approaches. Ideally, the usability concerns to consider when
proposing architectural and/or design patterns should be relevant from an HCI perspective
and have proven implications on software architecture and/or design.

Most of the previous works deal with solutions at a high-level architectural level, which are
not adequately validated. While architectural patterns can be very useful in depicting how a
system should behave as a whole, our work explores the option of lower-level design
solutions being more effective in detailing the responsibilities of its components.

In addition, none of the works studied provide any means of traceability between their
proposed solutions and software requirements, which is of utmost importance for validation
and maintenance purposes.

Therefore, we are presented with an open research problem related to providing users with
efficient design and implementation artifacts to incorporate usability into a software system,
and we intend to address it within the scope of this doctoral thesis.

A sumarized view of the aformentioned shortcomings of existing research results is presented
in Table 2.5-1, alongside our proposed solution.

Table 2.5-1 Summarized view of systematic literature review resutls

# Authors Study Title Working set of usability Characteristics of proposed Full Traceability
features or scenarios design solutions empirical between
(if applicable) validation | proposed
Source Focus on those | Abstraction Usage of of results design
with proven level existing solutions
impact on patterns vs. new and software
design solutions requirements
5 | Folmer, etal. | Software architecture | Literature No - - Yes None
analysis of usability searches
15 | Juristo, etal. | Analyzing the impact | Research Yes - - Yes None
of usability on softare | results
design
1 |Bass,etal. | Linking usability to Literature No High New Partial None
software architecture | searches and
patterns through heuristic
general scenarios approach
23 | Ferre, etal. | A software Research Yes High New No None

architectural view of | results
usability aptterns

7 |Bass,etal. |Bringing usabilitiy Literature No High and New and No None
concers to the design | searches and low existing
of software heuristic (partial)s
architecture approach

19 | Seffah etal. | Reconciling usability | Heuristic No High Existing No None

and interactive system | approach
architecture using

pattenrs
28 | Bass et al. A responsibility-based | Heuristic No High New and No None
pattern language for | approach existing

usability-supportig
architectural patterns

PRESENT WORK Research Yes High and New and Yes Yes
results low existing

5 Only for one of the more than two dozen scenarios was a low-level solution ever fleshed out
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3.1 Introduction

As explained in Chapter 2, developing software that properly includes usability characteristics
with impact on application logic is not a trivial task. Given this fact, the objective of this work
is to provide a process to help developers include such usability characteristics into their
applications throughout their development life cycle. This is accomplished with the aid of a
set of Software usability guidelines, also proposed in this work.

In order to address the shortcomings of existing solutions, the proposed guidelines are to:

1. Focus only on usability characteristics with proven impact on software design.
2. Be properly validated empirically.

3. Provide software design solutions that reach a low level of abstraction.

4. Be traceable to requirements.

3.2 Hypothesis
The hypothesis for this work states that:

“Applying the proposed usability-oriented software development process will:
» Reduce development time of the usability-related functionalities and, as a consequence,
of the project over all,
 improve the quality of resulting software designs,
« facilitate the inclusion of functional usability features into software projects by reducing
the perceived complexity of usability features by developers,
over applying the process partially and over not applying it altogether.”

The corresponding null hypothesis is the following:

“When applying the proposed usability-oriented software development process,
» development time is not reduced,
 quality of the resulting designs is not improved,
« perceived complexity of usability features is not reduced,

over applying the process partially and over not applying it altogether.”
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3.3 Approximation to solution

In order to validate these hypotheses, we propose a process for including usability
characteristics with impact on software design into software applications, which we have
termed the Usability-oriented Software Development Process. This process is supported by a
set of Software Usability Guidelines for Software Development that we propose for
addressing these high-impact usability characteristics. These characteristics are described in
section 3.3.1, followed by an overview of the proposed process in section 3.3.2, and an
outline of the proposed guidelines in section 3.3.3.

3.3.1 Functional Usability Features

This work focuses on eleven usability characteristics whose effects go beyond the user
interface. In [31] Juristo, Moreno and Sanchez-Segura show how these characteristics have a
considerable impact on the software logic (in terms of additional classes, methods and
relationships that must be implemented) when they are included in an application. Termed
Functional Usability Features by the authors, they are grounded on solid HCI principles as
shown in [32], and our proposed process focuses on helping developers properly include them
into their software application when needed.

Table 3.3-1 Functional Usability Features, originally proposed in [32]

FUNCTIONAL
USABILITY FEATURE

HCI Authors’ Label

GOAL

System Status Feedback

Modeless Feedback Area [17]
Status Display [42]

To inform users about the internal status of the system

Progress Feedback
(ak.a Long Action
Feedback)

Progress Indicator [42]

Show Computer is Thinking [11]
Time to Do Something Else [11]
Progress [49]

Modeless Feedback Area [17]

Let Users Know What is Going On [7]

Informs the users that the system is processing an action that will take
some time to complete

Warning

Think Twice [11]
Warning [49]

To inform users of any action with important consequences

Undo

Multi-level Undo [42]
Undo [49]

Global Undo [36]

Allow undo [11]

Go Back One Step [42]
Object-Specific Undo [36]

To undo system actions at several levels, either globally or over an
individual object

Abort

Go Back One Step [42]
Emergency Exit [11]
Cancellability [42]

To cancel the execution of an action or the whole application

Step-by Step Execution

Step-by-Step [42]

Wizard [49] [42]

Go Back One Step [42]

Go Back to a Safe Place [42]

To help users do tasks that require different sptes with user input and
correct such input

Preferences

User Preferences [42]
Preferences [49]

To record each user's options for using system functions

Personal Object Space

Personal Object Space [42]

To record each user's options for using the system interface

Favorites Favorites [49] To record certain places of interest for the user
Bookmarks [42]
Multilevel Help Multilevel Help [42] To provide different help levels for different users

Command Aggregation

Composed Command [42]
Macros [42]

To express possible actions to be taken with the software through
commands that can be built form smaller parts

The original set of functional usability features proposed in [32] is made up of fifteen
features. The focus set in this work is made up of only eleven, as they are the result of
merging and reconfiguring some of the originally proposed features.
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3.3.2 Usability-oriented software development process overview

The usability-oriented software development process proposes activities to be carried out by
software developers during different phases of development of their applications. Regardless
of specific project life cycle or development method choices, the proposed activities are to be
applied during the analysis and design phases of a project (or a project’s iteration, sprint,
etc.). Figure 3.3-1 shows a graphic representation of the proposed process.

The first part of the proposed process takes place during the Elicitation and Analysis phase of
the project (or project iteration, sprint or similar). During this phase, the development team,
most typically the analyst(s) will carry out activities inherent to the development process
through which the project is being built. Figure 3.3-1 refers to these activities as “Traditional
requirement elicitation and analysis activities”. These activities typically include interaction
with the project stakeholders (end-users, clients, etc.) and other software analysis activities
with the goal of gathering and documenting the user’s needs for the project. This could be
done as a Software Requirements Specification (SRS), a collection of user stories, a set of
expanded use-cases, user interface prototypes, etc.

Together with these traditional activities, the analyst(s) would also carry out those proposed
by our process, represented in Figure 3.3-1 as the *“Requirement elicitation and analysis
activities for usability” sub-process. These activities gather and document requirements
related to the functional usability features with the help of the proposed Usability Guideline,
specifically its analysis artifacts.

Figure 3.3-1 Usability-oriented software development process overview in BPMN [50].

How these traditional activities will be performed together with the proposed activities will
depend on multiple factors inherent to the project being developed. Such factors may be the
type and size of the project, the amount of requirements, the problem domain, the team’s
experience, etc. In some cases it may prove useful to first perform all the traditional
requirements elicitation activities and then follow with all the usability-related ones, while in
others the team might go back and forth between the two until a final requirements document
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(including usability) is produced. This document, represented in Figure 3.3-1 as the
“Requirements with usability”, is the final product of this stage (represented in bold letters).

Other intermediate and/or optional analysis products are also part of the output from this
Elicitation and Analysis phase, represented by the multi-document icon labeled “Intermediate
analysis products”. One of these products is a use case model for the project, produced with
the help of the analysis artifacts of the Usability Guideline for teams (optionally, for teams
who model use cases). Another intermediate product of this stage is a list of System
Responsibilities for Usability, which are a representation of the user’s needs regarding
usability expressed as general functionalities that should be present in the resulting system.

The Requirements with usability (bold text) and the intermediate products (plain text) for this
phase are explained in detail in Chapter 4.

Our proposed process also provides for a similar scheme to be applied during the design
phase of a project or iteration. During this phase, traditional software design activities are
carried out, along with the design activities proposed by our process. As in the case of
analysis, the way in which these two sets of activities will be carried out (in parallel,
sequence, etc.) will depend on the characteristics of the project, team and system being
developed.

The main result of the design phase is a software design document which represents the
usability needs that were elicited previously as MVC-based class and sequence diagrams.
This document is shown in Figure 3.3-1 as “OO software design with usability”, and is the
final product for this phase, represented in bold letters.

Also during this phase, other intermediate design products that are also produced. One such
product, produced before the OO designs, describes the System Responsibilities for Usability
from the point of view of design, describing them in terms of software component
responsibilities yet not posing constraints on a specific architecture to be used. This product is
termed the High-level component responsibilities for usability and is useful as a guide on how
to distribute responsibilities among components when not producing the final designs.
Another intermediate product, also produced before the OO designs, is what we have termed
the Low-level component responsibilities for usability, which textually express the System
Responsibilities for Usability at an even lower level of abstraction, breaking them up and
assigning sub-responsibilities to implementable objects and classes.

The OO software designs with usability (bold text) and the intermediate products (plain text)
for this phase are also explained in detail in Chapter 4.

It is worth noting that our proposed process caters mainly to projects whose software design
is object-oriented. For projects that apply a different design paradigm, our proposed process
can be applied partially, specifically up to the High-level component responsibilities for
usability. In such cases, developers would benefit from early tasks in the process and would
carry on the software design independently. This flexibility is also present within the different
activities of our proposed process, as described later in Chapter 4, allowing for it to be
customized to the development team’s needs.

3.3.3 Usability Guidelines for Software Development

Each of the aforementioned tasks that make up the full usability-oriented software
development process proposed in this work, relies on a tangible product to perform their
duties. This product is the Software Usability Guideline, shown in Figure 3.3-2, which is a set
of analysis and design artifacts proposed to support the inclusion of the functional usability
features presented earlier in section 3.3.1 into software applications.
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Figure 3.3-2 Structure of the Software Usability Guideline.

One Software Usability Guideline is proposed for each of the functional usability features.
Chapter 5 describes each of these guidelines for all of the features addressed in this work.

Each Software usability guideline is comprised of nine artifacts, each of which is to be used
during a single task. Their structure, purpose and function within it are described in depth the
following section.

e The Usability Elicitation Guideline is an existing contribution by [32], extended for this
work, whose aim is to help analysts in eliciting usability requirements

» The Usability Elicitation Clusters are a graphic representation of the Usability Elicitation
Guideline that help analysts understand the flow of the requirements discussion items

e The Usability Use Cases Meta-model is a use case representation of the usability needs
covered by the Usability Elicitation Guideline to help developers include them in their
use case models

e The System Responsibilities are the main functionalities that the system should
accomplish in order to potentially fulfill all of what has been elicited with the Usability
Elicitation Guideline.

» The High-level design component responsibilities for usability describe the System
Responsibilities at a lower abstraction level, that of high-level design components.

e The Low-level design component responsibilities for usability describe the System
Responsibilities at a lower abstraction level, that of design components for a Model-
View-Controller (MVC ) architecture

« Finally, the Software Design Meta-models are the graphic representation, as class and
sequence diagrams, of the low-level design component responsibilities for usability.

42



1 H$%8. " ) +,#—./.%012 " .&3%&A
,25%6GH# " &(4878/2$8&3%(S " 21&, ,

4.1 Introduction

This chapter provides a detailed description of our proposed process for helping software
developers include usability into their applications through the use of software usability
guidelines, also proposed in this work.

Section 4.2 presents an overview of the usability-oriented software development process,
followed by section 4.3 describes each phase of the process in detail and explains how the
proposed software usability guidelines are used for their application. Finally, section 4.4
describes a preliminary software tool for automating the proposed process.

4.2 Process overview

Figure 4.2-1 presents a more detailed view of the “Requirements elicitation and analysis
activities for usability” and the “OO software design activities for usability” sub-processes,
shown collapsed earlier in Chapter 3.
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Figure 4.2-1 Usability-oriented software development process overview

The first task of the “Requirements elicitation and analysis activities for usability” sub-
process is the “Functional usability requirements elicitation”. This task enhances the original
requirements document (elicited through traditional means, as explained earlier in this
section) with the end user’s needs regarding usability (in the case of a SRS, these needs
would be expressed as functional requirements). A second, non-mandatory task in this sub-
process is the “Usability use case modeling” which enhances the Use Case model for the
application being developed, if one exists, with usability use cases.

Once these initial tasks are completed, the proposed process can either end, in which case its
final outputs will have been the “Requirements with usability” and, optionally, the “Use case
model with usability”, or it can continue, depending on the developer team’s needs. If the
process is to continue, the next task is the “ldentification of system responsibilities for
usability”. This task produces a list of usability-related system responsibilities that the
application under development should ultimately perform. This ensures that the resulting
application will conform to the usability-related functionality introduced into the
requirements during the first two tasks.
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After these system responsibilities for usability have been identified, the development team
can either stop applying the proposed process or continue applying it through to the design
phase of their project or iteration. If continuing onto design with our proposed process, the
next task is the “identification of high-level design component responsibilities for usability”.
This task takes the system responsibilities for usability as input and produces an intermediate
output document containing a list of high-level design components proposed to carry out
those system responsibilities. This document also explains how these high-level components
are to carry out those system responsibilities by expressing them into more finely-grained
responsibilities to be distributed among the proposed components.

After these high-level design component responsibilities for usability have been identified,
the proposed process can again stop, keeping the output produced so far, or continue on. If it
is to continue, the next task is the “identification of low-level design component
responsibilities for usability”. This task takes the earlier high-level design component
responsibilities as input and further divides and distributes them, this time among proposed
objects and classes, most of which are directly implementable. Furthermore, it specifies the
required mechanics of the interactions between those objects and classes in order to attained
the corresponding higher-level responsibility.

Finally, once the low-level design component responsibilities for usability have been
identified, the process may continue on to the last task: “Object Oriented software design for
usability”. This task takes the low-level design component responsibilities for usability as
input to help developers produced their final designs including usability, namely the “O0O
software designs with usability”, which is the final product of the proposed process when
applied in full.

4.3 Process detail

This section describes each of the six tasks that make up the two main sub-processes of the
proposed process: the Requirements elicitation and analysis for usability, and the Object
oriented software design for usability. They are described below in sections 4.3.1 and 4.3.2
respectively.

Every task in the proposed process uses one or more artifacts of the proposed Usability
Guideline. Each of these artifacts is described also in the following sections.

4.3.1 Requirements elicitation and analysis for usability

This section covers the first three tasks of the proposed process, specifically those that make
up the “Requirements elicitation and analysis for usability” sub-process, first shown in Figure
4.2-1 as part of the full Elicitation and Analysis phase of a project. Figure 4.3-1 below shows
the tasks involved in this sub-process, now also depicting the usability guideline artifacts
involved (dark gray).
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Figure 4.3-1 Requirements elicitation and analysis for usability process with the artifacts of the usability guideline for
software development

4.3.1.1 Functional usability requirements elicitation

This task enhances the functional requirements of a project and enhances them with usability
requirements related, as elicited from the relevant stakeholders.

The next section describes the guideline artifacts that are involved in this task, followed by a
description of how they support its application.

4.3.1.1.1 Artifacts involved

Two guideline artifacts are involved in this task, namely the Usability Elicitation Guidelines
and the Usability Elicitation Clusters, described in-depth in the following two sections.

4.3.1.1.1.1 Usability Elicitation Guideline

The Usability Elicitation Guideline was originally proposed by [32] to provide help to
development teams to correctly elicit all aspects related to a single functional usability
feature. For a concrete example of this artifact, section 5.2.1.1 of Chapter 5 shows the full
Usability Elicitation Guideline for the Undo feature.

The original Usability Elicitation Guideline had the structure shown below in Table 4.3-1.
They were comprised of, firstly, identification information for the feature in question, a short
definition of the problem being address by said feature and the context in which a software
would benefit from its inclusion.

Secondly, and at the core of every Usability Elicitation Guideline, was the proposed solution.

This solution consisted on a set of HCI recommendations, compiled from an extensive
literature review for each Functional Usability Feature in [32], which fully describe the
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Functional Usability Feature from a HCI perspective. The second part of the solution was a
list of proposed discussion items. These were meant to be established with project
stakeholders to determine how each of the HCI recommendations for the present Functional
Usability Feature would be applicable to the system being developed, if at all. These
discussion items would be grouped by HCI Recommendation (i.e. for each HCI
recommendation there would be one or more items to be discussed with stakeholders).

The results of the stakeholders’ discussions was then processed and incorporated into a
Software Requirements Specification document. The last part of the Usability Elicitation
Guideline, called the Specification Guide, proposed recommendations on how to incorporate
this text into a Software Requirements Specification document.

Table 4.3-1 Original Structure of a Usability Elicitation Guideline [32]

IDENTIFICATION:

Name: [FUF name]

Family: [FUF Family]

Alias: [Other names by which this FUF is also known in literature]

PROBLEM: [the problem being addressed by this FUF]

CONTEXT: [the context in which this mechanism is applicable]

SOLUTION
Usability Mechanism Elicitation Guide:
HCI Recommendation Issues to be discussed with stakeholders

[List of compiled HCI recommendations describing what software [List of issues to be discussed with stakeholders, organized by HCI

should accomplish in order for it to be considered to correctly include recommendations. These were mainly in the form of questions directed

the present FUF] at the software users, clients and other project stakeholders about their
needs regarding the present FUF and ways in which it would be
included and used within the software]

Usability Mechanism Specification Guide:

[Recommendations on how the results of the stakeholder discussions should be incorporated textually into a formal Requirements Specification
document]

Upon revisiting the existing structure of the Usability Elicitation Guideline within the scope
of the usability-oriented software development process proposed in this work, some additions
and modifications were made to its basic structure. These are described below and are shown
in Table 4.3-2.

New ‘Intent’ field

To give a clearer view of what the Functional Usability Feature described in the Usability
Elicitation Guideline does, an intent field was added, adhering slightly more closely to the
pattern-like structure already followed by the Usability Elicitation Guidelines [32].

The Intent field states briefly, and right after the identification information of the feature,
what the feature does, helping the reader to determine as soon as possible the goal of the
present feature and decide on its relevance for their project.

Removal of ‘Usability Mechanism Specification Guide’ field

The original structure of the Usability Elicitation Guideline contained these recommendations
on how to include the results of the discussions with stakeholders into a Software
Requirements Specification document, down to a template of what the included text should
look like. While such an aid would be valuable for systems in which a standard Software
Requirements Specification document is always produced, for this work we have tried to keep
the format in which the results of the elicitation process are gathered open. It is suggested that
some form of requirements and/or use cases document is produced, but no single format is
enforced, thus the original contents of the Usability Mechanism Specification Guides was no
longer as widely applicable as it once was, and was thus removed from the structure.
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New ‘Interrelationships’ field

At the end of the introductory information for the Usability Elicitation Guideline and right
before the Solution section, a new field was added detailing the interrelationships that the
present feature has with other features being addressed in this work. The reason for including
this new field is to give the reader an idea of the impact that the inclusion (or, more
importantly, the exclusion) of the present feature would have on other features.

Interrelationships included in the Usability Elicitation Guideline for feature ‘A’ are expressed
in the following form:

In order to be able to fully include feature ‘A’ into the system, features B
and E must also be considered

Almost all features relate and/or have other features as preconditions. Such interrelationships
must be carefully looked at during elicitation, as to not risk excluding a feature that seems
unnecessary to stakeholders, but is actually needed internally by another (included) feature.

New ‘Elaboration’ column

It was found that there was too large a ‘gap’ between what was expressed in the HCI
recommendations and the discussions with stakeholders, to the point that it wasn’t always
clear to analysts using these guidelines how the proposed discussions derived from their
corresponding HCI recommendation. The problem seemed to lie in the fact that the HCI
recommendations were expressed not only at a very high level of abstraction, but also from a
point of view too far removed from that of the more software-oriented discussions. To bridge
this gap, an in-between column called Elaboration was added to the initial structure of the
Usability Elicitation Guideline.

The Elaboration column presents a Software Engineering view of each of the HCI
recommendations and it elaborates on topics not fully covered by the latter. For example,
where a HCI recommendation would say ‘actions with important consequences should be
undoable’ the Elaboration column would advise to go a little more in-depth into what
‘important consequences’ could mean for different systems during the stakeholders’
discussion, and also the consideration of a cost/benefit ratio of providing particular actions
with said feature.

The addition of this Elaboration column thus makes for an easier transition between the HCI
Recommendations column and the Stakeholders Discussion column, as it also clarifies, from
an engineering perspective, what is expressed within the HClI Recommendations.

New ‘Usage Examples’ Column

Another addition to the basic structure of the Usability Elicitation Guideline was the Usage
Examples column. This column is optional to use during elicitation, and its purpose is to
further clarify the real-life applicability of each HCI Recommendation, or row of the
Usability Elicitation Guideline table, when needed.

Table 4.3-2 shows the resulting structure of the Usability Elicitation Guideline after the
proposed additions and modifications.
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Table 4.3-2 New Structure of the Usability Elicitation Guideline

IDENTIFICATION:

Name FUF name

Family FUF Family

Aliases Other names by which this FUF is also known in literature

INTENT

A short definition and the main goal of this FUF

PROBLEM

The problem being addressed by this FUF

CONTEXT

The context in which this mechanism is applicable

FUF INTERRELATIONSHIPS

Descriptions of interrelationships that the present feature has with other features

Usability Elicitation Guideline

HCI Recommendation Elaboration Discussions with stakeholders Usage Examples
(optional)
List of compiled HCI recommendations | SE perspective of the HCI | List of issues to be discussed with Real-life examples of
describing what the software should recommendation and stakeholders. One or more per HCI how this HCI
accomplish in order to correctly include | further, lower-level recommendation. Mainly in the form of recommendation is
the present FUF. explanations of unclear questions directed at the project stakeholders | presented in existing
Expressed as: topics. about their needs regarding the present FUF | systems
[FUF ID]_HCI-[i]: [Title] [Description] Expressed as: and ways to include/use it within the system Expressed as:
[FUF ID]_ELAB-[i]: [Title] | Expressed as list of: [FUF ID]_EX-[i]: [Title]
[Description] [FUF ID]_Q-[j]: [Text of issue] [Description]

A final addition to the original Usability Elicitation Guideline structure is the use of
identifiers. As the guideline grew and more artifacts where developed, the need for clarity and
traceability became paramount. In order to achieve both these goals, each item in the table
above was assigned a unique identifier and given a defined structure, homogenous throughout
the guideline, as explained below:

1. Each HCI recommendation in the first column is expressed using the following syntax:
[FUF ID]_HCI-[i]: [Title] [Description], where:

a. FUF ID, is a three-to-five letter abbreviation of the full name of the present feature.
It can be either an acronym for the feature name (mostly in the case of multiple-
word names) or its first few letters.

b. HCI, meaning that this is a HCI recommendation

c. [i], is a sequential number assigned to each HCI recommendation. There will be
one HCI recommendation per row, hence there will be i rows in each Usability
Elicitation Guideline.

d. [Title], a self-explanatory, one-line title assigned to the present HCI
recommendation.

e. [Description], the full description of the present HCI recommendation

2. For every HCI Recommendation there is one or more Elaboration items, each of which
is expressed using the following syntax: [FUF ID]_ELAB-[j]: [Title] [Description].

a. FUF ID

b. ELAB, meaning that this is an Elaboration item

c. [j], is a sequential number assigned to each Elaboration item.

d. [Title], a self-explanatory, one-line title assigned to the present Elaboration item.

e. [Description], the full description of the present Elaboration item.

3. For every Elaboration item there is one ore more Discussion Items to be had with
stakeholders. Each issue is expressed in the following format: [FUF ID]_Q-[k]: [Text
of issue], where

a. FUF ID

b. Q, meaning that this is a Question (Issue) to be discussed.

c. [Kk], is a sequential number assigned to all issues of the present Usability Elicitation
Guideline. It is used to identify each issue throughout the entire Usability
Guideline, as they are referenced in other artifacts (namely the Usability Elicitation
Clusters).

d. [Text of Issue], is the full text of the question or issue to be discussed.
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4. Finally, for each HClI Recommendation there is one Usage Example, meaning there
will be i usage examples per table. Each example is expressed as follows: [FUF
ID]_EX-[i]: [Title] [Description].

a. FUF ID

b. EX, meaning that this is a Usage Example.

c. [i], is the same sequential number used for the corresponding HCI
Recommendation.

d. [Title], a self-explanatory, one-line title assigned to the present Example.

e. [Description], the full description of the present Example.

4.3.1.1.1.2 Usability Elicitation Clusters

The Usability Elicitation Clusters are a visual guide to the stakeholder discussion items
presented in the Usability Elicitation Guideline. It maps them graphically in a flow-chart-style
diagram to provide an at-a-glance view of what needs to be discussed, providing the direction
of the flow in which discussions need to take place and grouping related discussions in
clusters to give a more abstract view of the elicitation process. A concrete example of this
artifact is shown in section 5.2.1.2 of Chapter 5 shows for the Undo feature.

In every UEG, stakeholder discussion items are presented in linear lists. For each HCI
Recommendation there will be one ore more discussion items that need to take place among
stakeholders. From examining each discussion item individually, a reader is able to deduce if
it is related to a previous discussion item (i.e. the output of discussion A is needed as input for
discussion B). However, due to the high number of proposed discussion items for most of the
UEGs and the sometimes complex relationships among them, it was found to be useful to
represent these relationships graphically. This representation would make it easier for the
reader to determine, for example, whether or not to follow down a path of discussion items,
depending on what was previously discussed.

Aside from depicting the order in which discussions are to be held, the Discussion Clusters
also group discussion items that relate to a single topic or goal that must be achieved by the
system being developed.

The benefit of having these higher level clusters available is twofold: firstly, it gives the
analyst(s) a more abstract view of what will be discussed, so that, for a UEG with dozens of
discussion items, looking at the headers of the handful of clusters that comprise it will give
them a clear idea of the topics that will be discussed, prior to reading all the discussion items
in detail.

The second benefit of having the discussions grouped in clusters is that these clusters
represent the core goals that need to be achieved by the system being developed. As such,
they will give way to what will later become the general responsibilities to be fulfilled by the
system, described in-depth later in this chapter.

Figure 4.3-2 shows the basic structure of an Elicitation Clusters. The chosen notation for the
Elicitation Clusters loosely resembles that of flow chart diagrams. It’s a simple and clear
notation where the rectangles represent open discussions (those that give way to different
types of output), the rhomboids represent the output, if any, of those open discussions and the
rhombuses represent discussions of the form of binary questions: those with only two possible
answers.

An arrow going from one discussion item (question), or more specifically, its answer, to
another, denotes that not only does the second discussion item needs to take place after the
first, but that it uses the output (answer) from the first discussion item as input. Finally, a line
coming out of a rhombus (binary question) and ending in the ‘ground’ symbol represents the
answer which brings that particular branch of the discussion to an end.
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Figure 4.3-2 Structure of Elicitation Clusters

Furthermore, each discussion item is labeled with the same identifier as it is in the Usability
Elicitation Guideline for traceability purposes.

Answers are assigned the same number as the question they respond to, with two notable
consequences: Firstly the list of answer identifiers will be missing a number for each binary
question present (in the example above there is no answer labeled A-2, as Q-2 is a binary
question). This drawback is however outweighed by the clarity provided by the matching
numbers between question and answer, which would otherwise be offset. Secondly, in the
instances where an open question (rectangle) may have two answers, these two are labeled
with the same number as the question, appending sequential letters (see A-3a and A-3b)

Finally, Discussion Clusters are identified as: [FUF ID]_C-[I] [Cluster Title], where [FUF
ID] is the same identifier assigned to the present feature, C stands for Cluster, and [I] is a
sequential number given to every cluster.

4.3.1.1.2 Functional usability requirements elicitation: Task description

Once a set of functional requirements is defined (partially or totally and with more or less
detail, depending on the software process and life cycled used) project stakeholders should
meet to discuss the inclusion of usability requirements. In this discussion, led by the software
analyst(s) and typically including end users and/or clients, the Usability Elicitation Guideline
will serve as a script for what discussions need to take place in order to determine which
Functional Usability Features will be required for the system being developed and the precise
way in which they will be included.

In many cases, the discussion items in the Usability Elicitation Guideline, though listed
sequentially due to its table structure, are not necessarily intended to be addressed in
sequence. The Usability Elicitation Clusters tackle this issue by graphically mapping out the
intended order in which each of these discussion items is to be addressed. Furthermore, it
specifies what the expected output (or type of answer) is for each of the discussion items.

With the help of the Usability Elicitation Clusters, depending on the outcome of particular
discussion items, entire ‘branches’, or series of discussion items, can be discarded and thus
skipped, making the elicitation process more efficient.

By following this script, the software analyst ensures covering all the bases for each of the
functional usability features, making sure that those that are expected of the system are indeed
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included in the final requirements documentation as would any other functional requirements.
The final output of this task is an enhanced version of the requirements document, in the
sense that it includes the stakeholders’ needs regarding the functional usability features, aside
from the original functional requirements.

Appendix 9.1 shows an example of how this task is applied. As mentioned earlier, the
proposed process can either continue on to the next task or stop here, preserving the output
produced so far.

4.3.1.2 Usability use case modeling

This task is optional within the “Requirement elicitation and analysis activities for usability”
sub-process, applicable only when the development team makes use of use case models. If
they do, this task takes a use case model (either partial or complete depending on the
development life-cycle being followed) and enhances it with the appropriate usability use
cases.

4.3.1.2.1 Artifacts involved

The usability guideline artifact involved in this task is the Usability use case meta-model,
described below.

4.3.1.2.1.1 Usability Use Case Meta-model

The Usability Use Case Meta-model is in part a model in itself, in the sense that it contains
specific use cases for the Functional Usability Feature that it pertains to, and in part a meta-
model, as it also contains ‘template’ use cases where actual use cases will be filled in during
development. A concrete example of this artifact is shown in section 5.2.1.3 of Chapter 5
shows for the Undo feature.

The main goal of the Usability Use Case Meta-model is to assist a development team in the
depiction of their use case models when including a Functional Usability Feature.

Figure 4.3-3 shows the basic structure of the Usability Use Case Meta-model.

Figure 4.3-3 Structure of the Usability Use Case Meta-model

The notation used to represent the use cases contained in the Usability Use Case Meta-model
is fully compliant with UML2 [22]. Some additional color coding and font changes are used
to represent additional concepts, as described below.
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Any single Usability Use Case Meta-model can contain any or all of the following:

1. Concrete Usability Use Cases: These are the use cases that embody functionality that
corresponds solely to the present feature. This use case would not exist within a
system’s greater use case model, if said system does not include the present feature.
Concrete Use Cases are represented in the current feature’s assigned color (light blue in
Figure 4.3-3. See Appendix 9.4 for color legend)

Following UML2 notation, any of these use cases can be a Parent or Child, an Included
or Including use case or an Extending or Extended use case.

2. Concrete Usability Use Cases (Borrowed): These are Concrete Use Cases that belong
to a different feature but have some kind of connection or interaction with the use cases
of the present feature. They are included in the Usability Use Case Meta-model of the
present feature to emphasize said connection, but are represented using the color
assigned to the feature they belong to (green in Figure 4.3-3).

Whenever a Borrowed Use Case exists in the Usability Use Case Meta-model of a
usability feature, the corresponding interrelationship must be noted and described in the
feature Interrelationships field of the Usability Elicitation Guideline.

3. Template Use Cases: As their name indicates, Template use cases represent the place
in the diagram where the development team must substitute the corresponding domain-
specific use case. Most Functional Usability Features do not exist on their own; they
are tied or triggered by other events in the system (a user executing a particular event
or clicking a particular button, etc.). These actions naturally vary from system to
system, but the way in which they relate to other Concrete Usability Use Cases remains
a constant, so their place is reserved within the Usability Use Case Meta-model, along
with the relationships it will have with the other elements present within it.

These Template Use Cases are always represented in gray with italic font, to
distinguish them from Concrete and Concrete Borrowed use cases.

Use cases, regardless of setting, with the exception perhaps of the simplest of systems, tend to
be interrelated. For example, when choosing which use cases to implement during a particular
phase or iteration of development, one must carefully determine the composition of such a set
of use cases, as to not leave out any that will inevitably have to be included later for having
some sort of dependency with one that is already included, or vice versa. Because of these
dependencies, the Usability Use Case Meta-model in every guideline of this work is
accompanied by a Usability Use Case Dependencies table like the one shown in Table 4.3-3,
where the “X” identify every pair of use cases that are dependent on each another.

Table 4.3-3 Usability use case dependencies table

[FUF_ID]_UC-L | [FUF_ID]UC2 | ... | [FUF_ID]_UCn
[FUF_NAME] | [FUF NAME] [FUF_NAME]
[FUF_ID]_UC-1 [FUF_NAME] - X
[FUF_ID]_UC-2 [FUF_NAME] X
X
[FUF_ID]_UC-n [FUF_NAME] X -

4.3.1.2.2 Usability use case modelling: Task description

When software analysts decide to create a use case model for their system, the Usability Use
Case Meta-models serve as a template for the usability requirements. Concrete use cases will
be transferred directly to the project’s use case model, while the so called ‘template’ use cases
depicted in gray will be substituted for the appropriate, project-specific use case as needed.

The Use Case Meta-model contains all use cases related to the Functional Usability Feature

that they belong to. However, in many cases the entirety of the feature will not be needed
within a project, and only a sub-set of these use cases will be part of the final model.
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Once all needed use cases in the meta-model have been included, the resulting use case model
will be said to contain all the elicited usability information. At this point the proposed process
can continue on to the next task or stop, keeping the output documents produced so far.

Appendix 9.1 shows an example of how this task is applied.

4.3.1.3 Identification of system responsibilities for usability

The System Responsibilities that are defined for each Functional Usability Feature represent
what is expected of the resulting software in order to fulfill the elicited Functional Usability
Features. Analysts can identify which of these responsibilities will be needed within their
system with the help of the UEC / SR mapper.

4.3.1.3.1 Artifacts involved

The guideline artifacts involved in this task is the System Responsibilities list, described in-
depth in the following section.

4.3.1.3.1.1 System Responsibilities

As explained earlier in the elicitation and analysis phase, the stakeholder discussion items of
the UEG are grouped into clusters according to their topic of discussion. These clusters
represent the basis for the goals expected to be fulfilled by the system, and as such, serve as a
blueprint for what the core System Responsibilities of such a system will need to be.

In order to determine the exact System Responsibility, each cluster is studied, and the main
goal expected of the system is extracted. Each cluster will give way to one or more System
Responsibilities, except in seldom cases where the goal of a given cluster might need to be
separated into multiple System Responsibilities for clarity. A concrete example of this artifact
is shown in section 5.2.1.4 of Chapter 5 shows for the Undo feature.

Table 4.3-4 shows the structure of a System Responsibility list.

Table 4.3-4 Structure of System Responsibility list

System Responsibilities List for [Name of FUF]
List of all System Responsibilities for this FUF, in the following notation:
[FUF ID]_SR _{i] [Title]:[Description]

In the System Responsibilities List, each System Responsibility is labeled as follows: [FUF
ID]_SR_[i] [Name of System Responsibility i]: [Description of System Responsibility i],
where:

1. FUF ID, is the three-to-five letter identifier assigned to the Functional Usability Feature
in question during elicitation.
2. SR, represents that this is a System Responsibility.
3. [i], is a sequential number assigned to every responsibility
4. [Title], is a short sentence describing the goal of the System Responsibility, using an
infinitive verb
5. [Description], is the full description detailing, at an initially abstract level, what the
system should do in order to fulfill this System Responsibility
Every System Responsibility list is accompanied by a Usability Elicitation Clusters / System
Responsibilities mapper. This mapper helps analysts determine which of the proposed System
Responsibilities for a feature are applicable for their project, depending on the results of the
elicitation process.

Table 4.3-5 shows the structure of this Usability Elicitation Clusters / System Responsibilities
mapper.
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Table 4.3-5 Structure of the Usability Elicitation Clusters / System Responsibilities Mapper

Usability Elicitation Cluster | Dependent System Responsibilities
List of Usability Elicitation Clusters List of dependent system Responsibilities for each Usability Elicitation Cluster expressed as:
expressed as: [FUF ID]_EC_i [FUF ID]_SR_n [Name of System Responsibility n]

[FUF ID]_SR_m [Name of System Responsibility m]

The UEC / SR Mapper is a two-column table. In the first column there is a list of all the
elicitation clusters, identified their id and name. The second column contains all the System
Responsibility dependencies for each clusters.

Every cluster may have one ore more System Responsibilities that depend on it, meaning that
they will only be implemented if said cluster is present after elicitation.

The System Responsibilities are expressed in the following notation: [FUF ID]_SR_n [Name
of System Responsibility n].

4.3.1.3.2 Identification of system responsibilities for usability: Task description

In order to determine which System Responsibilities are to be included in the system, the
development team (most commonly, the analyst role) must look at which Usability Elicitation
Clusters were found to be applicable in the elicitation and analysis phase (see section
4.3.1.1.1.2). With the use of the UEC/SR mapper, the team then determines, for each
applicable cluster, which System Responsibility is relevant to the system. After doing this for
all applicable clusters, the team will have determined the subset of System Responsibilities
that must be designed in this phase of development (i.e. solely those that embody what was
elicited for each functional usability feature).

Appendix 9.1 shows an example of how this task is applied.

At this point the proposed process can continue on to the next task or stop, keeping the all the
analysis and elicitation documents produced so far, namely the requirements document and
and the use case model including usability

4.3.2 00 Software design activities for usability

This section covers the last three tasks of the proposed process, specifically those that make
up the “OO0 software design activities for usability” sub-process, first shown in Figure 4.3-1,
as part of the full Software Design process. Figure 4.3-4 below shows the tasks involved in
this sub-process, now also depicting the usability guideline artifacts involved (dark gray).
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Figure 4.3-4 Object oriented designs for usability process with the use of the software usability guideline artifacts

4.3.2.1 Identification of high-level design component responsibilities for usability

Based on the System Responsibilities that were found to be applicable in the previous task
(see section 4.3.1.3), developers identify the corresponding high-level component
responsibilities that are relevant to their systems. These express the more abstract System
Responsibilities as groups of more finely-grained responsibilities, assigned to one or more
parts (components) of the system to be developed.

This is an optional task, and is applicable for developments which do not us an MVC-based
architecture and therefore would not benefit from the outputs of the next two tasks in this sub-
process which are MV C-based (see sections 4.3.2.2.2 and 4.3.2.3). For developments which
do use an MV C-based architecture, this task can be skipped and the process continues on the
following task, described in section 4.3.2.2.2.

4.3.2.1.1 Artifacts involved

The artifact involved in this task is the high-level design component responsibilities for
usability, described below.

4.3.2.1.1.1 High-level design component responsibilities for usability

The High-level software component responsibilities specify, at a lower abstraction level than
that of System Responsibilities, what each part of the software would need to accomplish in
order to fulfill the grater goal of a System Responsibility. A concrete example of this artifact
is shown in section 5.2.2.1 of Chapter 5 shows for the Undo feature.

The High-level software component responsibilities table (see Table 4.3-6) is a two column

table. In its first column, it lists all System Responsibilities, followed, in the second column,
by textual descriptions of which high-level design components are needed to carry it out.
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Furthermore, it specifies which responsibilities should be assigned to each component in
order to do so.

Taking any broad system responsibility such as the ones presented in this work, and assigning
tasks to multiple design components to carry it out is not a clear-cut task. Many different
valid solutions can be proposed, as such a process inevitably involves a certain level of
subjectivity.

Many questions arise when determining which components to consider, and, once even that
step has been covered, the question of which of the defined components is better suited to
take on which task to produce an adequate distribution of responsibilities (and future software
design) arises.

There is no definite ‘optimal’ in this regard, but there is a long history of sound principles and
patterns that, when applied correctly within a particular context, will guarantee to some extent
certain desirable quality aspects when assigning responsibilities [37].

Due to the nature of this work, where each guideline is conceived to be used repeatedly and
across multiple projects of diverse nature, the principles that were chosen have a common
goal of preserving a high level of maintainability, clarity and reuse of the resulting
components. These range from Gamma’s broader ‘low cohesion’ principle [37] to the use of
more specific GoF patterns where appropriate, producing as a result an adequate distribution
of responsibilities. It is one solution among many possible ones that could be created, but a
solution with a certain guaranteed level of quality in the more relevant aspects to the
successful use and applicability of the guidelines.

Table 4.3-6 shows the basic structure of the High-level software component responsibilities
for usability.

Table 4.3-6 Structure of the High-level software component responsibilities for usability

System Responsibility High-level design component responsibilities for usability
List of all System Responsibilities, expressed as: [FUF ID]_HLCR _n: [Textual description of High-level software
[FUF ID]_SR_i [Name of System Responsibility i] component responsibilities. Suggested design components are
italicized.]

[FUF ID]_HLCR _m: [Textual description of High-level software
component responsibilities. Suggested design components are
italicized.]

The first column lists all System Responsibilities, one per row, identified as [FUF ID]_SR_n
[Name of System Responsibility i], where FUF ID is the identifier of the usability feature, SR
stands for System Responsibility and i for the number of the responsibility, this is followed by
the name of that responsibility.

The second column contains one or more textual descriptions per System Responsibility.
These descriptions explain, in free text format, which generic components should be involved
in fulfilling the current System Responsibility, and, in general terms, which tasks should be
under the care of each one of those components. All component names are capitalized and
italicized for clarity. Component responsibilities are identified as [FUF ID]_ HLCR _n:
[Textual description] where FUF ID identifies the usability feature, HLCR stands for “high-
level component responsibility” and n is the number of that responsibility.

4.3.2.1.2 Identification of High-level design component responsibilities for usability: task description

In order to identify which of the High-level software component responsibilities for usability
are applicable for their system, the development team must refer to the subset of System
Responsibilities that was determined to be applicable in the previous task (see section
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4.3.1.3). With this information, the team must look at the High-level software component
responsibilities for usability table and select all of those that correspond to the applicable
System Responsibilities.

The output of this task will be a subset of High-level software component responsibilities for
usability. This output is however optional, and will be produced as an actual document only
in the instances where the development team does not wish to continue applying the proposed
process. This can be due to the fact that, for example, the development team for a particular
project uses a vastly different architecture from MVC, and would thus find limited use for the
lower-level usability artifacts.

Regardless of producing it as an output document however, the High-level software
component responsibilities for usability serve as a blueprint for what the Low-level software
component responsibilities will be, as is described in section 4.3.2.2.1 below.

Appendix 9.1 shows an example of how this task is applied.

4.3.2.2 |dentification of low-level design component responsibilities for usability

Based on the System Responsibilities that were found to be applicable (see section 4.3.1.3),
developers identify the corresponding low-level component responsibilities that are relevant
to their systems. These express the more abstract System Responsibilities as groups of more
finely-grained responsibilities, assigned to individual classes and objects of the final design of
the system to be developed.

4.3.2.2.1 Artifacts involved

The artifact involved in this task is the Low-level design component responsibilities for
usability, described below.

4.3.2.2.1.1 Low-level design component responsibilities for usability

These low-level responsibilities are the least abstract representation of the System
Responsibilities for each of the Functional Usability Features, as they describe how they
would be designed (in terms of classes and methods) into a MV C-based system. A concrete
example of this artifact is shown in section 5.2.2.2 of Chapter 5 shows for the Undo feature.

By examining each System Responsibility and further describing them as MVC elements,
certain compromises must be made, the main one being the obvious loss of generality of the
results, as a specific architecture needed be chosen in order to descend to the level of
abstraction of objects, classes, instances, etc.

In choosing a specific architecture, we restrict the wide applicability of the resulting models,
as only systems using said architecture would benefit from them. However, in order to bring
results to the desired level of abstraction—one that development teams can use directly to
implement their software, closer to software code than has ever been provided in previous
works—the benefits of such a restriction outweigh their drawbacks.

In any case, the proposed process as a whole does not lose its generality and applicability, as
it need not be used in its entirety to produce applicable results. As explained earlier, a
development team not using MVC could still fully benefit from the proposed process all the
way to the identification of High-level software component responsibilities for usability. Such
a team would be able to assign these responsibilities to the appropriate components of their
systems, instantiating them for whatever objects make up their specific architecture. This still
represents a significant improvement over not having a process to go by when attempting to
include the Functional Usability Features into their designs.
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Teams who do use MVC (or equivalent), will fully benefit from this task as well as the next
one, the OO Software design for usability, described in section 4.3.2.3.

Table 4.3-7 shows the structure of the Low-level software component responsibilities table.

Table 4.3-7 Structure of the Low-level software component responsibilities (for MVC)

- Objects q
System Responsibility Objecti | .. | Objectn Figure
List of all System Responsibilities, expressed as: Description of each of the low-level Reference to the Software
[FUF ID]_SR_i [Name of System Responsibility i] responsibilities referencing their source | Design Diagram Meta-
high-level responsibility. models involved in this
System Responsibility

Similarly to the High-level software component responsibilities table, the Low-level software
component responsibilities table starts off with a list of System Responsibilities in its left
column. These System Responsibilities are expressed in the same syntax as in the previous
table: [FUF ID]_SR_i [Name of System Responsibility i].

The second column of this table is the Objects column. This column is divided in as many
sub-columns as objects are involved in carrying out all System Responsibilities, (even though
not all objects may be involved in all System Responsibilities). For each System
Responsibility (row), the Object columns list the specific task(s) to be carried out by that
Object (the cells of Objects not involved at all in the current responsibility are grayed out).
Each task is preceded by a number, indicating the order in which the task must take place,
across all objects.

Most of the objects listed in the Low-level software component responsibilities table
represent actual objects to be implemented directly into a software system requiring the
System Responsibility in question. There are, nevertheless, instances when responsibilities
are assigned to an object of the system’s own domain, which cannot exists nor be instantiated
until the proposed process is applied to a specific project. Such objects are represented as
DomainObjects), and emphasized here in italics for distinction from the rest of the concrete
objects. Each guideline describes exactly how and when to substitute the actual domain object
for this ‘template’.

Finally, the last column in the Figure column, which simply provides a reference to the OO
Software Design Meta-models that depict these low-level software component responsibilities
for usability.

4.3.2.2.2 Identification of low-level software component responsibilities for usability: Task description

In order to identify which of the Low-level software component responsibilities for usability
are applicable for their system, the development team must refer to the subset of System
Responsibilities that were determined to be applicable (see section 4.3.1.3). With this
information, the team must look at the Low-level software component responsibilities for
usability table and first select all of those that correspond to the applicable System
Responsibilities.

As in the high-level case, the output of this task will be a subset of Low-level software
component responsibilities for usability. This output is however optional, and will be
produced as an actual document only in the instances where the development team does not
wish to continue applying the proposed process. This can be helpful in instances when, for
example, the development team is more open to receiving aid in textual form than in that of
UML diagrams [4].

Appendix 9.1 shows an example of how this task is applied.
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4.3.2.3 Object Oriented software design for usability

This is the final task of the proposed process and it entails designing the software application,
or the parts of it being covered in the current iteration. During this design process, the
development team applies the proposed software design meta-models for usability to include
the required usability features

Section 4.3.2.3.1 below describes the guideline artifacts that are involved, followed by a step-
by-step description of the task in section 4.3.2.3.2.

4.3.2.3.1 Artifacts involved
The artifact used in this process is the software design meta-models for usability, described below.

4.3.2.3.1.1 Software design meta-models for usability

The software design meta-models for usability are the graphic representation of the Low-level
software component responsibilities for usability. They are made up of class and sequence
diagrams written in UML that describe the way in which the functional usability feature they
address is to be designed at the lowest level of abstraction possible, and ultimately
implemented. A concrete example of this artifact is shown in section 5.2.2.3 of Chapter 5
shows for the Undo feature.

For every object listed in the Low-level software component responsibilities table, there will
be one class in the Class and Sequence diagrams of this guideline. For every task listed in said
table, the corresponding method(s) will be created within that class, and represented in both
diagrams accordingly.

It is important to note that the proposed Usability Software Design Meta-models (as well as
the chosen responsibility allocation) is but one of perhaps many possible solutions that could
exist for each of the Functional Usability Features addressed. They represent, however, a
sound solution which follows widely accepted design principles, and is as such an important
contribution in this regard.

Figure 4.3-5 and Figure 4.3-6 show the structure of the Software Design Meta-models, in the
form of Class and Sequence diagrams. Each Usability Software Design Guideline will have
one single Class Diagram and one or more Sequence Diagrams, covering all of the System
Responsibilities. However, the relationship between System Responsibilities and Sequence
Diagrams is not one-to-one, as a group of System Responsibilities can be represented in a
single Sequence Diagram and vice-versa.

Figure 4.3-5 Structure of Software Design Meta-model. Class Diagram
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Figure 4.3-6 Structure of Software Design Meta-model. Sequence Diagram

Both diagrams follow the UML2 notation [21] with the following additions:

1. The ‘template’ DomainClass objects mentioned above are be depicted in a different
color (gray), to highlight them.

2. Al classes belonging solely to the present feature are depicted in the feature’s assigned
color (see Appendix 9.4 for color legend).

3. Classes belonging to other features are depicted in the color of that feature to
differentiate them. They are often represented as packages for clarity, and assumed to
contain all or some of its classes.

4. Classes or methods belonging completely to an existing software design pattern are
depicted in yet a different color (i.e. red for the Observer Pattern.)

4.3.2.3.2 Object Oriented software design for usability: Task description

The Software Design Meta-models are to be used directly within the software designs when
using a MVC® architecture. During the system design phase(s) of a project, class and
sequence diagrams, likely among others, will be produced. For those not involving the
Functional Usability Features, software designers will proceed as usual; creating their
software designs as they normally would. However, when they must design the functionalities
that pertain to any of the Functional Usability Features, they are expected to apply these
Software Design Meta-models.

Most classes and methods present in the Software Design Meta-models can be directly copied
into the system’s own design to cover the Functional Usability Feature in question. However,
there are ‘template’ classes in these meta-models that must be substituted by the system’s
own.

The output of this task, and the final output of the proposed process when applied in full, is a
set of software design diagrams that includes all the elicited Functional Usability Features.

Appendix 9.1 shows an example of how this task is applied.

6 Projects using other architectures such as PAC (where a ‘translation’ between MVC components and those of the other architecture is
possible and common) the Low-level software design component responsibilities can still be used. Only this additional step of ‘translation’ will
be required before moving on to the design itself.
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4.4 Process Automation

Our proposed process can be applied manually or with the aid of our proposed Support Tool
for Usability-Oriented Development. When applying it manually, the parties involved in use
printouts (or digital versions) of the proposed guidelines, and in the automated case the
process is applied with the aid of the tool.

The purpose of this proposed tool is to help development teams apply the proposed process
more easily and efficiently. In the case of analysts, they would not need to rely on the paper
versions of the guidelines to conduct the stakeholder discussions, and the results of these
discussions can be directly input into the tool (to later transfer them to whatever format of
requirements document is used within the project. In the case of software designers the
benefit is even higher in terms of efficiency. With the manual process, UML diagrams that
need to be copied and instantiated manually one by one from paper into a UML design tool.
When using the proposed tool, however, designers receive a digital version (XML file) of
each diagram, already including only the elements that are relevant to their project. Designers
would only need to open these files with one of many UML editing tools with support for
XML, and include them directly into their projects.

The proposed tool is accompanied by a prototype pre-load application, developed to be used
only once prior to the use of the tool. Its purpose is transforming the paper guidelines into sets
of XML files that are readable by the tool, as explained later in this chapter. Once the
guidelines have been converted, they are loaded into the tool, allowing software developers to
interact with them during the proposed process. Both the pre-load application and the tool are
described in the next two sections.

4.4.1 Pre-load application

The purpose of this application is to transform a Usability Guideline for Software
Development into digital files to be fed into the proposed tool. This task is performed only
once, before first using the proposed tool. This pre-loading application also allows for the
inclusion of new guidelines should any be developed in the future.

Upon opening the pre-load application, the user is shown with a screen as the one shown in
Figure 4.4-1, for loading each of the discussion items of the UEG.

Figure 4.4-1 Loading the Usability Elicitation Guideline into the pre-load application
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The first four input fields in this screen are for loading the text of the discussion item, its
identifier and the identifier(s) of the discussion item(s) that follow the present item. The two
buttons that follow are for adding these subsequent items (labeled “si” and “no” for “yes” and
“no” in the case of binary questions that branch in two directions, depending on whether they
are answered in the positive or negative). Once the discussion items are added, they show up
in the text boxes below the buttons. Advanced users may click on the buttons below the text
boxes, labeled “mostrar acciones Si/No” to view the underlying XML code that is generated
for each added discussion item.

Once this information has been filled out, the user clicks on the Accept button at the bottom
of the screen and the present discussion item is closed and added to the main XML file.

When the discussion item being added can be responsible for eliminating an entire cluster of
items, the user must associate it with the corresponding System Responsibility/ies for
Usability that would be discarded. Figure 4.4-2 shows the screen where this association is
performed. In this screen the user must enter the discussion item number, the name of the
table where the system responsibilities are present (which must match the name of the source
Xls file where the system responsibilities are stored, i.e. “Undo.xIs”) and the row from that
table to eliminate. Finally, clicking the lower-most button on the screen stores this
information.

Figure 4.4-2 Pre-load Application: Associating elicitation clusters and system responsibilities

The user must repeat this task for every discussion item in the Usability Elicitation Guideline.

Once all the discussion items have been loaded, the user must proceed to load the UML
models. First is the Use Case meta-model. For this, the user selects the option to add an use
case (“Afadir caso de uso™) and clicks the Accept button, as shown in Figure 4.4-3. This will
present him with a set of text fields where he is to introduce one use case at a time, along with
its associations with other elements of the diagram.

63



Figure 4.4-3 Pre-load tool. Loading use cases.

In the first text field the user would input the name of the use case and would then click on
the button to add the use case to the XML file. The contents of the XML file is shown in the
text box at the bottom of the screen. Any associations would be added by selecting from the
drop down box the type of element that the use case is associate with (i.e. actor, another use
case, etc.), followed by the option to label the association as being of the type “include” or
“extend”. Once all this information is filled in for the present use case, the user clicks on the
button at the bottom of the screen to store it in the XML file. Users would perform this action
for all use cases in the meta-model of the Usability Diagram that they are pre-loading.

Similarly to Use Cases, elements of the software class diagram are added through the screen
shown in Figure 4.4-4.

Figure 4.4-4 Pre-load tool. Loading class diagram
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The user must fill out a set of text fields for the name of the class and any associations it may
have with other diagram elements. Clicking in the bottom-left button of the screen “Afadir
nueva clase” adds the current class to the XML file (as shown on the text box above the
buttons) and clears the text fields for adding a new one. Once all classes are added, the user
clicks on the bottom-right button of the screen “Finalizar” to end.

Finally, the sequence diagrams are added through the screen shown in Figure 4.4-5.

Figure 4.4-5 Pre-load tool. Loading sequence diagrams

For every sequence diagram, the user inputs the name of the diagram in the first text field. In
the next two fields, the user inputs all classes and instances that will be present in the
sequence diagram. Once those are added, the user selects them one by one from the list
generated on the left and associates it (by a method call, return message, create directive etc)
with the necessary ones on the right-hand list, until all the associations are complete.

Once the last diagram has been added, the user selects the option to generate the output files
for the present Usability Guideline. Once done for all the Usability Guidelines, the Tool is
ready to be used as explained in the next section.

4.4.2 Support Tool for Usability-Oriented Development

When using the software tool, the analyst logs into the application and selects the first
functional usability feature to address (Figure 4.4-6) during the elicitation process. By
hovering over the available features, the screen presents the user with a description of it,
including the features intent, the problem it addresses and the contexts within it is applicable.
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Figure 4.4-6 Software tool: Functional usability feature selection

Once the analyst has selected a feature, the applications loads the guideline and presents a
view of the Elicitation Clusters for that feature, along with text fields for recording the output
of each individual discussion item (Figure 4.4-7). In this example, the selected Functional
Usability Feature will be Undo.

Figure 4.4-7 Software tool: Elicitation clusters for Undo feature

As the discussions move forward, the active discussion is highlighted in red, and discussion
items is marked are grayed out as they are ‘covered’, highlighting the next one in the
sequence. When the result of a discussion item discards one or more future items they are
grayed out and skipped automatically by the tool. In this example, the stakeholders have
stated the need for an undo feature of three levels, global and over specific objects, without

redo, with no viewable history list and no “smart menus” (see Undo guideline in Chapter[G]
for a definition of these terms)
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If during the discussion process either the analyst or any of the stakeholders need more
information on a given discussion item, clicking on the (?) icon will present information
pertaining to that item from the Elicitation Guideline (i.e. underlying HCI recommendation,
usage examples, etc.)

Once all the discussion items are covered, and together with the pre-loaded information for
each guideline, the tool now has the necessary information needed to generate all the outputs.
The user is then returned to the first screen (Figure 4.4-6) and clicking on the “Download”
button will produce a zip file containing all the output files as explained below.

The first downloadable file is a plain-text file containing the answers given during the
elicitation process. For the present example, the resulting file is shown in Table 4.4-1.

Undo - Elicitation Results

List of damaging actions
Deleting files

Damaging undoable actions
Deleting files

Access method(s) to undo
Undo will be accessed through the Edit menu

Number of undo and/or redo levels
Three

List of elements for object-specific undo
All graphic elements

List of elements for object-specific undo + access method
right-click over element

Table 4.4-1 Software tool output: Elicited information regarding usability

For the next downloadable product, the tool first accesses the pre-loaded relationships
between applicable Usability Elicitation Clusters and System Responsibilities for Usability.
With this information, it generates a file containing only the applicable System
Responsibilities, making it available for download as an editable spreadsheet document,
should the user be interested in this output. The actual file produced for this example is shown
in Figure 4.4-8, where only the first, second and seventh System Responsibilities for Usability
are applicable.

Figure 4.4-8 Software tool output: System Responsibilities

With the information about which System Responsibilities are applicable, the application
automatically generates documents containing the applicable high and low level software
component responsibilities for usability, making them optionally available for download as
editable spreadsheet documents as well. These two files, as produced for this example, are
shown in Figure 9.1-2 and Figure 9.1-3, respectively.
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Figure 4.4-9 Software tool output: High-level software component responsibilities

Figure 4.4-10 Software tool output: Low-level software component responsibilities

Using the pre-loaded information and the results of the elicitation process, the tool also
produces an instantiated version of the Usability use cases for usability meta-model,
containing only the applicable use cases for what was elicited. They are produced in standard
XMI format for UML and are readable by any UML editing application with the option to
import such files. Should the development team be interested in modeling use cases they can
import this file into any freely available UML modeling application, such as StarUML, and
edit it directly, as shown in Figure 4.4-11.
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Figure 4.4-11 Software tool: Importing XML output for UML diagrams into StarUML

For this example, the resulting use case diagram, including only the relevant use cases, is
shown inFigure 4.4-11". When compared to the original Usability Use Case Meta-model in
page 77, we can see that the use cases relating to redo and other features discarded in
elicitation, have been excluded.

Figure 4.4-12 Software tool output: Usability use cases meta-model

Finally, and based on the low-level responsibilities that were determined to be applicable, the
system generates all relevant design diagrams and makes them available for download as an
editable UML file as well. The class diagram for this example is shown in Figure 4.4-12,
where, when comparing to the original Software Design Meta-models for usability in page
86, we can see that the methods pertaining to redo aren’t present, as well as the redo-related
Exceptions.

Figure 4.4-13 Software tool output: class diagram

7 All generated XMI files, when opened by StarUML, show the graphic elements correctly on screen yet at random placements. For this
example, the elements have been moved to resemble their original locations on the Usability Guidelines.
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5.1 Introduction

This chapter contains the Usability Guidelines for Software Development proposed for the
eleven Functional Usability Features addressed in this work.

The Undo guideline, which covers the user’s need to revert the effects of a previously
executed action, or series of actions, within an application, is described in section 5.2.

Section 5.3 presents the Abort guideline. Abort entails canceling on-going commands within
an application and to exit the application altogether.

In section 5.4 the Step-by-Step guideline is presented, covering allowing tasks with multiple
steps to be represented as a series of navigable windows

The Progress guideline is described in section 5.5. This usability feature aims at providing
the user with accurate visual feedback on the progress of the current task.

The guideline for the System Status Feedback feature, which provides the user with
information on the different statuses the system might be in at any given time, is detailed in
section 5.6.

Section 5.7 presents the guideline for the Warning feature. This feature entails providing
different alert types upon execution of sensitive actions.

The Multi-level Help guideline is described in section 5.8. Multi-level Help allows the user
to access textual help features in different levels of detail throughout a software application

In section 5.9 the Commands Aggregation guideline is presented. This usability feature
allows the user to aggregate commands into macro-like structures for ease of batch execution.

The Preferences guideline, covering the user’s need to receive accurate visual feedback on
the progress of the current task, is described in section Section 5.10.
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The guideline for the Favorites feature, which allows the user to bookmark and keep a
collection of favorite places within an application, is presented in section 5.11.

Finally, 5.12 presents the guideline for the Personal Object Space feature. Personal Object
Space covers the users needs to arrange and manipulate objects graphically on screen.

Every one of the aforementioned sections, aside from presenting the Usability Guideline for
Softare Development that it covers, describes every artifact of that guideline in detail. As
mentioned in Chapter 3, these artifacts cover the analysis and design phases. For the analysis
phase, these artifacts are:

= The Usability Elicitation Guideline

» The Usability Elicitation Clusters

e The Usability Use Cases Meta-model
» The System Responsibilities

The artifacts intended for the design phase are the following:

» The High-level design component responsibilities
e The Low-level design component responsibilities for MVC
» The Software Design Meta-models

Each of these is described for every guideline in the following eleven sections. Furthermore
each guideline has an associated color in which it’s use cases and classes are depicted. As the
usability features covered by the guidelines often overlap, color coding is needed to
diferenciate the elements of a specific feature from those that belong to other features. The
colors assigned to each feature throughout this chapter are shown in

Figure 5.1-1 Color Legend for the functional usability features covered in this work

Finally, elements taken from existing software design patterns are also depicted in different
colors, red for the Observer Pattern and for the Command Pattern [37].
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5.2 “Undo” Usability Guideline for Software Development

The Undo Functional Usability Feature covers the user’s need to revert the effects of a
previously executed action, or series of actions, within an application. Undo allows users the
liberty to explore the application’s functionality, to make mistakes or to change their minds
during execution without being penalized for it (by being allowed to undo undesired results).

The Usability Guideline for Software Development is made up of Analysis and Design
artifacts, described for the Undo feature in sections 5.2.1 and 5.2.2, respectively.

5.2.1 Usability Guideline for Software Development: Analysis artifacts

There are four artifacts to be used during the analysis phase: the Usability Elicitation
Guideline, the Usability Elicitation Clusters, the Usability Use Case Meta-models, the System
Responsibilities for Usability. These artifacts are described in the following four sections.

5.2.1.1 Usability Elicitation Guideline

Table 5.2-1 shows the Usability Elicitation Guideline for the Undo Functional Usability
Feature. In this guideline, there are six HCI recommendations, described below.

5.2.1.1.1 Undoing actions

HCI authors suggest that the Undo functionality is necessary within applications where users
can perform actions with potentially permanent consequences. This would encourage users to
explore and learn the application functionalities without fear of making irrevocable mistakes
(U_HCI-1). What the terms ‘permanent consequences’ and ‘irrevocable mistakes’ mean
exactly will depend greatly on the application being developed and therefore must be clearly
defined by the project stakeholders (U_ELAB-1) during elicitation. Only after doing so it will
be necessary to discuss which system actions will indeed be required to be undoable (U_Q-1
to U_Q-3). In Table 5.2-1, example U_EX-1: “Costly vs. undoable actions” describes an
example for this HCI recommendation.

5.2.1.1.2 Providing warnings for non-undoable actions

Some actions are simply not undoable, so the need for a warning when users attempt to
perform them is discussed (U_HCI-2). This type of warnings represent what is defined as an
Authorization within the Warning guideline (U_ELAB-2). If such actions exist within the
application to be developed, stakeholders must pinpoint them (U_Q-4) and determine how to
address them, according to the Warning guideline. Example U_EX-2: of Table 5.2-1, “File
deletion w/warning”, describes an example for this HCI recommendation.

5.2.1.1.3 Redoing actions

With the ability of undoing an action comes the possibility of redoing it (U_HCI-3), which
entails reverting the effects of an initial Undo invocation, if any (U_ELAB-3). Similarly to
the elicitation of the undo functionality, the discussions proposed for this HCI
recommendation (U_Q-5 and U_Q-6) will determine if and how to provide the redo
functionality. Example U_EX-3: “Redoing in MS Word” describes an example for this HCI
recommendation, in Table 5.2-1.

5.2.1.1.4 Maintaining history log

Also, the need to undo more than just the latest action is explained, and the possibility of
undoing a series of actions invoked by the user is suggested through the use of some kind of
log or history (U_HCI-4). This history may be linear or have a complex tree structure
(U_ELAB-4) and whether or not it’s required, its potential size and the ways to access it are
discussed with stakeholders in discussions U_Q-7 to U_Q-9. In Table 5.2-1, example U_EX-
4: “MS Word’s undo Stack” describes an example for this HCI recommendation.
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5.2.1.1.5 Supporting ‘smart-menus’

Smart menus that tell the user which action is next to undo (U_HCI-5) are also part of the
recommendations put forth by the HCI in this regard. They are easily provided within an
application that holds a log or history (U_ELAB-5) and stakeholders must decided if it’s
needed, and if so, how to present it to the user (U_Q-10 and U_Q-11). Example U_EX-5:
“Smart Menus in drawing app” describes an example for this HCI recommendation, in Table
5.2-1.

5.2.1.1.6 Providing object-specific undo

Certain applications require that users be able to undo the latest action invoked over a specific
object rather than over the application as a whole (U_HCI-6). This functionality is fairly
straightforward and can be achieved by filtering the log or history of executed actions
(U_ELAB-6). Discussion items U_Q-11 to U_Q-13 will determine which system objects (if
any) will require this type of specific undo and how to provide the functionality to the user.
Example U_EX-6: “UML Design Program” in Table 5.2-1, describes an example for this HCI
recommendation.
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Table 5.2-1 Usability Requirements Elicitation Guideline. Undo.

Identification

Name Undo

Family | Undo/Cancel

Aliases | Multi-Level Undo [42]; Undo [49]; Global Undo / Object-Specific Undo [36]; Allow Undo [11]

Intent

Undo provides a way for the user to revert the effects of a previously executed action or series of actions within an application.

Problem

Users may need to undo certain actions they perform for a variety of reasons: They could have been exploring new functionality, have made a mistake or simply have changed their minds about what they have just done.

Context

Undo should be considered when developing highly interactive applications where users may perform sequences of steps, or execute actions that have tangible consequences.

Interrelationships

When including Undo in an application, in order to accommodate damaging actions that cannot be undone (and must thus trigger a warning to the user) the Warning feature must be considered

HCI Recommendation Elaboration Discussions with Stakeholders Usage Examples (optional)

U_HCI-1 Undoing Actions U_ELAB-1: Choosing undoable actions | U_Q-1 Which user actions are considered to have | U_EX-1: Costly vs. undoable actions

Use(s typically explore_functionality of an application but QQ not want to be | All actions with important consequences important consequences? Deleting a file from a system will most likely have
“punished” when selecting unwanted functions [49]. The ability to undo a long | should provide the undo feature, save for | U_Q-2  Of these actions, which will support undo? important consequences and should be undoable
sequence of operations lets users feel that tlhe mterfacg is sa_lfe to explore. | those for which there are greater impeding U_Q-3 How will the user be provided access to the | Sending an email has important consequences (the
While theyllear_n the interface, they can expgrlment wnh it, confident that th_ey factors present. - undo functionality? email reaches the other party), but it is not directly
aren't making irrevocable changes — even if they accidentally do something | ror actions which are expensive to revert, undoable. Only such a limitation should keep a
bad.‘ . ) . ) The cost/benefit ratio of providing it with an system from providing the undo feature.

So, first decide which operations need to be undoable [42]: Any action that | undo feature should be evaluated. Deleting files from a hard drive, though undoable,
might change a file (ie. anything that could be permanent) should be | The term mportant consequences’ must be tends to be an expensive operation to revert.
undoable, while transient or view-related states often are not. clearly defined before deciding which actions

In any case, make sure the undoable operations make sense to the user. They | will be undoable.

can be specific functions or a meaningful group of actions (for example,

changing the printer settings) [49]. Be sure to define and name them in terms

of how the user thinks about the operations, not how the computer thinks

about them.

U_HCI-2 Warnings for non-undoable actions U_ELAB-2: Warnings: Authorization U Q-4 Of the damaging actions that cannot be | U_EX-2: File deletion w/warning

If a command has side effects that cannot be undone, warn the user before
executing the command and do not queue it [49]

Most likely a warning of the type
Authorization will be required. See warning
pattern for the warning process.

undone, which will require a warning to be
displayed to the user?

If deleting a file from a hard drive is an undoable
operation, the user will need to be warned (OK -
Cancel style authorization) before the deletion is
carried out.
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U_HCI-3 Redoing Actions

Users tend to explore a navigable artifact in a tree-like fashion, going down
paths that look interesting, then back up out of them, then down another path
[42]. So, an undo stack will need to be created. Each operation goes on the
top of the stack as it is performed; each Undo reverses the operation at the
top, then the next,... The undo concept must also include the concept of redo
needed in case the user backs up too many steps [36]. Redo works its way
back up the stack in a similar manner. The best undo should preserve the tree
structure of the command execution sequence.

U_ELAB-3: Redo: Availability

Redo should only revert the effects of the
latest applied Undo. Some existing software
currently use the Redo feature as a way to
repeat the execution of any command. In the
way in which we refer to it here, we strictly
mean Redo as a way to revert a previously
executed Undo. In this context, when no
Undo command has been executed, Redo
should not be available

U Q-5
U Q-6

Will a redo functionality be provided?

How will the user be provided access to the
redo functionality?

U_EX-3: Redoing in MS Word

When undoing the changing of the font of a
paragraph in MS Word, executing Redo will revert the
text to its original font (before executing undo)

U_HCI-4 Maintaining History Log

Often users want to reverse several actions instead of just the last action [49].
So, the stack should be at least 10 to 12 items long to be useful, and longer if
you can manage it. Long-term observation or usability testing may tell you
what your usable limit is (Constantine and Lockwood assert that more than a
dozen items is usually unnecessary, since “users are seldom able to make
effective use of more levels”. Expert users of high-powered software might tell
you differently. As always, know your users.

Most desktop applications put Undo/Redo items on the Edit menu. Show the
history of commands so that users know what they have done [49]. Undo is
usually hooked up to Ctrl-Z or its equivalent

U_ELAB-4: History: Stack size and type

Ideally undo/redo should use a tree structure
instead of a stack structure to keep record of
the actions, however the tree structure
requires an important coding effort, so have
this in mind when determining which kind of
structure will be needed to keep record of
the actions to be undone/redone. Notice that
the system may have a global stack with a
concrete size, or depending on the system,
the size of the stack may be different for
different functionalities.

U Q-7
U Q8

U_Q-9

How many levels of undo and/or redo will be
provided?

Will the user have access to the undo stack
(history)?

If so, how will the user be presented with the
undo stack?

U_EX-4: MS Word’s undo Stack

MS Word and others provide users with a visual list
(stack) of the latest operations executed within the
application. Within this stack, users can not only view
the operations in the order in which they would be
undone, but they can select an operation deep within
the stack and undo it, along with every operation that
was executed after it.

U_HCI-5 Supporting mart Menus

The most well-behaved applications use Smart Menu Items to tell the user
exactly which operation is next up on the undo stack.

U_ELAB-5: Smart Menus and History
Smart menus are tightly related to the
command history (stack). If one is kept, it's
relatively simple to offer smart menus
different functionalities.

U_Q-10

U Q-1

Will the user have information about the
expected outcome of performing undo at any
given time (smart menu)?

If so, how will this information be provided to
the user?

U_EX-5: Smart Menus in drawing app

When the last performed operation in a drawing
program was “paint red”, the undo menu, or
equivalent, should display “undo paint red” as
opposed to the more generic “undo”

U_HCI-6 Providing object Specific Undo

The software system must provide the possibility for the user to easily access
(for example, through the right button) the specific commands that affect such
an object. One should be the undo/redo function. In this case, the system
should filter the global undo stack and show only the operations that affected
the state of the selected object [36].

U_ELAB-6: Object-specific & Global Undo

Redo will only be available at object level if it
is available globally. Same with undo.

U_Q-12
U_Q-13

U_Q-14

Will the system require Object Specific Undo?

If so, which system elements will require
object-specific undo/redo?

How will this feature be accessed by the user?

U_EX-6: UML Design Program

In a UML design program, selecting the graphic
representation of a Class within a diagram would
should provide the option to undo the operations
performed on (and only on) this particular Class.
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5.2.1.2 Usability Elicitation Clusters

The Usability Elicitation Guideline in Table 5.2-1 suggests fourteen discussions items (U_Q-
1 to U_Q-14) to be held with stakeholders in order to elicit all aspects of the Undo Functional
Usability Feature. These discussion items can be clearly divided into seven initial groups, or
clusters, as described in the Usability Elicitation Clusters in shown in Figure 5.2-1, according
to the portion of the Undo functionality that they cover.

U_EC-1

U_EC-2

U_EC-3

U_EC-4

U_EC-5

U_EC-6

U_EC-7

Undoing actions: The discussion items in this cluster, shown in Figure 5.2-1,
cover which actions will need to be undone within the system for being considered
‘damaging’. For non-undoable actions (those that are considered ‘damaging’ but
are determined to not be undoable) a warning of some kind may be required,
deferring the discussion to the Warning Feature.

Providing access to Undo: Following the discussion flow (arrows) onto the next
cluster in Figure 5.2-1, it can be observed that once it has been determined that
Undoing actions will be required, and its details have been specified, this
elicitation cluster discusses how the option to undo will be presented to the user.

Redoing actions: Once the need for an Undo functionality has been established,
this elicitation cluster will determine if the Redo functionality is needed.

Providing access to Redo: This cluster embodies the discussion items regarding
the way in which the Redo option will be presented to the user.

Supporting Multi-level undo and history: This cluster covers thee discussions
concerning the history log. It determines whether the history will be comprised of
multiple levels, thus providing the possibility of undoing multiple actions as
opposed to just the last one. Also, the possibility of accessing this history for
purposes other than undoing/redoing actions (i.e. viewing them) is addressed.

Providing expected results of Undo/Redo (“smart menus™): Also related to the
history log is the capability of providing ‘smart menus’ within the application,
addressed in this cluster. When a user selects the option to ‘undo’ an action within
an application, if the menu item is of the form of ‘Undo <action name>’ it is
considered to be a ‘smart menu’ (the name of the action to undo is retrieved from
the history log.)

Undoing/Redoing actions over specific objects: Lastly, this cluster covers the

need of providing the user with the ability to undo the latest action performed over
a specific object within the system.
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Figure 5.2-1: Elicitation Clusters. Undo.
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5.2.1.3 Use Case Meta-model

The Use Case Meta-model for the Undo feature is shown in Figure 5.2-2 (See page 71 for
color legend), in which seven use cases are identified and described below.

U_UC-1 Undo: the user requests that the system revert the effects of the last invoked action.
This can be done globally or by object. When doing it globally, the user calls Undo
with no further specification, meaning that the last undoable action will be reverted.
When doing it by object, Undo will be called over the object, which will revert the
effects of the last undoable action that was invoked on it.

U_UC-2 Redo: the user requests that the system revert the effects of the latest undo invoked,
be it global or object-specific.

U_UC-3 ShowHistory: The user request that the system display all the elements in the
undo/redo queue (if any). This queue, or History (see U_UC-7) holds the sequence
of undoable actions that have been executed

U_UC-4 ShowNextUndoable: The user requests (through ‘smart menus’, for example) that
the system inform them of the name of the action that would be undone if Undo
were to be executed at that specific moment.

U_UC-5 ShowNextRedoable: The user requests (through ‘smart menus’ for example) that
the system inform them of the name action that would be redone if Redo were to be
executed at that specific moment.

U_UC-6 UndoableUserAction: This use case is depicted in gray to illustrate that it is a
“Template Use Case” and must be replaced by the actual action to undo/redo, if
known (see page 71 for notation). The user orders the execution of an undoable
action within the system. This use case represents the many undoable actions that a
particular system can support. These actions can be either invoked by the user
directly, or by the undo or redo commands when undoing or redoing, respectively.
For example, the user can directly call an action called “turn light #5 on”, or it can
be triggered as part of the invocation of Undo when the user calls to undo an action
such as “turn light #5 off”

U_UC-7 SaveToHistory: Whenever an Undoable User Action is executed, it is saved to the

undo queue or History. This use case is triggered by every execution of an undoable
action, hence an included use case of UndoableUserAction.

Figure 5.2-2 Use Case Meta-model. Undo
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The applicability of each of these use cases will depend on the results of the elicitation
process. If during elicitation of the Undo feature it is determined, for example, that no Redo
feature is needed, then that use case will be discarded. Use cases also depend on one another.
These dependencies are shown in Table 5.2-2, where we can see the following:

e The Undo use case needs the SaveToHistory use case, as for there to be anything to
undo it must have been first saved to history. Similarly, it needs the UndoableUseCase
(as does every other use case in this feature), which is the actual action to be undone.

e The Redo use case, aside from needing the SaveToHistory use case, needs the Undo use

case. For there to be anything to redo, it must have been undone first.

« In the case of ShowHistory, aside from needing SaveToHistory, it needs the Undo use
case. For a history list to make sense, actions need to be undone and stored in it.
» ShowNextUndoable and ShowNextRedoable have the same dependencies as ShowHistory.
e The UndoableUserAction needs the Save To History use case, because by definition, if
it’s undoable, it must be stored in history in order to be potentially undone.
« Finally, the SaveToHistory use case need the Undo use case, as if there are no actions
being undone there will never be anything to store in the history list.

Table 5.2-2 Usability Use Case Dependencies: Undo Functional Usability Feature

U_UC-1 | U_uUcC-2 U_uc-3 u_uc4 U_UC-5 U_UcC-6 u_uc-7

Undo Redo Show History Show Next Show Next Undoable Save to

Undoable Redoable Usr Action History
U_UC-1 Undo - X X
U_UC-2 Redo X X X
U_UC-3 Show History X X X
U_UC-4 Show Next Undoable X X X
U_UC-5 Show Next Redoable X X X X
U_UC-6 Undoable User Action - X
U_UC-7 Save to History X X -

Looking at the columns of Table 5.2-2, both Undo and SavetoHistory are core to this feature.
If either were discarded no other part of it could be implemented. Furthermore, implementing
these two use cases alone would represent the minimal expression of the Undo feature, i.e. a
system where the user can undo actions (stored in an internal list), and nothing more.

5.2.1.4 System Responsibilities for Usability
Table 5.2-3 shows the proposed System Responsibilities for Usability for the present feature.

Table 5.2-3 System Responsibilities List for Undo

System Responsibilities List for Undo

U_SR-1 Store Undoable Executed Actions:

The system must store all undoable actions that are executed

U_SR-2 Support Undo Functionality

The system must allow users to undo executed (undoable) actions
U_SR-3 Provide Access to Undo

The system must provide access to the Undo feature as agreed with user
U_SR-4 Support Redo Functionality

The system must allow users to redo undone actions

U_SR-5 Provide Access to Redo

The system must provide access to the Redo feature as agreed with user
U_SR-6 Support Multi-level Undo

The system must allow undoing of as many executed actions as agreed
U_SR-7 Support Multi-level Redo

The system must allow redoing of as many undone actions as agreed
U_SR-8 Show History

The system must allow consulting the contents of the history of executed actions
U_SR-9 Provide Expected Results of Undo

The system must provide smart menu functionality for Undo feature
U_SR-10 Provide Expected Results of Redo

The system must provide smart menu functionality for Redo feature
U_SR-11 Provide Object-specific Undo

The system must provide means to undo latest action(s) over an object
U_SR-12 Provide Object-specific Redo

The system must provide means to redo latest action(s) over an object
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These System Responsibilities for Usability are derived from the Usability Elicitation
Clusters identified in section 5.2.1.2 as follows:

U _EC-1 Undoing actions: As mentioned earlier, this elicitation cluster contemplates the
stakeholder discussion items regarding the very basics of incorporating the undo
functionality into any given system: firstly, will it be needed, and, if so, for which
system actions will it be provided. This translates into the very core of the undo
feature, which contemplates somehow saving such actions when they are executed,
and eventually undoing them. Thus, this elicitation cluster would yield two such
System Responsibilities, namely U_SR-1 Store Undoable Executed Actions and
U_SR-2 Support Undo Functionality.

U_EC-2 Providing access to Undo: This smaller elicitation cluster covers the details of
how the undo functionality will be presented to the user (i.e. menu item, control
sequence, etc) and thus yields the corresponding System Responsibility U_SR-3
Provide Access to Undo.

U_EC-3 Redoing actions: This elicitation cluster covers the need for a Redo feature for the
actions chosen as undoable in U_EC-1. It yields U_SR-4 Support Redo
Functionality.

U _EC-4 Providing access to Redo: This elicitation cluster tackles the details regarding
how the redo functionality will be presented to the user. In an analogous fashion to
its redo counterpart, this cluster yields System Responsibility U_SR-5 Support
Redo Functionality.

U_EC-5 Supporting Multi-level Undo and Redo: This elicitation cluster covers all
aspects related to the stack or history unto which undoable actions will be stored
for later undoing/redoing. As such it yields two System Responsibilities regarding
the support for traversing this history while undoing/redoing, namely U_SR-6
Support Multi-level Undo and U_SR-7 Support Multi-level Redo. Furthermore,
it covers the potential user need to not only traverse this list of executed actions,
but to see it, hence yielding U_SR-8 Show History List.

U_EC-6 Providing expected results of Undo/Redo: This Elicitation Cluster covers the
need for ‘smart menus’, where upon calling either Undo or Redo, the user will be
informed of the next action to be undone/redone, respectively. It yields the two
corresponding System Responsibilities U_SR-9 Provide Expected Results of
Undo and U_SR-10 Provide Expected Results of Redo.

U_EC-7 Undoing/Redoing actions over a specific object: This Elicitation Cluster
resembles those pertaining to defining the Undo and Redo operations within the
system, with the sole difference that in this case these operations are to be applied
over specific objects. The discussions involved will provide as output a set of
system actions (if any) that will require Undo and/or Redo. It yields two System
Responsibilities: U_SR-11 Provide Object-specific Undo and U_SR-12 Provide
Object-specific Redo.

Table 5.2-4 maps the relationships between the Usability Elicitation Clusters and the
Usability System Responsibilities described above, for easy reference. Any project
determined to require a specific Elicitation Cluster will also require its related System
Responsibilities. Likewise, if a cluster is discarded during elicitation, its related
responsibilities will not be a part of the resulting system.
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Table 5.2-4 Usability Elicitation Clusters / System Responsibilities for Usability Mapping for Undo

Elicitation Clusters System Responsibilities for Usability
U_EC-1 Undoing actions U_SR-1 Store Undoable Executed Actions
U_SR-2 Support Undo Functionality
U_EC-2 Providing access to Undo U_SR-3 Provide Access to Undo
U_EC-3 Redoing actions U_SR-4 Support Redo Functionality
U_EC-4 Providing access to Redo U_SR-5 Provide Access to Redo
U_EC-5 Supporting Multi-level Undo and Redo U_SR-6 Support Multi-level Undo

U_SR-7 Support Multi-level Redo
U_SR-8 Show History

U_EC-6 Providing expected results of Undo/Redo U_SR-9 Provide Expected Results of Undo
U_SR-10 Provide Expected Results of Redo
U_EC-7 Undoing/Redoing actions over a specific object U_SR-11 Provide Object-specific Undo

U_SR-12 Provide Object-specific Redo

5.2.2 Usability Guideline for Software Development: Design artifacts

The Undo feature is perhaps the most widely known Functional Usability Feature we cover in
this work. It has been contemplated in literature for the past three decades and since then,
numerous approaches for an architectural solution have emerged.

In the realm of object orientation, Gama et al. [37] propose what many OO languages today
use at the core of their various implementations of the Undo feature: the ‘Command’ pattern.

In our work we have also used this pattern as the basis of the design artifacts for the Undo
feature. It is of little contribution to ‘reinvent the wheel’ in this regard, so we’ve opted to
adapt a pattern already proven successful to our specific needs: the use of an MVC
architecture and additional HCI considerations not covered by the original Command pattern.

In section 5.2.2.1 the System Responsibilities are brought to a lower abstraction level as
High-level Design Component Responsibilities, and section 5.2.2.2 as Low-level Design
Component Responsibilities (for a MVC architecture). Finally, section 5.2.2.3 presents the
Usability Design Meta-models for said Low-level Design Component Responsibilities as
object-oriented class and sequence diagrams.

5.2.2.1 High-level Design Component Responsibilities

In order to support the System Responsibilities identified 5.2.1.4 at design level, the
following sections describe the suggested High-level Design Components and their
responsibilities for the Undo feature.

As mentioned earlier, the Undo feature has been addressed extensively in previous works. As
such, those research results have already addressed significant parts of its expected
functionality. Such is the case of the Command Pattern by the "Gang of Four" (GoF) [37],
which we have chosen as the core of the design artifacts for this feature. Components (and, in
the following sections, classes and objects) like the “Command” component, are taken
directly from this widely known design pattern to fulfill the needs that arise from the
corresponding System Responsibilities.

A smaller portion of the High-level Design Component Responsibilities described in the
following sections, like some contained in the HistoryList and, further down, those of the
History Exceptions, are not addressed by the original GoF Command pattern, and so are
included as part of the original contribution of this work in order to fulfill the entirety of the
expectations of this feature.

Another pattern used across all the guidelines is the GoF Observer pattern, as it is an integral
part of the MV C architecture itself.

When represented graphically, objects and/or classes belonging to the GoF Command pattern
or the Observer pattern are depicted in yellow and red, respectively (see page 71).
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5.2.2.1.1 User Interface (Ul) Component

This component is responsible for capturing all user invocations and forwarding them
(possibly through a delegating component) to the appropriate part of the domain, usually that
responsible for executing the invoked action. Specifically for this feature, calls to undo or
redo an action (globally or over a specific object) and calls to access the history list are
captured by the Ul Component.

The Ul Component is also responsible for relaying information to the user, including
appropriate feedback after an action has been executed. Within this feature, such information
entails displaying ‘smart menus’ for the user and keeping them up-to-date every time an
undo/redo is invoked.

For example, if the last action taken was italicizing a block of text, a ‘smart’ Undo menu
would display as “Undo italics”. Once another action is taken within the application, for
example, making a block of text bold, the ‘smart” Undo menu should instantly change to
“Undo bold”, keeping the user informed at all times (or whenever the Undo menu item is
accessed) of the next undoable action.

Similarly, if the History List is visible to the user, the Ul Component is responsible for
keeping it up-to-date by ‘listening’ to all action invocations that may alter it.

5.2.2.1.2 Domain Component

A Domain Component represents the part of the system that is responsible for executing the
actions requested by the user. In an email program, for example, clicking the ‘Send’ button
may have many intermediate effects (checking that the Subject field is not empty, loading
attachments, etc), but the part of the system that is actually responsible for sending the email
would be referred to as the Domain Component in the context of these features.

5.2.2.1.3 Command Component

Based on Gamma’s definition of the Command Pattern [37], the Command Component is
responsible for encapsulating method invocations and any pertinent state information at call-time.

When an action is invoked through the Ul Component, it would normally be forwarded
directly to the Domain Component responsible for executing said action. However, when the
action that is called needs to be undoable, additional steps need to be taken before the Domain
Component is allowed to execute it.

After the call is placed in the Ul, a new instance of Command is created. This instance is
initialized with the signature of the method that is being called and a reference to the Domain
Component in charge of executing it, for later invocation. It is also initialized with any state
information that will need to be restored if the invoked action is ever ordered to be undone.

Aside from storing this information, the Command Component is responsible for ultimately
calling the invoked method in the Domain Command (once the state information has been
saved), and for properly undoing said action (restoring the previous state information) should
a call to do so come from the Ul Component.

5.2.2.1.4 History Component

The History Component is responsible for storing all Command instances ever created within
the system. Once an undoable call is placed in the Ul, the Command Component is created, as
described previously, and immediately stored in the History Component. If a call to undo the
latest action is placed in the Ul, the History Component is responsible for locating (within
itself) the Command instance which initially executed said action and ordering it to undo. The
History Component is thus responsible for keeping a record of what the next undoable action
is, both globally and for every specific object over which undo can be invoked.
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Table 5.2-5: Usability Guideline: High-level Design Component Responsibilities. Undo feature.

System Responsibility

High-level Design Component Responsibilities

U_SR-1 Store Undoable Executed Actions

The component responsible for handling user events (Ul Cormponent ) must listen for calls to actions and order their execution

Execution of actions is always the responsibility of the pertinent Domai N Conponent in the application

The component in charge of delegating actions (if any) should determine whether the action is undoable or not, from a pre-established list.

If the action to execute is undoable, it must first be encapsulated as an instance of a Command Corrponent , together with any pertinent state information and the necessary actions
needed to revert its effects.

Such an instance is then stored ina Hi st ory Conponent , responsible for keeping a single (ordered) collection of all executed undoable actions.

After encapsulation, the Dormai n Conponent is then free to execute the invoked action

U_SR-2 Support Undo Functionality

The Ul Conponent must listen for calls to the Undo action (if available) and order its execution
The Hi st ory Conponent must then retrieve the last* Conmand, without discarding it, and order it to ‘undo’ itself.
The Comrand, in turn, executes the necessary actions, using the stored state information, to return the system to the state preceding its execution

U_SR-3 Provide Access to Undo

The Ul Comnponent is responsible for providing the mean(s) through which a user can invoke the undo feature. The Undo action should only be available when at least one undoable
action has been executed during application up-time

U_SR-4 Support Redo Functionality

The Ul Conponent must listen for calls to the Redo action (if available) and order its execution
The Hi st ory Conponent must then retrieve the current™ Conmand, without discarding it, and order it to ‘redo itself.
The Commrand, in turn, executes the necessary actions, using the stored state information, to return the system to the state that follows its execution

U_SR-5 Provide Access to Redo

The Ul Conponent is responsible for providing the mean(s) through which a user can invoke the redo feature. The Redo action should only be available when the Undo action has
been executed at least once hefore during application up-time.

U_SR-6 Support Multi-level Undo

When only one-level undo is supported, the Hi St or y component holds only the last-executed action. However, when multi-level undo is supported, Hi st or y supports an ordered
collection of said actions in the form of Cormands.

The Hi st ory Component is also responsible for updating (or ordering the update of) the Ul every time a new Conmmand is added to the collection or whenever the next
undoable action changes.

U_SR-7 Support Multi-level Redo

As is the case with supporting multi-level Undo, when multi-level redo is supported, Hi st or y holds an ordered collection of actions in the form of Conmrainds,
The Hi st ory Comrponent is also responsible for updating (or ordering the update of) the Ul every time a new Conmmaind is added to the collection or whenever the next
redoable action changes.

U_SR-8 Show History

The Ul is responsible for listening for updates from Hi st ory Conponent
The Hi st ory Component mustkeep the Vi ew informed at all times of any changes to its contents (i.e. addition/deletion of Conrainds, etc)

U_SR-9 Provide Expected Results of Undo

Whenever the Undo actions is available, the Ul Conmponent is responsible for showing the actions’ expected results (smart menus)
The Ul gets this information from the Hi st or y Conponent , which must notify it of the current undoable action upon every change.

U_SR-10 Provide Expected Results of Redo

Whenever the Redo action is available, the Ul Conmponent s responsible for showing the actions’ expected results (smart menus)
The Ul gets this information from the Hi st or y Conponent , which must notify it of the current re-doable action upon every change.

U_SR-11 Provide Object-specific Undo

The Ul Conponent must listen for calls to the Undo action over a particular object (if available) and order its execution.
The Hi st ory Conponent must then retrieve the last Conmand executed over that object, without discarding it, and order it to Undo itself.
The Commrand, in turn, executes the necessary actions, using the stored state information, to return the object to the state preceding its execution.

U_SR-12 Provide Object-specific Redo

The Ul Comnponent must listen for calls to the Redo action over a particular object (if available) and order its execution.
The Hi st ory Conponent must then retrieve the current Conmmraind executed over that object, without discarding it, and order it to Redo itself.
The Comrand, in turn, executes the necessary actions, using the stored state information, to return the object to the state following its execution.
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5.2.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for an MVC architecture, tHegh-level Design Componentdescribed
abovecan be translated into the following system obijects

The User Interface Component is instantiated by\Miesv object(s) and takes over all of its
responsibilities except for the delegation of actions to other objects. This responsibility falls
on theController object(s) of the MVC architecture.

The Command Component is defined in tBemmand interface and implemented by
ConcreteCommandobjects, aspecified in the GoF Command Pattern. For every undoable
command there will exist a distinct ConcreteCommand class (i.e. EmptyTrashCommand,
DeleteObjectCommand, etc.). Whenever a command is called through the View, the
corresponding ConcreteCommand objedll be created, saved to history and ordered to
execute.

The History Component is represented by ltigtoryList singleton class, and covers all the
responsibilities of the History Component.

The Domain Component is represented byDbenainClass This class is represented in gray

in Figure5.2-3 as a reminder that this is not an actual class nor does it fall within the scope of
the proposed design model, but is rather an entity to be substituted at design time by the class
that actually performs the requested task.

A hierarchy of Exception classes is also provided within this madetqryException,
UndoException, RedoException NothingToUndoException, NothingToRedoException
NothingToUndoForObjectException and NothingToRedoForObjectException). These
provide error information during the execution of Undo and Redo, both globally and over
specific objects.

Table 5.2-6 details theLow-level Design Component Responsibilitidsscribed above and

how they caty out each of the System Responsibilities definedeiction5.2.1.4 For each
System Responsibility, the sequence of actions required by the different objects is presented
as well as a set of UML diagrams that depict eachedd interactions.
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Table5.26: Usability Guidelind.owlevel Design Component Responsibil{fi¢gC)

System Objects Fig
Responsibility View Controller ConcreteCommand HistoryList DomainClass
U_SRL Store 1. TheViewmust listen for invocation| 2. TheControllanust determine | 4a. Uponad! to itexecut e() method, |4b. ThélistoryListaves the cloned 5a. Th®omainClag Figure.24
Undoable actions. Upon reception, it must not| the invoked action idagbleln | theConcreteCommdirdt stores the ConcreteCommaattdp its collection (so it c{ executes the
Executed Controllesf said action. such case it must call the necessary state informatidts local later be available to undo) appropriate metho
Actions execut e() method of the variables. It then calls the appropriate 1 carry out what was
correspondir@pncreteCommang in the correspondidgmainClage/hat was originally invoked K
object (otherwise invocation go originally invoked) the user through th
directly to tigomainClaks View.
3. TheControllenust then
cl one() saidConcreteComma|
andadd() it to theHistoryList.
U_SR2 Support | 1. Thé/iewmust listen for invocation| 2. TheControllesrders the 4. Upon cdb its undo( )method, the 3. TheHistoryListetermines the 5. ThebomainClass Figures.25
Undo the Undo actiddpon reception, it mu| HistoryLigb undo the last actior] ConcreteCommagalls the necessary ConcreteCommawdundo and calls its executes the meth
Functionality notify th€ontroller methods iDomainClagwith any needed | undo() method. invoked by
state information, stored upon executio| ConcreteComman
revert its effects.
U_SR3Provide | 1. Th&/iewmust present the user wit Figurés.25
Access to Undo| the mean(s) to call thedo action (i.e.
within thedit menu, through -Ztrétc.)
U_SR4 Support | 1. ThéViewnust listen for invocation| 2. TheControllesrders the 4. Upon call toiitedo() method, the 3. TheHistoryListetermines the 5. ThebomainClass Figures.26
Redo the Redo action.ddgreception, it mus HistoryLiso redo the current ConcreteCommagalls the necessary ConcreteCommawndedo and calls its executes the meth
Functionality notify th€ontroller action methods iDomainClagwith any needed | r edo() method. invoked by
state information, stonednuexecution) to ConcreteComman
reinstate its effects
U_SR5Provide | 1. Thé/iewmust present the user wit Figurés.26
Access to Redo| the mean(s) to call the Undo action
edit menu, G#| etc.)
U_SR6 Support | 3. When théiewis notified of change 1. TheHistoryListores (clones of) Figuré.25
MultHevel Undo| theHistoryList updates its History ConcreteCommarnid a FILOrdered Figuré.26

Displays accordingly.

collection. It keeps a ‘pointer’ of the last &
invoked, and moves it back every time Ur]

calleduntil no mor@oncreteCommaredsst.

Invoking Redo moves the ‘pointer’ forwar

similar fashio@oncreteCommarzaae never
removed from tHéstoryLisexcept when its

maximum allowed size is reached (in whi
the older elements will be removed in ord

2. Every timeGoncreteCommaadidded to

theHistoryListr the ‘pointer’ changes positi

(i.e. the next undoabldtrable action is
updated), tHdistoryListoifies th&/iew.




System Objects Fig
Responsibility View Controller ConcreteCommand HistoryList DomainClass

U_SR7 Support | 2. When théiewis notified of change 1. Every timeGoncreteCommaadhdded to Figuré.26
MultHevel Redo| theHistoryList updates its next un/re theHistoryLigtr the ‘pointer’ changes positl

doable. (i.e. the next undoable/redoable action is

updated), thHdistoryListotifies the€iew

U_SR8 Show 1. TheViewmustsubscrib& and listen 2. Every tintdistoryLishodifies its contents Figuré.24
History for updates from the HistoryList at g adding a ne@oncreteCommaorcby ordering Figuré.25

times. an «isting one to undo, thus changing the Figuré.26

position of the pointer) it must nodfiethe

U_SR9Provide | 2. Thé/iewreceives the notification g 1. Upon undoing, the HistoryList notifies t Figurés.24
Expected updates the text for the next undoal of its new structure (same as previous mi Figuré.25
Results of Undg item action)
U_SRLOProvide| 2. Th&/iewreceives the notification g 1.Upon redoing, the HistoryList notifies th Figuré.24
Expected updates the text for the next redoab of its new structure (same as previous ex Figuré.26
Results of Redqg new top action)
U_SRL1Provide| 1. Th&/iewmust listen for invocation| 2. TheControllesrders the 4. Upon calltsundo() method, the 3. TheHistoryListetermines the 5. ThebomainClass Figures.24
Objectspecific | the Undo action over a spebiféct HistoryLigb undo the last actior] ConcreteCommacalls the necessary ConcreteCommadundo by filtering for thg executes the methq Figures.25
Undo Upon reception, it must notify the | overobject methods iDomainClagwith any needed | particulasbjectand calls itsndo() method.| invoked by

Controller state information, stored upon executio, ConcreteComman

revert its effects.

U_SR12Provide| 1. Thé/iewmust listen for invocation| 2. TheControllesrders the 4. Upon call toiitedo() method, the 3. TheHistoryListetermines the 5. ThedbomainClass Figures.24
Objectspecific | the Redo action over a spebiféct HistoryLigb reddhe last action | ConcreteCommagalls the necessary ConcreteCommawdedo by filtering for tha executes the meth( Figure.26
Redo Upon reception, it must notify the | overobject methods iDomainClagwith any needed | particulasbgct,and calls itsedo() method.| invoked by

Controller state information, stored upon executio| ConcreteComman

restore what was undone.
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5.2.2.3 Usability Software Design Meta-models

This sectiondescribes the UML diagms representing theow-level Design Component
Responsibilitiesdescribed inTable 5.26. Below, the class diagram for this feature is
presented, along with a short description of the classes involved and their interrelationships
This is followed by the sequence diagrams for this feature, representing the sequences
explained earlier in (seEable5.2-6).

5.2.2.3.Class Diagram

Figure 5.2-3 below shows the class diagram for the Undo Fonat Usability Feature. As
described in thé.ow-level Design Component Responsibiliti€able (seeTable 5.2-6), the

main objects involved are the View, Controller, HistoryList, ConcreteCommand and
DomainClass. Two additional elents can be seen in the class diagram and are explained
below: The Command Intex€e (as implemented by the G[#7]) and the HistoryException
(and children) to handle all possible errors.

The View and the Controller, fulfihg their role within MVC, respectively capture and
distribute the user calls to perform actions. The HistoryList controls access as well as storage
for the list of actions (or commands) that have been executed and stored for potential
undoing.

Figure5.23: Usability design model. Class diagram. Undo.

The ConcreteCommand class implements the Command interface, and is responsible for
ordering the execution of the requested action (in DomainClass) as well sforing all
necessary state information required for eventually undoing the command it represents (
the method it is calling within DomainClass). In any given system there will be as many
ConcreteCommands as there are undoable acf®fls and it is recommended they be
labeled by an appropriatenemonic For example, the ConcreteCommand class in charge of
invoking the sendMail() method in an email application should be labeled something like
SendMailCommand or SendM@ibncreteCommand, etc.

These classes and interfaces which belong to the Command Pattern of tH87GaFe

depicted in yellow (sepage71) to differentiate them from the rest of the classes particular to
this metamodel.
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It's worth noting that the Controller class also includes the Invoker functionality specified by
the GoF Command Pattern and is thus depicted as partly belonging to this pattern (half green
for the Undo FUF, half ylw for the GoF Command patterngimilar is the case of
HistoryList which covers both original functionality and functionality begiog to the GoF
Command pattern.

Lastly, the family of exceptions is defined, rooted at HistoryException. This is the kind of
exception that will be thrown in case error occurs during undo/redo operations. For undo
operations, an exception of the type UndoException will be thrown, and, likewise, for
exceptions occurring redo operations, RedoExceptions will be thrown. UndoExceptions as
well as RedoExceptions care hthrown for a specific object (when trying to undo the last
action performed over a particular object) or for the application as a whole. For the undo
operation, the concrete exceptions that will be thrown and eventually captured and handled by
the View ae NothingToUndoException, when the user is invoking the undo method when
there’s actually no actions to undo, NothingToUndoForObject, for a particular object, and,
similarly, NothingToRedoException and NothingToRedoForObject for the redo operation.
Theseexceptions will be thrown by HistoryList when attempting these four illegal operations.

5.2.2.3.8equence Diagram “Executing”
Figure5.24, shows the sequence diagramdalling, executing and storing undoable actions.

This sequence startvhen the user requests an undoable action éxdr=uted Following the

GoF Command Patten37], prior to execution, the ConcreteCommand which encapsulates
the invoked action (doAction()) is cloned (preserving its statermdtion intact) and stored,

in this case in the HistoryList object. After that, it is ordered to execute(), which simply
entails a call to the desired method of the corresponding Domain@lias execution, the
View updates its display of the History tisnd updates the ‘next undoable’ field, if
applicable When the invoked action is not undoable (second paattan Figure5.24), the
desired method is invoked directly off DomainClass and executed.

Figure5.24: Sequence Diagram “Executifghdo.
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Classes and methods depicted in green represent they belong to the Undo FUF. Those in
yellow are part of the GoF Command Pattend notifications in dark red represent Observer
Patten functionality [37]. The gray DomainClass is a template class to be substituted at
designtime by the appropriate system class containing the undoable action.

5.2.2.3.%equence Diagram “Undoing”
Figure5.25 shows the sequence diagram for undoing actions.

Figure5.25: Unda Sequence Diagram “Undoing”

The sequence starts off when the user requests to undo the next available action. It does so by
asking the Vier what the name of the next undoable action is (i.e. by choosing ¢Edhe-

> Undo <action name>"menu item) followed by the actual invocation of undo over said
action (i.e. clicking on the menu item).

The request to undo can be invoked over a spegffject (seeobject parameter ofundo()
method below) or, by passing no parameter to the method, it is invoked over the application
as a whole. Either way, the request to undo is passed on to the Controller, which in turn
chooses the History list as the appriate class to handle the request.

If undois being invoked over aobject HistoryList finds the next available undoable action
for that particular object witfilterForObject(object) otherwise, the next undoable action is
always the one on top of thdistory List. Either way, the object returned is of the type
ConcreteCommand, and it represents the action to undo.

As specified by the GoF Command pattern, whelo() method in the ConcreteCommand is
then invoked, triggering a call (or series of calls) the appropriate methods in the
corresponding DomainClass in order to reinstate the previous state information, effectively
undoing the action.

Upon returning said ConcreteCommand, the HistoryList effectively changes as the action on
top (the next undoablaction) has changed. This triggers a notification from the HistoryList
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to all of its listeners (GoF Observer pattern). In this case, the only relevant listener, and
complying with MVC, is the View. As such, the View gets notified when the HistoryList
changes. This notification prompts the View to update the GUI information about the next
undoable item (the text in the Edit Undo menu) and that of any history list displays it may
maintain.

If the initial call to undo upon HistoryList is met with an em[i$y (or, in the case of object
specific undo, with a HistoryList containing no actions for that particular object), an
exception of the type UndoException will be returned and forwarded to the View. The
concrete exception returned will be NothingToUndog&ption in the case of having invoked
undo over the entire application, and NothingToUndoForObjectException in case of a
concrete object.

5.2.2.3.8equence Diagram “Redoing”

Figure5.2-6 shows the sequence diagram for redoing actions.ahalogous to the sequence
diagram for Undoing described for “undoing” in the sequence of events and objects involved,
except where in the previous sequence the undo method was called, in this sequence the redo
method is called, both over an object oeothe application itself.

An empty HistoryList or one with no actions to redo over a particular object (in the case of
objectspecific redo) will return a RedoException of the appropriate type, similarly to the case
of undoing.

Figure5.26: Sequence Diagram “Redoing”. Undo.
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5.3“Abort” Usability Guideline for Software Development

The Abort Functional Usability Feature covers the user’s need to cangelrmn commands
within an application and to exit the @jzation altogetherCertain commands might take a

long time to execute. In such cases, the user will need to be at the liberty to abort them.
Furthermore, they must also be allowed to exit the application at all times in a stable way,
regardless of anyatsks that may be being executed.

The Usability Guideline forSoftware Development is made up of Analysis artifacts and
Design artifacts. These are described forAbert feature in the following two sections.

5.3.1Usability Guideline for Software Developreratysis artifacts

There are fourartifacts to be used during the analysis phatiee Usability Elicitation
Guideline, theJsability Elicitation Clustershe Usability Use Case Metaodels the System
Responsibilitiegor Usability. These artifacts are stgibed in the following four sections.

5.3.1.1 Usability Elicitation Guideline

Table5.3-1 shows the Wability Elicitation Guidelindor the Abortfeature In this guideline
there are two HCI recommendatiathsscribed in detail below

5.3.1.1.Cancelling Commands

HCI authors suggest that commands that normally last over two seconds to execute should
provide means for the user to cancel them (A_H{CIThe term ‘command’ is understood as

an indivisible task being executed at any given time withéngystem, for which there are no
viable partial results until execution is finished. (A_ELABR As such, all changes that may
have occurred within the system due to the partial execution of said commanddre un
automatically. (A_ELAB2). Finally, the vays in which commands are usually cancelled
within GUI-based application are fairly standauad only in cases where no standard applies
should stakeholders debate the presentation for this feature (A_-BLAB

Stakeholders must determinehich commandsare likely to last over two secondghus
needing tchavea cancel option. The way this cancel option is to be presented to the user, or
any exceptions (long commands that simply cannot or should not be cancelled) must also be
specified, as well as how to deaith any changes that may have occurred within the system
due to the partial execution of said command (AL @ A_Q3). In Table5.3-1, example
A_EX-1 “Exporting video file” describes an example for this HCI recommendation.

5.3.1.1.Exiing the Application

The Final HCI recommendation for the Abdeaturecontemplates exiting the application
altogether. Said option should always be available to the user, regardless of any commands
they may be executing at any given time. If any datachasged at exit time, the user must

be prompted to save said changes (A_{3aTI

When exiting an application, it is not only data changes that must be considered, but also the
repercussion of saidxié upon any running commandglpon elicitation time, staholders

must discuss wheer, a) any running commandgsgll be aborted (and theieffects rolled

back), b) the application will ait for any ongoing commandsd only exit after they have all

have finished, c¢) the application will defer the decision tauger, asking them if they're sure

they want to exit, and by doing so cancel all ongoing commands, or if they would rather wait
for them to finish (and then have the application exit on its)o¢ ELAB-2 to A_ELAB-

4). Discussions A_€ to A_Q6 deal withhow the exit will be handled regarding the
aforementioned optiondn Table 5.3-1, example A_EX2 “Apple Mail Exit” describes an
example for this HCI recommendation, when the application uses option (b) as the standard
way of exting.
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Table5.34. Usability Requirements Elicitation Guideline. Abort.

Identification

Name Abort

Family Undo/Cancel

Aliases Emergency EKitl] Go Back to a Safe P[4@¢ Go Bacj42] Prominent Canf#2]

Intent

Providing the means to cancelgoimmg task, or to allow for exiting the application altogether

Problem

Certain tasksight take a long time to execute. In such cases, the user will need to be at the liberty to cancel themIdvied moustiabso depdication at all times, regardless of any tasks that may be being exe

Context

When the user needs toagxapplication or a command quickly.

Interrelationships

When implementing the Abort fdahatefunctionality will be needed for the cancellation of commands, in order for the application state to besprapienlyleeventatafuplicatiothat prompts the user to save cha

upon exiting, parts offeningeature will be needed.

HCI Recommendation

Elaboration

Discussions with Stakeholders

Usage Examples (optional)

A_HCIL Cancelling Commands

If a command takes longer thaecddhd
to execute, there should be an opt
cancel it, to allow interruption of it's ex|
and return to the previous $88p.

A_ELABE Identification/Selection
A “command” is an indivisible task invoked by thewisieh theege ng
viable partial results until execution is filtisisedecessary to ide
commands that can be potentialplidg) as per the HCI recs.

In the case that listing all potentially long commands is not viabl
requiring special atten should be listed, and a default cancellation|
defined for the rest of them. Once identified, it must be determine
any that should, exceptionally, not be cancellable.

A_ELAR2Presentation

There are standard simple ways c#llgan comman@s.buttonX, ctrle,
etc.). Only in specific cases with particular needs should the prese
cancel option deviate from these standards

A_ELAB3 Going back to previous state

When cancelling a command it is necessary to aytamdtictle effe
that this command may have produced while executing.

A Q1

A_Q2

A_G3

Which commands will require a cancel option?

For all cancelalcommands, how should the cancel
be presented to the user?

For all cancellable commands, which state will the g
to after the user chooses the cancel option?

A_EX1 Exporting Video File

In Apple’s Quicktime, choosin
option to ‘export’ a widie into

different format, the application
SO presenting a progress bar

cancel button. Upon cancell
any portion of the video that|
exported is automatically sent
‘Trash’.

A_HGR Exiting the application

When users work with a high num
applications at the same time they mg
to exit one of them quickly when a

A_ELAB4 Presentation of “Exit” Option

The user must be consulted about any specific needshe gaedieigtati
of the Exit option. Otherwise, the standards offered by the OS
should be used.

important taskmay need the syst
resources, or when he started the app
by mistakfl1] It is important to providg
application level, that the option to €
program is always clearly available

A_ELABs Handling changes
Generally, the option to “save changes” is relevant in application
files during execution. An alert message indicating thatdhangesist
need to be saved will be shown as a Warning of the type “confin
Warning feature) to the user

A_Qa
Q5
_Q6

_Q7

Where and how will the exit option be presented to
Will the user be presented with the option to 'save d

If so, how will the usempresented with the option to '
changes'?

If upon selection of 'exit' option there are running
commands/operations, how will the system handle
(option a, b or ¢)?

A_EX2 Apple Mail Exit

When exiting Apple’s Mail
application, any outgoing emai
are pending are fully sent and ¢
after this does the application
(automatically) close.




Identification

during program startup) and that this
will never be obscured by dialogue win
If the user choses the option to Ex
having changed data, the application

A_ELABS Presentation of “Save Changegtion

The user must be consulted about any specific needs regarding the
of the Save Qmges option. Otherwise, the standards offered by t
language should be used.

prompt him to "save changes"

A_ELABZEnding commands upon exit

There are three options regarding handling commands upon e
a) Immediate Exi€ancelling all running commands, discarding the
and closing the application without further consulting the user.
b) Wait and Exi€ontrol of the application is given to the running c
When the last of them is done executing, the application exits auto
c) PromptGiving the user thei@ptof choosing between "a” and “b)
closing the application.




5.3.1.2 Usability Elicitation Clusters

The Usability Elicitation Guideline ifTable5.3-1 suggests seven discussions items (AL Q-

to A_Q-7) to be held with stakeholdeirs order to elicit all aspects of the Abort Functional
Usability Feature. According to the covered portion of the functionality, these discussion
items can be grouped into four initial sets, or clusters, as described in the Usability Elicitation
Clustersin shown in Figuré.3-1.

A_EC-1 Identifying cancellable commands The discussion items in this cluster, shown in
Figure 5.3-1, determine which commands will be cancellable depending on how
long they usually tad to execute.

A_EC-2 Cancelling commands and handling application stateOnce a list of cancellable
commands (ortype of commands if too extensive) has been determined,
stakeholders must decide how said cancel option will be presented to the user and
the state that the system will go to after cancelling each of these commands.

A_EC-3 Exiting application while handling potential on-going commandgoperations
These discussions will determine if and how the option to exit the application will
be presented to the user. Onbat has been established, it must be decided how to
handle any potential ongoing commands or operations that may exist at exit time.

A_EC-4 Handling potential changes to be savedf the application is of the type that may
need changes to be saved, it must éemined if such a feature must be presented
to the user upon exiting the application when changes are pending.

Figure5.34: ElicitationClusters. Abort feature.
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5.3.1.3 Use Case Meta-model

Figure5.2-2 shows the Use Case Mateodel for the Abort Functional Usability Feature. In
this metamodel, four concrete use cases are identified (plus three borrowed use cases that
apply) and are described in full below.

A_UC-1 CancelCommand The user choosethe option to cancel an ongoing command
(the Long/Undoable User Action). Canceling an action imply undoing changes in
which it may have incurred (see extension U-U0Ondo).

A_UC-2 Exit: The user chooses the option to exit the application. This action may tpromp
the user to save any pending changes (see extensitC-3 SaveChanges). It
also may trigger the cancellation of any ongoing actions (whether they are
commands or operations. See extensforlJC-1 Cancel)

A_UC-3 SaveChanges Upon exiting the application, the user is prompted to save any
pending changes.

A_UC-4 Long/UndoableUserAction Any action invoked by the user which is considered
‘long’, needing some form of progress information to be shown (see inclided u
case SPF_UQ@ ShowProgress, and ‘undoable’, needing to be saved to the history
log for potential undoing (see included use case U-68L8aveToHistory).

Borrowed use cases:
SPF_UG1 ShowProgressShows the progress of an ongoing acti®ee Progress Feeattk
U_UC-1 Undo: Reverts the effects of an executed action. $edo

W_UC-3 Confirm: Prompts the user to proceed (OK) or cancel an action\&geing

Figure5.32 Use Case Metaodel. Abort

As mentionedabove, whether or not all of these use cases apply for a given system will
depend on the results of the elicitation process. If during elicitation of the Abort Functional
Usability Feature it is determined that, for example, there will never be changggetopon

exiting the application, the SaveChanges use case, and any use cases that extend from it, will
be discardedSimilarly, use cases depend on one another. These dependencies are shown in
Table5.3-2 for the Abort feature.



* The Canceluse case needs th®ng/UndoableUserActionuse case, as if there are no
actions to cancel, the ‘cancel’ feature becomes irrelevant. Furthermore, this use case
depends otundo for undoing any changes the action being cancelled maydaased

* The Exit use case can potentially need every use case in this meta model. If commands
are considered for cancellation upon etite, CancelCommandwill be needed for
Exit to be viable. If data changes are being monitored upon exiting the application and
the user needs to be pnpted for saving, then th8aveChange use case will be
needed. Furthermore, if/when considering the dehn use case, the
Long/UndoableUserActionuse case must be considered, as it represents the action to
revert upon cancelation. Flly, for any undoing to take place, if applicable, thedo
use case will be needed.

* Likewise, when exiting does not require checking for ongoing commands or changes,
the Exit use case will have none of the aforementioned potential (asterisked)
dependeneéis.

» The SaveChangesise case depends on theit use case existing, as it is devised as a
prompt for the user to shave changesnexiting the application. It also depends on the
Confirm use case from the Warning feature existing as a prompt to saveeshang
form of confirmation, as described by said feature.

« Finally, theLong/UndoableUserAction needs no other use case (within the scope of
this metamodel) to be viable. As for the borrowed use cases, it needs SaveToHistory
from the Undo feature and SkBrogress from the System Progress Feedback feature

The remaining dependencies that exist among the borrowed use cases (those represented in
italics in Table 5.32) as well as the corresponding rows are omitted to avoid redundanc
These relationships are explained in their respective sectiSestion 5.5 for the
ShowProgress use case? for the Undo and SaveToHistory use casessaation5.7 for the

Confirm use case.

Table5.32 Usability Use Case Dependencies: Abort Functional Usability Feature

A UCt | AU |AUC| AUCG |SPF_U@| U UCE|WUC3|U UG
Cancel Exit Save | Long/Und| Show Undo | Confirm| STH
Command Changeg UserAction Progess
A_UC1 Cancel Command - X X
A_UC2 Exit X* - X* X* X*
A _UC3 Save Changes X - X
A_UC4 Long/ Undoable User Actiq - X

From these use cases$ least twominimal subsets can satisfactorilye implemented. A
system including the Long/Undoable User Action along with C&weimandis a potential
configuration, as is one thanly includes the Exit and Sa@hanges use cases. Yet, while

both these options are viable and may result from the diicitarocess of a system, they are

the exception rather than the norm, as most systems that contemplate cancelling commands
(and handling their state) will likely require handling them at exit time as well.

5.3.1.4 System Responsibilities for Usability
Table5.3-3 presentshte System Responsibilitifer Usability for the present feature.

Table5.33 System Responsibilities List for Abort

System Responsibilities List for Abort
A_SR1 Identify candé&ble commands
The system is responsible for keeping track of commands that are cancellable
A_SR2 Cancel commands and handle application state
The system must allow users to cancel (cancellable) commands and to handle app st
A_SR3 Exit application halling ongoing commands/operations
The system must provide access to Exit feature to close application while handling st
A_SR4 Handle potential changes to be saved
If changes exist at exit time, the system must allow the user to save them appropriate
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These System Responsibilities for Usability are derived from the Usability Elicitation
Clusters identified irsection5.3.1.2as follows:

A_EC_1 Identifying cancellable commands As mentioned earlier, this elicitation cluster
contemplates knowing which system commands are cancellable. To do so, the
system must keep a record of said commands, or, if they are too many or an
expanding group of commands, the system must at least be aware of the type of
command that shall always be cancdBabTlhus, this elicitation cluster would
yield the System Responsibiliy SR-1 Identify cancellable commands

A_EC_2 Cancelling commands and handling application stateThis elicitation cluster
covers how each command, or type of command, is to be cancelldtbanthe
resulting system state must be handled. By debating the discussion items contained
in it, stakeholders determine exactly what parts of the system’s state are affected
and how they are to be restored after cancelation. It is thus the responsilitity
system to properly cancel these commands and undo any potential &ffeis2
Cancel commands and handle application state

A_EC_3 Exiting application while handling potential on-going commandsdperations
As determined in the discussion items in thisigltion cluster, the system must
provide the user a way to exit the application at any given time and also to address
any ongoing commands or operations when doing so. This yields the System
Responsibility toA_SR-3 Exit the application handling ongoing commands
and operations

A_EC_4 Handling potential changes to be savedn systems where the concept of ‘saving
changes’ is relevant (i.e. where user data files are changed by the use of the
application) this elicitation cluster determines if and how said actidinbe
prompted upon exiting the system. The system is responsible for detecting when to
prompt the user to save changes and for how to do so, as described in the last
System ResponsibilityA-SR-4 Handle potential changes to be saved

Table 5.34 maps the relationships between the Usability Elicitation Clusters and the
Usability System Responsibilities described above, for easy reference. Any project
determined to require a specific Elicitation Cluster will also require its cel&testem
Responsibilities. Likewise, if a cluster is discarded during elicitation, its related
responsibilities will not be a part of the resulting system. In the case of Abort this relationship
is oneto-one.

Table5.34 Usability Elicitation Clustet$System Responsibilitiésr UsabilityMapping for Abort

Use Cases Dependent Responsibilities

A_ECl Identifying Cancellable Commands A_SRl Identify cancellable commands

A_E@ Cancelling commands and hgmdliplication state | A_SR2 Cancel commands and handle application state

A _EC-3Exiting application while handling potegtiaigpn- A_SR3 Exit application handling potenrgjairen
commandsps commands/ops

A _EC4 Handling potential changes tavssls A_SR4 Handle potential changes to be saved

5.3.2Usability Guideline for Software Development: Design artifacts

The Abort feature has a close relationship with the Undo feature in that cancelling a
command or operation may entail undoing any potentigigbaesults in which they may

have incurred. As such, its design guideline will make use of the same concepts as the Undo
featureregarding the ‘Command’ pattern by Gama €8&| when defining said portion of its
functionalty.

In section5.3.2.1the System Responsibilities are brought to a lower abstraction level and
describes them akligh-level Design Component Responsibilitieand section5.3.2.2 as
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Low-level Design Component Responsibilitigfor a MVC architecture). Finallysection
5.3.2.3presents the Usability Design Meatzodels for said_ow-level Design Component
Responsibilitiesas objecbriented class and sequence diagrams

5.3.2.1 High-level Design Component Responsibilities

In order to support the System Responsibilities identified.1.4 at design level, the
following sections describe theuggested Highevel Design Componentsand their
responsibilitiedor the Abort Functional Usabilitifeature, shown ifable5.3-5.

As mentioned earlier, the parts of tifiesturethat relate to having undo capabilities make use

of the Command pattern by Gamma etGdmponents (and, in the follving sections, classes

and objects) like the “Command” component, are taken directly from this widely known
design pattern to fulfill the needs that arise from the corresponding System Responsibilities.
Another pattern used across all the guidelinesés@GbF Observer pattern, a defining part of

the MVC architecture itself. The rest of the components conform the original contribution for
this feature

When represented graphically, as is the case of the Usability Desigamddeds in section
5.2.2.3 all components, objects and/or classes belonging to the GoF Command pattern or the
Observer pattern are depicted in yellow ard] respectively (sepage71 for color legend of
existing patterns).

5.3.2.1.User Interface (Ul) Companen

This component is responsible for capturing all user input and forwarding any action
invocations (possibly through a delegating component) to the part of the domain responsible
for executing it. In thideature calls to execute (and the abort executidnan operation or
command are captured by the Ul Compondiite Ul Component is also responsible for
relaying information to the user, like, for example, notifications to ‘save changes’ after
attempting to close an application.

5.3.2.1.Domain Component

A Domain Component represents the part of the system that is responsible for executing the
actions requested by the user. As such, which class(es) ultimately implement the functionality
herein described will vary from application to applicatibma video programfor example,

when choosing the ‘Export video’ option there will likely be a class (or group of classes) in
charge of sending said video, perhaps after some form of conversion, to the hard drive as a
file. Said class (or classes) would represent the Dof@amponent.

5.3.2.1.€ommand Component

Based on Gamma’'s definition of the Command Pattern, the Command Component is
responsible for encapsulating method invocations and any pertinent state information at call
time.

As in the case of the Undo featusehen an candible (thus undoable) action is invoked
through the Ul, a new instance of Command is created. This instance is initialized with the
signature of the method that is being called and a reference to the Domain Component in
charge of executing it, for latemvocation.lt is also initialized with any state information that

will need to be restored if the invoked action is ever ordered to be cancelled. Aside from
storing this information, the Command Component is responsible for ultimately calling the
invoked nethod in the Domain Command (once the state information has been saved), and
for properly undoing said action (restoring the previous state information) should an ‘cancel’
order for it come from the Ul Component.
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5.3.2.1.4History Component

The History Compon# bdongs to the Undo featur@nd is used within Abort to provide
undo capabilities when cancelling commands or operations. As in Undo, this component in
responsible for storing all Command instances created within the system. Once an
cancellable/undoable dalis placed in the Ul, the Command Component is created
immediately stored in the History Component. If a call to cancel the latest action is placed in
the Ul, the History Component is responsible for locating (within itself) the Command
instance which irially executed said action and ordering itulodo, to return the system to

the state prior to execution, thus effectively cancelling it.

5.3.2.1.%vave Manager Component

The Save Manager Component is responsible for keeping track of any changes that may have
occured within the system that would potentially need to be saved. It is also responsible for
alerting the application (and ultimately, the user) of the existence of such changes upon
invocation of the ‘exit’ feature and of saving them to the appropriateanifediquested.

Table5.35: Usability Guidelinddighlevel Design Component Responsibilithdsort

System Responsibilit: Hightevel Design Component Responsibilities

A_SRildentify and | A software component, preferably that responsible for handling Ugemeistrksciv of all the comn
execute cancellable | that are cancellable. By being in charge of this responsibility, it will be able to displantéTéacy
commands components to provide the user with the means to cancel said command.

TheUlis also responsible for listening for command invocations from the user.
Execution of actions is always the responsibility of the pertinent Domain Compimagioinin the appl

The component in charge of delegating actions (if any) should determine whether the action
from a prestablished list.

If the action to execute is undoable, it must first be encapsulated as an instance of a Com
together with any pertinent state information and the necessary actions needed to revert its effe|

Such an instance is then stored in a History Component, responsible for keeping a single (orde
executed undoable actions.

After encapsulation, the Domain Component is then free to execute the invoked action

A_SRz2Cancel TheUImust listen for user calls to cancel ongoing commands

gon}Taatngs :tr;(tjehandl The component in charge of delegetiimgs &if any) is responsible for knowing which thread is

pplicat command being cancelled and to order it to stop, as well as blideiggCimponésee Undo) to un
any effects caused by said command, returning the applicatical &tdts.origin
TheHistorfComponemust then retrieve the @ethmandvithout discarding it, and order it to ‘undo’ i
TheCommandhn turn, executes the necessary actions, using the stored state information, to rety
the state precegiits execution

A_SRBExit applicatior] when exiting the application, aggilog commands must be dealt with.
gg%(g'zgnﬁ?;zggzl ON | Theuimust listen for calls to exit the application
If there are no-gningcommands or operations, the application will exit immediately

If there are agoing commands and/or operations, bUididles not need to prompt the user for the tyy
s/he’d like to make, thiemust order all commands and/or operations ati héttdén one of three
(through an invoking component, if any):

A) All ogoing commands and/or operations will be cancelled immediately in the same manner
in which they are cancelled by users

B) All oigoing commands and/or operations will be allowed to finish execution, in Whidh wasteut
the last one notifies it has finished

C) All ogoing commands and/or operations will be terminated immediately (disregarding
application closed.

It is the&JIs responsibility to know whether or not to prompt the user for an exit type. If no prompt
theUIs responsibility to be aware of which type of exit it needs to make (i.e. the way in whic
operations will be dealt with exgting).

A_SR4Handle When th&Jlreceives a call to exit the application, the component in charge of delegating actio
potential changes to b first ask SaveCompongsee below) if there exispamging changes before exiting

saved A SaveComponestresponsible for determining whether there are changes to be saved and to or

If there are changes pending to be saved, the delegating component Wjjllwhfolintiern should pr
the user to save said changes

These changes will be saved I8atleComponehtequested




5.3.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for an MVC architecture, tHagh-level Design Componentdescribed
abovecan be translatkinto the following system objects

As is the case with mo$tatures presented in this work, the Ul Component is instantiated by
theView object and takes over all of its responsibilities except for the delegation of actions to
other objects. This respsibility falls on theController object(s) of the MVC architecture.

Likewise, the Command Component is defined in@menmand interface and implemented

by ConcreteCommandobjects, as desited in the GoF Command Pattg3V]. For every
cancellable (undoable) command the implementation will have a distinct ConcreteCommand
class (i.e. Export VideoCommand, OpenGarageDoorCommand, etc.). Whenever a command
is called through the View, the corresponding ConcreteCommand object willehted,

saved to history to preserve state information in case of cancelation, and ordered to execute.

The History Component of the Undeatureis represented by thHlistoryList singleton
class, and covers all the responsibilities described for the HiSmmponent.

The Domain Component is instantiated by B@mainClass Depicted in a different color in
Figure5.2-3, this is not an actual class but is rather a placeholder to be substituted at design
time by the actual class thagrforms the task that was requested by the user.

The Save Manager Component is represented by the SaveManager class, which covers all of
the components responsibilities regarding keeping track and storing any changes needing to
be saved upon exit time.

The Low-level Design Component Responsibilitieentioned above are describedTiable

5.36 as well as the way in which they carry out the System Responsibilities defined in
section5.2.1.4 For eachSystem Responsibility, the sequence of actions required by the
different objects is also presented as a set of UML diagrams.
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Tables.36: Usability Guidelind.owlevel Design Component Responsibil{fi¢gC). Abort.

System Responsibility Objects Fig
View Controller ConcreteCommand HistoryList DomainClass
A_SRl Identify aneéxecute | 1. TheViewmust listen for calls to command Figure
cancellableommands must be aware of whidhese are cancellable 5.34
and provide the appropriate GUI compone
enable cancellation.
1. TheViewmust listen for invocation of actig 2. TheControllenust determine if the invok 4a. Upon call to its 4b. TheédistoryList 5a. heDomainClagxecutes
doAct i on() . Upon reception, it must notiff action is cancellable. In such case it mus| execut e() method, the |saves the cloned the appropriate method to ¢
Controllesf said amon theexecut e() method of the correspon¢ ConcreteCommdirdt stores| ConcreteCommaatdp| out what was originally invg
ConcreteCommantgject (otherwise invocal the necessary state informg its collection (sedtn | by the user through \thew.
goes directly to themainClagskeeping a |in its local vabies. It then | later be available to
record of thtehr ead_i d in which calls the appropriate methg undo)
doAct i on() is being executed. the corresponding
3. TheControllenust theal one() said DomainClagwhat was
ConcreteCommaamtladd( ) it to the originally invoked) (
HistoryList.
1. TheViewmust listen for invocation of 2. TheControllesrders the thread in which | 4. Upon call toitedo( ) 3. TheHistoryList 5. ThedbomainClagxecutes
cancel () for agiven thread. Upon recep] doAct i on() is being executed and ordg method, the determines the the methods invoked by
must order ti@ontrolleo terminate said to st op() . It then orders thistoryLisb ConcreteCommardlls the | ConcreteCommand | ConcreteCommand -
thread() undo the last action for the corresponding necessary methods in undo and calls its | 6. The thread in which the | Figure
7. Theviewmust discard aRyogressindicator{ DomainObjeat DomainClagwith any needg undo() method DomainClasesides will ther| 2-35
upon notification, and also update any Smg stae information, stored up notify this to any existing
Menus or History Displays (See Undo and execution) to revert its effe Progressindicatgsse
Progress Feedback featres) Progress Feedback feature
A_SR3EXxit application 1. TheViewmust lien for calls &xi t () the | 3. TheControllehen procedes to handle Figure
handling potential egoing | application and determine if the user must | commands and operatiaccording to the ¢ 5.36
commands prompted for thgpe of exit to make type.
2a. If so, théiewprompts the user, whom TheControllewill a) order all commands to
responds with one of three possibilities (‘cal cancelled as described in, and notifiig
‘wait to finish’ or ‘immediate exit’) wait until all ongoing commands/operatio|
2b. Ihot, th&/iewmust simply forward said c¢ notify it they have finished and then notify
theControllemlong with what it knows to be | View, or, ¢) simply notify/ibe.
appropriate ekiype .
3. UporControllamotification, théewwill kill the
GUI and exit.
A_SR4Handle potential 1. TheViewmust listen for calleso t () and | 2. TheControlleasks th&aveManag#rthere Figure
changes to be saved forward the call to @entroller arependi ngChanges() . If so, the 5.36

3. If there are changes to be savadetine
prompts¢he uselUpon okaying, tfeeworders
theControlleo saveChangesAndExi t ()

Controllamotifies theiewOtherwise,
execution of continues.

4. TheControllein turn,sks th&SaveManag
to saveChanges()
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5.3.2.3 Usability Software Design Meta-models

These Usability Software Design Mateodels are the UML diagrams representingliber-
level Design Component Responsibilitielescribed inearlier. The following sections
describe the class diagram and the classesviad in this feature and their interrelationships,
followed by the descriptions of the sequence diagrams.

5.3.2.3.Class Diagram

Figure 5.3-3 below shows the class diagram for the Abort Functional Usability Feature. As
described in the_ow-level Design Component Responsibilitidable the main objects
involved are the View, Controller, SaveManager, HistoryList, ConcreteCommand and
DomainClass. The first two, fulfilling their role within MVC, respectively capture and
distribute the useradls to perform actions. The SaveManager keeps a flag for pending
changes to be saved, the changes themselves and the method to save them to the appropriate
media. The HistoryList from the Undéature controls the list of actions (and their
correspondingystem states) that have been executed for potential canceling (undoing).

Figure5.33: Usability design Metaodel. Class diagram. Abort.

As with other feature using the Command Patter38], the ConcreteCommand class
implements a Command interface, as suggested by the authors, and is responsible for ordering
the execution of the requested action (in DomainClass) as well as for storing all the necessary
state information reqeed for eventually cancelling it and reverting any partial effects it
might have had. There must be as many ConcreteCommands as there allabtar(@and
undoable) actionsand it is recommended they be labeled mnemonically. For example, the
ConcreteComnrad class in charge of invoking the exportVideo() method in a video
application should be labeled something like ExportVideoCommand.

These classes and interfaces which belongedCtommand Pattern of the GaFfe depicted in
their corresponding color, yelloto differentiate them from the rest of the classes particular
to this metamodel.

HistoryList is depicted in yellow/dark green to show it belongs to the Undo pattern (dark
green) but also implements some responsibilities proposed by Gamma’s Commamd Patte
(yellow). Likewise, the Controller is depicted in yellow/light green, where light green is the
Abort featurés color (the controller performs both original and Command Pattern
functionality). The rest of the light green classes contain the Abort funadityy, and the light

blue, functionality from the System Progress Feedback feature
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5.3.2.3.8equence Diagram “Executing Action”

Figure 5.34, shows the sequence diagram for executing actions describEable 5.2-6.

This diagram covers the invocation and execution of any cancellable action. As all
cancellable actions are treated as actions that will potentially need to be undone, the sequence
of events is exactly that of executing @mdoableaction, and thus th first diagram is shared

with the Unddfeature

Following the GoF Command Patterprior to execution, the ConcreteCommand which
encapsulates the invoked action (doAction()) is cloned (preserving its state information intact)
and stored, in this case ihe HistoryList object. After that, it is ordered to execute(), which
entails a call to the desired method of the corresponding DomainClass.

When the invoked action is not undoable (second paditoih Figure 5.24), the desired
method is invoked directly off DomainClass and executed.

Figure5.34: Sequence Diagram “Execute Action”. Abort.

Classes and methods depicted in light green represent they belong to thefehme
However, this being a sequence adapted entirely from the tfatore due to the need for a
cancellable action to be also undoable, all elements in this diagram belong either to Undo, or
to existing patterns. Those in yellow are part of the CommatigrRand notifications in

dark red representf3erver Pattern functionaliyd8]. The gray DomainClass is, as in all
other features that contain it, a template class to be substitutedeaigntime by the
appropriate system class ¢aiming the actual cancellable actidtar the full color legend see
page71
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5.3.2.3.%equence Diagram “Cancel Command”
Figure5.35 describes the sequentor cancelling an egoing command.

This sequence starts when the user requests to cancetgmingncommand. The View has

the information that identifies said command and passes it onto the controller. With this
information, the Controller finds therdmd that the command is running in and orders it to
stop. It then orders the HistoryList to undo whatever changes were produced by that
command while it ran. The HistoryList orders twrespondingConcreteCommand to undo,
which leads to the DomainClaseverting the state to what it was before the start of the
execution of the command.

Once the effects have been reverted the Controller orders the (stopped) thread to end (kill()).
This sends a notification to any subscribed Progress indicators, whitdedrto terminate as
described in the Progress Feedb&eure.Finally, the GUI updates the screen to reflect the
command has been cancelled.

Figure5.35: Sequence Diagram “Cancel Command”. Abort.

5.3.2.3.8equenre Diagram “Exit application”

Figure 5.36 presents the sequence of exiting application with its different possible
outcomes.

The sequence starts when the user requests to exit the current application. This call is
forwarded ¢ the controller, who asks the SaveManager if there are any changes pending to be
saved. If there are, the Controller orders the View to ask the user to confirm whether or not he
wants to save the changes. If changes are to be saved, the order is tettinee@ontroller

who orders SaveManager to save the changes.

After changes have been dealt with, or when no changes are to be saved the View must
determine the type of exit that will follow. It will only ask the user to make this decision in its
stead ifthe system has been set up this way (determined at elicitation time).

Once the view knows the type of exit, it will forward this information to the controller, which
can do one of two things, depending on this exit type: cancel all commands immediately (ty
1) or wait for all of them to finish and then exit (type 2).

Whatever the exit type, once there’s nothing left to cancel or save, the View terminates all
graphic elements, ending the program itself.
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Figure5.36: Sequence Diagram “Exit Application”. Abort
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5.4Usability Guideline: ‘Stéyystep’

The Stepby-step Functional Usability Feature covers allowing tasks with multiple steps to be
represented as a series of navigable windd@estain system tasks can require a series of
inputs from the user that might not be feasible to perform within a single window or step.
Also, more complex actions might entail decisioaking on the part of the user during
execution, making branching necessary.

The Usability Guideine for Software Development is made up of Analysis artifacts and
Design artifacts. These are described for the prdsatire in the following two sections.

5.4.1UsabilityGuideline for Software Development: Analysis artifacts

There are fourartifacts to be ed during the analysis phashe Usability Elicitation
Guideline, theJsability Elicitation Clustershe Usability Use Case Metaodels the System
Responsibilitiegor Usability. These artifacts are described in the following four sections.

5.4.1.1 Usability Elicitation Guideline

Table 5.4-1 showsthe Wsability Elicitation Guidelinefor the Stepby-step feature This
guideline cotains three HCI recommendatiomrxplained in the followingections.

5.4.1.1.5Btepby-step basics

For tasks that hee (or that can be divided into) multiple steps, HCI authors recommend
informing the user of the ovall goal to be achieved as of where he is in the process at every
moment (SBS_HCL). This is what is commonly known as the ‘wizatglle’ functionality
involving a series of windows where information and decisions are requested from the user
(SBS_ELAB1). The stakeholder discussions must cover which tasks are to be represented as
wizards, and of which steps each is to be composed, as well as all theaingutecisions
required for these steps (SBS1Qto SBS_5). In Table 5.4-1, example SBS_EX
“Payment Method” describes an example for this HCI recommendation.

5.4.1.1.5tepby-step structure

As for the structure of wizards, HCI auth@sggest that they can be linear or branch out in a
treestyle fashion when user decisions are involved. In any case, users should always be
informed of where they are in the sequence (SBS-#CIThe use of ‘breadcrumbs’, or
simplified maplike structurescan be very useful in letting users know where they are within
the navigation. (SBS_ELAR). The stakeholder discussion for this HCI recommendation
(SBS_Q6) contemplates if such breadcrumbs are to be used, how they will represent the
navigational path, # current position of the user within it, past and future steps, and how
they will handle overly large trees with multiple branchiesample SBEX-2 “Checkout at
Amazon.com” inTable 5.4-1 describes an example for this HCI recoemndation.

5.4.1.1.8lavigation

Within the navigational sequence of a wizard, the user should be allowed to go back to a
previous step, and to do so multiple times even until reaching the first step (SBS). HiC|

doing so, the fact that actions may have been paddrin previous steps, and the potential
need to undo them when navigating backwards should be taken into account. The possibility
of cancelling the wizard altogethat any time should also be considered. (SBS_E{13)\B
Discussions SBS @ to SBS_Q11 cove which tasks will provide ‘back’ and ‘cancel’
options, and what executing them will mean inme of undoing previous actionfSBS_EX2

shows an example for this HCI recommendation Table 5.4-1 “Movie Theater
Reservations”
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Table5.44. Usability Requirements Elicitation Guideline:8tstep.

Identification

Name Stepbystep

Family Wizard

Aliases | Wizard49] Step by stdp2]

Intent

To allow tasks with multiple steps to be represented as a series of navigable windows

Problem

Certain system tasks require a series of inputs from thmagestthatfeasible to perform in a single window. Also, more cospigghéetitail decisiaking on the part of the user during exemakiogecessary.

Context

When a neaxpert user needs to perform an infrequent complex task consisting of several subtasks where decisions resdtitable. made in eac

Interelationships

The Stepystep feature will need functionality fromdidfeature when dealing with wizards that incur in changes during navigation, as they would need to be undoneextiery backtracking

HCI Recommendation

Elaboration

Discussbns with Stakeholders

Usage Examples (optional)

SBS_HC1 Stepby-step basics

Take the user through the entire task one step[40%
[42] When the task is started, the user is informed
goalthat will be achieved and the fact that several
are needed. If information is needed from the user|
in simple terms and with brevity; by keeping it shor
better maintain the user’s sense of flow through
stepbystepproces$42]

SBS_ELAR User input

The stefpystep functionality is nf
often seen in wizatgle applications

They often involve a series of wind
forms that require some kind of
input-.e. yes or no decisions, my
choice answers, filling in data-fie
each step of the process.

SBS_@L Which tasks require the user to traverse multiple steps?
SBS_@ For each of these, which steps are involved?

SBS_@ Which possible paths will the user take to navigate these st¢
SBS_@ For each step (of kaask) what input will be required from the
SBS_@ Which of these inputs are required, which are optional, an

can the system provide default values?

SBS_EX Payment Method

In applicationshereusers have to choos
payment method at chadk time, &
navigation will be split in as many ‘brang
payment methods exists, showing a d
screen depending on the chosen method

Mandatory fields (name, cc nunmhest) be
distinguisheéficom optional fields

SBS_HGE2 Stepby-step structure

The task may branch like a flow chart, depending
information the user inputs, but the user doesn’t n
need to know about all the availabld49§tdseranust
be able to see where they are in the sequence g
steps ee to be done, especially if there are more
steps[42] These groups may be thematic or alter
you may decide to split up based on decisiof#2iq
Note that the harder parbibalance the size and
number of the sséquences.

SBS_ELAR Breadcrumbs

Breadcrumbs are often used to |
user know where s/he is in the pr|
particularly for longer sequences.

Keep in mind that difgamavigation
can offer full bread crumbsksclg
and forwards). Trees with m
navigation paths can, at best, d
only the visited nodes.

SBS_@ How will tasks show the user info on where he is in the proc

SBS_E» Checkout en Amazon.com

In applications like the amazon.com ca
the user makes purchase he can see ir
upper part of the screen the step of th
step process in which he is in at every 1
(selection, cart, options, chatletc.)

SBS_HGE3 Navigation

If possible, allow the user to go back one step
beginning of thegsence. If there are more than 10
try to break the task up into manageabéggehces, §
it doesh'get too tedious for the.uBee user must alsg
able to revise a decision by navigating back to a
task [49]Jorback to the first step if ne@d

SBS_ELABBack and Cancel

The user must always be able to g
to a previous step. To provide
functionality correctly, the syste
likely need to undo any outstg
operationgerformed in the later stey
The possibility of leaving the
altogether should also be availablg
form of a Cancel option.

SBS_@ Which of these tasks will provide a "back" option to traver
reverse order (or to skip back to an inittal step

SBS_@ Which steps entail deep system commands to be performeg

SBS_@ For tasks that entail deep ops, will executing the "back" ¢
such ops or simply allow the user to view the previous st

undoing)?

SBS_@0Which of these tasks will provide a catimeltopexit the en

sequence?

SBS_@QL1Which type of cancel will be provided for each task?

SBS_E»3 Movie Theater Reservation

In some applications destined to make
theater reservations, once the user has
the movie (step 1) and the seat (step 2
user decides to go ‘back’ and chose a ¢
movie, the reserved seats must be ‘free
cases when they may have been tem
reserved for the user.

107



5.4.1.2 Usability Elicitation Clusters

The Usability Elicitation Guideline iffiable 5.4-1 suggests eleven discussions ite®B$_Q
1to SBS_Q11) to be held with stakeholders in order to elicit all aspects of thebStetep
Functional Usability Feature. These discussiems can be clearly divided into six initial
groups, or clusters, as depicted in the Usability Elicitafitustersin shown inFigure5.4-1,
relative to theportion of the Stefby-step functionality that they cover.

SBS_EG1

SBS_EG?2

SBS_EG3

SBS_EG4

SBS_EGS5

SBS_EG6

Handling Tasks with Multiple Steps. The discussion items in this cluster,
shown inFigure5.4-1, cover which system tasks will be comprised of multiple
steps and what will these steps be for each.

Handling Navigation Trees Once it has beenetermined which tasks will be
comprised of multiple steps (wizards), stakeholders must discuss how they will
be navigated to determine their structures (i.e. linear, tree, etc)

Handling user input and preconditions The discussion items contained in this
elicitation cluster deal with determining what information, if any, will be asked
of the user in each step of every wizard, including default values that may be
provided by the system to help the user, information about input fields that may
be optional mandatory for moving forward, etc.

Providing “breadcrumbs” information to user: The sole discussion item
pertaining to this subject determines how to show the users where in the
navigational path they are at all times by using a ‘breadcrumbs’ structure.

Providing “Back” functionality : The discussion items in this cluster deal with
the need for allowing the user to backtrack within the navigation and what
effects this will have regarding any actions that may have been executed prior to
doing so (i.e. undoig previous steps upon backtracking). Backtracking all the
way to the initial step in the wizard directly (going ‘Home’) is also
contemplated.

Providing Cancel feature This elicitation cluster deals with the possibility of
canceling a wizard altogetherpw to do so, and what effects it would have on
previously executed actions. The particular type of ‘cancel’ to implement can be
any of those provided in the Abort feature and the user is referred to it for further
details.
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Figure5.44: ElicitatiorClusters. Stepy-step

10¢



5.4.1.3 Use Case Meta-model

The Use Case Metaodel for the Stefpy-stepfeatureis shown inFigure 5.2-2 in which
seven use cases are identified. Two are borrowed ses é@m the Undo featurEour are
concrete use cases and amatemplate use case, all belonging to the $igstepfeature

SBS _UG1 LoadWizard: the user requests the wizard to be loaded, which will present him
with the first step in the wizard. Loading a wid may or may not trigger a
system action, represented by SBS_4/Ondoable Action.

SBS _UG2 NextStep By selecting the option ‘next’ at any time, the user requests the next
step in the wizard. The system will present the user with this next step, and in
doing soit may also trigger a system action, represented by SBS UC
UndoableAction. The next step is computed based on the structure of the
sequence (linear, tree, etc) and any input given by the user in the current step.

SBS_UGS3 PreviousStep By selecting the option ‘lek’, the user requests to go back to the
previous step. The system will present the user with this previous step. In order
to do so, it may need to undo actions that were executed while visiting it for the
first time upon returning to it (see Undo). Redasd of the structure of the
sequence being traversed, the previous step is always the last one that was
visited prior to selecting the ‘back’ option.

SBS_UG4 CancelWizard: At any point during the navigation of a wizard the user requests
the option to ‘cancel’ iteffectively exiting the sequence. Just as when going to
the previous step, cancelling a wizard may incur in undoing any actions that
were previously executed within it.

SBS_UG5 UndoableAction: This template use case represents any system action that may
occur wha going from one step of a wizard to another. For example, when
clicking ‘next’ within an installation wizard, certain software components may
be installed. These will need to be uninstalled if the user chooses to cancel the
wizard or to traverse it backwds to, for example, make different choices,
hence the need for these actions to be undoable actions and treated as such.

Figure5.42 Use Case Metaodel. Stejpy-step

As mentioned above, the applicalyilitf each of these use cases will depend on the results of
the elicitation process. If during elicitatiad this feature iis determined that, for example,

no intermediate steps will ever trigger any actions élleactions will only be carriedt the

end of the navigation) the borrowed use cases from the Undo feature {U Ui@do and
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U_UC-6 SaveToHistory) will be discarde&imilarly, use cases depend on one another.
These dependencishown inTable5.4-2 for Stepby-step.

» The LoadWizard use case has one conditional dependency (marked with an asterisk)
with the template use casindoableUserAction This dependency occurs only when
loading the wizard must trigger a particular system action, represented by the
UndoableUserActionse case. Otherwise, the LoadWizard use case needs no other use
case to be viable.

» The NextStepuse case needs theadWizard use case to be viable, as a wizard must
be loaded initially before the user should be allowed to navigate it. It also has the same
conditional dependency as the LoadWizard use case withiriideableUserActionin
the instances when clicking ‘next’ must trigger a particular system action.

» The PreviousStepuse case needs thimdo borrowed use case whenever clicking ‘back’
must undo a stem action that was taken in the previous step. Furthermore, this use case
is viable only wherNextStepis also implemented, as in order to move ‘back’ the user
must have first moved forward (‘next’).

» The CancelWizard use case needs théndo borrowed usecase in the same way
PreviousStep does: in order to revert any actions previously taken within the wizard.

* Finally, theUndoableUserActionwill always needSaveToHistory, as any action that
is to be undoable must be saved upon execution (along withtis) sta

The remaining dependencies that exist among the borrowed use cases (represented in italics in
Table5.2-2) are omitted herein to avoid redundarisge Undo and Abort guidelines)

Table5.42 Usability Use Case Dependencies:-Byegiep Functional Usability Feature

SBS Ud | SBS_U@ | SBS_U@ | SBS Ud& | SBS UG | U_UCE | U_UG
Load Next Step| Prev Step Cancel Undoable | Undo Save to
Wizard Wizard UsrAction History
SBS_Udl LoadWizard - X*
SBS_U NextStep X - X*
SBS_UGPrevStep X X - X*
SBS_Ud CancelWizard X - X4
SBS_UG& UndoableUsrActio - X

The relationships among the concrete use cases in this feature are relatively simple, though
it's worth notingthat by reading vertically, it becomes evident that loading the wizard is
needed for the rest of the use cases to make sense, as expected.

5.4.1.4 System Responsibilities for Usability
Table5.4-3 shows the proposed System Responsiedifor Usability for the present feature.

Table5.43 System Responsibilities List for Stgstep
System Responsibilities List for Stspstep

SBS_SR Load Wizard

The system must know which actions are carhpriggple steps and how to load them

SBS_SR Go To Next

The system must know what information to show when the user chooses to go to the ‘next’ step
SBS_SR Handle user input and preconditions

The system must update the GUI accordingly when at first and lasthedpss@nttitions haven't been
to move to the next node

SBS_SR Update breadcrumbs

The system must keep breadcrumbs updated at all times to inform user place within navigation
SBS_SK Go Back

The system must allow the user to backtrack in the navigation pueioing the

SBS_SK Go Home

The system must allow the user to go to the first step in the navigation, undoing previous actions
SBS_SR Cancel Wizard

The system must allow the user to exit (cancel) the wizard, undoing any necessary actions
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These System Responsibilitiger Usability are derived from the Usability Elicitation
Clustersidentified in sectiorb.4.1.2as follows:

SBS_EG1

SBS_EG?2

SBS_EG3

SBS_EG4

SBS_EG5

SBS_EG6

Handling tasks with multiple steps This Elicitation Cluster covers knowing
which tasks will have multiple steps, andhat these steps are. Therefore, the
system should be responsible for knowing that a task that has been requested by
the user is a wizard and for loading it appropriately. This gives way to the
System ResponsibilitgBS_SR1 LoadWizard.

Handling navigation trees: To handle navigation of a wizard the system must
be aware of its structure (trdike for navigations involving usetecisions or
linear for simpler processes). In doing so, every time the user selects tchgo to t
‘next’ step in the sequendbe sytem must know the following: a) what the
next step is (based on user input if a decision is involved), b) if any actions need
to be executed as a result of moving forward in the sequence/tree. This gives
way to the System ResponsibilBBS_SR2 GoToNext.

Handling user input and preconditions: Whenever the user is at the first node,
any option to go ‘back’ should be disabled in the GUI. The same happens in the
case of moving forward (‘next’) when the user is at the last node. Similarly,
when the user hasohcompleted mandatory fields in the current step that are a
precondition for moving forward, the possibility of moving forward should be
disabled as wellThis functionality is represented by the System Responsibility
SBS_SR3 Handle user input and precouwlitions.

Providing “breadcrumbs” information to user: As mentioned earlier, this
Elicitation Cluster entails providing the user information about where he is
within the sequence at all times during navigation. This calls for the System
ResponsibilitySBS_$R-4 Update Breadcrumbs

Providing “back” functionality: The systemis responsible for knowing which

step was previously visited and for undoing any actions were executed within it
when doing soThis functionality is represented in the System Responsibility
SBS_SR5 Go Back. Furthermore, if the user selects to go back, not to the
previous step but to the initial step in the sequence, the system should know
which step that is and undo all actions taken since the start of the wizard. This is
covered in the Syem ResponsibilitysBS_SR6 Go Home

Providing “cancel” feature: Cancelling a wizard means leaving it altogether,
destroying any interface elements associated with it, as well as with undoing any
actions that the user may have executed while navigatinghi. System
ResponsibilitySBS_SR7 Cancel Wizard covers this functionality.

Table 5.4-4 maps the relationships between the Usability Elicitation Clusters and the
Usability System Responsibilitie for easy reference. Any projeat tbquires a specific
Elicitation Cluster will also require its related System Responsibilities. Likewise, if a cluster
is discarded at elicitation time, its related responsibilities will not be a part of the system.

Table5.44 Usability Elicitation Clustet$System Responsibilitiésr UsabilityMapping for Steby-step

Elicitation Clusters Dependent Responsibilities
SBS_[E-1 Handling tasks with multiple steps SBS_SH Load Wizard
SBS_[E-2 Handling navifion trees SBS_SR Go To Next

SBS_[E-3Handling user input and preconditions| SBS_SR Handle user input and preconditions

SBS_[E-4 Providing “breadcrumbs” info to user | SBS_SR Update breadcrumbs

SBS_EG Providing “back” functionality SBS_SI Go Bdc

SBS_SK Go Home

SBS_E® Providing “cancel” feature SBS_SKH Cancel Wizard
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5.4.2Usability Guideline for Software Development: Design artifacts

Thedesign artifacts of the Usability Guideline for Software Development for theb$tetep
feature are desdred in the following sections. THgystem Responsibilitiedescribed above
are brought to a lower abstraction levelrigh-level Design Component Responsibilities in
section5.4.2.1 Section 5.4.2.2 expresses themas Low-level Design Component
Responsibilities(for a MVC architecture). Finallysection5.4.2.3 presents the Usability
Design Metamodels for saidLow-level Design Component Responsibiliti@s object
orientedclass and sequence diagrams.

5.4.2.1 High-level Design Component Responsibilities

The following sections describe the suggestdijh-level DesignComponentsand their
responsibilitiesfor the Stepby-stepfeature.As mentioned earlier, the parts of thisability
feature that relate to having undo capabilities,ake use of the Command pattern
Componentdike the “Command” component, are taken directly from this widely known
design pattern to fulfill the needs that arise from the corresponding System Respi@ssibilit
Another pattern useid theseguidelires is the GoF Observer patteandefining part of MVC.

When represented graphically, as is the case of the Usability Desigrmiddtls insection
5.2.2.3 all components, objects dfior classes belonging to the GoF Command pattern or the
Observer pattern are depicted in yellow and red, respectivelypése¥ 1 for color legend of
existing patterns)The rest of the components conform our original contribution for this
usabilityfeature

5.4.2.1.User Interface (Ul) Component

This component is responsible for capturing all user input and forwarding any action
invocations (possibly through a delegating component) to the part of the domain responsible
for executing it. In thideature calls to execute a wizard are captured by the Ul Component,
as well as those to cancel it and move forward/backward within it.

5.4.2.1.Domain Component

A Domain Component represents the part of the system that is responsible for executing the
actions requested by thwser. As such, which class(es) ultimately implement the functionality
herein described will vary from application to application.

5.4.2.1.€ommand Component

Based on Gamma'’s fieition of the Command Patternthe Command Component is
responsible for encapstilag method invocations amgtate information at catime. When an
undoable action is invoked through the Ul, a new Command is createdssociated tie
method that is being callexhd tothe Domain Comgnent in charge of executing Any state
information that will need to be restoréslalso included in this Command.

5.4.2.1.4ree Component

The Tree Component is responsible for knowing the entire structure of the sequence. It is also
responsible for calculating what the next step in the sequence is at anyadised, on the
current step and any information the user may have entered in it. Furthermore, it must recall
the previous step that was executed at any time, should the user select the option to go ‘back’
to it. Finally, it must be able to inform any interested parties (i.e. the Ul Component) of where
in the sequence the user might be at any given time.

5.4.2.1.5lode Component

A Node Component is responsible for handling all the information related to a single step in
the wizard. It must know which information is te bisplayed for and requested of the user
and how to do so, as well as which system actions need to be invoked upon completion of
said step of the sequence, if applicable.
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Table5.45: Usability Guidelinddigh-level Design Component Responsibilitstepby-step

System Responsibility

Hightevel Design Component Responsibilities \

SBS_SR Load Wizard

The component responsible for handling uset@umpénenmust listen for calls to load a new wizard. It is responsible for knowing how to display the wizard onmtmleerenﬁ
display the wizard components, as well as any data within.

Also under responsibility dflisethe activiah/deactivation of ‘next’ and ‘back’ buttons when appropriate (at first step, last step and when relatéargl saduyffilefas)t of

After a wizard has been loaded|tiast now listen for calls from the user to move forward (next)sofbla&kivetite wizard. At either céllvihieforward responsibility (as well as al
entered in the current step of the wizard) to a delegating component (if any), whithee@Gbasparfeite provide the next (or previous) nodeémtience.
ATreeComponer responsible for knowing the structure of the wizard.

SBS_SR Go To Next

Given a specific node in the tre@reae€omponemiust know how to calculate the nextonsiiew to the user. To do so, it must also know the information provided by the
determine the path within the tree through which the navigation will be performed. The simplest navigatiiclalregdediesisanfithe usat thpre is only one (linear) path to follg
more complex structures are supported.

Whenever a node is reached, it is the responsibility of that individual node (réjrdserdatpbyeint)theTree to know if any further actions mustdrenpdrfThdodemust order any
at all) associat&bmandComponetaexecute the predetermined actions.CdmeaadComponewil in turn ask thBomainClassés execute each particular action, and will be g
HistorySee Undo).

SBS_SRHandle user input
and preconditions

ANodeComponets responsible for managing all of the information pertaining to a particular step in a wizard. It mustknyposedtfieitistthenot a field is mandatory, default d
any) for each field, textual descriptions for fieldéo@¢hotvever, is unaware of its neighboring nodes and of how its node information might be displayed to tisetheéieul s
responibility

SBS_SRlUpdate breadcrumb

When a wizard is first loadedltsieould display all the ‘breadcrumbs’ that are possibldikinratigation wizard, it is only feasible to dispédtttambs for previous steps, as theg
that may follow any given node may not b&aiptimear wizards may show the entire sequence, highlighting the ‘current’ step.

In tredike navigation wizards, it is the responsibilitytofkbepdecord of the alreatyvigated steps, and to display them for the user, including the ‘current’ step, differentiated
In a linear wizard, WezardTreean provide th#with a list of the names of every node in the chain on load time.
TheUlwould be responsible for keeping any displayed breaderdatbghipugh navigation.

SBS_SK5 Go Back

At any point in the sequence of a wizard, the user may chose to go back ttefhéoptevibesisst step in the sequence). When doing so, two possibilities arise: One is, if the d
involve command execution, going back to a previous step will merely involve Idispipgmenti€for that previous stepriginiteen going back to a first state, if none of the exec
entailed command execution, it will only be needed to display Ul components for that first step.

SBS_SRGo Home

However, if tharcent step did involve command execution, going back to the previous node will entail undoing such exegaif@gnb&hilardiysvhede

Before ordering the displdyl odbmponents for the previous theplelegating component (if anyundss the last action associated with the current step in the wizard/fisere why
saved tdlistoryluring forward navigation. Similarly when going back to a first step, when all actions associated with alltexeaodi@tkesteps mus

SBS_SK Cancel Wizard

At any point in the wizard, the user must be allowed to cancel (exit). When doing so, anyattofié ajapkchide) during execution must be undone by the same cartaplynier
charge of saving/undoing operatiendelegating component (ifamyhe Ul components for the wizard discarded. (See Abort)
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5.4.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for an MVC architecture, tHeggh-level Design Componentdescribed
abovecan be translated into the following system obijects

As is the case with mostsability feature presented in this work, the Ul Component is
instantiated by theView object and takes over all of its responsibilities exdeptthe
delegation of actions to other objects. This responsibility falls oiCtreroller object(s) of
the MVC architecture.

Likewise, the Command Component is defined inGmenmand interface and implemented

by ConcreteCommandobjects For every undoablcommand the implementation will have

a distinct ConcreteCommand class (i.e. Export VideoCommand, OpenGarageDoorCommand,
etc.). Whenever a command is called through the View, the corresponding
ConcreteCommand object will be created, saved to historyetepre state information in

case of cancelation, and ordered to execute.

The Tree and Node Components described above are representedViizahdTree and
WizardNode classes, covering all of their responsibilities regarding the structure of the
wizard andthe contents of each of its steps, respectively.

The Domain Component is instantiated by themainClass Depicted in gray inFigure

5.23, and as is the case in every other Functional Usability Feature where it appears, the
DomanClass is not an actual class but is rather a placeholder to be substituted at design time
by the actual class that performs the task that was requested by the user.

The Low-level Design Component Responsibilitieentioned above are describedTiable

5.26 as well as the way in which they carry out the System Responsibilities defined in
section5.2.1.4 For each System Responsibility, the sequence of actions required by the
different objects is alspresented as a set of UML diagrams.
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Table5.46: Usability Guideliné.owlevel Design Component Responsibil{fiégC). Stepy-step.

System Responsibility Objects Fig
View Controller WizardTree WizardNoel Concrete Domain
Command Class

SBS_SR Load Wizard 1. TheViewlistens for user calls tad() a 2. TheControlldocates the 3. ThéVNizardTrewill return Figure
wizardUpon receiving such a call, it forwarg appropriaté/izardTreand orders if the firsWizardNod@and 5.44
theController tol oad() optionby all node names.

5. TheViewreceives thiel r st Node of the 4.Controllgrasses on the See below)
Wizardind displays it. firstNode to View0)

SBS_SR Go To Next 1. TheViewlistens for user calls tonthet () 2. TheControlldocates the 3.Using the usentered 4. When ordered to 5. When ordered | 6. Figure
step of a wizatdpon receiving such a call, it| appropriaté/izardTreand orders it information provided by |set Up(), theWizardNode | execut e(), the | Domain | 5.45
forwardg to theControlletogether with the | to load theext () Nodesending | Controllgjif needed), the | processes the infmtion and ConcreteCommar Class
information entegdthe user in the current § along the information provided bj WizardTregetermines the | if it is supposed to execute| calls on its excecutg

user through théew nextWizardNode the actions it calls upon the respective s the
navigation and orders it tg corresponding DomainClass called
set Up() wih the user | ConcreteCommand doActi on() acton.
entered information. execut e()

SBS_SRK3Handle user input an| 1. Whenever thégeweceives WizardNode Figure

preconditions di spl ay(), itdisables/enables any ‘back’ 5.45
buttons, depengdian the current node
information. It also must highlight compulsg
(information that is contained within the
WizardNodl@nd not making a ‘next’ button
available until the user héered the required
information.

SBS_SRlUpdate breadcrumbs 2a. If oad(w zar d) returns only the first 1. When WizardTreis first Figure
Nodeof the wizard, tiieewwill display it as thg¢ called tboad() ,ifitisa 5.44
first element of the ‘breadcrumbs’ list. Ever I'i near Tr ee, it will return Figure
newNoddsloaded, its name will be append a list of all the node name 5.45
said list and highlighted as ‘current’ addition tdneé first node in t
2b. i oad(wi zard) returns list of all sequence.
nodeNamnes[] in addition to the
firstNode, theViewwill display all names
‘breadcrumbs’ list, highlighting the name of|
firstNode. Every time a ndledds added t
the list, its name will be highlighted as ‘curr|

SBS_SRK Go Back 1. When a ‘back’ button is availabléetimeust| 2. TheControllghen locates the | 3. The WizardTree returng Figure
listen for user clicks to said button and floew appropriaté/izardTreand orders if previousNode to the 5.46

event to th€ontroller
4. The&Viewdi spl ays() the screen for
pr evi ousNode appropriately.

to gaback() to the previous
WizardNode.

3. TheControlleiorwards

pr evi ousNode to View

Controller
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SBS_SK Go Home

1. A “Home” button should always be avail

2. Whenever a call to

4.WizardTreleads the

Figure

wizard. Theéiewwill pass this order to the
Controller.

3. Once cancelled (sdémrfeaturthe wizard
window must be discarded byithe

undo every action intiisoryList
related to the current wizard (mo
specifically to evévjzardNode
executed dar).

theView, and if clicked,\t@nvmust forward th goBackToFi r st Node() is firstNode in the wizard 5.47
call to th€ontroller received, tHeontrollesrders to ung and returns it@ontroller
6. TheViewdi spl ays() thefirst Node |every action in tHestoryLiselated
to the current wizard (more spec
to evey WizardNodexecuted so fa
3. Then, it orders WezardTre®
load thé i r st Node again
5.Controllgrasses on the
firstNode to theView
SBS_SK Cancel Wizard 1. At any point during wizard execution, thg 2. Whenever a cakamcel () is Figure
must be allowedctancel (), exiting the received, tHéontrollenust order tg 5.48
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5.4.2.3 Usability Software Design Meta-models

These UML diagrams represent thew-level Design Component Responsibilitigsscribed
in earlier. The following sections describe the class diagram and the classalsed in this
feature and their interrelationships, followed by the descriptions of the sequence diagrams.

5.4.2.3.Class Diagram

Figure 5.4-3 below shows the class diagram for the Siggstepfeature The main objects
involved are theView, Controller, WizardTree, WizardNode, ConcreteCommand and
DomainClass. The first two, fulfilling their role within MVC, respectively capture and
distribute the user calls to perform actions. The WizardTree controls the structure and
navigation of the weard, while WizardNode contains the data for each step in the sequence.

Figure5.43: Usability design model. Class diagram.-Byegtep.

As described in previous sections where the ConcreteCommand iglasgerenced, it
implements a Command interfacesponsible for ordering the execution of requested action
(in DomainClass) as well as for storiaj state information required for eventually undoing
the command it represenise(the method it is calling within DomainClass)

Classes and methods in brown belong to the-Byegtepfeature Those in yellow a part of
the Command Patterand notifications in red represenbg&erver Pattern functionalityrhe
gray DomainClass is the template class to best#fubed at design time by the system class
containing the undoable actidror the full colo legend sepage71.

5.4.2.3.85equence Diagram “Load Wizard”
Figure5.44 covers the process of initially loading a wizard and setting foupse.

The user initially calls for the wizard to be loaded within the View, which prompts this class
to forwardthe call to the Controller, who in turn determines the appropriate WizardTree class
associated with the wizard being requested. The Coatrdtlen asks this WizardTree to
load(), prompting it to return its first node object. Along with this node, the names for all the
nodes in the wizard is also returned, in a structure of amayscking the wizard structure

(i.e. simple array for a lineatructure, multdimensional array for trees) for future use by the
View when displaying breadcrumbBhe Controller forwards the returned information to the
View, which, in turn, updates the interface to show the first step of the wizard and the
location of the user within it (i.e. in tHest step.
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Figure5.44: Sequence Diagram “Load Wizard”. Btegtep.

5.4.2.3.%equence Diagram “Next Step”
Figure5.45 shows the sequence diagramdoing from one step to the next in a wizard.

The sequence starts when the user selects the option to go ‘next’ from within any step of the
wizard. This sends the View a reference to said wizard and any information that might have
been entered by the userthe present step. This information is forwarded to the Controller
which in turn finds the appropriate WizardTree for this wizard, which is the class in charge of
calculating the next step in the sequence.

The WizardTree calls on the current node (theplsto execute() any actions it may be
assigned to before moving forward. If one exists, it is invoked from the corresponding
ConcreteCommand as stgibed by the Command Pattesind eventually executed off the
corresponding DomainClass, after being saweetthe HistoryList

The WizardTree then calculates the next step to be shown to the user, based on any
information provided in the current step (step_info[]) if applicable. This next node is then
forwarded on to the Controller and finally the View, whicispthys it on screen while
updating the bradcrumbs.

If no node is returned (next_node is null) it means the end of the wizard has been reached,
which prompts the view to discard any GUI elements related to it, effectively ending it.



Figure5.45: Sequence Diagram “Next Step”. Steptep.

5.4.2.3.&8equence Diagram “Go Back”

The sequence diagram for going back from one step to the wizard to the previous one is
shown inFigure5.4-6.

This segience starts when the user selects the option to go ‘back’ one step, within any step of
the wizard. This request is sent from the View to the Controller, which finds the appropriate
WizardTree class that represents current wizard and requests it to ¢p bading so, the
WizardTree finds the Node object within it that represents the previous_step in the sequence
and orders it to revert() any action it may have triggered the last time it was visited. If such an
action exists, the node will order it tmdo as described in the Undo feature. After undoing,

or in the cases when there is nothing to undo, the WizardTree will pass on the previous_node
onto the Controller, which will pass it on to the View. The View, finally, displays this node
for the user, effectively making it the current step in the sequence, and updates the
breadcrumbs accordingly.
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Figure5.46: Sequence Diagram “Go Back”. Stgptep.

5.4.2.3.%5equence Diagram “Go Home”

The sequence iRigure5.4-7 shows the functionality of going “home”: to the first step of the
wizard.

Similarly to “Go Back”, this sequence can be invoked from any step of the wizard by the
user. The call is captured by the View, which forwards it to thet®ller which in turn finds

the appropriate WizardTree class that represents this withedWizardTree locates every

one of its nodes that have been traversed during the execution of the wizard and orders them
to revert() any actions they may have geged. As in the case of “Go Back” any triggered
actions are undone, only in this case it's done multiple times (i.e. for all steps).

Finally, the first_node in the WizardTree is returned to the Controller and passed on to the

View, which then displays &s the current node (effectively having sent the user “home” or
to the first step of the wizard). Finally, the View rolls back the breadcrumbs to the first step.

Figure5.47: Sequence Diagram “Go Home&pdy-step.
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5.4.2.3.6equence Diagram “Cancel Wizard”
Figure5.4-8 shows the sequence for cancelling a wizard.

This sequence starts when the user selects the option to cancel the wizard at any step in the
sequence. This request is semnfrthe View to the Controller, which finds the appropriate
WizardTree class for the current wizard and requests it to cancel(). Much like when going
“home” the WizardTree finds all the Node objects within it that have been traversed and
orders them to revg) any action any of them may have triggered the last time they were
visited. If such actions exist, each node will order them to undo as described in the Undo
feature

Once control returns to the View (after any and all actions have been undorsjaitigliall
graphic elements related to the wizard, effectively terminating it.

Figure5.48: Sequence Diagram “Cancel Wizard".-Byegep.



5.5“Progress Feedback” Usability Guideline for Software Development

The Progress Feedback Functional Usability Feature covers the user's need to provide the
user with accurate visual feedback on the progress of the current task.

Certain system tasks will take a long time to exeautd, therefore, theiser needs to be
informed of how much time remains in said tasks to s/he can make informed decisions in
terms of whether to wait for the task to finish, cancel it, etc.

The Usability Guideline forSoftware Development is made up of Analysis and Design
artifacts, described faheProgress Feedbad&ature in the following two sections.

5.5.1UsabilityGuideline for Software DevelopmAngalysisartifacts

There are fourartifacts to be used during the analysis phatige Usability Elicitation
Guideline, thedJsability Elicitation Custersthe Usability Use Case Metaodels the System
Responsibilitiegor Usability. These artifacts are described in the following four sections.

5.5.1.1 Usability Elicitation Guideline

Table 5.5-1 shows the Usability Elicitation Guitlee (UEG) for the Progress Feedback
Functional Usability Feature. In this guideline, there is a single HCI recommendation
covering the basic characteristics of the progress feature, whenitcandewhat to show the
user, agxplained below

5.5.1.1.Progress lformation Types

HCI authors suggest showing an animated indicator of how much progress has been achieved
for an ongoing action if it is to take more than a few seconds to execute. This indicator should
be as specific as possible (U_HOL Even when informtion is available to display a detailed
progress indicator, the initial calculations can take a few seconds, during which an alternate
(indeterminate) progress indicator should be displayed (U_ELAB

The stakeholders should discuss (see SBS tQ SBS_ Q11 for details) which system tasks

are likely to need progress indicators (longer tasks), what information is available in each
case for the calculation of the progress, and, lastly, how the system will handle cancellation of
these tasks (see Abort)

In Table5.5-1, SPF_EX1 “Feedback Examples” describes a variety of examples for this HCI
recommendation.
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Table5.51 Usability Requirements Elicitation Guideline. Progress Feedback.

Identification

Name System Progress Feedback (SPF)

Family Feedback

Aliases | Alias: Progress Indicpta@t Progresgl9] Show Computer is ThinKinge to Do SometHiiige[11] Modelingeedback Area [Coram, 96]
Intent

Provide the user with accurate visual femubizerogress of the current task

Problem

Certain system tasks will take a long time to execute. The user needs to be informed of fomsrmushitin@sksto s/he can make informed detésioaf whether to wait for the task to finish, cancel it, etc.

Context

When a timepnsuming process interrupts the Ul for longer than two se¢42lds or so:

HCI Rcommendation

Elaboration

Discussions with Stakeholders

Usage Examples (optional)

SPF_HE1 Progress Information Types
Show an animated indicator of how much progress has been nf
verbally or graphically (or both). For tasks that take a(tpptatiyr
more than a few secoifdig) tell the user:

-What's currently going on,

- What proportion of the operation is done so far,

-How much time remains, and

- How to stop it (or cancel it)

About the remaining tifihéiie timing can be calculated, give an in
of the time remaining, either as a figure, or graphically, use eitl
remaining Progress Indicator or a Bropmrtpleted Progress Indicg
if timing can not be estimated, but the proddestifablphases, giv
an indication of the phases completed, arheb#¥®maiing. Use &
Progress Checklist neither of these possibilities exist, then
indicate the number of units processed (records, vectors ....); if
are knownjust that the process may take atvbilesimply show so
indcator that it's still goingusa,an Indeterminate Prognetssaltor
Verify that the application takes no longer than 1 sgisplay tibg
progress indicgtand updathe feedback at a rate that gives the u
impression that the operation is still béonggere.g. every 2 secon

SPF_ELAR- Indeterminatprogress

When a progress bar is first displaye
progress information might not be immg¢
available. If this the case, and indetermi
progress indicator should be shown (in p
the determinate indicator) until accurate p
information can be calculated and displaye
If progress cannot be refreshed every 2 s¢
an alternate (indeterminate) progress in
should be visible to reassure the user tl
task is still executing

SPF_@

SPF_@
SPF_@B
SPF_&
SPF_&
SPF_@

SPF_&
SPF_@8

SPF_@
SPF_Q10

SPF_d1

Which tasks are likely to take more thg
few seconds (2 to 5) to complete, nee
progress information to be displayed?
For which of these can actual progres
calculated?

For those whose progress can be
calculated, which can provide the follo
information?

Identifiable phases completed

Time remaining for completion

Units processed

Percentage completed

For any remaining tasks (whose progr
cannot be calculatediat kind of
indeterminate progress indicator will b
shown to the user?

For which tasks will a cancel option be
provided to the user?

For the tasks listed above, how will the
cancel option be provided?

For every task, what textual informatio
any) will be shown to the user, togethg
the progress indicator?

SPF_EX: Feedback Examples

As part of operating system beh
progress bars are shown when copyin
amounts of data within the hard drive
to an external device.

A cancel buttofor the option to can
through commantbr shorter processes
also provided.

The Mac OS progress bar will initially
a dialogue window with an indeterming
and a “calculating...” message. Onc
remaining time is calculated it isyaidy
together with a determinate progress b
the number of files remaining to be ¢
(SPF_3 parts 2, 3 and 4).

Most software installers, particularly
that entail a long process like OS inst
provide théphases completed” (SPF_.
infomation, together with multiple
forms of feedback.

A checklist where completed phase
ticked off is most common when pro
this type of feedback.

124



5.5.1.2 Usability Elicitation Clusters

The Usability Elicitation Guideline iTable 5.5-1 suggests eleven discussions items to be
held with stakeholders in order to elicit all aspects of the Progress Feedback Functional
Usability Feature. These discussion items can be clearly divided into four initial groups, or
clusters, as desbed in the Ushility Elicitation Cluster Map,shown in Figure 5.5-1,
according to the portion of the Progress Feedback functionality that they cover.

SPF_EG1 Determining which tasks will require progress: The discussion items in this
cluster, as its name indicates, cover pinpointing those tasks which take more than
a few seconds to execute and thus will require progress information to be shown.

SPF_EG2 Calculating and Providing Progress Information: This cluster covers what that
information will be and how calculations will be performed for each type of
progress display. For example, Progress Bar display typically display the
percentage completed/remaining, but can also show the number of units
processear remainingvs. the total number of usithat need to be processed
the case othe Progress Steps indicator, it is expected that the name of each step
in the process be known and displayed as ‘completed’ before moving on to the
next step.

SPF_EG3 Providing Indeterminate Progress Information: The dscussion items in this
cluster deal with the tasks for which progress must be shbunlittle or no
information is available about thtask In these cases, an indeterminate progress
indicator must be displayed.

SPF_EG4 Providing Textual Information: This cluser deals with determining, for each
task, which information will be displayed for the user in order to explain what the
ongoing task is, and what the progress indicator means.

SPF_EG5 Providing Cancel Option: This last cluster deals with cancellation of an ongoing

taskfor which progress is being shown. The user must refer to the fdaitre
in order to determine how the system state will be handled.
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Figure5.51: Elicitation Clusters. Progress Feedback

12¢



5.5.1.3 Use Case Meta-model

The Use Case Metaodel for the Progredeatureis shown inFigure5.22 (Seepage71 for
color legend)in which seven use cases are identified and described below.

SPF_UG1

SPF_UG2

SPF_UG3

SPF_UG4

SPF_UG5

SPF_UG6

ShowProgress When the user requests a Longtfssion, this triggers the

show of its progress throughout its execution. The ShowProgress use case can
be: ShowProgressBar, ShowProgressSteps, ShowlndeterminateProgress, all of
which are described below

ShowProgressBar An empty bar is initially displayedvhich continuouslygets
filled in as thetask progresses. Textual informationcéuas the percentage
completed or the number of completed parts of the task may accompany this bar.

ShowProgressSteps As the task requiring this type of progress feedback
progresses, information about the ‘steps’ it is made up of is displayed. These
actions typically have a set, finite number of steps, as opposed to those showing
only progress bars.

ShowlndeterminateProgress In this case, from the moment the action starts
until it ends, a graphic element representing indeterminate progress is displayed
(i.e. spinning wheel, clock, etc.). This use case may also be an extension of
ShowProgressBar and ShowProgressSteps, at the very beginnthg tdsk
execution, before the il progress information has been calculated in either
case.

LongUserAction: This use case represents the system action that is directly
invoked by the user, which takes several seconds to execute, thus needing
progress information to be displayed for it

Cancet At any point in its execution, the user may cancel any LongUserAction,
asdescribed in the Abort feature

Figure5.52 Use Case Metaodel. Progress Feedback



As mentioneckarlier, the applicabiliy of each of these use cases will depend on the results of
the elicitation process. If during elicitation of the Progrissture, discussiondetermined
that, for exampleno task requires showing information about the ‘steps’ it has accomplished
then the ShowProgressSteps use case would be discaldlel.cases also depend on one
another. These dependenciesstrewnin Table5.24, wherewe can see the following

» The ShowProgressuse case and its children evidently need ltbagUserAction to
exist in order to be viable. The children, in particular, need the parent use case.
Furthermore, unless it contradicts what has been elicited for the Abort feature in a given
project, all progress indicators should be cancellable.

e The LongUseAction, as it represents any long action in the system being developed,
has no specific needadthin this featuren order to be viable

* Finally, in this context, th€anceluse case needs to be associated to an active show of
progress in order to be vigb(represented in the dependencies table by the parent use

caseShowProgress.
Figure5.53 Usability Use Case Dependencies: Progress Feedback
SPF_ua SPF_U@ SPF_UG SPF_ud& SPF_UG | SPF_U®
Show Show ShowProgress Show LongUser| Cancel
Progress | ProgressBar Steps IndetemProg Action
SPF_Ud ShowProgress - X X
SPF_U@ ShowProgressBar X - X X
SPF_U@ ShowProgressSteps X - X X
SPF_Ud ShowlnnetermProgress X - X X
SPF_UG LongUserAction -
SPF_U® Cancel X -

For such a small set of use cases, the migvantconclusion that can be drawn from reading
vertically is that, aside from the LongUserAction use case, the Cancel use case is pivotal to
the Progress Feedback Functionahhifity Feature, singen most casesany type of progress

will require providing a way out for the user to terminate execution.

5.5.1.4 System Responsibilities
Table5.52 shows the proposed System Responsibilities for Usability fopréneent feature.

Table5.52 System Responsibilities List for Progress Feedback
System Responsibilities List for Progress Feedback
SPF_SR-Determine which tasks will require progress
The system must know whitarayactions might take long to execute
SPF_SR-Calculate and provide progress information
The system must provide progress information for each action by using all available information
SPF_SR-Provide cancel option
The system must allow users to camgehgractions
SPF_SR-Provide textual information
The system must provide information about the task during progress display
SPF_SP-Provide indeterminate progress information
The system must provide indeterminate progress information for tasks requiring it and when isoaothitai

In section5.5.1.2we identified five elicitation clusters. Though in many other features a
single cluster may yield more thane system responsibility @ice versain this casehere is

a oneto-one relatimship between clusters and system responsibilileg to its simplicity

in, the logic followed to derive each system responsibility is omitted in this chapter (each
System Responsibility represents exactly the functionality covered by its corresponding
cluster).
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5.5.2Usability Guideline for Software Development: Design artifacts

The design artifacts for the Progress feature are described belosection5.5.2.1the

System Responsibilities are brought to a lower abstraction kesefligh-level Design

Component Responsibilitiesand in section 5.5.2.2 as Low-level Design Component
Responsibilitiegor MVC. Finally, section5.2.2.3showsthe Usability Design Metaodels

5.5.2.1 High-level Design Component Responsibilities

In order to support the System Responsibilities at design level, the following selesmie
the suggesteHigh-level DesignComponents for the Progrefesature, shown ifable5.6-5.

5.5.2.1.User Interfacel)) Component

This component is responsible for capturing all user invocations and forwarding them
(possibly through a delegating component) to the appropriate part of the domain, usually that
responsible for executing the invoked actione@fically for this usability feature calls to
execute an action that may trigger a progress display are to be listened for by the UI.

5.5.2.1.Progress Component

As a part of the Ul, the Progress Component is responsible for gathering the raw progress
information from the Domain Component, processing it and displayirigrithe userFor
example, when copying files from one folder to another, the Progress Component is
responsible for asking the Domallomponentow many files are to be copied, and then for
repeaedly requesting information on how many have already been processed. Internally the
Progress component calculates a simple percentage and shows it to the user, alongside the
number of files that have been copied, or those that remain. This way, the sBrogre
Component not only relays the progress informatiorihe interfacebut alsomay previously
performadditional calculations order to produce the data to be shown

5.5.2.1.3/onitoring Component

The monitoring component simply determines when a certain anoduime has elapsed,
triggering the show of the progress display. For example, this time window may be set to two
seconds, so any usivoked task taking longer than two seconds to complete will trigger its
corresponding progress indicator.

5.5.2.1.Domain Compent

A Domain Component represents the part of the system that is ultimately responsible for
executing the (long) actions requested by the uses also responsible for periodically
notifying all components that may be interested (in this case theeBsoGomponent) of its
current state of execution (i.e. processing unit 5406 1

Table5.53: Usability Guidelindlighlevel Design Component Responsibilities. Progress Feedback feature.

System Responsiliili Hightevel Design Component Responsibilities

SPF_SR-Determine which | TheUlIComponei responsible for knowing (fromeatatgished list) whether an invoked actio
tasks will require progress i among those thautd potentially be ‘long’ (>2s)

SPF_SR-Calculate and TheUlComponelid responsible for listening for calls to these actions and for ordering their
provide progress informatior If the action is among the pallgritong’, the tdust call unto an alteriaeitoring Component
(preferably residing in a different thread) to determine when the allowed time (2s) has ela
does, th&Jimust start to display progress information (through ®sgpessE@mponenif needec
The component in charge of delegating actions (if any) is responsible for @deraiming the
Componemésponsible for executing the invoked action and ordering it to do so.
TheDomain Componerecuting the action isaasjble for continually notifying interested part
(namely thdland/oProgress Compongmtsthe progress achieved and, eventually, its end.
TheUland/oProgress Componeants responsible for keeping the user up to date on the prog
based onatifications from fhemain Component

SPF_SR-Provide cancel The component responsible for displaying the progredsireait thiternaRrogress Componen

option must provide a cancel option for the actions tbkeguire one

SPF_SR-Provide textual The component responsible for displaying progress must also know of and display any ne
information information along with the progress details.

SPF_SR-Provide When th&Jlcomponent (or alterrtegress Component) first displays the progress, it must d
indeterminat@roginfo indeterminately until it receives the first real progress updéierfraif tmeponent.
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5.5.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for a MVC architecture, the Ul Component is instantiatédidoy the
object(s) and takes over all of its responsibilities except for the delegation of actions to other
objects. This responsibility fallsn theController object(s) of the MVC architecture.

The Progress Component is represented by Rimgressindicator, and covers all the
responsibilities described for the Progress Component in the previous section.

TheProgresslindicator class is meant toebextensible, and three proposed extensions are: the
ProgressBar, meant for displaying information in percentage anaf-m form; the
IndeterminateProgressindicator intended mainly for displaying progress feedback when no
information is available about then-going task; and, finally, th@rogressSteps mean to
display the steps that conform a task and to neadhas ‘completediwvhen appropriatefor
tasks where such information is relevant and available.

Finally, the Monitoring Component is representgdtee Monitor object, which covers all of
its intended functionality.

Table 5.54details theLow-level Design Component Responsibilitidescribed above and
how they carry out each of the System Responsibilities defmethis feature. For each
System Responsibility, the sequence of actions required by the different objects is presented

as well as a set of UML diagrams that depict each of these interactions.

Table5.54: Usability Gideline:Lowlevel Design Component Responsibil{fi#gC). Progress Feedback.

System Responsibili Objects | Fig
View Progressindicator Monitor | Controlle] DomainClasg
SPF_SR-Determine |1. The/iewmust listen for
which tasks will invocation of actions and m
require progresef |determine (from a preexisti
list) if the action being calle
couldbe potentially long.
SPF_SR-Calculate |1. Notify th@onrolleivhen a |6. TheProgressindicator|3a. ThéMonito|3b. The |4. The
and provide progresglong action hss been invok¢suscribes to the class starts ujControlletDomainClass
information 2. Ask thblonitoclass to waicorresponding aclock and |invokes |starts execulti
a specified amount of time |DomainClader progress| notifies the vi¢the actionthe invoked
5. If the view is still waiting |information. after the time|callinghe |action
the invoked action to return8. Upon reception of  |(2s) has appropria)7. The
Monitoresponds, it starts ufprogress information, th elapsed. e class. |DomainClass
Progressindicafthread). Progressindicatgrdates notifies its
9. Whenevereh the progress, performin subscribers
Progressindicatmtifies the |any needed calculation (namely the
Viewof new progresbeView|do so. It notifies Wiew. Progressindic
will update the GUI 11. WhePRrogressindica on of its
12. When tterogressindicatreceive a notification thé progress
notifies theiewthat the the action being execut 10. When the
progress has ended, it updihas ended it sets the action is
the GUI accordingly (no lorjprogress to competed g completed,
displaying the indicator)  |notifies the&iew. DomainClass
sends out a
notification
SPF_SRProvide |1. When théiewcreates the |2. Depending tre
cancel option Progressindicattdoes so  |parameter passed, the
indicating via a boolean  |Progressindicatuitl
parameter whether the indijenable a ‘cancel’ button
will be cancellable or not  |not.
SPF_SR-Provide |1. When théiewcreates the |2. TheProgressindicator
textual information |Progressindicatbmust passjholds this text and displ
the textual information to diitalongside the progres
information
SPF_SR-Provide |1. Whenever a
indeterminate Progressindicafthat is not
progressnformation |undetermined) is created, t
view will initially paint it as
indeterminate until the fir
progress update is receive(
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5.5.2.3 Usability Software Design Meta-models

This section describes the UML diagrams representingLtve-level Design Component
Responsibilitieglescribedabove Below, the class diagrans describedas well aghe classes
involved in this feature and their interrelationships, followed by the descriptions of the
sequence diagram

5.5.2.3.Class Diagram

Table 5.54 below shows the class diagram for the Progress Feedatlire. The main
objects involved arethe View, Controller, Progressindicator, Monitor, ProgressBar,
IndeterminateProgressindicator, ProgressSteps and DomainClass. The first two, fulfilling
their role within MVC, respectively capture and distribute the user calls to perform actions.

Figure5.54: Usability Design Metaodel. Class diagram. Progress Feedback.

The Progressindicator, or more specificalny of its subclasses, display the progress
information for the task being executed by Dom@ass. To do so, it subscribes to it and
listens for the available information, processes it accordingly and displays it periodically.

The Monitor class simply starts counting milliseconds when requested to do so by the View
and raises a flag when a met time (usually 2 seconds) has been reached. With this
information, the View can decide whether or not to call for the display of progress
information for that particular action

5.5.2.3.8equence Diagram “Show Progress”

Figure5.24 shows the one sequence diagram for Bregress Feedbadkture. It covers all
Low-level Design Component Responsibilitigeviously described except for those related
to the Abortfeature(cancelling thetask as those are covered section5.3. This diagram
covers execution of a long action and the display of its progress.

The sequence starts when {template)action ‘doAction()’ is invoked by the user. The View
captures this call and immediately orders the Monitor to stauntowy time, while
simultaneously ordering the action to be executed through the Controller.

When the ©ntroller gets the order to ‘doAction()’, it finds the appropriate DomainClass and
orders its execution. If this execution finishes before the Monlmscreaches its pet
time, then thesequence ends and no progriessrmationis shown. If, on the other hand, the
Monitor does reach its prget time before execution of the action ertdsotifies the View
which procedes to create a Progressindicatstance, appropriate for the action that was
invoked.
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This newly created Progressindicator subscribes to the Domaintbitsss executing the
action, expecting notifications of progress (i.e. units processed). While the DomainClass
continues to send tifications other than that which indicates that the process has finished,
the Progressindicator continues to update the progress information (inghgtfogmingany
needed calculations) and to forward this information to the View.

The View continuouly pdates the display until it receives the last notification (i.e. 100%)
which causes it to update the display differently, by destroying all components related to the
progress indicator.

This last notification is sent by the Progressindicator only éfteceivesa notification itself
from the DomainClass, informing it that the process has ended.

Figure5.55: Sequence Diagram “Show Progress”. Progress Feedback.

Classes and methods depicted in light bluprasentthat they belong to the Progress
Feedback feature. Notifications in dark red repre€bderver Pattern functionalitfhe gray
DomainClass is a template class to be substituted at desing time by the appropriate system
class containing thieng acton. For the full color legend see page!



5.6“System Status Feedback” Usability Guideline for Software Development
The System Status Feedback Functional Usability Featwers theneed toprovidethe user

with information on the different statusdsetsystem might be in at any given tinfn
application can be in one or more statuses at once, so the user needs to be visually aware of
all of them continuously.

The Usability Guideline forSoftware Development is made up of Analysis artifacts and
Designartifacts. These are described for the Abortfeature in the following two sections.

5.6.1Usability Guideline for Software Development: Analysis artifacts

There are fourartifacts to be used during the analysis phatiee Usability Elicitation
Guideline, tle Usability Elicitation Clustersthe Usability Use Case Metaodels the System
Responsibilitiegor Usability. These artifacts are described in the following four sections.

5.6.1.1 Usability Elicitation Guideline

Table5.6-1 shows the Wability Elicitation Guidelindor the System Status Feedbdekture.

In this guideline, there are thré¢Cl recommendations, coverirttpe notification features
regarding system statuses, the different types of statuses and how they should be handled and
displayed on screemBelow, all of thesetopics as approached by this Usability Elicitation
Guideline are explained.

5.6.1.1.5Btatus change notification

HCI authors suggest that users must be notified when a change in system status occurs
(SSF_HCI1). The systenstatus can change because a user has requested the change, because
an internal part of the software has done so, due to internal or external system failures, etc.
All these sources of change must loonsidered upon elicitation (SSHLAB-1). The
stakeholdes need to determine which statuses will be monitored and notified to the user upon
change, as well s the possible sources of change (3%Fo SSF_Q-2).

In Table5.6-1, example SSF_EX “Browser ‘online’ status” describes an exale for this
HCI recommendation.

5.6.1.1.5tatus types

HCI literature suggests different levels of obtrusivity depending on the criticaldystatus
change (SSF_HCR). Critical information must be displayed obtrusively, requiring user
acknowledgement, less tical information needs to be highlighted, drawing the 'sser
attention but not necessarily interrupting his work, and less important information can simply
be displayed in the status area (SSF _EtZBStakeholders must determine how critical
each systemstatus is, in order to display it appropriatEBSF _Q3).

Example SSF_EX “Status messages in Firefox” Trable 5.6-1 describes an example for
this HCI recommendation.

5.6.1.1.%tatus placement

HCI authors propose the center of theeser as the most effective place to position critical
feedback, while toheft (in western culture) is also a prominent place to do so unobtrusively
(SSF_HC13). During elicitation, it must be determined if the system will need to
accommodate more than oweiting direction, as prominence of status areas will vary in each
case (SSF_ELAB). Finally, stakeholders must establish, for each type of system status,
where its notifications will be displayed on screen (SSB).Q
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Name

System Status Feedback (SSF)

Table5.64. Usability Requirements Eltibn Guideline. System Status Feedback.

Feedback

Family

Aliases

Providing the user with informatithe alifferent statuses the system might be in at an

Status Display; Modeling Feedback Area

given time

An application can be in one or more statuses at once, so the user needs to be visually aware of all of them continuously.

When changes that are important to thecuserden failures that are important to the usdbwiingrtask executitetause there are not enough system resmoamese external resources are not working properly.

Abort: Certain types of status feedbacks mayyaeesl’@ption

SSF_HE1: Status changes

HCI experts argue that the user wants to be notif
a change of status occurs.

SSF_ELAR-Source of status changing events

Changes in the t8m status can be triggered by any
following:

- Userinitiated events

- Internal actions realizadas por el propio sistema

- System failures

Problems with external and internal resources

SSF_Q.Of which system statuses (and s
changes) will the usenbtfied?

SSF_@Which status changes are initiate
the user and which are initiated b
system or other resources ?

SSF_EX: Browseronline’'status

Without proper stafascbacla user may los
track ofhe actionke is allowed to perform
given time. Forample, the Online Status
browser determines if the user is allow
navigate only through cached pages (offl
also through live web pages (online).

SSF_H@E2: Status types

Weldesigned displays of the information to be
should be chosen. They rteetie unobtrusive if {
information is not critically important, but obtr
something important happens.

Displays should be put together in a way that em
the important things;edephasizes the trivial, doe
hide or obscure anythingl prevents one piece
information from being confused with another. Thg¢
never be rarranged, unless users do so thems
Attention should be called to important informat
bright colours, blinking or motion, sound or-aliuhee
technique appropriate to the actual importance
situation to the user should be used.

SSF_ELAR-Status types: Levels of importance

For each piece of status information to be displayed, discu
user whaypeof information it is according to thénfpkoiteria:
- Critical information needs to be displagesively

-Important yet roritical information needs tagigighted

- Less important information should be displaystdtinstheca
During elicitation, the discussion of the epaucsedype can |
left until interface design time, but the importance of th¢
situationand thegeneral type of salience (obtrusive, highlig
standard) that will be provided does need to be discuss
stage.

Overloading the use¢hwdo many obtrusive status notificatio
be counterproductive, as can be undermining critical statu
by relegating them to the status area.

SSF_GBFor each system status, which ty|
notification should be shown to
user?

SSF_EX: Status messages in &fox

Critical When attempting to open a we
without a live internet connection, Firef
display an obtrusive message informing tk
of this fact.

NoncriticalWhen the browser is set to a sitg
has been marked as a ‘favorite’ by thea
small star will appear next to its URL.

Less importantVhen the browser has finig
loading a page, the word “Done” will appeg
lowetleft corner of the status bar.
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Identification

SSF_HE3: Status placement

HCI literature mentions that users want one plag
theyknow they can easily tiredtatus informatioiside
from the spot on the screen where usertheyatke
most likely to see feedback tetiteor at the top of tl
screen, and least likely to notice it at the bottom.

The standard practice @frmuinformation about cha
in state on a status line at the bottom of a wi
particularly unfortunate, especially if the style gu
for lightwght type on a grey backgroline positionin
of an item within the status display shosddl e good
effect.Peopleborn into a European or American ¢
tend to read kdtright, topo-bottom, and that someth

in the upper left corndéirbgilooked at most often

SSF_ELAB-Status placement and writing directions

Ask about the useesiding dBction and whether or not the sy
will need to accommodate more than one dbiglap.areal
that are prominent in one culture will be less so in others

writing direction.

SSF_@How and where will each type
notification be shown tates?

SSF_EX: Facebook in Hebrew

When the Facebook application is set
Hebrew language (and other languages wi
toleft script), every status area is mi
horizontally. (i.e. the small red balloor
indicates ‘new messages’ will be displéye
bottordeft corner of the page instead of
bottomright)

13t



5.6.1.2 Usability Elicitation Cluster Map

The Usability Elicitation Guidelinén Table5.6-1 suggestgour discussionstems (SSF_1

to SSF_®4) to be held with stakelders in order to elicit all aspects of the System Status
FeedbacKeature These discussion items can be clearly divided into three initial groups, or
clusters, as described in the Usability Elicitation Clud#ap, shown in Figure 5.6-1
according to the portion of the System Status Feedback functiotialitthey cover.

SSF_EG1 Knowing system statuses and their change3he discussion item in this cluster
are aimed at determining the list of statuses that the system will need to keep
track of and, for each of those statuses, the manners in which they can change.
For example one status in a connectivity application could be “connection status”,
which could change to and from ‘online’ and ‘offline’

SSF_EG2 Handling status changesThis cluster diwes into the discussions regarding how
the system is expected to react ifiwhen the status changes mentioned above occur.

SSF_EG3 Presenting system status notifications to useithe discussion items included in
this cluster deal with the placement and obtrusiléyel of the notifications
regarding each status change.

Figure5.64: Elicitation Clusters. System Status Feedback

5.6.1.3 Use Case Meta-model

The Use Case Metmodel for the System Status Feedback Functional ilityaBeature is
shown inFigure5.2-2, in which four use cases are identified and described below.

SSF_UCG1 ChangeStatus This use case begins when the system is requested to change the
value (i.e. ‘online’ to ‘offline’) of a particularystem status (i.e. ‘connection
status’). Upon reception of this request, the system changes the status value and
typically displays it (i.e. connection icon going from green to red) and performs
an associated action (i.e. blocking internet access). Uss €isplayStatus and
SystemAction’ represent these last two actions respectively and are described
below. Furthermore, status changes can be triggered byse (User actorpr
by the systenitself (System actor).
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SSF_UG2 DisplayStatus Whenever a status is modified, the system must visually display
the change for the user through the GUI accordingly.

SSF_UG3 SystemAction: As mentioned in the ChangeStatus use case description, this
other system action is what should befpened by the system once a status has
been changed, beyond the display of the change. For example, turning off the
Wireless connection in a laptop not only changes the status icon fromo(

(), it also performs a series of calls to the operating systeactually block
hardware access to Wi networks.

Figure5.62 Use Case Metaodel. System Status Feedback

Use cases depend on one anotheshasvn inTable5.6-2, wherewe can see the following:

» The ChangeStatususe case needs tBgstemAction’ use case (conditionally, hence the
asterisk). This relationship only applies in the cases when changing a status will trigger a
system action beyond updating the interface, as explaiadigr.

» The DisplayStatus use case needs tl@@hangeStatususe case in order to be viable,
because a change must occur in order for it to be displayed.

Table5.62 Usability Use Case Dependencies: SystemsSatdback Functional Usability Feature

SSF_ua SSF_ue SSF_ud
ChangeStatus | DisplayStatus SystemAction’
SSF_Ud ChangeStatus - X*
SSF_U@ DisplayStatus X -
SSF_U@ SystemAction X
SSF_Ud SystemAction’ -

5.6.1.4 System Responsibilities for Usability
Table5.6-3 shows the proposed System Responsibilities for Usability for the present feature.

Table5.63 System Responsibilities List for System Status Feedback

System Responibilities List for System Status Feedback
SSF_SR-Be aware of system statuses (and their changes)
The system must monitor all statuses for changes
SSF_SR-Handle useinitiated status changes
The system must provide users with a way to change the statuses that require it
SSF_SR-Handle systernitiated status changes
The system must provide means for predetermined external sources, or other parts of the systg
statuses as required.
SSF_SR-Present system status notifications to users
The system must notify users ajgpedpf each status change

These System Responsibilities for Usability are derived from the Usability Elicitation
Clusters as follows:



SSF_EC1 Knowing system statuses and their changesthis cluster determines which
statuses the system will need to be aware of, as well as the ways in which they
can change. Thi elicitation cluster yields a single System Responsibilities,
namelySSF_SR1 Be aware of system statues and their changes.

SSF_EG2 Handling status changesThis cluster contemplates determining whether each
status change is initiated by the user or by a thirtyghe it the system itself,
other resources, etc) and what to do about them. This makes way for two system
responsibilitiesSSF_SR2 Handle Userinitiated status changesaandSSF_SR3
Handle systeminitiated status changes

SSF_EG3 Presenting system status notifiations to user Once a status change has
occurred, regardless of source, the user must be notified appropriately. This
cluster is formed by discussion items that deal with the type of notification to
give for each status change as well as thearaen chiacteristics of each.

Table 5.64 maps the relationships between the Usability Elicitation Clusters and the
Usability System Responsibilities described above, for easy reference. Any project
determined to require a specific Etation Cluster will also require its related System
Responsibilities. Likewise, if a cluster is discarded during elicitation, its related
responsibilities will not be a part of the resulting system. In the case of Abort this relationship
is oneto-one.

Tabe 5.64 Usability Elicitation Clustet$System Responsibilitiésr UsabiliyMapping foBystem Status Feedback

Elicitation Clusters Dependent Responsibilities
SSF_EQ-Knowing system statuses and théiarges SSF_SR-Be aware of system statues (and their changes)
SSF_EQ@-DisplayStatus SSF_SR-Handle usénitiated status changes

SSF_SR-Handle systdamtiated status changes
SSF_E@G-SystemAction SSF_SR-Present system status notificationssto user

As was the case with use case interrelationships, the ChangeStatus use case {§3fasUC
the highest possible number of System Responsibility dependencies, due to the fact that it is
the core of the feature.

5.6.2Usability Guideline for Software Development: Design artifacts

In order to support the System Responsibilities at design level, the following selsmie
the suggesteHigh-level DesignComponents for the Progrefesature.

5.6.2.1 High-level Design Component Responsibilities

In order to support thBystem Responsibilities at design level, the following sections describe
the suggested Higlevel Design Componentsfor the System Status Feedback feature,
summarized imable5.6-5.

5.6.2.1.1U1 Component

This component is responsible faapturing all user invocations and forwarding them
(possibly through a delegating component) to the appropriate part of the domain, usually that
responsible for executing the invoked action. Specifically forfdature callsfrom the user

to change a system status aaptured by the Ul Componenthe Ul Component is also
responsible for displaying all status information appropriately, as well as any changes of
which it may be notified.

5.6.2.1.5tatus Manager Component

This component isesponsible for monitong the system fowstatusaltering actions When
one is detected, it is forwarded to the appropriate Status Component.
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5.6.2.1.%tatus Component

This component is the one responsible for holding all the information related to a single
status. It holds all possibleales (bnline’, ‘idle’, ‘busy’, ‘offline”) for a single status
(‘connection status’) as well as the active value (‘online’).

5.6.2.1.Domain Component

A Domain Component represents the part of the system that is ultimately responsible for
executing the actions raqsted by the user.

Table5.65: Usability Guideline: Higgwvel Design Component ResponsibilitBystem Status Feedback

System Responsibility Highlevel Design Component Responsibilities

SSF_SR-Be aware of | Certailbomain Componecas execute actions that will change one or more application statuses|
system statuses (and | AStatusManag€omponetis responsible for monitorind>sarhin Componeaitsl listefor their status
their changes) altering actions.

AStatus Componéntesponsible for holding all the information relating to a particular status ang
it according to StatusManagiars. ABtatus Componené have one active status value at aniirge/
(i.e. “online status” can be ‘online’, ‘idle’, ‘busy’, ‘offline’, etc.).

The component responsible for handling usetgveuass fonitor &ttus Componeatsl notify the
user of any changes.

The component responsible for handlingense® listen for user actions and order their executior
The component in charge of delegating actions (if any) is responsible for orderin@theaippropri
Componemd execute said action.

Upon execution of actions that aredtatging, eaDomain Componentesponsible for notifying an
interested parties (specifical§tdtes Manager Component, in this case)
TheStatusManageosmponent then forwards the updated information onto the Stpugpoiatigonent
SaidStatus Componénthen responsible for determining the effect, if any, that the received info
have on its current active status value. It will, when applicable, change said value and notify al
parties (specifically tHEomponein this case)

TheUl Componewill update the status display for every natification of status change received.

SSF_SR-Handle user | Upon execution of actions that aredtahginginvoked by any other clageisystem or an external
initiated status changes source-eaclDomain Componéentesponsible for notifying any interested parties (speSfataky the
Manager Componentthis case), as is the case when such an action is invoked by the user thrg
TheStatusManagesmponent then forwards the updated information onto the Stpugpoiatigonent
SaidStatus Componénthen responsible for determining the effect, if any, that the received info
have on its current active status value. lew#ippiftable, change said value and notify any intere
parties (specifically tHEomponein this case)

TheUl Componewill update the status display for every notification of status change received.

SSF_SRHandle TheUl Componeistresponsible for knowing how and where each status (and its possible values
systeminitiated status | displayed within the interface, and thus update it accordingly upon reception of notifications of
changes change.

5.6.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for a MVC architecturdetUl Componentis instantiated byiew the
object(s) and takes over all of its responsibilities except for the delegation of actions to other
objects. This responsibility falls on ti@ontroller object(s) of the MVC architecture.

The StatusComponent is represented by tB&tus object. However, each individual system
status is represented by one concrete object that which will inherit common attributes and
functionality from Status. The Status Managing component is represented by a
StatusManagerobject, taking over all of its responsibilities.

Table 5.6-6 details the Lowlevel Design Component Responsibilities described above and
how theycarry out each of the System Responsibilities defined earlier. For each System
Responsibility, the sequence of actions required by the different objects is presented as well
as a set of UML diagrams that depict each of these interactions.



Table5.66: Usability Guideline: Ldevel Design Component Responsibil{fi#gC). System Status Feedback.

System Responsibility Objects Fig
View Controller StatusManager Status DomainClass
SSF_SR-Be aware of system 1. Upon system initializatien 2. ThebomainClasspresents the Figurg
StateManageubscribe® each domain object(s) responfible |5.64

statuses (and their changes)

DomainClasshich it knows cal
execute statehanging actions

executing actions that lead to s
state changes. It must notify all
subscribers (StatusManagfeany
changes

1. TheViewmust subscribe to e8thtus
object upon system initialization.

2. TheStatuobject holds all the
information related to one system s
and the means to change and quer|
information. It must notify all subsc
(Viewpf any changes

SSF_SR-Handle useinitiated statug
changes

1. TheViewlistens user's requests for
execution actions action, and forward
theController

2. TheControllesrders
the appropriate

DomainClags execut¢
said actions

4. TheStatuManagedetermine
the correspondi8tatuobject t¢
update and does so ttith
information sent forth by the
DomainClass

5. TheStatugalculates the effect, if

that the received information has o
current active status value, change
applicable, and notify its subscribe

(View)

3. ThebomainClagxecutes the
(statusaltering) action and for
notifies thBtatusManager

SSF_SRHandle systermitiated
status changes

2.TheStatusManagéetermine
the correspondiStatuobject t¢
update and does so with the
information sent forth by the
DomainClass

3.TheStatugalculates the effect, if

that the received information has o
current active status value, change
applicable, and notify its subscribe

(View)

1. ThébomainClagxecutes the
(statusaltering) aoti--triggered b
foraneous resource or other pal
the systerrand for notifies the
StatusManager

SSF_SR-Present system status
notifications to users

TheViewknows which type of status

notification to give for etatus change.
also knows how and where to display
type of status notification and does s¢
notification Statuobjects.
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5.6.2.3 Usability Software Design Meta-models

This section describes the UML diagrams representingLtve-level DesignComponent
Responsibilitieglescribedabove Below, the class diagrans describedas well aghe classes
involved in this feature and their interrelationships, followed by the descriptions of the
sequence diagram

5.6.2.3.Class Diagram

Figure 5.6-3 below shows the class diagram for the System Status Feedback Functional
Usability Feature. The main objects involved are the View, Controller, Status, ConcreteStatus
and StatusManager. The first two, fulfilling their role within MVC, respectively capture and
distribute the user calls to perform actions.

Figure5.63: UsabilityDesign Metarodel. Class diagram. System Status Feedback.

For each status that is defined for the system, one condaste af theabstract Status class

must be created. For example, in a browsing system, the design would have one abstract
Status class and alsochild ConnectionStatus class. It is this child (concrete) class which will
hold all the information regardindnat particular status (the connection status) and perform
any changes to its active value (online, offline, etc) upon request.

Finally, theStatusManagetontrols all the Statuseshd subscribes to the DomainClasses that
may request changes in them at ime.

5.6.2.3.8equence Diagram “Change Status”

Figure 5.64 showsthe one sequence diagram for changing a single system. dtatosers
all Low-level Design Component Responsibilitfes this feature.

The sequence starts in one of talternative waystn a first scenario, it may start with a user
initiated request to change a particular status. This call is forwarded to the Controller who is
responsible for determining any other actions that might need to take place before changing
the status value. To do so, it locates the propper DomainClass and orders it to execute the
requested action. In a second scenario, the call for DomainClass to execute said action comes
from an outside source, beyond the scope of this sequence diagram.

In either case, once the action has been executed, the DomainClass informs its observers (of
which StatusManager is one) of the change. With this information, the StatusManager locates

the appropriate Status class and orders it to change accordingly. Once #oddlee Status

class notfies the View of the change and the View updates its displays and any other part of

the GUI as it may deem necessary.
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Figure5.64: Sejuence Diagram “Change Status”. System Status Feedback.

Classes and methods depicted in blue represent they beldhg 8ystem Status Feedback
feature Notifications in dark red represerDbserver Pattern functionalityThe gray
DomainClass is a templatdass to be substituted at desing time by the appropriate system
class.For the full color legend sgeage71.



5.7*Warning” Usability Guideline for Software Development

The Warning Functional Usability Feature covers the user’'s needotade different alert
types upon execution aknsitiveactions Themain goal of the Warning feature is to provide
appropriate alertapon execution of ‘potentially damaging’ actions

The Usability Guideline forSoftware Development is made up of Analysis and Design
artifacts, described for th&arningfeature inthe following two sections.

5.7.1Usability Guideline for Software Development: Analysis artifacts

There are fourartifacts to be used during the analysis phatiee Usability Elicitation
Guideline, thdJsability Elicitation Clustersthe Usability Use Case Memodels the System
Responsibilities for Usability. These artifacts are described in the following four sections.

5.7.1.1 Usability Elicitation Guideline

Table 5.7-1 shows the Wability Elicitation Guidelinefor the Undo Functional Usdly
Feature. In this guidelin¢here is a single HCI recommendation described beloaddtesses
thetypes of warningthat can be shown to the usand in what cases each of these would be
most appropriate

5.7.1.1.Typesof Warnings

HCI authors suggesstudying each possible action that may require a warning for
characteristics like their potential degree of damage, reversibility, @tce this is
established, authors suggest choosing between three types of warnings for each action:
notifications (letting theuser know that an action has taken place), confirmation (asking a
user to ‘ok’ an action before execution), and authorization requesting user permission (usually
through credentials) for execution of an actiW_HCI-1). All three types of warnings
should be use only when needed to avoid overwhelming the user with interruptions.
(W_ELAB-1) Stakeholder discussions should determine which actions are expected to trigger
warnings and, for each, which kind of warning is to be used. Discussions should alge revol
around how each type of warning is to be displayed for the user {(YMoQV_Q4).

In Table5.7-1 W_EX-1 through W_EX3 describean example for this HCl recommendation.
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Warning

Table5.74. Usability Requirements Elicitation Guideiferning

Name

Family Feedback

Aliases Feedback Area

Status Display; Modeling

tasks by mistake to allow them to reconsider if needed.

Applications where user tasks may have *

Abort: Certain types of warnings require a ‘cancel’ buttae! ¢

' actions

ergion’ section in Asature

Cerain application tasks have potential serious consequences (that, for example, may not be undoable) so #edapplieatyowithitie nser one last time before actually executing the task, to prevent them fi

W_HGL Warning types

For each action that a user may take, consider the
aspects:

- the reversibility of the action

-the proportion of reversible actions that the system sup
- the frequency with which the action is taken

-the degree of damage that may be caused

-the immediacy of feedback

to determine which of the following types of warning ne
given taie user:

- Notification
- Confirmation
- Authorization

W_ELABL Warning considerations

The Warnings addressed herein pertain to Notil
Confirmations or Authorizations presented to the user
before execution of an action

Stakeholder sholidow that the more damaging the acti
irreversible actions) the higher the level of warning.- (|
versa). Be careful not to-dwer

Actions of little damage can be left “open” as to not ov
user with notifications.

Use notificationsilp when actually useful (the user w
something with the information provided)

Warnings are considered preemptive, so notification tha
has occurred falls outside of the scope of this pattern (§
Feedback).

Which user actions negthie
user to be warned?

Of these, which can't start
execution until some sarsef
acknowledgemeakes place?

Of those that need approval, w
are highly damaging/sensitive,
therefore needing credential
approval?

For every action mentioned, w
informatiowill be shown to the
user?

W_EXL Notification

“Remember that...” during or before exec
an action. It does not interrupt nor does it
user feedback

W_EX2 Confirmation

“Are you sure you want to...?" right
execution of damaging action.ridsels to Ok
for execution to proceed

W_EX3 Authorization

“You need to provide login and password
you cartelete this file” right before execut
highlydamaging action. User needs to p
credentials or otherwise be authorized

execution cgmroceed
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5.7.1.2 Usability Elicitation Cluster Map

The Usability ElicitationGuidelineln Table5.7-1 suggests four discussions items to be held
with stakeholders in order to elicit all aspects of the Warning Functional Usability &eatur
These discussion items can be clearly divided into three initial groups, or clusters, as
described in the Usability Elicitation Cluster Map in shawirigure5.7-1, according to the
portion of the Warning functionalitthat trey cover.

W_EC-1Awareness of sensitive actionsThis cluster contains one stakeholder discussion,
aimed at determining which system actions will require warnings to be displayed.

W_EC-2Determining appropriate warning per action: Once the actions that will require
warnngs have been established, they must be studied individually to determine
which type each will require. Stakeholders must first determine which of the actions
will require the user to acknowledge it before executing it and which will not. Those
that do no, will require a type of ‘naotification’ warning, while those that do might
require ‘authorization’ (an ‘ok’) or ‘authentication’ (user credential check before
execution). At the end of this group of discussions, stakeholders must have a clear
vision of how the sensitive actions are divided into these three groups.

W_EC-3Displaying different types of warnings: For each type of warning mentioned
above, stakeholders must determine how they will be displayed on screen and what
information will be shown to the user.

Figure5.74: Elicitation Clusters. Warning

14¢



5.7.1.3 Use Case Meta-model

The Use Case Metamodel for theWarningfeatureis shownin Figure5.7-2 (Seepage71 for
color legend)in which seven use cases are identified and described below.

W_UC_1 UserAction: This template use case represents @sgr action in the system that
may trigger a warning.

W_UC_2 DisplayWarning: Is the parent use case for displaying a warning. These use cases

extend the UserAction, and may or may not be triggered within it as determined
during elicitation.
For example, if an ‘export video' feature in a video application must give a
warning when exporting videos larger than 100MB in size, an ‘export video’ use
case would tgger the appropriate warning only if this condition is met, and not
otherwise.

W_UC_3 DisplayAuthorization: An authorization is the type of warning that requires the
user not only to ‘ok’ an action, but also to introduce some form of identity
verification datads would be a login and password combination) to proceed.

W_UC_4 DisplayConfirmation: A confirmation is the type of warning where the user must
only ‘ok’ an action before execution (i.e. ‘Are you sure you want to empty the
trash? Yes, No’).

W_UC_5 DisplayNotification: A notification is simply a message relayed to the user about
an action that has already taken place. The user has no means to stop the action,
and is only being informed of it having been executed.

W_UC_6 IdentifyUser: This template use case represents the despgnific use case in
which the user introduces his credentials to be identified by the system. As this is
inherent to each particular system, the actual use case must replace this template
use case when designing the actual use case model. This use tadedsd
within the Authorization warning.

W_UC_7 Confirm: Confirm is a use case included withthre corresponding warning, that
represents a user confirmation, which can be a simple as clicking an ‘ok’ button,
but leaves the meta model open to more elaborematives.

Figure5.72 Use Case Metaodel. Warning

The applicability of each of these use cases will depend on the results of the elicitation
process. If during elicitation of the Warnirfigatureit is determined that, for example, user
authorization (through the use of a login and password combination, for example) will never
be needed, the DisplayAuthorization use case, as well as IdentifyUser, would be discarded.
Use cases also depend on one anoffteese dependencies algown inTable5.7-2, where

we cansee the following:
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» The UserAction use casebeing a template use case representing just about any system
action, needs no other use case to be viable.

» The DisplayWarning use case needs théserAction, as a warning will only appear in
the system when triggered by it.

» TheDisplayAuthorization use case needs its parent use dasplayWarning, as well
as theUserAction. It also needs thilentifyUser use case to be viable, @&ds in this
use case that the actual user identification occurs (via login and password, for example)

e The DisplayNotification use case needs no more than its parent use case,
DisplayWarning and theUserAction to be viable.

» The ldentifyUser use case, bejna template use case representing the system’s own
way to identify users (for example, a login use case) needs no other use case within the
scope of this feature.

« Finally, theConfirm use case needs th&splayConfirmation use case to be viable, as a
user will only be asked to Confirm execution of an action from within
DisplayConfirmation.

Table5.72 Usability Use Case Dependencies: Warning Fundiieatzlity Feature

W UGL | W_UG2 W_UG3 W U4 W_UG5 W_UG6 | W_UG7
User Display Display Display Display Identify | Confirm
Action Warning | Authorization| Confirmation| Notification| User
W_UG1 User Action -

W_UG2 Display Warning X -

W_UG3 Display Authorization X X - X

W_UCA4 Display Confirmation X X - X
W_UG5 Display Notification X X -

W_UGE6 Identify User -
W_UG7 Confirm X -

By looking at the columns dfable5.2-2, upto any two of the three types of Warnings could
be discarded and the featureowd still be viable (i.e. a system that only requires
notifications, discarding the use cases related to authorization and confirmation)

5.7.1.4 System Responsibilities
Table5.7-3 shows the proposeBlystem Responsibilities for the Warg feature.

Table5.73 System Responsibilities List for Warning

System Responsibilities List for Undo
W_SRL Be aware of damaging actions
The system mistow which actions will require warnings
W_SR2 Notify
The sysgimmust be aware of which of those actions require notifications
W_SR3 Request confirmation
The systemust be aware of which of those actions require the user to confirm before execution
W_SR4 Request authorization
The systemust be aware of which of those aetioire the user to be properly authorized before ex
W_SR5 Display warning
The system mistow which warning information to show for each action.

These System Responsibilities for Usability are derived from the Usability Elicitation
Clustersas follows:

W_EC-1Awareness of sensitive actionsAs mentioned earlier, this elicitation cluster
contemplates determining which actions will require sdimg of warningto be
displayed It yields a single System Responsibilityy SR-1 Be aware of
damaging actions.

W_EC-2Determining appropriate warning types per actiont This elicitation cluster

contains the discussion items related to separating the actions determined to need
warnings into three groups: those that need notification, confirmation and
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authentication. Naturallythis leads to three System Responsibilities, one for each
type of warning, as they are all handled differently by the system. The¥é S8B-
2 Notify, W_SR-3 Request ConfirmationandW_SR-4 Request Authorization

W_EC-3Displaying Warning: This cluster containa single discussion item regarding how
warnings will be displayed and what information they will contain, yielding the
System Responsibilitd_SR-5 DisplayWarning.

Table 5.7-4 maps the relationships between the Usability ElictatiClusters and the
Usability System Responsibilities described above, for easy reference. Any project
determined to require a specific Elicitation Cluster will also require its related System
Responsibilities. Likewise, if a cluster is discarded duringcitation, its related
responsibilities will not be a part of the resulting system.

Table5.74 Elicitation Clusters / System Responsibilities Mapmirdyarning

Use Cases Dependent Responsibilities
W _EC-1 Awareness of sensitive actions W_SR1Be aware of damaging actions
W_EC-2 Determining appropriate warning | W_SR2 Notify
types per action W_SR3 Request confirmation
W_SR4 Request authorization
W_EC-3 Displaying warning W_SR5 DisplayWarning

5.7.2UsabilityGuideline for Software Development: Design artifacts

The design artifacts of the Usability Guideline for Software Development for the Warning
feature are described in the following sections. Blistem Responsibilitieare brought to a
lower abstraction kel asHigh-level Design Component Responsibilities in secton?2.1
Section5.7.2.2expresses themsLow-level Design Component Responsibilitiégsr a MVC
architecture) Section5.7.2.3presents the Usability Design Metaodels for said_ow-level
Design Component Responsibilitias objecioriented class and sequence diagrams.

5.7.2.1 High-level Design Component Responsibilities

In order to support the System Responsibilities at design level, the following sections describe
the suggested Higlevel DesignComponent$or the Warningfeature.

5.7.2.1.User Interface (Ul) Component

This component is responsible foapturing calls for action execution that might trigger user
warnings.It is also the responsibility of the Ul to know how to display warnings, for example:
notification warnings could be dialogue boxes with text and an OK button, authentication
warnings could be dialogue boxes with text and two buttons: OK and Cancel, and
authorization warnings could follow the same logic with the addition of asking for user
authorization (login and password, for exampl&he Ul Componentmust also relay
information to the user, including feedback after an action has been executed. Wghin thi
usability featuresuch information entails displayirlge warnings themselves, and requesting
user acknowledgement or further information (i.e. login and password) as needed.

5.7.2.1.2Varning Component

The Warning component represents a placeholder for thariafam that is to be shown the

user requesting a sensitive action. As briefly introduced for the previous component, the this
placeholder be of three different types: notification warnings, for actions for which the user
must only be notified, authorizatiovarnings, for those needing to be okayed by the user, and
authentication warnings, for actions needing credential recognition before execution.

These three types of warnings have different structures and hold different types of

information, according tahe level of sensitivity of the action that triggers them. These
structures are recognized by the View, as mentioned earlier, and displayed uniquely.
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5.7.2.1.®omain Component

As in most other usability features, themain Component represents the part of theegyst
that is ultimately responsible for executing the actions requested by the user.

5.7.2.1.8Nrapping Component

This component is Wrapper as defined H37] for the Domain Component. It is responsible

for knowing which type of warnip is required for each sensitive action of its wrapped
Component and what information must go into it. DomainClassWrap is also responsible for
creaging the Warning object of the appropriate type with the appropriate information when a
call to execute a sesitive action is received=or example, for a mailing system containing a
Mailer class, if Mailer contains sensitive methods, Mailer should be renamed to MailerPostfix
(i.e. MailerCore, MailerDomain) andreewclass called Mailer should be created. This/ne
class is a wrapper to Mailostfixand is in charge of determining whether or not a warning
will be needed (and if so, for triggering it) for the invoked action).

Table5.75: Usability Guideline: Hi¢gwvd Design Component Responsibiliti¥arning

System Responsibility Generic Component Responsibilities
W_SR1 Be aware of For eactDomain Componéhat includes at least one ‘damaging’ method (one thatineeds i
damaging actions warning of some kind)Vrapping Componenist exist. TRigrapping Componerimics the structure

theDomain Componéhimust have the same number of methods and the same meth&bmeaim
Componeptand it will ‘sit’ between iamgking class and sBidmainComponeAil methods in
Wrapping Componeonsist of a) a flag check, to determine if it is safe to invoke the method
name in thBomainComponeanid, b) a call to said methbdinain Component.

For examg] if a component called ‘Salesltem’ is determined to have a ‘damaging’ method, the
be renamed to, for example, ‘SalPsiteait) to allow for the creation #¥itgpping Componenhich
must be called ‘Salesltem’ for transparencyansiak@king class need not know if it's dealin
Wrappeor aDomain Component

When invoked, methods iMtreping Componean respond (to their invokers) thabityissafe to
invoke the requested method, and an appigmiatés beissued. It is tgrapping Componehb is
responsible for knowing which method call triggers which kind odfoti@atingConfirmation
Authoration) and for determining whether or not the invocation of the method is safe.

W_SR2 Notify Once th&Varningds issued, if it is of the Notificatiorit must reach th# Componengfter which th
invocation automatically returns Yerépping Componfamtexecution. Since it is now safe to invg
action in theomainClastheWrapping Compongogs so.

W_SR3Request If the issued/amings aConfirmation, it must also readbl @emponetut in this case it must wai

confirmation the user to ‘OK’. Once s/he does sydbation returns to\th@pping Componfemtexecution. Since
is now safe to invoke the action in the Domaim®laspping Compongogs so.

W_SR4Request Finally, if the issu&trnings anAuthenticatipit must reach théComponenwhich will then go throy

authorization all thenecessargteps (outside of the scope of this pattern) to perform the necessary cre

checking. Once the user has been authenticated in this roalhwidirrehe toWrapping Compontemt
execution. Since it is now safdltthe action in the DomainGhes&rapping Compongogs so.

W_SR5 Display warning | TheUl Componesist responsible for displayiny\iraingnformatioma for receiving and processin
necessary user input to satisfy thaAggwaimgif applicable)

5.7.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for a MVC architecture, the Ul Comporienhstantiated byiew the
object(s) andakes over all of its responsibilities except for the delegation of actions to other
objects. This responsibility falls on ti@ontroller object(s) of the MVC architecture.

The WarningComponent is represented by thi¢arning object and its three children
Notification, AuthorizationRequest and AuthenticationRequest depending on the type of
warning that is required.

The Wrapping Component and Doman Component are represented by the
DomainClassWrapand theDomainClassrespectively.

Table 5.7-6 details the Lowlevel Design Component Responsibilities described above and
how they carry out each of the System Responsibilities. For each System Responsibility, the
sequence of actions required by the different objects is presented assveeBet of UML
diagrams that depict each of these interactions.
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Table5.76: Usability Guideline: Ldevel design component responsibilittdy/C). Warning.

System Responsibility Objects Fig
View Controlér DomainClassWrap DomainClass Warning
W_SRL Be aware of 1.Viewlistens for user calls to actions, |2. TheController forwards the call tg3. If &DomainClassiyexists for tieomainClaske 6a.DomainClass Figure
damaging actions doActi on(), and passes them on to tldoAct i on() to the appropriate  |Controllgs trying to reach, it will be the one receive |execugs the invoke 5.74
Controller class. method call, which will invoke its own implementati¢methogd
Controlleris not aware ofhe doAction(), doAction().
existance oDomainClassWrap, it |4. In it, it will then check if the called method is ‘OK
simply forwards the call to the clase execute wittheck OK(* doAction’).
know to be responsible for handling5. If it is, it will call ddtomainClass execute the meth
the methodPomainClassWraptake|6b. Otherwise it will create a Warning of the approp
on the original name of the (Notification, Authentication or Confirmation) with tH
DomainClasy information pertaining to the invoked method
W_SR2 Notify 2. When théiewreceives Botificationt ~ |3. TheController requests 5. Since the flag is now set to ‘ORpt@nClassWrap 6. DomainClass 1. The neWvarning
displays a message to the user with the DomainClassWtapset the flag for |immediately forwards the method@aihinClass executes the invokegissuedin this case
contained within the Notificalijeat. ‘doAction’ to ‘OK’. method aNofiicatiohis
No wer feedback is expected, as the cg4. It then calls theAct i on() doAction(). forwarded onto th
returned to thi@omainClassWnap the method oBomainClassWragain, View
Controller prompting &check of the flag for th
current method.
W_SR3Request 2. When théiewreceives €onfirmation, it 3. TheController requests 5. Since the flag is now set to ‘ORpt@nClassWrap 6. DomainClass 1. The neWvarning
confirmation displays a dialogue to the user with the| DomainClassWtapset the flag for |immediately forwards the method@aithinClass executes the invokegissued in (in this
contained within the Notificaljet and th‘doAction’ to ‘OK’. method case &onfirmatio
option to ‘OK’ oaf@el'. 4. It then calls tleAct i on() doAction(). is forwarded onto|
If the user chooses to ‘OK’, the control jmethod oBomainClassWragain, theView
returned to thi@omainClassWnap the pronpting a reheck of the flag for th
Controller current method.
W_SR4Request 2. When théiewreceives afiuthentication 3. TheController requests 5. Since the flag is now set to ‘ORpt@nClassWrap 6. DomainClass 1.The newVarning
authorization engages in the appropriate actions to ig DomainClassWraypset the flag for |immediately forwards the method@athwnClass executes the invoke (in this case an
the current user (perhaps involving othe ‘doAction’ to ‘OK’. method Authentication) is
relevantamain classes) 4. It then calls tleAct i on() doAction(). forwarded onto th
Once the user has been properly identiimeahod omDomainClassWragain, View
the system, the control is returned to th{prompting a-theck of the flag for th
DomainClassWnap theController current method.
W_SR5Display warning |l is the View's responsibility to display
Warning, To do so appropriately, it uses
the information available ikvVidweingobject

15C



5.7.2.3 Usability Software Design Meta-models

These UML diagrams represent thew-level Design Component Responsibilitigsscribed
in earlier. The following sections describe the class diagram and the classes involved in this
feature and theinterrelationships, followed by the descriptions of the sequence diagrams.

5.7.2.3.Class Diagram

Figure5.7-3 below shows the class diagram for iWarningFunctional Usability Feature. As
described in the Lovlevel Design Component Raesnsibilities Table (se&able5.2-6), the

main objects involved are the View, Controller, Warning, Notification, ConfirmationRequest,
AuthorizationRequest, DomainClass and DomainClassWrap. The first two, fulfilling their
role within MVC, respectively capture and distribute the user calls to perform actions. The
Warning clasqgand its childrenontrolsthe contents of a warning, the Domain class holds
the methods that are to be executed and the DomainClassWrap sits between daiveClzms

and the rest of the system, filtering calls to sensitive methods and issuing the appropriate
warnings for them when needed.

Figure5.73: Usability Design Metaodel. Class diagram/arning

5.7.2.3.8equere Diagram “Show Warning”

Figure5.74 shows thesolesequence diagram fohis feature, covering allow-level Design
Component Responsibilities describedlmble5.2-6. As explaineckarlier, a group ofone or

more System Responsibilities can be represented by a single sequence diagram-and vice
versa.

This sequence starts when the user executes an action that may require a warning. This action
invocation is captured by the View and forwardedhe Contoller as with any other system
action. The controller then forwards the call to tleenain class it knows (by name) as being
responsible for execution of said action.

Any domain class containing ‘sensitive’ methods (those requiring warnings) will be@dnam

and a new wrapper class created with its previous name. As explained earlier in the mailing
example, if a class like Mailer contains sensitive methods it should be renamed to
MailerPostfix and a wrapper called Maileresponsible for determining whether not a
warning will be needed for its methods should be created. So, in the sequence diagram shown
in Figure 5.74, MailerPostfix would be represented by DomainClass, and Mailer by
DomainClassWrap for this example.
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Figure5.74: Sequence Diagram “Show Warnix¢girning

In continuing with the call sequence, once the call reaches the DomainClassWrap, it will
check if the method invokedd@Action()) is ‘ok’ to execute. If so (flagR = true, at the
bottom of the diagram) DomainClassWrap will simply forward this call to the DomainClass
and order it to execute the action as with any other method call. Otherwise (flagOK = false) it
means the DomainClassWrap must trigger a warning.

DomanClassWrap knows which type of warning is required for each sensitive method of its
wrapped class (DomainClass) and what information must go into it. In following with this

responsibility, DomainClassWrap creates a Warning object of the appropriate type
(Notification, AuthenticationRequest or ConfirmationRequest), fills it with the appropriate

information and returns in to the Controller. The controller orders the view to display this
Warning object and the view does so.

In any case, after the notificati@uthorization/authentication has been processed the view
forwards the appropriate information resulting from it to the Controller. The controller, in
turn, orders the DomainClassWrap to set the OK flaglé@ction()to TRUE, and orders it to
invoke doActon() again. At this point DomainClassWrap lets the invocation reach
DomainClass, andoAction()is ultimately executed.

Classes and methods depicted in dark blue represent they belongNartiiagfeature. The
notifications in dark red represent Obsarattern functionalityThe gray DomainClass is a
template class to be substituted at desing time by the appropriate system class containing the
undoable actiorfor the full color legend sgege71!



5.8“Multtlevel HelpUsability Guideline for Software Development

The Multi-level Help Functional Usability Feature covers the user's neaddess the textual
help features in different levels of detail throughout a software applicdtlears may
encounter objects within the application and neednmnkmore about them. A need for an
expanded help feature explaining the way the application fusdialso commonly needed.

The Usability Guideline forSoftware Development is made up of Analysis and Design
artifacts, described for th&arningfeature in the following two sections.

5.8.1Usability Guideline for Software Development: Analysis artifacts

There are fourartifacts to be used during the analysis phatiee Usability Elicitation
Guideline, thedJsability Elicitation Clustersthe Usability Use Case &amodels the System
Responsibilities for Usability. These artifacts are described in the following four sections.

5.8.1.1 Usability Elicitation Guideline

Table5.8-1 shows the Wability Elicitation Guidelindor the Multi-level Helpfeature.In this
guideline, there are three HCI recommendatidescribed belowcovering the provision of
help as captions and tooltips, as side panels and as a globally accessible feature.

5.8.1.1.Captions and Tooltips

HCI authors suggest the simplest level ofphilat can be provided is the use of captions,
prompts and input hints. Also, tooltips are recommended for features that aren’t self
explanatory, though their use should not substitute appropriate interface design (M:H_HCI
1). In the case of tooltips on@msideration must be made in tregards towhat we have
termed ‘dynamic tooltips’. Informatio shown in a tooltip is usuallgtatic explaining a
featureover which the user has placed the mouse. However, tooltips can also be very useful
in showing dynand information not directly encoded in the GUI (MLH_ELAB. The
difference may not be obviousitially, but dynamic cases must be pinpoingtctlicitation

time as they are bound to be more costly to implement and should be estaoededingly

Stakehdder discussions should cover which of these three types of help will be made
available in the system. Alswhich system elements will require or trigger each type of help
and with what data (MLH_€ to MLH_Q-4). In Table5.8-1 examples MLHEX1 and MLH

EX2 describe static vs. dynamic tooltips for this HCI recommendation.

5.8.1.1.Help Panels

For items needing to display longer help descriptions, HCI authors suggest setting aside a
portion of the page to do so, or to use closeable paméldd (HCI-2). This type of help is
typically dynamic, where information is usually fetched from a repository (U_ERAB
Discussion items for this recommendation involve determining which elements require this
type of help, and, for each, what informatioroskl be shown to the user (MLH-®and
MLH_Q-6). MLH_EX-3in Table5.8-1 describesvhat isproposedn this recommendation.

5.8.1.1.%lobal Help

For the most elaborate type of help, HCI authors recommend using an external placeholder
for the help information, such as a separate page (forbasbd applications) or the operating
system’s own help software (MLH_H@)). Global help can be accessed in two ways: at its
root, when the user is not looking for a specific system feature; this fyjpeppcan also be
accessed through specific ‘sections’ when the user selects a particular feature of the system
and seeks help on it. In this case, the global help will be presented to the user at the specific
section, if one exists (MLH_ELAB). Discussins should focus on how this help will be
presented and if individual sections will be accessible sepafMél_Q-7 to MLH_Q-9).
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Table5.84. Usability Requirements Elicitat®uaideline. Multevel Help.

Identification

Name Multlevel help
Family Help

Aliases  |Multilevel HeM9]
Intent

Providing the user with access to textual help features in different levels of detail

Problem

Users may encounter objects withirplicatign and need to know more about them. A need for an expanded help feature explaining the way thef éplioation {(®afsrtsommonly needed.

Context

When the application to be developed is complex and a few users arkdikeljicalged help system, but most users won't take the time to use it; so, developers want to support both iropatieséend/or occg

HCI Recommendation

Elaboration

Discussions with Stakeholders

Usage Examples (optional)

MLH_HG1 Captions and tooltips

Create help on several levels including some (but not all) of
list. Think of it as a continuum: each of these requires more
the user than the previous one:

Captionsand instructions directly on the pate, including patte
Input Hints and Input Prompt. Be careful not to go overboarg
If done with brevity, frequent users won’t mind them, but dor]
paragraphs of textew users will read them.

Tooltips. Use these to show briefjrandescriptionsimerface
features that aren’t-selflent. For iconly features, these are cr|
even nonsensical icons will be taken in stride if the user can
does by rolling over it! Their disadvantages are that they obs
whatever’s under thanmd that some users find them irritating.
time delay for the mouse howgy. one or two seconds, remove
irritation factor for most people.

MLH_ELAR Dynamic tooltips

Tooltips are often though of as “stat
meaning that the text they display
always be the same for every instan
However, browser and GUI capabili
of late also support the use of varia
tooltips. Keep in mind when discuss
stakeholders’ needs regarding toolti
case they seem to be limiting themg
to the stic option.

Input hints/prompt have no impact @
software architecture

MLH_aL

MLH_@

MLH_GB

MLH_Gt

Which of the following types of help
offered by the system?

Tooltips

Side Help

Global Help

If the answer RLH_GlL a) is ‘yes’, whé
system ements will require a tooltip
shown?

For each tooltip, what information sk
be displayed?

Of all of these tooltips, which will be
dynamic and which will be static?

MLH_EX Web tooltips (static)

Placing the cursor over a link within many web applicat
display &ooltiptvith, for example, the URL of the page it
This type of tooltip is static, and it is encoded directly in
MLH_E» Dynamic tooltips in Facebook
InFaceboolplacing the cursor over the Security Level s
(padlock) of aasis update will show a tooltip with the na
the filter that was used when posting said update. This
tooltip is dynamic, as the system must fetch this value f
repository in order to determine the filter used, as they
one of many awmdry from post to post.

MLH_HG2 Help panels

Slightly longer descriptions that are shown dynamically as u
or roll over certain interface elements. Set aside an area of t
itself for this, rather than using a tiny tooltip popup.

Longer help texasntained inside Closable Panels.

MLH_ELAR Help panels text

This type of help text tends to be stg
must usually be fetched from memag
Considethat these can serve as trigg
to sections of the Global Help if neg

MLH_Gb

MLH_@b

If the answer LH_GLb) is ‘yes’, whé
system elements will require side he
For each of these elements, which
information should be shown in the
help panel?

MLH_E» Rememberthemilk.com side help

In rememberthemilk.com, clicking on a task ametie $éde
of the GUI will display a help box on the right side of th
destined for this purpose.

MLH_HG3 Global Help

Help shown in a separate window, often done in HTML via b
sometimes in WinHelp or MacHelp. These are often online n
entire booksnd are reached via menu items on a Help menu
“HIp” buttons on dialogs and HTML pages.

“Live” technical support, usually by email, web or telephone.

MLH_ELAB Global Help: Entries

The fact that this type of global help
have multiple entry points must be

considered: The ‘home’ entry point,
the user is not searching for anythin
particular but would like to browse;
of its sections, if applicable, when th
is searching for something specific.

MLH_Q

MLH_GB

MLH_@®

If the answer kLH_GL c) how will the
Global Help be presented to the use
Will access to individual sections be
permitted through specific triggers
the application?

If so, which sections will be accesse
through which triggers?

MLH_EX Global Help en MS Word

In the I8 Word task bar, clicking of(ZheHelp’button will
launch the ‘home’ page of the Windows Help Applicatid
Word, when working in said OS.

MLH_E> Triggers in MS Word Global Help

When the user searches in the MS Word Help menu (i.
for a padular term), the menu shows the related topics
time. Clicking on any of the topics will take the user to t
section of the Windows Help Application for MS Word.
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5.8.1.2 Usability Elicitation Clusters

The Usability Elicitation Guideline suggest nine discussions items to be held with
stakeholders in order to elicit all aspects of the Meltel Help Functional Usability Feature.
These discussion items can be clearly divided into three initial groups, or clusters, as
described in th Usability Hicitation Clustersshown inFigure5.8-1, according to the portion

of the Multilevel Help functionality that they cover.

MLH_EC -1 Providing tooltips for individual objects: The discussion items in this cluster
cover determining whether mot tooltips will be required in the system and, if
so, for what objects they will be needed and which information should be shown
for each.

MLH_EC -2 Providing side help for individual objects: This cluster contains the
discussion items related to side help: defaing whether or not it will be
needed, which objects will trigger it, how the help will be presented graphically
and which information should be contained in each.

MLH_EC -3 Providing global help at application level:The discussion items in this cluster
cover wtether or not there will be global help available from within the
application, how it will be displayed for the user and whether or not individual
sections of it will be accessible through specific triggers. If individual sections
are accessible, the trigge(objects within the application that will require this
global help access) need to be specified.
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Figure5.84: Elicitation Clusters. Mulkével Help
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5.8.1.3 Use Case Meta-model

The Use Case Metaodel for tle Multi-level Help featurés shownin Figure5.8-2 (Seepage
71 for legend), inwhich five use cases are identified and described below.

PREF_UC-1SelectObject This template use case represents the selection of an interface
object that may result in showing a tooltip (i.e. hovering over a link).

PREF_UC-2LoadTooltip: This use case will always be part of another use case,
SelectObiject in this case, which will determine whether to show a tooltip.

PREF_UC-3LoadSideHelp: As with LoadTooltip, this use cads invoked from within
SelectObject when the selected object requires side help to be loaded.

PREF_UC-4LoadGlobalHelp: This use case starts when the user calls for the Global Help
to be shown, without indicating any specific sections to load (the Global Help
‘home’ will be displayed).

PREF_UC-5LoadGlobalHelpSection: This use case can be started by a user wanting to load
a specific section of Global Help. It is also called by the LoadGlobalHelp use
case continuously as users move from section to section within it.

Figure5.82 Use Case Metaodel. Mulievel Help

As mentioned above, the applicability of eachhafse use cases will depend on the results of
the elicitation process. If during elicitation of the Muéivel Help Functional Usability
Feature it is determined that tooltips are needed, for example, the LoadTooltip use case
will be ignored.Use cases also depend on one another. These dependenshsvanein
Table5.82 wherewe canseethe following:

» The SelectObjecttemplate use case could potentiglhence the asteriskseed the
LoadTooltip use case, theoadSideHelp use case or theoadGlobalHelpSection
use caseOnly one type of help will be required at a time and per sdeaigct.

« TheloadTooltip use case needs tiselectObjectuse case to be viable, as tooltips
only appear through object selection. The same occurd witiSideHelp.

» LoadGlobalHelp needs no object to be selected for the global help to be accessible,
hence the dck of a dependency with SelectObject. However, for GlobalHelp to
function, its sections need to be accessible from within it, so it needs the
LoadGlobalHelpSectionuse case to be viable.

» LoadGlobalHelpSectiononly needs the template use c&mectObjectin systems
where selecting an object may trigger the loading ofGhebalHelpin a particular
section. Otherwise, this use case can be started directly by the user and needs no other
use case to be viable, though it's typically present witliadGlobalHelp.



Table5.82 Usability Use Case Dependencies: #uiel Help Functional Usability Feature

MLH _u@ | MLH_ue MLH _U@ MLH_u& MLH_U&
SelectObjec| LoadTooltip | Load SideHelg LoadGobalHelp |LoadGlobaHelpSectio
MLH _U& Select Object - X* X* X*
MLH U@ Load Tooltip X -
MLH U@ Load SideHelp X -
MLH_U& Load GlobalHelp - X
MLH_UG LoadGlobalHelpSection X*

By looking at theSelectObjectow we can see this use cas® casés core to the Multievel

Help feature,as expected, since mioof the help that is provided strictly objectdependent.
If SelectObject were discarded, however, LoadGlobalHelp would still be viableakomdy

with LoadGlobalHelpSection, could standiaé.

5.8.1.4 System Responsibilities
Table5.8-3 shows the proposeslystem Responsibilities for tiMulti-level helpfeature.

Table5.83 System Responsibilities for Migtiel Help

SystenResponsibilities List fddultdevel Help
MLH_SH Provide tooltips for individual objects
The system miistow the objects for which it needs to provide tooltips, what information they will display and where it
MLH_SR Provide side help for individuajexdis
The system miistow which objects it needs to provide side help for, what information they will display, where this info
fromand the way in which the side help will be displayed on screen.
MLH_SR Provide Global Help
The system must provide acc&shal Help from within the application
MLH_SR Provide access to Global Help sections
The system must altmeess to individual sections of the Global Help when triggered within the application

These System Responsibilities are derived fromebility Elicitation Clusteras follows:

MLH_EC -1 Providing tooltips for individual objects: This clusterdetermines waht system
objectswill require tooltips, the information they will show and whether they
will be dynamic or static. As suckhis elicitation tuster yields a single System
Responsibility namelyMLH_SR-1 Provide tooltips for individual objects.

MLH_EC -2 Providing side help for individual objects Similarly to the first cluster, this
one determines the system objects that will require providing side Wkét,
and how the information will be shown within them, yielding an equivalent
System ResponsibiliyWiLH_SR -2 Provide side help for individual objects

MLH_EC -3 Providing global help at application level Lastly, this cluster discusses
whether access to globallpewill be needed from within the application, and
whether its sections will be accessed individually. If they are, discussions must
focus on which objects will link to each section (triggers). This cluster, thus,
yields two System Responsibilitie8ILH_SR-3 Provide Global Help and
MLH_SR-4 Provide access to Global Help sections.

Table 5.84 mapsthe relationships between these Usability Elicitation Clusters and the
Usability System Responsibilities, for easy reference. Any prajegtiring a specific

Elicitation Cluster will also need its related System Responsibilities. Likewise, if a cluster is
discarded during elicitation, its related responsibilities won't be a part of the resulting system.

Table5.84 Use Case/ System Responsibilities Mapping fodételtHelp

Use Cases Dependent Responsibilities

MLH_E-1 Providing tooltips for individual objects MLH SR1 Provide Tooltips for individual objects

MLH_E-2 Providing side helpf individual objects MLH SR2 Provide Side Help for individual objects

MLH_E-3 Providing global help at application level | MLH_SR Provide Global Help
MLH SR4 Provide access to Global Help sections
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5.8.2Usability Guideline for Software Development: Dasifacts

Thedesign artifacts of the Usability Guideline for Software Development for this feature are
described in the following sections. TI8ystem Responsibilitieare brought to a lower
abstraction level adigh-level Design Component Responsibilitie sectiorb.8.2.1 Section
5.8.2.2 expresses thenas Low-level Design Component Responsibilitiébor a MVC
architecture). Finally5.8.2.3presents the Usability Degn Metamodels for said_ow-level
Design Component Responsibilitias objecioriented class and sequence diagrams.

5.8.2.1 High-level Design Component Responsibilities

In order to support the System Responsibilities at design level, the following sections describe
the suggested Higkevel DesignComponentdor the Warningfeature, shown ifable5.8-5.

5.8.2.1.User Interface (Ul) Component

This componenis responsible for listening for all help requests, including mouse hovers over
objects thatwill require tooltips as well as direct invocations of help featufide Ul
Component is also responsible for relaying information to the user, including appropriate
feedback after an action has been executed. Withinféituire such informationentaiks
displaying the help information that was requested, appropriately.

5.8.2.1.Help Item Component

Help Items hold the actual help informatifmhat will be displayed dynamically iatooltip,
for example) and are associatedgpecific objed, usually a Domain Component.

5.8.2.1.3elp Managing Component
This components responsible for all existing Help Itents the system. Thélelp Manager

Component finds the appropriate Help It€omponents upon request and delivers the help
information, through the appropriate channédsthe Ul Component as needed.

5.8.2.1.Domain Component

A Domain Component represents thart ofthe systento be substituted upon development

by the appropriate componerior this feature, this component might be an object (i.e. a
bookmark in a web browsingpplication) that requires a tooltip to be shown whenever the
user hovers over its GUI representation (i.e. hovering over a bookmark may display its URL).

Table5.85: Usability Guideline: Higgwvel Design Goponent Responsibilitiesultilevel Help

S. Responsibility Generic Component Responsibilities

MLH_SH Provide |The component responsible for handling interaction with the user (thet)uh@sirbpaneare of calls to
Tooltips for individui activate help over a specific object. Upon reception of such a call, and from a preexisting list, the
objects which type of help the object must display

In case the type of help to display is a tooltip ther@ssitevoftions: a) if the object needs only to dis
static text, said text will be stored in the Ul itself and displayed immediately upon request, and, b)
is dynamic, the Ul must request it from the Help Manager Compoaet¢|@hedungy component if any)
The Help Manager Component is responsible for all existing Help Items. Help Items hold the actu
in this case, what will be displayed dynamically in-thadaokimssociated to a specific objsathAthe
Help Manager Component finds the appropriate Help Item Component and returns it to the Ul (th
component, if any)

The Ul then is responsible for displaying the help contents (a tooltip in this case) appropriately for
which help was initially invoked.

MLH_SR Provide |In case the type of help to display is of thesikiad, the Ul must request the Help Manager Compon
Side Help for a delegating comat if any) for the text to display.

individual objects |The Help Manager Component must provide the Ul with the appropriate Help Item Component (th
component, if any)
The Ul then is responsible for displaying the help cortefptsiriditie case) appiately for the object ove
which help was initially invoked.

MLH_SRProvide |In case the type of help to display ishgliphahe Ul must request the Help Manager Component (thro
Global Help delegating componeahif) to call unto the OS to open the help feature for this application. The Helg
Component must provide the OS with the application signature for identification.

The OS then carries on the responsibility to display the global help (keerdéihkelppage, etc)

MLH_SRProvide |If the call to load glétmlp is accompanied by a specific section identificationhéie wititis loaded, wit
access taylobal help exception that the OS miitst; ading the glebhelp, redirect the user to the requested section.
sections




5.8.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for a MVC architectureetdl Components instantiated byiew the
object(s) and takes over all of its resgibilities except for the delegation of actions to other
objects. This responsibility falls on ti@ontroller object(s) of the MVC architecture.

The Help ItemComponent is represented by #adensibleHelpltem class and covers albf

its responsibilitts. The Help Managing component, which is represented by the
HelpManager class, is a container of Helpltems, and represents the means to access them, as
well as the (external) Global Help.

Table 5.8-6 details the Lowlevel DesignComponent Responsibilities described above and
how they carry out each of the System Responsibilities for Usability. For each System
Responsibility, the sequence of actions required by the different objects is presented as well

as a set of UML diagrams thdepict each of these interactions.

Table5.86: Usability Guideline: Ledevel design component responsibilities (MMGltHevel Help.

System Objects Fig
Responsibility View Controller HelpManager Helptem
MLH_SH Provide |1. TheV/iewlistens for calls to 4. Controller  |5.HelpManagefetermines |6. TheHelpten|Figure
Tooltips for acti vat eHel p() for a specific  |forwards the |whictHelplteraorrespondsireturns its hel/5.84
individual objects |object. request to the |to the solicited object and|contents, whi
2. It then determines, from stored st HelpManager |asks it for its contents in the case of
information, what type of help is nee7. The 6. TheHelpManagésrwardstooltip is most
for the object. Controller thehel pCont ent s to the commonlyg
3.1f the type of help needed is a sta{forwards the |Controller short String
tooltip, the View displays it immedia helpContents tg attribute.
This type of text is stored within the|the View
itself for every object that requires it
4. If the type of help needed is a dy
tooltip, th¥iewasks th€ontrolleo
get Hel pCont ent s() for the objeq
5. TheViewdisplays the help content
according to the type of help it deter
the object to need (tooltip).
MLH_SR Provide |1. TheViewlistens for calls to 4.Controller  |5.HelpManagédetermines |6. TheHelpterm Figure
Side Help for acti vat eHel p() for a specific  |forwards the |whictHelplternorrespondsireturnsts help|5.84
individual objects |object. request to the |to the solicited object and|contents, whi
2. It then determines, from stored st HelpManager |asks it for its contents in the case of
information, what type of help is nee7. The 6. The HelpManademnvardstooltip is likely
for the object. Controller thehel pCont ent s to the|series of bloc
4. If the type of help needed is of th¢forwards the |Controller of structured
help kind, the View ask<ibetrollen  |hel pCont ent text
get Hel pCont ent s() for the objeds to theView
5. TheViewdisplays the help content
according to the type of help et
the object to need (diéép).
MLH_SRProvide |1. The/iewlistens for user callsto |2.Controller  |5. TheHelpManager Figure
Global Help | oadd obal Hel p() and forwards|forwards the |addresses the OS Help 5.85
the request to tBentroller request to the |System with the request,
HelpManager |appendinghe
applicationSignature for
identification
MLH_SR Provide 1. In the case in which Figure
access to global | oadd obal Hel p() is 5.85
help sections called with a section,
HelpManagetust forward
this information to the OS
Help System as well, to g
to redirect the user to the
desired section.
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5.8.2.3 Usability Software Design Meta-models

These UML diagrams represent thew-level Design Component Responsiliés described
in earlier. The following sections describe the class diagram and the classes involved in this
feature and their interrelationships, followed by the descriptions of the sequence diagrams.

5.8.2.3.Class Diagram

Figure 5.8-3 below shows the class diagram fine Multilevel Help Functional Usability
Feature.The main objects involved are the View, Controller, DomainObject, HelpManager,
Helpltem, DynamicTooltip, ExtendedHelp. The first two, fulfilling their role within MVC,
regpectively capture and distribute the user calls to perform actions.

The HelpManager controll access to any Helpltems available in the system. It is in charge
of receiving requests for help from the View through the Controller.

The Helpltem is a paréwrlass, from which concrete classes for every type of help inherit and
extend. DynamicTooltip and ExtendedHelp are two such classes. They represent the dynamic
tooltip and side help respectively, with the second possibly containing more information (and
informationfields) than the first. Beyond these two classes, however, developers may add
more stemming from the parent Helpltem, and have them work in the same way. The
DomainObject can be any object for which help (of any type) may be requested.

Figure5.83: UsabilityDesign Metaiodel. Class diagram. Migtrel Help.

5.8.2.3.8equence Diagram “Get Help”

Figure5.84 shaws the sequence diagraviLH_SR-1 and MLH_SR2. A a group of one or

more System Responsibilities can be represented by a single sequence diagram -and vice
versa. This sequence starts when a user ‘activates’ a request for help over an object (by, for
example, hovering over it, or clicking, depending on the item). The Viewndigies the type

of help that is being requested and forwards the request to the Controller, save for the case
when the help to display is a static tooltip. In such a case, the View directly displays the
tooltip, as it possesses all the necessary informatodo so (no information needs to be
fetched from additional repositories or by performing any calculations, for example, the URL
tooltip for a hyperlink).

In all other cases, the call is forwarded to the Controller, who calls on the HelpManager to
detemine the appropriate Helpltem that is needed for the object in question. Upon finding it,

it gathers the textual contents of the Help and passes them back to the View. The view,
knowing the type of help that was requested initially, displays these coateotslingly.
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Figure5.84: Sequence Diagram “Get HebMultievel Help.

The classes and methods depicted in orange represent that they beteniyltdtilevel Help

feature. The notifications in dark derepresentObserver Pattern functionalityThe gray
DomainClass is a template class to be substituted at desing time by the appropriate system
class containing the actioRor the till color legend sepage71.

5.8.2.3.%equence Diagram “Get Global Help”

Figure5.8-5 shows the sequence diagram for getting Global Help This diagram covers all the
object responsibilitieBsted forMLH_SR-3 and MLH_SRA4.

Figure5.85: Sequence DiagramétGlobal Help”. Mulével Help.

The sequence starts off when the user requests a particular section of the global help. The
View forwards this call to the controller, who in turn does so to the HelpManager. The
HelpManager is responsible for knowing htavlocate the global help source outside of the
boundaries of the application (typicalthe operating system help). In doing so, it calls up the
appropriate section in the global help, sending along any additional information, like the
application signaturethat may beequired bythe operating system. From then the OS

takes over, displaying the help that was requested



5.9“Commands Aggregation” Usability Guideline for Software Development

The Commands Aggregation Functional Usability Featallews the user to aggregate
commands into mactlike structures for ease of batch execution

The Usability Guideline forSoftware Development is made up of Analysis and Design
artifacts, described for the Commands Aggregaféaure in the following two sections.

5.9.1UsabilityGuideline for Software Development: Analysis artifacts

There are fourartifacts to be used during the analysis phatiee Usability Elicitation
Guideline, theJsability Elicitation Clustersthe Usability Use Case Metaodels the System
Respondiilities for Usability. These artifacts are described in the following four sections.

5.9.1.1 Usability Elicitation Guideline

Table5.9-1 shows the Wability Elicitation Guidelindor the Commands Aggregatioreéture.
In this guideline, there are six HCI recommendatialescribed below.

5.9.1.1.Macro recording

HCI authors suggegiroviding a way for the user to record a sequence of actions he may
perform repetitively and to save it for future use (EG#CI-1). In the cases of more complex
macros the possibility of editing them after creation might arise and must be discussed with
stakeholders (CA _ELAR). Stakeholder discussions for this recommendation must
determine how recording will take place, which types of actions are suitable for recording
means for stopping a recording session and editing of macros (CAtoQCA _Q7). In
Table5.9-1, example CA_EX1 “Photoshop macro recordihdescribes an example for this
HCI recommendation.

5.9.1.1.Macro composition

HCI authors sugestthat the user should be allowed to build macros of other macros if
desired (nested macros) (CAICI-2). Nested macros tend to be relevant in systems where
long sequences of actions are possible, or where very complex actions can occur. (CA
_ELAB-2) Stakeholder discussions must focus on whether or not building these Nested
macros or metaacros will be allowed and, if so, how this will be performed by the (G&&r

Q8 and CA _@9). Example CA_EX2 “Composing Photoshop Macfof Table 5.9-1
describes an example for this HCI recommendation.

5.9.1.1.3acro Plapack

Users should be provided with simple means to play back a previously recorded macro, as per
stated in this HCI recommendation (CA_H8) If a playback feature is to be indied in the
system, a stop feature should also be considered (CA_E3})ABuring elicitation.
Stakeholder discussions should focus on determining how the playback functionality will be
presented to the usand he will be allowed to stop the macro execu{oA Q-10to U_Q

12). Example CA_EX3 “play/stop buttorisin Table5.9-1 describes an example for this HCI
recommendation.

5.9.1.1.4eedback

HCI authors suggesproviding the user with appropriate feedback when execution has
finished. (CA HCI-4). While this is true of most user interactions, completion of a macro
should be informed of clearly so the user can move on to perform other actions within the
application. (CA_ELAB-4). The last proposed stakeholder discussion covers the type of
feedltack to be given to the user upon macro complefidA_Q-13). Example CA_EX4
“Feedback upon completibnin Table 5.9-1 describes an example for this HCI
recommendation.
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Table5.94 Usability Requirements Elicitati@uideline. Commands Aggregation.

Identification

Name Commands Aggregation
Family Commands Aggregation
Aliases  |Composed Commahdiacrof42]
Intent

Allowing the user to aggregate commands inli&erstanotures for ease of batch execution

Problem

A user may perform several small tasks during application usage, and some of these may be repetitive. \&/hayrtlp o$suictentifietitive actions, establishing a neetttreperfwre quickly and effortlessly, the
need to aggregate them and invoke them through a single click or call.

Context

When the possible actions can be expressed through commands, which can be composed from smallelikgastsgtinwitiipyeeige and learnable rules, and the users are willing and able to |¢4#j that synta

Interrelationships

Undo: If not considered, none of the macro actions (nor the macro as a whole) villahealtidmaltensider&h_HGBMacro plalyackcannot be considered in its entirety (a ‘stop playback’ feature cannot be in
Warning If not considered, no warnings can be given before macreexedotitmse which may contain damaging actions

HCI Recommendation

Elaboration

Discussions with Stakeholders

Usage Examples (optional)

CA_HGL Macro recording

Provide a way for the useretmfd” a seque
of actionsThe parts and syntax rules sho
easy to learn, and should generate
commands whose meaning is obvious. T
should be able to give the macro the nam
choice. Let also her to rethevaction seque
somehow

CA_ELAR- Macro recording: editing and creating
Recording a complex macro might result in the need to
to fix a mistake in the recording or to add steps. Di
stakeholders if macros will be editable.

CA_Q@1 Will user be allowed to record (agg
sequences of actions and to save them
playback?

CA_@ Wheh actionsor types of actiensll
allowed to be recorded?

CA_@@ How will the user record said actions?

CA_@ How will the user stop a recording?

CA_@&5 Will the user be allowed to edit a macro?

CA_@6 What will be editable in a macro?

CA_Q7 How will the user edit a macro?

b

CA_EXL Photo$iop Macro Recording

Adobe Photoshop provides a feature for recor
actions for later play back.

When the “record” button is clicked every su
action performed by the user is recorded, along
parameters that may have been used‘¢hanige_co
to blue” both the command change_color
parameter blue are recorded).When the user wish
the recording s/he will click the stop button.The
list of all the actions that were taken, where eac
edited by doebtlicking

CA_HGP Macro Composition

Make it possible for one macro to refer to
so they can build on each pt@gr

CA_ELABR> Macro Composition: Relevance

The need for composing macros will usually arise wh
with complex commads or long sequences, where creati
sequence from scratch might be inconvaisgstems wh
long sequences arégtisiblecomposing maciskess releval

CA_@ Will users be allowed to create-maetz
(macros of macros)?

CA_@ If so, how wilkette metanacros be built?

CA_EX Composing Photoshop Macros

Actions recorded to a macro in Adobe Photoshd
grouped and copy/pasted to another macro
composition is allowed through duplication.

CA_HGB Macro playpack
Provide a way to the user to “play the
sequence at any time. The play back shou
easy as giving a single command, pressing
button, or dyging and dropping an abject

CA_ELAB Macro playpack: stopping

A “play back” feature will almost always@nta sort of s
featureWithm a macro, stopping will entail ‘cancelling’ th
command within the macro being executed and u
effects, if any (see Cancel feature)

CA_Q@10How will the user play back a macro?

CA_Q1L1Will the user be allowed to stop execut
macro?

CA_Q12If so, how Wihe execution be stopped?

CA_EX3 Play/stop buttons

Play and Stop buttons are provided within th
(actions) feature of Adobe Photoshop

CA_HCGH Feedback

Feedback on the validity of the comman
result should be as immediatis practical.

CA_ELABF+ Feedback: Comfhation

Like with most other interactions, a confirmatory
message in more complex cases) should be provided.

CA_Q@13What kind of feedback will be provided
recording and/or execution of a macro

CA_EX Feedback upon completion

While a macro is executiithin Adobe Photoshoy
user gets feedback by seeing Himeathe results
each separate action in the macro as it is execute
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5.9.1.2 Usability Elicitation Clusters

The Usability Elicitation Guideline suggesthirteen discussions items to be heldthwi
stakeholders in order to elicit all aspects of the Commands Aggregation Functional Usability
Feature. These discussion items can be clearly divided into five initial groups, or clusters, as
described in the Usability Elicitation Cluster Map, showrFigure 5.9-1, according to the
portion of the Commands Aggregation functionality that they cover.

CA_EC_1.Knowing which actions are recordable: The discussion items in this cluster
determine whether macro recording capabilities will be ipexy within the
system and, if so, which actions are suitable for recording.

CA_EC_2.Recording macro: This cluster covers recording of macros, how it would be
done by the user and ‘stop recording’ capabilities

CA_EC_3. Playing Back Macro: These discussions deal with hove thser will play back a
previously recorded macro, whether he’ll be allowed to stop playback, and if so,
how this will take place.

CA_EC_4.Editing Macro: This cluster contains the discussions related to macro edition:
whether macros will be editable, and, if sdiat will be editable in them and how
edition will take place.

CA_EC_5.Composing Macros: The discussion items in this cluster deal with macro
composition. If it's allowed within the system, it must be determined how macros
will build on one another and how the usell perform such composition.

CA_EC_6. Notifying user of completion: Stakeholdersmust determine what type of
feedback the user will receive during and/or after macro execution.
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Figure5.94: ElicitatiorClustes. Commands Aggregation
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5.9.1.3 Use Case Meta-model

The Use Case Metmodel for the Command&ggregation Functional Usability Feature is
shown inFigure 5.92 (Seepage71 for color legend), in whiclsix use cases are identified
and described below.

CA_UC-1RecordMacro: The user selects the optiamdtart recording a macro. Immediately
after doing so, the system records every (record suitable) action performed by the
user until macro recording is stopped.

CA_UC-2stopMacroRecording The user selects the option to stop recording a macro. The
system stops recding actions, saves the recorded actions and asks the user to
name the newly created macro.

CA_UC-3ComposeMacra The user selects the option to compose two or more macros,
saving the results to a new macro upon completion.

CA_UC-4EditMacro: The user selects the optida edit a macro. In doing so, he may
compose it with other existing macros. After edition is completed, the user saves
the results into the original macro.

CA_UC-5PlayBackMacro: The user selects an existing macro and orders it to play back.
The Macro executes ewy action that is saved within it (each represented by a
different UserAction use case. See below). Once execution is completed, the
system informs the user that the macro has finished playing.

CA_UC-6UserAction: This meta use case represents the actions thie¢ oy any system
macro.

A_UC-1 CancelCommand When a macro is playing, the user can select the ofioancel

it. Details of how this cancel option is to be implemented should be elicited and detailed as
explained in the Abort feature.

Figure5.92 Use Case Metaodel.Commands Aggregation



The applicability of each of these use cases will depend on the results of the elicitation
process. If during elicitation of the Undeatureit is determinedfor examplethat no Redo
feature is needed, then that use cailebe discardedUse cases also depend on one another.
These dependencies afeown inTable5.92, wherewe cansee the following:

» The RecordMacro use case needs tiuserAction to be viable, as recordable actions
need to exist within the system for recording to be possible

 Stopping, composing editing and playing back a macro (CA 2J© CA_UG5) need
RecordMacro to be viable, as a macro must exist prior to execution of these use cases.

» The UserAction template use case needs no other use case to be viable, as it represents
any action within the system that is deemed recordable

» The CancelCommand use case needs thdsegAction, as it is the system actions
represented by it that will be cancellable

Table5.92 Usability Use Case Dependencies: Commands Aggregation Fulstdilay Feature

CA_ucl CA_Ue CA_U& CA_UcH CA UG CA UG A_UCt

Record StopMacro | Compose | Edit Macro| PlayBack User Cancel
Macro Recording Macro Macro Action Command

CA_Ucl Record Macro - X

CA_U StopMacroRec. X -

CA_UG& ComposeMacro X -

CA_UCHt EditMacro X -

CA_UG PlgBackMacro X -

CA_UG User Action -

A_UCt Cancel Command X -

By looking at the table columns, it is evident tiRecordMacro is core to the Commands
Aggregationfeature. If it were discarded, no other part of this feature could be implemented.

5.9.1.4 System Responsibilities for Usability
Table5.9-3 shows the proposed System Responsibilities for Usability for the present feature.

Table5.93 System Responsibilities Lfst Commands Aggregation

System Responsibilities List for Undo
CA_SRL Be aware of which actions are recordable
The system mistow which actions are recordable
CA_SR Record actions to macro
The system mymsbvide the means to record and save macros
CA_SR3 Playback maor
The system muadlow for macro playback, providing appropriate feedback after completion
CA_SR4 Edit macro
The system must allow usadit@xisting macros
CA_SR5 Compose macros
The system mudlow users to compose existing macros, creating-magerogeta

Earlier in this sectiorwe identifiedsix elicitation clustersin the case of most of thather
featuresin this work, a single cluster may yield more than one system responsibility, or,
conversely combining two or more clusters can yield a single systsponsibility In the

case ofCommands Aggregatiothere is a on¢o-one relationship between clusteasd
system responsibilitieexcept foNotify User of Completion, which together wittPlaying

Back Macro providesCA_SR-3 Playback Macro, as playbackrad subsequent notification

will always happen in sequenc&able 5.9-4 maps these relationships between Usability
Elicitation Clusters and the Usability System Responsibilities described above, for reference.

Table5.94 Use Case/ System Responsibilities Mapping for Commands Aggregation

Use Cases Dependent Responsibilities
CA EC-1 Knowing which actions are recordalf CA_SRLBe aware of which actions are recordable
CA EC-2 RecordingVacro CA_SRRecord actions to macro
CA EC-3Playing Back Macro CA_SR3Playback macro
CA EC4 Editing Macro CA_SRiEdit macro
CA EC5 Composing Macros CA_SRK Compose macros
CA_UG Notifying user of completion CA_SR3Playback macro
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5.9.2Usability Guleline for Software Development: Design artifacts

The design artifacts for theommands Aggregatiofeature are described below. $ection
5.9.2.1the System Responsibilities are brought to a lower abstraction levelighslevel
Design Component Responsibilitieendin section5.9.2.2asLow-level Design Component
Responsibilitiegor MVC. Finally, section5.9.2.3showsthe Usability Design Metanodels

5.9.2.1 High-level Design Component Responsibilities

Widely known esearch results have already addressed part of the expected functionality of
this feature. Such is the case of the Command Pattern by the GoF, which we have chosen as
the core of this feature. Components (andhanfollowing sections, classes and objects) like

the “Command” component are taken directly from this widely known design pattern to fulfill
the needs that arise from the corresponding System Responsibilities.

A smaller portion of theHigh-level DesignComponent Responsibilities described in the
following subsections, like some contained in the Macro Component, are not addressed by the
original GoF Command pattern, and so are included as part of the original contribution of this
work in order to fulfillthe entirety of the expectations of this feature. Another pattern used
across all the guidelines is the GoF Observer pattern, a defining part of the MVC architecture
itself. All of these components are described below and summariZeabia5.9-5.

5.9.2.1.User Interface (Ul) Component

The Ul is responsible for capturing all user invocations and forwarding them (possibly
through a delegating component) to the appropriate part of the domain, usually that
responsible for executing the actiohhe Ul Component is also responsible for relaying
information to the user, including appropriate feedback after an action has been executed.

5.9.2.1.Domain Component

A Domain Component represents the part of the system that is ultimately responsible for
executng the actions requested by the user.

5.9.2.1.€ommand Component

Based on Gamma's definition of the Command Pattern, the Command Component is
responsible for encapsulating method invocations and any pertinent state information at call
time. When an action is invekl through the Ul Component, it would normally be forwarded
directly to the Domain Component responsible for executing said action. However, when the
action that is called needs to btored when recordingadditional steps need to be taken
before the Domia Component is allowed to execute it.

After the call is placed in the Ul, a new instance of Command is craathditialized with

the signature of the method being called and a reference to the Domain Component in charge
of executing it, for later invation. It is also initialized with any state information that will

need to berestored when called again from a macFurthermore the Command is
responsible for calling the method in the Dom@mmponentafter saving the state).

5.9.2.1.Recording Component

This component is responsible for recording a macro (ideally in a separate execution thread).
It stores all recordable actions that are performed by the user, until it's ordered to stop.

5.9.2.1.B1acro Component

The Macro Component represents a sequence of previ@meslyded actions. It's a collection
of instances of the Command component and, when ordered, this component is responsible
for invoking all the commands that compose it, in the appropriate order.



Table5.95: Usability Guideline: Hidgével Design Component ResponsibiliG@snmands Aggregation

System Generic Component Responsibilities
Responsibility

CA_SRLBe aware | During macro recording @ethe component responsible for invoking commwvakatenust determine if an
of which actions are action that is performed by the user is a ‘recordable’ action (one that can be added to a macro)
recordable

CA_SR2Record The component in charge of processing usét Dpotpongris responsible for listening for user calls tg
actions to macro recording a new macro

The component in charge of delegating actions (if any) must forward thecaydes)y ©amponent
TheRecording Comporisiresponsible for recording to a new macro (preferably in a separate threag
recordable actions performed by the user, until its ordered to stop.

A macro is@oncreteCommadAdregula€oncrete Command Compemeaipsulatescall to an action in a
DomainClag®mponent, the parameters it's called with, state information, and other relevant data.
encapsulation allowsfommands be recreated further down the road. Macros are designated as a
of ConcreteComma(othe without a unique associatiddamainClapgso that they can be composed.
Once an empty macro has been created, and while recording | &btivegthany delegating compone
must continue to listen to actions invoked by the user.

When a new action is invoked, the delegating component (if any) orders the action to execute. It d
instantiating@ommand Comporfenthe called action, adding it to the macro, and then or@ermyasadd
to execute. The delegating contpaitlezontinue to treat new actions in this manner (adding them to t
until it is ordered to stop.

TheUlComponebntinually listens for a ‘stop’ order from the user. When it receives one it forward
delegating component (if anygh widers tHeecorder Componenstop recording, thus completing the n
created macro.

CA_SRBPlayback | TheUl Componeistresponsible for listening for user calls to play back a specific macro

macro The delegating component (if any) is responsible for locating called macros and ordering them to
Each macro is represented within the application by a Macro Wbepcaéed, this component is
responsible for invoking all the commands that composeptopritite arder

CA_SRiEdit macro| TheUl Componeistresponsible for listening for user calls to edit a specific macro

The delegating component (if any) is responsible for locating the ddaespQuiimmpnamid sendg it to
theUlfor editing

TheUlis also responsible for displaying the editable fields to the user, capturing any modifications
them back (through a delegating component, if adgcto tiemponéait saving

TheMacro Componértesponsible for saving those edits and modifying any of the commands that ¢
(when/if affected)

CA_SKsCompose | To compose two macros, a ‘target’ macro has the capability to append another macro at a specifie
Macros its internal list of commands

TheUl Componeistresponsible for listening for user calls to compose two existing macros (a ‘targe
‘macro to append’).

The delegating component (if any) is responsible for locating both macro components el fargest
macro’ to insert, at the specified position within its command list, the ‘macro to append'.

5.9.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for a MVC architecture, tbé Componentis instantiated byiew the
object(s) ad takes over all of its responsibilities except for the delegation of actions to other
objects. This responsibility falls on ti@ontroller object(s) of the MVC architecture.

Likewise, the Command Component is defined inGmenmand interface andmplemented

by ConcreteCommand objects. For every recordable commatiere will be a distinct
ConcreteCommandlass (i.e. ExpoxtideoCommand, OpenDoorCommand, etc.). Whenever

a command is called through the View, the corresponding ConcreteCommand object will be
created, saved to histo(go that it can be called in the future from within a macro, with the
original parameters and stgtapdonly thenordered to execute.

The Macro component is represented by MacroCommand, which is also defined in the
Command interface, but, additionally, may contain a list of otl@wmmands(and, by
definition, otherMacroCommandsallowing for nesting of macros).The Recorder component
is represented bRecorder, which orders macro recording and stopping as requested by the
View. Finally theDomain Component is represented by themainClass andcontains the
actual actions to execute when recording and playing macros.

Table 5.9-6 details the Lowlevel Design Component Responsibilities described abode a
how they carry out each of the System Responsibilities. For each System Responsibility, the
sequence of actions required by the different objects is presented as well as a set of UML
diagrams that depict each of these interactions.
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Table5.96: UsabilityGuidelineLowlevel Design ComponeRésponsibilities (MVC). Commands Aggregation.

System Responsibility Objects Fig
View Controller Recorder ConcreteCommand DomainClass
CA_SRLBe aware of which actions 1. When ‘recording’ is active, the Figure
are recordable Controllds responsible for knowin 5.94
whether a called method,
doActi on(), is recordable or ng

CA_SR2Record actions to macro |1. TheViewlistens for the user call to 2. The Controllasks the Recorder|3. When ordered to start record|8. When th€oncreteCommanid 9.When Figur¢
start Recordi ng(..).Todo so, |start recording by invoking its heRecordesets a flag to TRUB |ordered texecut e(), it calls upon it§DomainClass 5.94
the user enters the name s/he wishjr ecor d() methd. indicate that recording is ‘active| DomainClassand orders the initial, |receives the order
give to the new macro and any othe7. TheControllehen determines, fr|4. It then creates a new (empty)doAct i on(), method to be execujexecutes
pertinent information a preexisting list, for example, if |ConcreteCommantgject, doAction()

2. TheViewforwards this call to the |doActi on() is listed as reprsenting the new (yet empty

Controller ‘recordable’. If it's not, it simply |macro.

6. When #huser invokes a new actigexecut es() it. Otherwise it 5. TheRecordethen waits for the

doAct i on(), theViewforwards it to|instantiates a ConcreteComtoandnext recordable action to be inv

theController represent it|] ones() it and 12.When ordered to

10. When the user orders to adds() it to the macro. st opRecordi ng(), the

st opRecordi ng(), theView 11. When ordered to Recordesets the ‘recording’ flag

forwards the call to @entroller st opRecordi ng(), the FALSE and effectively stops adg
Controlldorwards the call to the |[commands to the macro.
Recorder.

CA_SR3Playback macro 1. TheViewlistens for the user call to 2. TheControlleiorwards the call to 3. When orderecetoecut e() the |4.Each Figur¢
execut eMacr o(macrol d) and |execut eMacro(macrol d), ConcreteComma(nacro) invokes th¢DomainClasswill  |5.95
forwards it to tRentroller. and then orders BencreteComma execute() method of all of its interngexecute thcalled

object that represents trerato ConcreteCommangdshich in turn ord(action.
execut e() theiDomainClass&s execute the
appropriate action

CA_SRIEdit macro 1. TheViewlistens for the user call to 2. TheControlldinds the appropria 3. When orderedindi f y(), the Figure
vi ewMacr o( mecr ol d) and ConcreteCommantaject (macro) a ConcreteComma(naiacro) takes the 5.96
forwards it to t@entroller. returns it to théew edi t s[] and applies them,

2. When it receive€ancreteCommali 3. After receiving the edits, the nmodi fying ) any internal
object (macropitesents the user with Controllesrders the ConcreteCommarifdseeded.
editing fields corresponding to ever|ConcreteCommamBcro) to

of the macro (and its int&naimands nodi f y () itself with these new

if applicable) that is editable. edits[]

3. The user then edits any/all the

information and Miewpasses on the

edits to th€ontrollghrough

saveMacr oEdi ts(..)

CA_SFK5 Compose Macros 1. TheViewlistens for the user call to 2. TheControlldinds the appropria 3. TheConreteCommamdcr 02 is Figure
conposeMacr o( macr o1, ConcreteCommantajectrtacr 02) now composed of the originat 02 5.97

macr 02) and forwards it to the
Controller.

and orders ittmsert () macrol
and the positipos

and macrol appendeplag
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5.9.2.3 Usability Software Design Meta-models

This sectiondescribes the UML diagrams representing lthsv-level Design Component
Responsibilities.Below, the class diagram for this feature is presented, along with a
descrption of the classesndinterrelationshipsnvolved, as well as the sequence diagrams.

5.9.2.3.Class Diagram

Figure 5.9-3 below shows the class diagram for the Commands Aggreg&timetional
Usability Feature. The main objects involveate the View, Controller, Command,
ConcreteCommand, Recorder, DomianClass and MacroCommand. The first two, fulfilling
their role within MVC, respectively capture and distribute the user calls to perform actions.

Figure5.93: UsabilityDesign Metarodel. Class diagram. Commands Aggregation.

The ConcreteCommand class implements a Command interface, as described by GoF's
Command Pattern, and is responsible for ordering the execution of the requested mction (i
DomainClass) as well as for storing all necessary state information required for eventually
replayingthe command it represenise( the method it is calling within DomainClass). In any
given system there will be as many ConcreteCommandkere are utvable actionsand it

is recommended they be labeled by an appropriate mnemonic. For example, the
ConcreteCommand class in charge of invoking the sendMail() method in an email application
should be labeled something like SendMailCommand or SendMailCe@cngtmand, etc.

The Recorder class represents the clieithivv the GoF's Command Pattenrdering the
starting and stopping of macro recording and the MacroCommand holds a list of its
commands (or macro commands) for future execution.

These classes andiénfaces which belong tthié Command Pattere depicted in yellowo
differentiate hem from the rest of this feature’s class®se appendix{] for color legend.

5.9.2.3.85equence Diagram “Record Macro”

Figure 5.94 shavs the sequencaliagram for CA_SR41 Knowing which actions are
recordable and CA_SR Record actions to macro

This sequence starts when the user orders to record a new macro. It may provide a name for it
along with any other optional parameters. The View captures thiarghlforwards it to the
Controller, which orders the Recorded to start recording. The Recorder sets its ‘recording’
flag to TRUE, creates a new intance of MacroCommand and listens for every new recordable
action that may be invoked to store it in this maacro.
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After recording starts, every new action that is invoked by the user goes through the steps
suggested by the GoF in their Command patterior to execution, the ConcreteCommand
which encapsulates the invoked action (doAction()) is cloned (piiagets state information

intact) and stored, in this case in the HistoryList object. After that, it is ordered to execute(),
which entails a call to the desired method of the corresponding Domain@lasa. the user
orders the system to stop recordingstball is captured by the View, and forwarded through

the Controller to the Recorder, which sets its recording flag to FALSE and no longer listens
for invoked actions from the user.

Figure5.94: Sequence iBgram “Record MacraCommands Aggregation.

Classes and methods depicted in salmon color represent they belong to the Commands
Aggregation feature. Those in yellow are part of the Command, those in a mix of salmon and
yello perform actions pertinent to tothe Command pattern and our original contribution,

and notifications in dark red represent Observer Pafterctionality. The gray DomainClass

is a template class to be substituted at desing time by the appropriate system class containing
the undoableaction. For thedll color legend sepage71.

5.9.2.3.%equence Diagram “Execute Macro”

Figure5.9-5 shows the sequence diagram that covers the CA3 8Riyback Macro system
responsibility as well as all of its corresponding {@wd responsibilities.

Figure5.95: Sequence DiagrarBXecute Macro”. Commands Aggregation.
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The sequence starts off when the user requests to execute a particular macro, providing the
View with its identifiation information. The Vievforwards this call to the Controller which
locates the MacroCommand being requested and orders it to execute.

When a MacroCommand is ordered to execute, it calls every ConcreteCommand within it and
orders it to execute in turn.

5.9.2.3.8equence Diagram “Edit Macro”

Figure 5.9-6 shows the sequence diagram that covers CA4 $Rlit Macro. The sequence
starts when the user opens an existing macro. The Controller locates the macro, forwards it to
the View and the Vie displays it for the user for editing.

Since editing of macros will vary from system to system depending on the domain, the
specific methods pertaining to the macro edition will need to be filled in at design time. Once
the macro has been edited, theWiwrwards the order to save it, along with the changes, to
the Controller. The controller passes on these changes to the MacroCommand object, which
incorporates them within it an all of its ConcreteCommands that may be affected.

Figure5.96: Sequence DiagrariditMacro”. Commands Aggregation.

5.9.2.3.5equence Diagram “Compose Macro”
Figure5.9-7 shows the sequence diagram that covers the CA 8Bmpose Macros system

responsibility as we as all of its corresponding Lo¥evel Design Component
Responsibilities.

This simple sequence shows how the call to compose two macros is forwarded from the View
to the Controller, which in turn finds the second macro in the sequence and ordensétrto i

all commands found in the first macro at its head. This results in this second macro now
containing all the actions of the first macro, followed by its own.

Figure5.97 Sequence Diagram “ConspdMacro”. Commands Aggregdtion
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5.10"PreferencésUsability Guideline for Software Development

The Preference&unctional Usability Feature covers the user’s neddrta centralized place

where they can alter the application’s settings. Miaé issue that thiehture tries to address

is the fact that an application may have multiple ways in which it can function, depending on
each user’'s needs and tastes. Thus, there is a need to allow individual users to chose among
them, and to let them save such configuratiag their own for future use.

The Usability Guideline forSoftware Development is made up of Analysis and Design
artifacts, described for the Commands Aggregdieature in the following two sections.

5.10.1UsabilityGuideline for Software Development: Arsagrsifacts

There are fourartifacts to be used during the analysis phatige Usability Elicitation
Guideline, thedJsability Elicitation Clustersthe Usability Use Case Metaodels the System
Responsibilities for Usability. These artifacts are describéke following four sections.

5.10.1.1 Usability Elicitation Guideline

Table 5.10-1 shows the Usability Elicitation Guideline for thereferencesFunctional
Usability Featureln this guideline, there are three HCI recommendatierphined below.

5.10.1.1.Common Usage of Preferences

HCI authors suggest thapplicationusers beprovided with a space where they can change

(and save) application values, from simple color schemes to settings for language support
(PREFE_HCI-1). It is important to nte that regardless of the settings being altered, this HCI
recommendation contemplates only thé&#"$%&'()*'+,-(&.-%&'()* 1%'+-,")* "%$/* 0%* 1"'1* ('%*

1"#2"* &(%'"™* 34-%* 5!"* %4 -66#8&$-%&' (* 3&HH* ,&2"* %'* "-$4* 1"%%&(,* '+* 34-%* %4"7* 3&#H#* 8"-(*
3&%4&(* %4" -66#&B* BB (* 9:;<=><? @A BCD/* E%-F"4'#1"+* 1&!I$5N&'(1* :;<=H5* %'*

5<=>G BH* "#&P&Y0* %4 (ML +" -+ 1&(,F 34&$A* 6+ 1"+ ($"1* 3&HHF I * B-1"* - 2-&#-JH " |'+* %4>
17196"8%-(1*4'3* % 4" 7T K##* J"* 4-(1#" 1*I'+* 1&II"+" (%* 5!"+1)* & I* -6 6 #&Fabie/5.10-1 showns

an exampldor this HCI recommendation iexample PREFEX-1 “Gmail Preferencés

5.10.1.1.Pefault Settings

In most cases, a preference will have a default value, or one that is automatically chosen
before the user makes their own selection (or chooses not to).

When applications have a large number of preferences that can be set by the user, HCI
authorsrecommend providing ‘canned settings’ or groups of preferences with preset default
values, that the user can choose from, instead of picking individual v@RRISE HCI-2).

These canned settings can range from a single ‘default setting’ to multiple canned settings,
depending on the amount of individual preferences available to the user, the frequency of
change, etc. all of which should be evaluated during elimitaPREF_ELAB?2). Default

values for individual preferences and canned settings, as well as the number of canned
settings to provide should be thoroughly discussed (PREFI®QPREF_®6). PREFEX-2

“Gmail Default” in Table5.10-1 describes an example for this HCI recommendation.

5.10.1.1.&rouping Preferences

PREF_HC13 describes how similar preferences can be grouped together when dealing with a
large sets. This grouping can be done linearly or forming a tree structure. Either of these add
complexity to the setting of preferences and should be carefully decided upon during
elicitation of this feature (PREF_ELAB). Stakeholders shall discuss whether either of these
structures is required, or if preferences will be handled individually (PREF and
PREF_Q8). Table5.10-1 describes an exapte for this HCI recommendation when using a
tree structure, in@mple PREFEX-2 “Eclipse Preferencés
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Preferences

Table5.101. Usability Requirements Elicitation Guidefineferences

Name

Family User Profile

Aliases Preferencdd9] User preferendd®

provides users with a centralized place where they can alter the application’s settings.

An application may have multiple ways in which it can function, depending on each user’s needs and tastekowW hiedévidwahaedroto chose among them, and to let them save such configurations as their

PREF_H&l Common usage of preferences

Provide a place or working surface where users
their own settings for things like language, font
colorschemes, and use of sound. Allow users {
those preferences, so that they do not have t
time stting them again, but do this peif useltiplg
people will usg4@] Let those preferences becom
default for each user on furthef4@3e,

PREF_ELABCommon usage of prefs.

These recommendatientend to the organization

setting of preferences only. What the system will d
it will change for each falls outside of the scopg
feature For example, changing the Language prefi
of an application would be considered as {beat]
Preferencedeature but the actual display of

application text in the different languages would

the selection, organization and storage of Ia
possibilities and the user interaction required to
them).

PREF_@Q
PREF_Q

PREF_&3

When the application is very complex and many of its functions can be tuned to the user’'s heefyisiroe yahtoused by peopleffeitndiabilities, cultures and tastes, and not enough is known about the use
references in order to assume defaults that will suit all users.

When including the Preferences feature in an application, in order to allcavdishesgedimade to their preferemciEmust be considered. Also if loading a set of preferences takes more than a fBvogessmds
feature will be needed

Will users be allowedét up preferences?
If so, which preferences will users be all
to set up?

Will preferences be global to the applicq
particular to each user?

PREF_EX- Gmail preferences

Gmail provides the user with a séetiotedo
changing preferences like nurobeemails
shown per page, alt. Address, away
response, and many more. It also allo
setting the visual aspects of the applicati
the background and foreground colorg
multiple images found throughout the UI.

|

PREF_HE& Default settings

Devise &et of alternative “canned settings” that
can choose between, if they don't like the def
don't want to spend hours picking out
combinatiorj42]

|

PREF_ELABDefault Settings

Discuss with the user which of these cattiegs wil
make sense. Sometimes only one of them will be|
but others an array of canned settings might be pr¢

PREF_&

PREF_&

PREF_®

What will be the default values for the
preferences listedPiREF_Q?

Aside from the defauliesy] will the systen
provide groups of “canned settings” for
user to choose from?

If so, what will these groups of settings

PREF_E2- Gmail defaults

Gmail preferences can always be reverted
default setting (i.e. factory setting). As for t
and éel of the application, there are doze
canned settings or ‘themes’ to chose from.

PREF_HE& Grouping preferences

If the number of groups is small, property page
used for each group but when the number of g
high, use a tré49]

PREF_ELABGrouping preferences

Preferences should be grouped in a way that make
to the user. Preferences in the same group, wheth
property pages or a tree, must be of the same "typ
affect the same parts of the system.

PREF_g

PREF_@

Will preferencesdmeanged in groups or i
tree structure instead of handled individ
If groups or trees are to be usedwilitze
their structure?

PREF_E®- Gmails.Eclipse
Gmail stores its preferences in property
while Eclipse’s high number of preferen
aranged in a tree structure.
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5.10.1.2 Usability Elicitation Clusters

The Usability Elicitation Guideline suggesghtdiscussionstems(PREF_Q1 to PREF_Q

8) to be held with stakeholders in order tocilitheir needs in respect the Preferences
Functional Usallity Feature. These discussion iteroan be divided intdive clusters(as

describedin the Usability Elicitation Clusteishown in Figure 5.10-1), according to the
portion of the Preferencdanctionality that they cover.

PREF_EC-1

PREF_EC-2

PREF_EC-3

PREF_EC-4

PREF_EC-5

Providing Preferences: The discussion items in this clustdetermine if
setting preferences will be needed at all within the application and, if so, which
preferences the users will be allowed to seand save.

User-specific vs. Global Preferenceslf preferences are to be provided, the
discussion items in this cluster determine whether they will be gsific,
meaning that each user will be able to modify and save their own preferences
independerty, or global for the entire application, regardless of who is using
it.

Default Values The discussion item in this cluster determines the desired
default value for each preference addressed in the discussions of elicitation
clusterPREF_EG1 Providing Preferences. The default value is intended to be
the preference’s value when/if users have not assigned it a value themselves or
do not intend to do so.

Canned Settings:This elicitation cluster determines whether canned gsitin
or groups of praletermined values for all preferences for the user to choose
from, will be provided.

Grouping Preferences Finally, this last elicitation cluster contains the
discussion items regarding the way in which preferences will be presented to
the user. They can be all presented together (‘no’ bran&ligime 5.10-1) or

using some kind of structure (‘yes’ branchFigure5.10-1). The structures to

use can be groups or trees, and stakeholders decide which, if either, in
these discussion items.
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Figure5.101: System Responsibility Clusters. Preferences.
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5.10.1.3 Use Case Meta-model

The Use Case Metmodel for thePreference$eature is shown ifigure5.102 (Seepage71
for color legend), in which five use cases are identified and described below.

PREF_UC-1 SavePreferencesForUsetUpon making changes to one or more preferences,
the user requests for them to be saved. Thistrgljer the included use case
PREF_UG4 StorePreferenceValuesToPersistence

PREF_UC-2 LoadCannedSettings The user requests a group of canned settings to be
loaded, allowing him to set a number of preferences all at once. This use case
triggersPREF_UGS5 LoadPreferenceValuesFromPersistence when loading the
canned setting to use.

PREF_UC-3 LoadPreferencesForUser The user requests his preferences to be loaded,
directly or indirectly. For example, starting the applicai®an indirect way to
request preferences to be loaded in certain systems. This use case also triggers
PREF_UGS5 LoadPreferenceValuesFromPersistence, as each of the preferences
to load need to be filled in’ with their valustored in persistence.

PREF_UC-4 StorePreferenceValuesToPersistenc&his use case is triggered by
PREF_UG1 SavePreferencesForUser every time a user choose to save his
current preference# writes the preference values onto the predained
physical medium.

PREF_UC-5 LoadPreferenceValuesFromPersistenceThis use case is triggered by
PREF_UG2 LoadCannedSettings when loading a canned setting. Each of the
default values for the preferences contained in that setted) toebe loaded
from persistence.

Figure5.102 Use Case Mod@&rreferences

When using only global preferences (meaning all users see the same preferences as there are
no peruser distinctionsjhe use cas remain the same, only instead of loading, storing and
saving preferences for a particular user it is done so for the entire application (which can also
be seen as a ‘master’ user if needed)

The applicability of each of these use cases will depend omethdts of the elicitation
process.If during elicitation of thePreferencesFunctional Usability Feature it were
determined that ‘canned settings’ are not needed, for example, the LoadCannedSettings use
case would be discarded. Use cases also dependemrmther. These dependencies are
shown inTable5.102 wherewe can see the following

e For theSave Preferences For Usense case to be viable, it only needs its included

use casestore Preference Values to Persistenaeich writes the saved preferences
into a physical medium.
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The Load Canned Settingsuse case needs thead Preference Valuesfrom
Persistenceuse case, which actually retrieves these settings from the physical
medium in which they’re stored.

The Load PreferencesFor User use case also needs thead Preference Values

from Persistence use case for the same reason. It also requires thaSdkie
Preferences For Useluse case exists, as if no preferences are ever saved there will
be no preferences to load.

The Store Preferences Values to Persistenaeeeds theSave Preferences For User

use case for a similar reason, as nothing can be stored to persistence if it is not first
ordered to be saved through the user interface.

And finally, Load Preference Values from Persigince requires that theStore
Preference Values to Persistencexist, because in order to be loaded, preference
values must first be stored. It also needs, minimally, that¢fael Preferences For

User use caseexist, as preferences won't be loaded unléssy tare ordered to
through the user interface.

Table5.102 Usability Use Case Dependendisference§unctional Usability Feature

PREF_UQ| PREF_UQ PREF_UG RREF_U@- PREF_UG
Save Pref{ Load Canned| Load Prefs. Fol Store Pref. Vals| Load Pref.
For User Settings User Pers. Vals from Per
PREF UQ SavePreferencesRdser - X
PREF_UQLoad CannedSettings - X
PREF_UGLoad Preferencdsor User X - X
PREF U@ Store Preferendfalsto Persist] X -
PREF UG LoadPref Vald§rom Persist. X X -

By looking at the table columns, we can see that in spite of the fact that Save Preferences For
User and Load Preference Values from Persistence have the higher number of dependencies
from other se cases (two each). Thus, initially, no single use case is evidently core to the
Preference&unctional Usability Feature at this stage. This fact makes the Preferences feature
somewhat versatile, as multiple sgtoups of use cases could be correctlylemented.

5.10.1.4 System Responsibilities for Usability
Table5.10-3 shows the proposed System Responsibilities for Usability for the present feature.

Table5.103 System ResponsibilitiesstforPreferences

PREF_SR SetPreferences

Saves preferences for a single user or for the application as a whole

PREF_SR Providedefault values

Allows preferences to havegtermined values in case none is chosen by the user
PREF_SR Allow ‘canned settings’

Provides groups of preferences witatprsined values to be loaded together

PREF_SR Organize preferences

Determines how preferences will be presented to the user, whether in groups or trees

These System Responsibilities are derived ftoenUsability Elicitation Clusteras follows:

PREF_EC-1 Providing Preferences: This Elicitation Cluster contemplates whether
preferences will be allowed to be set and saved by users and, if so, which ones
they will be. Thus, this elicitation cluster yields Systenesponsibility
PREF_SR1 Set Preferences together withPREF_EG2, as explained as
follows.

PREF_EC-2 User-specific vs. Global PreferencesThis Elicitation Cluster covers the need

for allowing specific userto save their own preferences independently from
other users, or to, otherwiskave a single set of preferences, shared by all
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users. As such, this cluster also contributes to System Responsibility
PREF_SR1 Set Preferences.

PREF_EC-3 Default Values: This Elicitation Cluster covers determining the default values
for each preference, directly yielding the System ResponsiBiRiEF _SR2
Provide Default Values.

PREF_EC-4 Canned Settings: From this Elicitation Cluster adesses the need for
predefined sets of multiple preferences, and it translates into the sole System
ResponsibilityPREF_SR 3 Allow ‘canned settings’is derived.

PREF_EC-5 Grouping Preferences:Finally, this elicitation cluster contempéet arranging
preferences in groups or trees, and gives way tcPREF_SR4 Organize
PreferencesSystem Responsibility.

Table5.104 maps these relationships between Usability Elicitation Clusterthandsability
System Responsibilities, for easy reference. Any project determined to require a specific
Elicitation Cluster will also require its related System Responsibilities. Likewise, if a cluster
is discarded during elicitation, its related respoitisés will not be a part of the resulting
system.

Table5.104 Usability Elicitation Clusters / System Responsibilities Mappihgferences

Use Cases Dependent Responsibilities
PREF_EC_1 Providingferences PREF_SR Set Preferences
PREFEC_2 Usespecific vs. Global Preferences PREF_SR Set Preferences
PREF_EC_3 Default Values PREF_SR Provide Default Values
PREF _EC 4 Canned Settings PREF_SR Allow Canned Settings
PREF_EC_5 Grouping Prefegsnc PREF_SR Organize Preferences

5.10.2AJsability Guideline for Software Development: Design artifacts

The design artifacts of the Usability Guideline for Software Development for the Warning
feature are described in the following sections. $stem Respondiliies described above
are brought to a lower abstractitavel as Highlevel Design Component Responsibilities in
section5.10.2.1 Section 5.10.2.2 expresses themas Low-level Design Component
Regonsibilities (for a MVC architecture). Finallysection5.10.2.3presents the Usability
Design Metamodels for saidLow-level Design Component Responsibiliti@s object
oriented class and sequence diagrams.

5.10.2.1 High-level Design Component Responsibilities
To support the System Responsibilities at design level, the following sections describe the

suggested Highevel DesignComponentdor the Preferences featureaummarizedn Table
5.105.

5.10.2.1.Preference Compent

This component is responsible for holding the basic data related to a ‘live’ preference. For
example, in a system where a certain color attribute is set to ‘red’, there will be one instance
of the Preference class holding the name of that colobuaiitri the possible values that it
could take, and fact that it is currently taking the ‘red’ value.

5.10.2.1.8ettings Component

The Setting component represents a group of Preferences with an assigned value. It is a set of
pairs, comprised of a preference hame amggdlen value, intended to be saved and loaded as a
group (when, for example, using canned settings)
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5.10.2.1.BreferenceManager Component

This component is in charge of managing individual Preferences within the system. All
operations to be performed on Prefereabgcts must go through their PreferencesManager,
as it is the class with the responsibility of knowing and handling their information.

5.10.2.1.8torageFront Component

The StorageFront Component is in charge of storing and retrieving preference values into
persigence. It is the only component allowed such access to the physical media where these
values are stored, and any classes needed to make use of them must present a request to do so
to the StorageFront.

5.10.2.1.5ettingsManager Component
This component is in chargé gaving and loading Settings upon request within the system.

5.10.2.1.8ser Component

The User Component is in charge of holding and accessing a sole Settings component. This
particular Settings component holds all the preference values stored for this patdsmidar

The User class is the sole responsible for accessing these values, whether for loading or for
saving.

5.10.2.1.Group Component

The Group component may hold one or many Preference objects in the systeminvpie
grouping was elicited To represent a tree stture, the Group object will hold either
Preferences or Groups, as leaves and branches of said tree, respectively.

Table5.105: Usability Guideline: Higgwvel Design Component Responsibilifesferences

System Responsibility Generic Component Responsibilities
PREF_SR Set A Preferenceomponent holds the information related to a single ‘live’ system preference
Preferences name (i.e. Background color), #ibjgogalues (i.e. green, red, blue) and the current active va

have. A preference is ‘live’ once it's been loaded (as opposed to sefireffirenoey be stored
the hard drive for later use)

A PreferencesManagemponent is respomesiior knowing, handling @tdevingll livePreference
components within the system.

ASettingComponent represents a group of predetermined value pairs (prefepratererarrevalu
that can be loaded from the hard drive (thrddignathef®ntComponent) and rolled out into th
preferences.

TheStorageFroabmponent represents the link between the application logic and the reposi
preference values are savesketngyill load its values througtstheageFranas onl this class ha
direct access to the information stored in the hard drive (or other media).

A Usercomponent represents a system user if different users are required to hold different
opposed to having global preferences for the éoéti@phdseris responsible also for holdin
own defauBettingif one exists.

PREF_SR Providedefault | ThePreferenceomponent is also responsible for knowing what (if any) is its default sethirg

values itself to that value if/when requested by the Ul

PREF_SRAllow ‘canned | A SettingsManagstresponsible for loading s&etthg when asked by thie

settings’

PREF_SR Organize If preferences are to be groupBthep Componéstresponsible for holding related preferences
preferences providing tHelwith them.
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5.10.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for a MVC architectureetdl Components instantiated byiew the
object(s) and takes over all of its responsibilities except for the delegation of actions to other
objects. This responsibility falls on ti@ontroller object(s) of the MVC architecture.

The PreferenceComponent isrepresentedby Preference class and covers all of its
responsibilities. It holds the currently assigned (or active) value that the user has last set it to,
or that has been loaded from persistence. Preference objects are always contained within a
Setting object, desiired below.

The SettingComponents represented by thgetting class,and it is responsible for managing
Preference objects. So called ‘canned settings’ are represented, for example, by a single
Setting object containing a certain number of preferencds avi assigned value. Such a
setting would be loaded or ‘rolled out’ when a user calls for a ‘canned setting’ to be loaded.
Another use for the Setting object is to contain a single User’s (or the application’s) desired
preference values. In muitiser sytems, each User will contain a single Setting object,
holding and managing all of its preferences at all times.

The PreferencesManager Componesntepresented by thiereferencesManagerclass,and
covers all its responsibilities. It is responsible for oirtg modified Preferences to be saved,
and to retrieve them when requested by the View.

The StorageFront Component is represented bptbegeFront parent class, and by any of

its subclasses. These classes are responsible for storing any saved dgiteeto pdysical
medium. Each subclass &torageFront implements this functionality for each needed
particular physical medium. For example, if only a database is to be used, the StorageFront
componentwould have a DatabaseStoragefrsubclass implementinthis functionality. If

later on it becomes necessary to provide additional storing capabilities unto text files, for
example, a TextFileStorageFront subclass would be created and used as needed for this
purpose.

The SettingsManager Componestrepresentd by theSettingsManagerclass,and covers
all of the components responsibilities. It is responsible for ordering newly created settings to
be saved, and to retrieve them when requested by the View.

The User Component’s responsibilities are carried ouhbéYser class, in charge of holding
and managing its Setting object, containing all of the user’s preferences.

Finally, the Group Component is represented by @reup class for organizing and
arranging Preferences in the desired structure for displineiNiew.

Table5.10-6 details the Lowlevel Design Component Responsibilities described above and
how they carry out each of the System Responsibilities for Usability. For each of these, the
sequence of actions required by th#edent objects is presented as well as a set of UML
diagrams that depict each of these interactions.
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Table5.106: Usability Guideline: Ldevel Design Component Responsibilities (MPY€ferences

SystemResponsibility Objects Fig
View Controller User Setting StorageFront Preference Preferences
Manager
PREF_SR SetPreferences| 1. TheV/iewlistens for | 2. TheControllefiorwards | 3. TheJser 4. For each value semtrefVals[theSetting | 5. The 5. EacliPreference Figure
user calls to save a | the request and list of requests its object within thiseupdates its internal Storagefeont object updates its val 5.165
group of changed preference values to the | Settingobjecto | Preferencebjects. stores the saved | to be the new value
preferencedf they appropriatdser(or a update all of th{ 6. TheSettingaves itself once all of its intg Settingbject to | sent.
belong to inddual Preferences Manater sentpreference| Preferencdsave been updated the appropriate
user, userld is sent. || ‘global’ preferences) values persistence
forwards the request medium.
theController
1. TheViewlistens for | 2. TheControllelequests 3. TheSettingbject rolls itself out by loadit 4. The 7. ThePreference 6. ThePreferences | Figure
user calls to load his | the appropriatéser(or a of its prefalue pairs from BiwrageFroahd | StorageFroldads| object updates itself { Manageorders each 5.164
prefs (or the systenin Preferences Manager loading them onto the Hveferencesia the| all of the prehlue| requested by the Preferenc® update
case of ‘global’) ‘global’ ) theettingbject PreferencesManager. pairs belonging t{ Preferences Manage| itself with the new
and requests itrt@lOut() 5. For each pref name in the receivedlpes theSettingn value

pairs, th&ettin@sks th@referencesManag question and

to update the corresponBiederencebject | returns them to if]

(live) with the designated value.

PREF_SR Providedefault | 1. TheV/iewlistens for | 2. The Controller request 3. TheJser 4. The Setting orders daatierenc® reset | 7. TheStorage 5. ThePreference Figure
values user calls to reset the the appropriate user (or | forwards the cg itself to itdefwultValue Frontvrites the | object, responsible fq 5.107
default values for a | Preferencdsanagein case| to its Setting | 6. TheSettingaves itself via tBorageFront update®ettingo | knowing and setting i
group of preferences| of ‘global’) to reset the gr| object the appropriate | default value, sets its|

forwards the call to th of prefs. to its defaults storage medium.| currentValue that
Contradir defult
PREF_SRAllow ‘canned | 1. TheV/iewlistens for | 2. TheControllaequests 3. TheSettingbject rolls itself out by loadit 4. The 7. ThePreference 6. ThePreferences | Figure
settings’ user calls to load a | theSettings Managke of its prefalue pairs from BiwrageFroahd | StorageFroldads| object updates itself { Manageorders each 5.166
canned setting. It Settingbject and request loading them onto the Hveferencesia the| all of the prehlue| requested by the Preferenc® update
forwards this request to rollOut() PreferencesManager. pairs belonging t{ Preferences Manage| itself with the new
along with thsettingld 5. For each pref name in the receivedlpes theSettingn value
to theController pairs, th&ettin@sks th€referencesManag question and
to update the corresponBiederencebject | returns them to if]
(live) with the designated value.
PREF_SR Organize 1. When preferences Figure
preferences are loaded, theéewis 5.14

responsible for
displaying them as
groupsl/trees if
applicable

18«



5.10.2.3 Usability Software Design Meta-models

These UML diagramsepresent théow-level Design Component Responsibilitigsscribed
in earlier. The following sections describe the class diagram and the classes involved in this
feature and their interrelationships, followed by the descriptions of the sequence diagrams.

5.10.2.3.Class Diagram

Figure 5.103 below shows the class diagram for fReeferenceg$eature. The main objects
involved are the View, Controller, Preference, Group, PreferencesManager, User, Setting,
SettingsManager, StorageFront, StateStorageFront and DatabaseStorageFront.

Figure5.103: Usability Design Metaodel. Class diagrafreferences

5.10.2.3.8equence Diagram “Load Preferences”

Figure 5.104 shows the sequece diagram fotoading preferences, coveririge Low-level
Design Component Responsibilities PREF SR1. This sequence starts when the user
(directly or indirectly) requests to load his preferences. This request is forwarded to the
controller who knowsghat a User’'s preferences are stored in its Setting object. As such, the
Controller locates the apropriate User, and invokes its Setting object to rollOut(), meaning it
will load all the necessary preference values for the Controller to then do what ivitius
them. For example, if ‘Language = Spanish’ is one of the prefenaaoe pairs that are
loaded, the Controller will continue execution by performing the actions needed to display
Spanish text. This is obviously outside of the scope of the pressnté as it depends solely

on the domairspecific requirements for the project.

In order for the Setting to be rolled out, it must order the StorageFront to load its stored
preferencevalue pairs. Once these are loaded, it orders the PreferencesManagerttese

values onto the active Preferences one by one. Once the active preferences are loaded with the
stored values, the control returns to the Controller object, who moves on to taking any further
actions, if needed.
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Figure5.104: Sequence Diagram “Load Preferend&®ferences

5.10.2.3.8equence Diagram “Save Preferences”

Figure5.105 shows the sequence diagram for saving preferences. This diagram covers all the
object responsibilfies listed folPREF SR1.

Figure5.105: Sequence Diagram “Save Preferenéagferences

This sequence starts when the user requests for his preferences to be saved (for example, after
having changed tme). The View forwards this request to the Controller, with the userld (if
applicable) and an array of preferen@due pairs. As it is the User object’s responsibility to

store its own preference values (inside its Setting object), the Controller fortbasds
information to the User of userlde, invoking its savePreferences method.

For every prefereneealue pair passed to the User, the corresponding Preference object is
retreived from within the User's Setting object. That Preference’s value attribuberis t
replaced by whatever value was contained in the aforementioned prefeadunegair. Once

all Preferences in the User’s Setting have been updated with the new values, the newly altered
Setting is ordered to be saved to persistance by the appropdedges-ront.

5.10.2.3.8equence Diagram “Load Canned Setting”

This sequence covers the System ResponsilfiREF SR1 and is shown ifrigure5.10-6.

It is nearly identical to the one described in sectoh0.2.3.2Sequence Diagram “Load
Preferences” except the preferences being loaded in this case are not those saved for a
particular user, but rather a ‘canned setting’. This difference can be seen graphically in the
call to getSetting(settingld) not being made to a User object, but rather to the
SettingsManager, in charge of loading these type of sysfelm settings. This called is
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triggered by the user requesting to load a particular canned setting and results in that setting
object(canned_s) being returned to the Controller

Once the Controller has the Setting object it orders it to roll out, meaning that said setting will
order the StorageFront to load all of its preferevaleie pairs from persistence. For each of
these pairs bemn loaded, the Setting will ‘fill in’ the values in the ‘live’ Preferences,
effectively loading them as request€&hce the active preferences are loaded with the values
for these canned settings, the control returns to the Controller object, which mot@s on
taking any further actions, if needed.

Figure5.106: Sequence Diagram "Load Canned Settings". Preferences

5.10.2.3.5equence Diagram “Reset Default Values”

This sequence, shown Figure 5.10-7, starts when the user requests the View to reset the
default values to a set of preferences. This can be a single preference being reset to its default
value, a few selected preferences needing to be reset, or resetting all preferences to default.

The request to reset the selected group of preferences is forwarded to the controller who, in
turn, requests the appropriate user to reset those preferences foiSitsdHtrly to saving

regular preferences for a user, reseting the default valuedtarences means that for every
preference passed to the User, the corresponding Preference object is retreived from the
User’s Setting object. That Preference’s current value attribute is then replaced by its default.
Each Preference is responsible for Witeg (having an unalterable attribute) its default
value.Once all the selected Preferences have been reset, the newly altered Setting is ordered
to be saved to persistance by the appropriate StorageFront.

Figure5.107: Sequence Diagram "Reset Default Values". Preferences



5.11%Favorites Usability Guideline for Software Development

The FavoritesFunctional Usability Feature covetise user's need to bookmark and keep a
collection of favorite places within an dation. When the array of places that users can
visit within an application is vastheywill need a way to remember those of interest to them
and retrieve them easily at a later time.

The Usability Guideline forSoftware Development is made up of Argdy and Design
artifacts, described for th&arningfeature in the following two sections.

5.11.1Usability Guideline for Software Development: Analysis artifacts

There are fourartifacts to be used during the analysis phatiee Usability Elicitation
Guideline,the Usability Elicitation Clustersthe Usability Use Case Metaodels the System
Responsibilities for Usability. These artifacts are described in the following four sections.

5.11.1.1 Usability Elicitation Guideline

Table5.1141 shows he Usability Elicitation Guidelindor the Favorites Function&lsability
Feature.Thereare two HCI recommendatiornis this guideline covering what the Favorites
list is and how it should be structuréithese recommendations are explained below.

5.11.1.1.Favorites List

HCI authors suggest that users need to record their points of interest within an application in
order to return to them later (F_HQ). Points of interest can lie within the application itself
(i.e. marking an email as ‘important’ within an emaibgram, to easily identify it and return

to it later) or beyond the scope of the applicatice & webbookmark, within the application,

that loads an external website). This subtle but significant difference sheutwrefully

noted in each caseéuring the elicitation phase (F _ELAB). Discussions should revolve
around defining a bookmark (or ‘favorite’), how they will be stored, what information they
will hold, how they will retrieved and the maximum number (if any) of bookmarks that can
be saved inie application (F_€1 to F_Q5).

Table5.1141, example F_EXL “Favoritesin Navigation” describes an example for this HCI
recommendation.

5.11.1.1.Favorites List Structure

HCI authors suggest that if the list of bookmarks gets too loegyudkr should be allowed to
structure it or rank it for ease of access (F_12LIThe most common way to organize a list
of bookmarks is by allowing the user to sort them in folders. Another, more rseinigy
technique is the tagging of bookmarks (F AB-2). Stakeholders must discuss which means
the system must provide the userdgorting bookmark¢F Q-4 to U_Q6).

Example F_EX2 “Browser Bookmeks” in Table5.11-1 describes an example for this HCI
recommendation.

18¢



Name Favorites

Table5.111. Usability Requirements Elicitation Guidefiagorites

Family User Profile

Aliases Bookmark#?2] Favourit

F_HGL Favorites list

Let the user make a record of their points of inte
that they can easily go back to them later. The u
should be able to label them, siareare in a bette
position to choose labels that are memorable to
Save the list for later [dsd

Users need to temporarily gather a set of items {
use. Allow users to build their list of items by sel
the tems as they are viewing tfEh.

F_ELABL Favorites scope

Points of interest, or bookmarks, can be more than simpl
locations within the application. They can also be outside
scope of the application as is the case ofieBdist of URLY
gathered within a “home” website.

Will user be allowed to collect bookmar
locations into a “Favorites” list?

If so, what constitutes a bookmark?
How will the user add these bookmarks
Favorites list?

How will the user rei¢he contents of th
bookmarked item?

How many bookmarks is the user allow|
add to the Favorites list?

F_Q2

F_EXt Favorites in navigation

In applications where users navigates throu
(ordered or unordered) “spaces”, not havin
means to keep track of pldagssthe would lik
to revisit can be frustrating for the user.

A lack of such a mechanism would limit the
potential within the applicaticndihmerce
site, for example, user may not remember i
s/he intends to buy later)

F_HGP Structuref the Favorites list

If the list becomes long, allow users to stifd&lre
Support at least an ordered linear organization,
user can rank them according to whatever criter
choose; if possible, suppgroaping structure of
some kinf#2]

F_ELABR Structure: Folders and Tags

The grouping of bookmarks is usually done by means of
“folders” or “tags”. In the case of folders, a boekmgsk

the folder where they are placeidcan only exist in one fold
at a time.

Tags, conversely, are assigned bookmarks. One bookmg
have many tags, and the same tag can be assigned to m
bookmarks.

Will the Favorites list be structured?

If so, will structuring be done linegrly or

groups?

If linearly, what will be the ordering critg

If grouped, will grouping be static (folde|

and/or dynamic (tags)?

F_Q10 How will a bookmark be added to a fold
applicable)?

F_Q11 How will a bookmark be tagged (if

applicable)?

F_EX2 Browser Bookmarks

One a favorites list contains more than just
browser bookmarkiading a bookmark becor|
a daunting task. The usefulness of the list i
diminished by the user’s inability to find sor
they've previously saved.




5.11.1.2 Usability Elicitation Clusters

The Usability Elicitation Guideline suggestsine discussionsitems to be held with
stakeholders in order to elicit all aspects of FHa@oritesFunctional Usaltity Feature. These
discussion itemgan be clearly dividednto six clusters, as described the Usability
Elicitation Cluster Map in shown iRigure5.11-1, according to the portion of the Favorites
functionality that they cover.

F EC 1

F EC 2

F EC_3

F_EC_4

F EC 5

F EC_6

Adding bookmark to favorites list: The discussion items in this cluster cover
determining wiether favorites will be needad the system and if so, what they
will be and how they’ll be collected.

Retrieving bookmark: Once it is established what constitutes a bookmark,
stakeholders must define how its contents will be retrieved.

Structuring favor ites list: These discussions deal with determining, for large sets
of bookmarks, how they will be organized. Options include linear lists and groups,
where groups can be dynamic or static (see below)

Determining order criteria: If lists are to be lineartimust be determined in
which ways they can be sorted. These discussions deal with the different criteria
that might be used for doing so.

Grouping bookmarks: If stakeholders decide that bookmarks will be grouped
statically (into classic folders), it mulse determined how a bookmark or group of
bookmarks will be added to such groups.

Tagging Bookmarks If tags are to be used for grouping bookmarks

(dynamically), stakeholders must determine how tags will be associated with
bookmarks, i.e. how tagging wikhke place.
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Figure5.111: Elicitation Clusters. Favorites
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5.11.1.3 Use Case Meta-model

The Use Case Metmodel for theFavoritesfeatureis shown inFigure5.112 (Seepage71
for cdor legend), in which six use cases are identifieddastribed below.

F_UC_1CreateFavorite: This use case begins when the user requests to bookmark an
object. This implies adding it to the favorites list (AddToList) and can entail adding
it to a group (Group) or tagging it (Tag)

F _UC _2AddTolList: The CreateFavorite use case triggers this use case. It entails adding a
newly created bookmark to the favorites list.

F _UC _3Tag: A tag or tags are associated to the newly created bookmark. Many tags can be
associated with one or mobookmarks.

F _UC _4Group: The newly created bookmark is added to an existing group. A bookmark
can only be added to a single group at a time

F_UC_5ViewFavorites: The user requests to see a full list of all the saved favorites. Upon
displaying the list, ViewFavoritasust first call for the bookmarks to be sorted first,
as determined at elicitation time (if applicable)

F_UC_6 SortFavorites: This use case is invoked from within ViewFavorites and involves
sorting the bookmarks as requested for display.

Figure5.112 Use Case Metaodel. Favorites

As mentioned above, the applicability of each of these use cases will depend on the results of
the elicitation process. If during elicitation of tRavorites Functional Usability Fesme it is
determined that, for example, no tags will ever be used, then the-B _Uu$€ case will be
excluded from the modelJse cases also depend on one another. These dependencies are
shown inTable5.112 we cansee the followig

» TheCreateFavorite use case will invariable need tAddToList use case, as the newly
created bookmark will need to be stored after creation. Creating a favorite may require
tagging or grouping, but neither action would impede this use case.

» ViewFavoriteswill need theSortFavorites use case to be viable (conditionally, hence
the asterisk) only in the instances where some kind of sorting was determined to be
required at elicitation time.

 Finally, every use case will nedtireateFavorite because a bookmanmkust exist in
order for these three use cases to be viable

Table5.112 Usability Use Case Dependencies: Favorites Functional Usability Feature

F_uct F_uc2 F_uc F_Uc F_UGs F_UGs

Create Favoritel Add ToList Tag Growp View Favorites Sort Favorites
F_UCL CreateFavorite - X
F_UC2 AddToList X -
F_UC3 Tag X
F_UX4 Group X -
F_UGs ViewFavorites X X*
F_UGs SortFavorites X -




By looking at the columnst becomes evidenhat the CreateFavorite use case is core to the
Favoritesfeature Furthermore, all but the CreateFavorite and AddTolList use cases could
potentially be discarded and still the Favorites feature would be viable (bookmarks would
only be created and storedhis would be the minimal expression of this feature.

5.11.1.4 System Responsibilities
Table5.11-3 shows the proposeslystem Responsibilities for the Warnifegature.

Table5.113 System Rgwonsibilities List for Favorites

System Responsibilities List for Undo
F_SRL Create Bookmark
The system must storb@kmarks upon creation by the user
F_SR2 Retrieve Bookmark
The systemrovide a way for retrieving each bookmark’s conte
F_SR3 Set order criteria
Thesystem must provide ways for the user to sort the bookma|
F_SR4 Group bookmark(s)
The system must allow ugensp bookmarks in folders
F_SR5 Tag bookmark(s)
The system must proeideay to tag bookmarks

These System Responsibilities are derived from the Usaklicitation Clustersasfollows:

F_EC_1 Adding bookmark to favorites list: This cluster contemplates creating a
bookmark and saving it. lyields one System Responsibiliti. SR-1 Create
Bookmark.

F_EC_2 Retrieving bookmark: This cluster holds a single stakeholdeiscdssion,
regarding the method through which bookmarks will be retrieved, giving way to a
single System Responsibiliti. SR-2 Retrieve Bookmark.

F_EC_3 Structuring favorites list: This cluster contains discussion items aimed at
defining the exact structure ofavorites list. It does not yield a System
Responsibility on its own, but rather in conjunction with the next three clusters,
which deal with the specific types of structuring available.

F_EC_4 Determining order criteria: Together with F_EE3, this elicitation clster yields
the System Responsibilit}_SR-3 Set order criteria. If it is determined that the
favorites list will be structured linearly (as opposed to in groups), this cluster will
determine what the ordering criteria will be

F_EC_5 Grouping bookmark(s): Togetler with F_EG3, this elicitation cluster yields the
System Responsibilityk_SR-4 Group Bookmark(s). If the favorites list is to be
structured in groups, the discussion items in this cluster will determine the method
for grouping bookmarks staticallyn(folders)

F_EC_6 Tagging bookmark(sy Together with F_EG3, this elicitation cluster yields the
System Responsibility=_SR-5 Tag Bookmark(s). If the favorites list is to be
structured in groups, this cluster will determine how bookmarks will be grouped
dynamically through assigned tags.

Table 5.11-4 maps these relationships between the Usability Elicitation Clusters and the
Usability System Responsibilities for easy reference. Any project determined to require a
specific cluster will alsaequire its related System Responsibilities. Likewise, if a cluster is
discarded during elicitation, its related responsibilities will not be a part of the resulting
system.
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Table5.114 Use Case/ System Resgibilities Mapping for Favorites

Use Cases Dependent Responsibilities
F_ECI1 Adding bookmark to favorites list F_SR1 Create Bookmark
F_EG2Retrieving bookmark F_SR2 Retrieve Bookmark
F_EG3 Structuring favorites list F_SR3 Set order criteria

F_SR4 Group Bookmarks
F_SR5 Tag Bookmarks

F_E&4 Determining order criteria F_SR3 Set order criteria
F_EG5 Grouping bookmark(s) F_SR4 Group Bookmarks
F_EG6 Tagging bookmark(s) F_SR5 Tag Bookmarks

5.11.2AJsability Guideline for Software Development: Dagifacts

The design artifacts of the Usability Guideline for Software Development for the Favorites
feature are described in the following sections. $kstem Responsibilitiedescribed above

are brought to a lower abstraction levelHigh-level DesignComponent Responsibilities in
section 5.11.2.1 Section 5.11.2.2 expresses themas Low-level Design Component
Responsibilities for MVCFinally, sectiorb.11.2.3showsthe Usability Design Metanodels.

5.11.2.1 High-level Design Component Responsibilities

To support the System Responsibilities at design level, the following sections describe the
suggested Higlhevel DesignComponent$or the Warningfeature, shown iffable5.115.

5.11.2.1.User Interface (Ul) Component

This component is responsible for capturing all user invocations and forwarding them
(possibly through a delegating component) to the appropriate part of the domain, usually that
responsible for executing the invoked action. Specifically for fémidure callsto create a

new bookmark or to view the bookmarks lege captured by the Ul Componeiitie Ul
Component is also responsible for relaying information to the user, including appropriate
feedb&k after an actin has been executed, as is displaying the bookmarks list when
requested.

5.11.2.1.momain Component

A Domain Component represents the part of the system that is ultimately responsible for
executing the actions requested by the Usdhis case, th domain component represents the
bookmarked object, if applicable.

For example, in the case of a browser with bookmarks that point to existing websites, all the
information about the bookmark is contained within it, and the bookmarked element (the site)

lies outside of the scope of the feature. In such a case, no DomainComponent would be
needed.

In a contrasting example, when working within photo organizing software like Picasa or
iPhoto, favorites tend to be pictures or groups of pictures, which azetsipat do indeed lie
within the scope of the feature and must be represented by the appropriate
DomainComponent.

5.11.2.1.BookmarkComponent

The Bookmark component holds all the information pertaining to the object being
bookmarked. It is responsible for contimd this information, including any tags that may be
assigned to it

5.11.2.1.6roupComponent

The Group Component may hold many Bookmarks, yet a single Bookmark may belong to
only one Group at a time. Groups can belong to Groups in the same way, providing for nested
grouping (trees).
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5.11.2.1.9ag Component

The Tag Component holds a tag’'s information. One tag can be associated to many
Bookmarks at any one time and \igersa.

5.11.2.1.6avorites LisComponent

This component is responsible for holding all of the Bookmarks and/or Godugzmsokmarks
when applicable. It is also responsible for setting the ordering criteria as requested
user. No more than one instance of this component should exist within the system

given time.

Table5.115: Usability Guidelinélighlevel Design Component Responsibilifies/orites

System Responsibility

Generic Component Responsibilities

F_SRl Create bookmark

The Ul Component is responsible for listening datlsusercreate a new bookmark. It is
responsible for gathering the information about the newly created bookmark. This inforn
the minimum bookmark details (i.e. name, address) but can also contain any groups th
add thebookmark to or any tags the user wishes to append to the bookmark. Additio
information is also encouraged.

The delegating component (if any) must forward the call to create a bookmark along with
a FavoritesList Componkme. FavoritesList Component is responsible for keeping bookmar
and for their storage/retrieval

F_SR2 Retrieve bookmark

The Ul Component is responsible for listening for user calls to load an existingdsokrine
user could provide specific information about a single bookmark (i.e. name) or informatiq
or groups that may yield a list of more than one bookmark.

In either case, a delegating component (if any) forwards the call andthleeFdatrites Li
Component for retrieval

The Favorites List Component uses the data provided to filter through its bookmarks
those that match the user’s request

The Ul Component (through a delegating component, if any) reteifvbedkmdirks and pron
the user to select the one s/he wishes to load

Upon selection, the Ul is also responsible for loading the chosen bookmark (i.e. if it's
responsible for making the necessary calls to domaioutidsethecspe of this pattetn load
the desired website)

F_SR3 Structure Favorites
List: Set Ordering Criteria

The Favorites List Component is responsible for keeping its bookmarks in the order spec
It's respondibfor providing different means of organization for the user to choose from .

The Ul Component is responsible for listening for user calls to set a new ordering criterion

The delegating component (if any) must forward the call to the FavotitesilLise¢t Wecne
ordering criterion as ‘active’

F_SR4 Structure Favorites
List: Group Bookmark(s)

Bookmarks can be added to groups atioreate aftehefact. In the latter case, the Ul Comp
listens for user calls to add an existing bookmark to an existing group.

The delegating component (if any) locates the appropriate group and orders it to add
bookmark

Groups can hold many bookmarks and one bookmark can reside in only one group at a ti

F_SR5 Structure Favorites
List: Tag Bookmarks

Bookmarks can be tagged at dneegt@r aftehefact. In the latter case, the Ul Component lis
user calls to add a tag (or tags) to an existing bookmark.

The delegatingraponent (if any) locates the appropriate bookmark and orders it to add (
tags introduced by the user.

Tags are assigned to bookmarks. One bookmark can have many tags and one tag cal
many bookmarks
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5.11.2.2 Low-level Design Component Responsibilities for MVC

When instantiating for a MVC architecture, the Ul Comporisrihstantiated byiew the
object(s) and takes over all of its responsibilities except for the delegation of actions to other
objects. This responsibility falls on ti@ontroller object(s) of the MVC architecture.

The DomainrComponent igepresented byBookmarkedElemert, andrepresents the object
that a bookmark may link to if it lies within the scope of the application, as explained earlier.

The Bookmark, Tag and Group components are represented by the objects of the same
name, and cover all of their functionalities, respectively.

Table5.116 details the Lowlevel Design Component Responsibilities described above and
how they carry out each ofi¢ System Responsibilities defined in sectob.1.4 For each
System Responsibility, the sequence of actions required by the different objects is presented

as well as a set of UML diagrams that depict each of these intermctio

Table5.116: Usability Guideline: Ldevel design component responsibilities (Mv&jorites

System Objects Fig
Responsibility View Controller Bookmark FavoritesCollection | Group
F_SRl Create|1. TheViewlistens for calls fro|2. TheController, |6. The 3. Theé~avoritesCollectio Figure
bookmark the user to create a in turn, orders the |Bookmar&dds|createss newBookmark 5114
newBookmar k(). Aside |FavoritesCollectioras many object with the
from th@ookmar ki nf o, saidto create the new |t ags[] as |corresponding
call can include a group to a(bookmark with thisare passed orbookmar ki nf o.
the bookmark to and a list of|information unto itself 4. If a group was sent a
tags[] to add to the new in the call, the newly
bookmark created bookmark to sa
2. TheViewpasses othe group. If no group was
information and the call to th then the bookmark is aq
Controller to a default group.
5. If tags[] were sent alg
theFavoritesCollection
passes them on to the
newly creatd@bokmarkf
no tags were sent, no tg
are added to tBe@okmark
F_SR2 1. TheViewlistens for calls fro| 2. TheControllein 3. TheéravoriteSollection Figure
Retrieve the user tget () existing turn, orders the filters its bookmarks an 5.115
bookmark bookmarks according to a gijFavoritesCollectio returns only those matc
criteria and forwards them toload all the the criteria to tA®ntrolle
Controller bookmarks (if any
5. TheViewprompts the user tthat match the crit¢
select, from among the receil4. TheController
bookmar ks[ ], the one that|forwards the result
s/he wishes to load list of
6. When the user selects a |bookmarks[] to
bookmark, thdewmakeshte |the View
necessary method calls to lg
theBookmark
F_SR3 1. TheViewlistens for callsrro| 2. TheControllein 3. Theé~avoritesCollectio Figure
Structure the user to turn, orders the sets the new ordering 5.116
Favorites List;set OrderingCriteri a( |FavoritesCollectiol criteria as ‘ae¢’ and use
Set Ordering |) over the list of bookmarks.|sort itself accordin it to sort the list of
Criteria forwards said call toGtuentrollg bookmarks
F SR 1. TheViewlistens for calls fro|2. TheControllehen 3. Figure
Structure the user to ordersiewGr oup oldGroup|5.1%7
Favorites ListjaddBookmar kToGr oup() . |to add the bookmg removes
Group It forwards saidlkto the unto itself, but only the
Bookmark(s) |Controller after ordering said Bookmark
bookmark to be and
removed from newGrou
ol dG oup adds it
F_SRs 1. The View listens for calls {2. TheController |3. Bookmark Figure
Structure the user to orders thBookmark adds the tags 5.118
Favorites ListjaddTags ToBookmar k() . It|to add the tags un
Tag forwards said call to@oatrollditself
Bookmarks
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5.11.2.3 Usability Software Design Meta-models

The UML diagrams below represent thd_ow-level Design Component Responsibilities
described inearlier. The following sections describe the class degrand the classes and
interrelationshipsnvolved in this feature, followed by the sequence diagrams.

5.11.2.3.Class Diagram

Figure5.113 below shows the clagfiagram for the Favorites Functional Usability Feature.

As described in théow-level Design Component Responsibiliti€able (seeTable 5.2-6),

the main objects involved are the View, Controller, Bookmark, Tag, Group,
FavoritesCollection. The first two, fulfilling their role within MVC, respectively captand
distribute the user calls to perform actions. The FavoritesCollection singleton is the gateway
for accessing bookmarlesd sorting them as requestadether they belong to groups or not.

The Group class holds one or more Bookmarks, all which neataggged by one or more
Tags. Each bookmark holds an array of strings as part of their identification information as
well as the list of tags associated to it.

Bookmarks are responsible for tagging themselves as requested.

Figure5.113: Usability Design Metaodel. Class diagram. Favorites.

5.11.2.3.8equence Diagram “Add Bookmark”

Figure 5.114 shows the sequence diagram for tHeow-level Design Component
Responsibilitiesof F_SR1 as desdbed in Table 5.2-6. This diagram covers all the object
responsibilities associated with creating a new bookmark and storing it. It starts with the
user's request to create a new bookmark. The view captures all the bookmarlaiitiorm
along with that of any groups it is to belong to or tags it must hold. It passes this information
to the Controller which forwards it to the FavoritesCollection.

The FavoritesCollection is the one responsible for creating the new bookmark with the
provided information, tagging it (if applicable), finding the appropriate group and adding it to
it (if applicable). If no group was selected upon creation of the bookmark, FavoritesCollection
adds it to the defaultGroup, an instance of Group holding suphaa’ bookmarks.

Classes and methods depicted in purple represent they belondg-avtiréesfeature. For the
full color legend sepage71.



Figure5.114: Sequence Diagram “Add Bookmark”. Favorites

5.11.2.3.8equence Diagram “Retrieve Bookmark”

Figure 5.1156 shows the sequence diagram for F_BRhis diagram covers all the object
responsibilities related to retreiving a bookmark.

This sequence starts when the user selects a prgvitosed Bookmark from the Favorites
List. The View receives this request and passes it on to the Controller, which in turn requests
the FavoriteCollection to return the Bookmark matching the request.

Figure5.115: Sequence DiagrarRétieve Bookmark”. Favorites.
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5.11.2.3.8equence Diagram “Set Order”

Figure5.116 shows the sequence diagram for F-ERovering all the object responsibilities
listed for sorting the Favorites List. It starwhen the user sets a new order criteria by, for
example, clicking on the header of a colum where the bookmarks are shown (i.e. clicking on
the ‘date’ column would order the bookmarks by date added). This call is forwarded via the
Controller to the FavitesCollection, which sets the new criteria (c) as the ‘active criteria’.

Figure5.116: Sequence Diagram “Set Order”. Favorites.

5.11.2.3.5equence Diagram “Add Bookmark to Group”

Figure 5.11-7 shows the sequence diagram for F-&RThis diagram covers all the object
responsibilitiedisted for adding a bookmark to a group. The sequence starts when the user
requests to add an existing bookmark to a new group. The View gathers this informatio
along with the group currently holding the bookmark to move (this would be the
defaultGroup for unsorted bookmarks). This call is forwarded to the Controller which finds
the current group, removes the bookmarks, finds the new group and adds it to it.

Fgure5.117: Sequence Diagram “Add Bookmark to Group”. Favorites.

5.11.2.3.6equence Diagram “Tag Bookmark”

Figure 5.118 shows the sequence diagramr f& SR5 This diagram covers all the elof
responsibilities listed for tagging a bookmafke sequence starts when the user requests to
tag an existing bookmark. The View captures this information, including the tag(s) the user
may want to add to the bookmark. This call is forwarded to thdr@tar which finds the
bookmark in question and orders it to tag itself with each of these tags.

Figure5.118: Sequence Diagram “Tag Bookmark”. Favdrites.



5.12“Personal Object Spdddsability Guideline for Software Development

The Personal Object Spadaunctional Usability Feature coveafiowing the user to arrange
and manipulate objects graphically on screblsers may need to lay out and organize
application elements to his convenience and not be boupdeldetermined setups that may
restrict his performance

The Usability Guideline forSoftware Development is made up of Analysis and Design
artifacts, described for th&arningfeature in the following two sections.

5.12.1Usability Guideline for Software Development: Analysis artifacts

There are fourartifacts to be used during the analysis phatige Usability Elicitation
Guideline, thdJsability Elicitation Clustersthe Usability Use Case Metaodels the System
Responsibilitiegor Usability. These artifactare described in the following four sections.

5.12.1.1 Usability Elicitation Guideline

Table 5.6-1 shows the Wability Elicitation Guidelinefor the Undo Functional Usability
Feature. In this guideline, theisea single HCI recommendatipdescribed below.

5.12.1.1.Personal object space

HCI authors suggest that users should be provided with a canvas where they could arrange
things (i.e.graphic representations application functionality) to their liking. ROS_HC}1).

This is most commonly achied by allowing the user to organize objects within a grid,
though other presentations are poss{fl®S_ELAB1). During elicitation, discussions with
stakeholders must determine which objects will be suitable for arranging in a personal object
space (or &eries of spaces), how they will be organized and information on default object
positions and maximum number of objects allowgd.Q-1 to U_Q3)

In Table 5.6-1, example POS_EXA “iGoogle’s POS describes an example for this HCI
recommendation.
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Personal Object Space

Table5.121. Usability Requirements Elicitation Guiddiieesonal Object Space

Name

Family User Profile

Aliases Personal Object Sppts

Allowing the user to arrange and manipulate objects graphically on screen

User mageed tdayout and organize application elements to his convenienedanddbypdetermined setups that may restrict his

performance.

Applications for which a set of objects or functionality can be represented graphically in a canvas fore¢rendseseéo manipulat

Undo: Not considgrthe ‘undéaturevill mean that any changes to a user’s personal space (adding, moving, deleting objects) cannot be undone

Warning: Not considering the ‘w;

POS_HEI1 Personal object space

The user should be able to arrange things in a
woks best for him, since he knows more about
works than the artefact’'s designer does. This
can better remember where things aretlikaiteihs
are arranged for Hi#2] Allow users to place thi
where they wanat least in one dimension
preferably in two. It is tedious for the user to d
item placement themselves, especially if the
precision or a sorting order. So, start out

reasonable default layout. However, permit g
moving,grouping, aligning, “neatness” adjust
sorting and other layout operations. Do not cap
rearrange the user's space, only do automatic
the user specifically requestEhi.artifactshould
maintain the user’s layout between users.

avill mean that the system will not be able to alert the user about,

PCS_ELARL: Personal object space: layout

The Personal Object Space is most commonly
by using a grid in which to place objects, which
arranged by column, row, or both.

POS_QL Will users be allowed to align certain objects graphica
personalpace?

POS_2 If so, which objects?

POS_EB What is the maximum number of objects to lay out?

POS_@ How will objects be arranged on screen?

POS_& How will users move objects within layout?

POS_@& When an object is deleted, what happens to remaining

POS_Q Where will a newly createztbdfgll within arrangement?

POS_@ What will be the default arrangement?

POS_@ Will user be allowed to arrange objects within more th
space?

POS_QL0 How will users navigate between spaces?

POS_@1 What is the maximum number of spaces?

jom (which, when not undoable, might need to display a warnin

POS_EX-iGoogle’s POS

In iGoogle users are alloteeglace
‘widgets’ in their own personal g
space. Widgets are laid out in a
and distributed by columns.
Deleting a widget shifts the rest ¢
widgets in that column up.

Every new widget falls in the
position of the grid

Multiple spaseare allowed and th
are represented by tabs to g
navigation
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5.12.1.2 Usability Elicitation Clusters

The Usability Elicitation Guideline suggestdeven discussionsitems to be held with
stakeholders in order to elicit all aspects of Bexsonal Object Spa Functional Usattity
Feature. These discussion iteacas be clearly divided intthreeinitial groups, or clusters, as
describedin the Usabity Elicitation Clustes, shown inFigure 5.1241 according to the
portion of thePeisonal Object Spadenctionality that they cover.

POS_EG1 Arranging objects within space: The discussion items in this cluster cover

POS_EG2

POS_EG3

determining which objects will be suited for graphic arrangement on a Personal
Object Space (POS), the maximum number of objeetsnttay be allowed, how

the objects will be arranged on screen and how they will be moved around a
repositioned.

Handling default positions: This cluster deals with the state of a space after
object manipulation. Discussions entail determining what willpkapto the
objects in a space once one is deleted, or a new one is added or moved.
Stakeholders must also determine what the default arrangement for a space will
be, prior to user manipulation.

Managing multiple spaces: This last cluster contains discussiatems
regarding the need for having more than once space for laying out objects.
Should this need be present for a system, stakeholders must determine how
navigation among spaces will take place and the maximum number of spaces
that will be allowed.
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Figure5.121: Elicitation Cluster®ersonal Object Space
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5.12.1.3 Use Case Meta-model

The Use Case Metmodel for thePersonal Object Spackeature is shown inFigure
5.122(Seepage 71 for color legend), in which six use cases are identified and described
below.

POS_UG1ManageObject This is the parent use case for moving an object (POS_UC_3),
adding an object (POS_UC_4) and deleting an object (POS_UC_5) from the
personal object space. Thesse cases all have in common the fact that, after
each of their respective operations have been carried out (moving, adding,
deleting) in all cases, the space in which they were performed must be rearranged
around the change, as explained below.

POS_UG2Rearangespace Rearranging a space entails moving the space’s existing objects
so that they conform to a set of rules. Rearrangement only happens after an object
in the space has been ‘managed’ in some way (see use case above), possibly
leaving the space in an uable state, needing to be rearranged for that stability
to be attained once agaiRor exampleif a new object is deleted from a space,
other objects in that space may need to be repositioned to fill this newly vacated
spot. Similar scenarios play out ehmoving or adding objects

POS_UG3MoveObiject: This use case starts when the user picks up an object from the
space and moves it to a new position. This new position may be occupied or
empty. After the object is moved, the remaining elements of the space are
rearranged as/if needed

POS_UG4AddObject: This use case starts when the user selects the option to add a new
object to the space. The object can be added to a specific position of the space
(occupied or not) or to the ‘default’ position in the space to which nevetslgee
added.

POS_UG5DeleteObject Deletion starts when the user selects the object he wishes to delete
and then chooses the option to eliminate it from the space. The rest of the objects
in the space may have to be rearranged around the deletion (i.e. tat fiHeo
newly vacated position)

POS_UG6 GoToSpace When multiple spaces are allowed, this use case describes how the
user can switch from one to another

Figure5.122 Use Case Metaodel Personal Object Space
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As mentioned above, the applicability of each of these use cases will depend on the results of
the elicitation process. If during elicitation of tRersonal Object Spa¢ainctional Usability
Feature it is determined that, for example, multiple spaces willneeded, then the
GoToSpace (POS_U) use case would be discarded. Use cases also depend on one another.
These dependencies afeown inTable5.122, wherewe can see the following:

« The ManageObiject use case and all of its chikh need thé&RearangeSpaceuse
case, becausevery time an object is deleted/moved/added within a space, the rest of
the objects will most likely need to be rearrangeetbave the space in a stable state.

* The RearangeSpaceis included within theManageObject use cases, and needs
them to exist, because the user never calls it directly, only through these use cases.

» TheGoToSpaceuse case needs no other use case to be viable, as it is only a means
to move among spaces, regardless of the activities thatakaylace in them.

Table5.122 Usability Use Case Dependendressonal Object SpaEenctional Usability Feature

POS_ua POS_ue POS_U@ | POS_U@ | POS_G5 POS_U®
Manage Objec| Rearrange Spag MoveObject| AddObject| DeleteObject GoToSpace
POS_U&@ ManageObject - X
POS U@ RearrangeSpaci X
POS_ UG MoveObject X X
POS_Ud& AddObject X X
POS_UG DeleteObject X X -
POS_U® GoToSpace

By looking at the columns inTable 5.122, it becomes evident that, aside from
ManageObject, RearangeSpace is core t®#rsonal Object Spateature.

5.12.1.4 System Responsibilities
Table5.12-3 shows the proposed System Responsibilities for Usability for the present feature.

Table5.123 System Responsibilities List foersonal Object Space

System Responsibilities List for Undo
POS_SR Initialize space
The system must know how objects are repoeseatedn and the rules that govern g
POS_SR Move Object
The system must allow for objects to be moved within a space
POS_SRAdd Object
The system must allow for new objects to be added to a space
POS_SR Delete Object
The system must allow the user to deleterobjeatsiface
POS_SRManage multiple spaces
The system must allow the user to navigate from one space to another

These System Responsibilities are derived from the Elicitation Clusters as explained below:

POS_EG1 Arranging objects within a space:This cluster containghe discussions that
determine the ‘rules’ of every space (which objects are allowed, how they’ll be
arranged, etc.). It also deals with the rules governing object movement within a
space. As such, this elicitation cluster would yield two System Respdiesbi
namelyPOS_SR1 Initialize spaceandPOS _SR2 Move object.

POS_EG2 Handling default positions This cluster deals with the default positions objects
will go to when added to a space. Also, it details how after deletion/addition of a
new object into a spa¢ said space will regain stability (i.e. once again conform
to the rules mentioned above). This cluster then gives way to two more system
responsibilitiesPOS_SR3 Add object andPOS_SR-4 Delete object

POS_EG3 Managing multiple spaces This cluster focuses dmandling multiple spaces in
a system, producing one System Responsif®s _SR-5 Move object
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Table 5.124 maps the relationships between the Usability Elicitation Clusters and the
Usability System Responsibilities describedowdy for easy reference. Any project
determined to require a specific Elicitation Cluster will also require its related System
Responsibilities. Likewise, if a cluster is discarded during elicitation, its related
responsibilities will not be a part of thesulting system.

Table5.124 Usability Elicitation Clusters / System Responsibilities Mappiergonal Object Space

Elicitation Clusters Dependent Responsibilities

POS _E@ Arranging objects withinspace | POS_SR Initialize Space
POS_SR Move Object

POS_E@ Handling default positions POS_SRAdd Object
POS_SR Delete Object
POS E@GManaging multiple spaces POS_SK Move Object

5.12.2AJsability Guideline for Software Development: Design artifacts

The design artifacts of the Usability Guideline for Software Development for the Warning
feature are described in the following sections. $kstem Responsibilitiedescribed above
are brought to a lower abstraction levelHigh-level Design Component Respsibilities in
section 5.12.2.1 Section 5.12.2.2 expresses themas Low-level Design Component
Responsibilities(for a MVC architecture). Finallysection5.12.2.3preents the Usability
Design Metamodels for saidLow-level Design Component Responsibilities object
oriented class and sequence diagrams.

5.12.2.1 High-level Design Component Responsibilities

In order to support the System Responsibilities at design level, the follsedtignsdescribe
the suggesteHigh Level DesigniComponents for the Progrefesature, shown ifable5.2-5.

5.12.2.1.User Interface (Ul) Component

This component is responsible for capturing all user invocations and forwarding them
(possibly through a delegating component) to the appropriate part of the domain, usually that
responsible for executing the invoked acti®ior example, every time the user dragsl

drops an object in a space, the Ul must be aware of the move, anddfdrteathe part of the
domain responsible for determining what the move means

5.12.2.1.momain Component

A Domain Component represents the part of the sydtemtionality that is represented
graphically orscreen as aobject

For example,in an application likéGoogle the Domain Component is tlvédget (widgets
hold application functionalify An iGoogle space is made up of a grid of widgets that the user
can organize as he best sees fit.

5.12.2.1.Blaceholder Component

A Placeholder Component represents an unmovalalee pwithin a space, with a defined
position It is responsible for storingsingle objec{Domain Component) within a space.

5.12.2.1.8pace Component

A space is represented by the Space Comporidr Space Component is responsible for
rearranging ojects upon request from the Wdcording to a positioning schensee below)
whenever a new object is added, deleted or moved.

5.12.2.1.6lome Component

A Home Component is responsible for holgliall Space Componentk is responsible for
knowing the ordr in which spaces adaid out. It is also responsible for knowing which is the
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space to be loaded upon application startup, and whether more (or even all) spaces will need
to be loaded in the background when doing so.

5.12.2.1.@ositioning Scheme Component

This component is respob$t for knowingthe rules pertaining to how objects are laid out
within a spaceGiven any (continuous) point in the Ul, the Positioning Scheme Component is
responsible for determining/hat Position (see component below) it represents. It is also
responsite for knowing where the next empty position is, depending on its internal rules of
order (by column, by row, etc)

5.12.2.1.Position Component

A Position Component represents a place where a Placeholder Component can reside within a
Space Component.

Table5.125: Usability Guidelindlighlevel Design Component Responsibilifessonal Object Space

System Responsibility Generic Component Responsibilities
POS_SR Initialize A Spaceomponent is responsible for loading itself upon request. The Home component is resg
space knowing which space should be loaded at each time

POS_SR Move Object | A Placeholder Component represents an unmovablerptaspagihiwith a defined position, where
single object can be stored.

A Placeholder Component lives within a Space Component, which represents a single user sp
Component is responsible for rearranging objects upon request fronditige tola gaxsitioning schen
whenever a new object is added, deleted or moved.

A Positioning Scheme Component holds the rules pertaining to hoaiddjeetitlsirea spaiven
any (continuous) point in the Ul, the Positioning Scheme iSoegmmesible for determining a singl
Position. It is also responsible for knowing where the next empty position is, depending on its i
order (by column, by row, etc)

A Position Component represents a place where a Placeholder &orepmteewitbin a Space
Component.

POS_SRAdd Object | The Space Component is also responsible for knowing a set of default positions for its Placeh
user request to reset to one.

POS_SR Delete Object A Placehold@omponenthere an object resides is responsible for deleting it upon request by th¢
Componetihat contains it

POS_SK Manage A Home Component is responsiblddiorg multiple Space Components when needed. It is respo
multiple spaces knowing the ordemirich spaces are laid out (and which one is the first to be loaded upon applic

5.12.2.2 Low-level Design Component Responsibilities for MVC

When instantiating fom MVC architecturethe Ul Componentis representecby View
object(s) and takes over all of its responsibilities except for the delegation of actions to other
objects. This responsibility falls on ti@ontrollerobject(s) of the MVC architecture.

The compnents in the previous section are represented by the obfettte same name in
Table 5.26, and each all the reponsibilities described for their respective components
described in the previous section

Table5.2-6 details the Lowlevel Design Component Responsibilities and how they carry out
each of the System Responsibilities defined in secttof.1.4 For each System
Responsibility, the sequence of actions required byditfierent objects is presented as well
as a set of UML diagrams that depict each of these interactions.



Table5.126: Usability Guideline: Ldevel Design Component Responsibilities (MPé8jonal Object Space

System Responsibility Objects Fig
View Controller Space PositioningScheme Home Placeholder
POS_SR Initialize space |1. The View listens for the user callto  |2. The Controlle4. Each Space loads itself (loads all the objects w| 3. The Home, knowin Figure
loadStartSpace() and forwards it to the |orders the Hom|getting ready for display) which Spaces need tq 5.124
Controller. to load the initig loaded together with {
7. TheView displays the first space of thoySpace(s) start space (if applica
received from the Controller. If only one y6. The Controllg orders it/them to load
received, it is the start space itself, and isforwards the 5. The Home returns
loaded spaces { loaded spacestte
the Vlew. Controller.
POS_SR Move Object 1. TheViewlistens for user call to move() 82. TheController|3. TheSpace, calls unto its PositioningStthveme 4. The 6.PlaceholdqFigure
object from one point in the screen finds the currenjdetermine whbsitiomorresponds to the PositioningScheme substitutes it5.125
(from_placement_data[]) to another active_space anto_placement_data[] sent along Wiethe determines tiRosition current obje
(to_placement_data[]) , ameafds the call tiorders it to mov(5. Spacdinds th&laceholdeorresponding to that |corresponding et by the new
theControllerlong with the identifier of th(theobject Positionget$) its current object, if ang, puts() the nescreen coordinates ai| object
current active_space according to thgobject inside. returns it to ti8pace
8. The&Viewupdates accordingly after bein¢from/to data 7.Spaceearranges() its remaining objects accordi
notified of changes in the current Space |passed on by thinternal rules (i.e. swapping, staftidigiotifies théew
View
POS_SR Add Object 1. TheViewlistens for user call to add() an|2. TheController|3. TheSpace, calls unto its PositioningSthheme 4. The 6.PlaceholdqFigure
object ab the current space , and forwardfinds the currenjdetermine the def&dsitiomo add new objects PositioningScheme adds the ney5.126
call to th€ontrollemlong with the identifierjactive_spaa@nd |5. Spacdinds th€laceholdeorresponding to that |determines tiRosition object
the current active_space orders it to add |Positiomnd puts() the new object inside. corresponding to the
8. The&Viewupdates accordingly after bein{theobject to itse 7. Spaceearrangs() its remaining objects accordin{screen coordinates ai
notified of changes in the current Space internal rules and notifie¥ibe returns it to ti8pace
POS_SR Delete Object |1. TheViewlistens for user call to delete() {2. TheController|3. TheSpace, calls unto its PaositgSchente 4. The 6.PlaceholdqFigure
object in a specific location in the screen|finds the currenjdetermine whbsitiomorresponds to the PositioningScheme deletes its |5.127
(placement_data[]), and forwards the call active_space arplacement_data[] sent along Miehe determines tiRosition current obje
Controllelong with the identifiereo€tinreni orders it to dele]5. Spacdinds th@laceholdeorresponding to that |corresponding to the
active_space theobject Positiomnd deletes() its current object screen coordinates all
8. The&Viewupdates accordingly after beingaccording in tha 7. Spaceearranges() its remaining objects accordi|returns it to ti8pace
notified of changes in the current Space |placement internal rules (i.e. swapping, sh#tidg)otifies théew
POS_SK Manage multiple |1. The View listens for user calls to 2. TheController 3.Homdinds th&pace Figure
goToSpace(s) forwards the with id space_id and ¢ 5.128

spaces

2a. If the system is set up to load all spaq
upon startup (and, therefore, s and all its
elements are already loadedjigvgrocees
to makeActive(s) and display(s)

2b. If the system only loads an initial spa
startup, the request for space s is forwar
theController

5. The&Viewloads the space

request to the
Homeobject

4. TheController
receives the
spaceand passe
it on to the view|

it to load() all of its
components. Hothen
returnspacdo the
Controller
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5.12.2.3 Usability Software Design Meta-models

This section describes the UML diagrams representingLtve-level Design Component
Responsibilitieglescribedabove Below, the class diagrans describedas well aghe classes
involved in this feature and their interrelationships, followed by therigians of the

sequence diagram

5.12.2.3.Class Diagram

Figure5.2-3 below shows the class diagram for the Personal Object Space feature. The main
objects involved are the View, Controller, Home, Space, Placeholder, PositioningScheme,
Postion. Additional classes such as Grid, GridPosition, Rows, RowsPositianaetcalso
present in the class diagram and are explained below.

The first two classes, View and Controller fulfilling their role within E\Vrespectively

capture and distributihe user calls to perform actions. The Hortess holds multiple spaces

(or a single one, in systems where only one space is needed). The Space class holds many
Placeholders, and each Placeholder is the location, with a given Position, where a
DomainClasss stored.

Every space has a single PositioningScheme, which is a set of rules, which govern the

Space’s layout and ordering. The Positioning Scheme can be a Grid, Rows, Columns,

Absolute (positioning) and so on. These concrete schemes are depictedlasshdiagram,

but many more can exist. The rules in each concrete scheme will be unique, and will define

the scheme. Such rules could include, for example, that any new object added to a Space
governed by a Columns positioning scheme will always fahebbttom of the last row.

Finally, the Position object, associated with every Placeholder in a Space, also has concrete
inheriting classes, closely related to the chosen PositioningScheme. For example, in a Space
ordered by Rows, a Position will be of ttype RowsPosition, and may read as “object is in

row 7, position 3”. A position for a Grid scheme may read “object is in position (3,4)" while

an Absolute scheme will lead to Absolute Positions, of the type “h: 723px, w: 123px”.

Figure5.123: Usability Design Metaodel. Class diagrafersonal Object Space
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Classes and methods depicted in dark pink represent they belond’&rsioeal Object Space
fdature. The gray DomainClass is a template class taubstigited at desing time by the
system class containing the undoable action. For the color legepdgesl.

5.12.2.3.8equence Diagram “Load Start Space”

Figure5.124 shows the sequence diagram for thew-level Responsibilitieorresponding
to the System Responsibility POS_-3Rnitialize Space

This sequence starts when the user requests for the initial space to be loaded. This usually
happens automatically at application startup, but can be called independently for flexibility.
The call is captured by the View and forwarded to the appropriate Controller, which locates
the Home comopnent and asks it for its spaces.

Depending on what has been elicited, starting up an application may load more than just the
start space. For examplsome systems may require all spaces to be loaded at startup, while
just displaying the first. In any case, it is the Home’s responsibility to know which spaces
(other than the start space, if any) are to be loaded upon startup and returns the set to the
Controller. This is forwarded to the View, which picks the first element of the array (the start
space) and displays it for the user, setting it as the active space

Figure5.124: Sequence Diagram “Iniz@iSpace™Personal Object Space

5.12.2.3.8equence Diagram “Move Object”

Figure 5.125 shows the sequence diagram for tHeow-level Design Component
Responsibilitiexorresponding to the System Responsibility POS239®Rove Object.

This s@uence starts when the user moves an object from one point in the screen to another.
The View captures the raw value of the exact point of origin (from_placement_data[]) and the
exact point where the user released the mouse button (to_placement_dais[jjfofimation

is sent to the Controller who locates the current active spaces and orders it to move the
selected object and gives it the too raw screen coordinates.

The active space calls unto its Positioning Scheme and orders it to calculate then Positio

(object) for that raw screen data, corresponding to the point of destination (where the object

was ‘dropped’ by the user). The Positioning Scheme calculates the Position and returns it to
21(



the active Space, which locates the Placeholder at that Podftian. object is currently
residing in that Placeholder, it is taken out (held) and the new object is moved in.

The state of the space is now the following: The original placeholder for the object being
moved is empty, the destination placeholder contdiasnioved object, any object that was
there previously is on hold, and the space still needs to be returned to a stable state.

The following step is for the Space to order the PositioningScheme to calculate the Position
for the original Placeholder. Withithinformation, the Space is now capable of rearanging
itself according to its internal rules (including returing to a state of stability, and placing the
held object where appropriate).

Once the space is done rearranging itself, it notifies the View hwipdates the display to
reflect the changes.

Figure5.125: Sequence Diagram “Move Object”. Personal Object Space

5.12.2.3.8equence Diagram “Add Object”

Figure 5.126 shows the sequence aliram for the Low-level Design Component
Responsibilitiecorresponding to the System Responsibility POS33RId Object.

This sequence starts when the user selects the option to add a new object to the space. The
View captures the call and forwards ilprrg with the object and the id of the space to which

it's being added, to the Controller. The Controller finds the space by its id and orders it to add
the object into itself.

Being given no specific location where to add the object, the Space deteitnidegault
Placeholder and adds the object to it, rearanging the rest of its objects accordingly. Once that
is done, the Space notifies the View, which updates itself to reflect the changes.
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Figure5.126: Sequence Diagram “Add ObjeP#rsonal Object Space

5.12.2.3.5equence Diagram “Delete Object”

Figure 5.12-7 shows the sequence diagram fte Low-level Design Component
Responsibilitiecorresponding to the System Responsibility POS43belete Object.

This sequence starts when the user chooses an object within a space and selects the option to
delete it. The View captures this call and, along with the id of the current active space, the
object being deleted and its location (placemdata) forwards it to the controller. The
controller finds the Space and orders it to delete the object located at that placement_data.
With this information, the space first orders the PositioningScheme to calculate the Position
corresponding to that plament_data. With that Position, the Space can locate the
Placeholder that is being affected, and order it to empty itself.

After emptying the Placeholder, the Space rearanges itself around the change and notifies the
View once its done. The View, updatéseif to reflect the new state of the Space.

Figure5.127: Sequence Diagram “Delete Object”. Personal Object Space
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5.12.2.3.6equence Diagram “Go to space”

Figure 5.128 shows the sequenceliiagram for the Low-level Design Component
Responsibilitiescorresponding to the System Responsibility POS5SKanage Multiple
Spaces.

This sequence begins when the user choses to go to a diferent space from the one he's
currently in. Two possibilitiesrgse, depending on whether or not all spaces were loaded onto
memory during application start up. If they were (else portion of the alt box in FHL2&),

the View has direct access to them, and simply makes the space shietteduser be the

new active space, and displays it.

If during application startup only the initial space was loaded, then when switching to a new
space, the system must locate that space first. The call to load the new space is forwarded to
the Controlér who asks the Home class to locate the space corresponding to the given id. The
Home locates the Space and orders it to load all of its objects, while returning it to the View
through the Controller.

Having access now to the new Space, the View makég iactive space and displays it on
screen, along with all of its objects.

Figure5.128: Sequence Diagram “Go to space”. Personal Object Space
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6.1Introduction

Our proposedJsability-oriented Software Development Procassl the Usabilit Guidelines

for Software Development wertested across multiple projects to prove the proposed
hypotheses regardintheir usefulness. This chapter presents the experiments that were
conducted and an analysis of their results, using an adaptation ofothend@® Industry
Format (CIF) for Usability Test Repoia9].

6.2Hypothesis
As described ifChapter 3the hypothesis for this work proposes that:

“Applying the proposed usabilityrientedsoftware deviepment process will:
» Reduce developmetiime of the usabilityrelated functionalities and, as a consequence,
of the project over all,
 improve thequality of resulting software designs,
- facilitate the inclusion of functional usability features into software projects by reducing
the perceived complexityof usability features by developers,
over applying the process partiaipd over not applying it altogether.”

This general hypothesis is further broken down as follows for accurate validation:

“Applying the proposed usabilitgriented softwareelvelopment process in full will:
H1.Reduce developmetime of the usabilityrelated functionalities and, as a
consequence, of the project over all, over applying the process partially
H2.reduce developmetitme of the usbility-related functionalities and, as a
consequence, of the project over all over not applying the process
H3.improve thequality of resulting software designs, over applying the process partially
H4.improve thequality of resulting software designs, over not applying the process
H5.facilitate the inclusion of functional usability features into software projects by
reducing thegerceived complexityof usability features by developers, over applying
the process partially
H6.facilitate the inclusion of functionalsability features into software projects by
reducing theerceived complexityof usability features by developers, over not
applying the process
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The proposed null hypothesis is the following:

“When applying the proposed usabitityientedsoftware development process:
» developmentime is not reduced,
« quality of the resulting designs is not improved,
 perceived complexityof usability features is not reduced,

over applying the process partiaipd over not applying it altogether.”

which is similarly broka down as follows:

“When applying the proposed usabitityientedsoftware development process
H1 0.Development time is not reduced over applying the process partially
H2_0.development time is not reduced over not applying the process
H3_0. quality of the resulting dégns is not improved over applying the process partially
H4_0. quality of the resulting designs is not improved over not applying the process
H5_0. perceived complexity of usability features is not reduced over applying the process,partially
H6_0. perceived complexitgf usability features is not reduced over not applying the process

Section6.3 below describes the methods that were usddst the above hypothes&ection

6.4 explains thevariablesthat wereobserved and how data for them was collected. Section
6.5 describes the subjects who participated in the experiments, followed by the data that was
collected, in Sectior6.6. Section6.7 elaborates the analysis of these data and finally, in
section6.8, the results and findings of the validation process as a whole.

6.3Methods

To test the proposed hypotheses, nine subjects were assigned to déeelfmbowing
software applications

1. An online task manager. An application to manage o lists with the possibility of
sharing and scheduling tasks, as well as organizing them visually.

2. A console for a home automation systemAn application to operata simulated
network of sensors and actuators that controlled various features of a home
environment (lights, air conditioner, blinds, garage doot) etaeal time.

3. An auction site A web application with basic auction functionalities.

These proposed pexts were designed to be of similar complexities. See Appéhdifor
the full Software Requirement Specification (SRS) of each project.

The three SRSd$or the three proposed projects alreaidgluded usability requirements
freeing subjects from the task of eliciting usability aspects in these experiments (first step of
the proposed process), as the effectiveness of the elicitation geildias already been
proven in[32].

With the focus on theemainingphases of the proposed processhsubjectwas expected to
analyze,design and implement thegoftware applicationsincluding all usability aspects
already present in the SRSs

Each project was assigned to three different subjects, numB&gor Project ‘i’, Subject
‘). Each subject in each projestas provided with the san&RS for that project as follows:

» Subjects numbered “1” for each project (the PiS1s), were asked to develop the project
without any knowledge of the usabilibriented software development process.
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e Subjects numbered “2” for each project (the PiS2s), were provided only with
information regarding the elicitation and analysis phase of the usatmiilémted
software development process to develop their projects. Im aihr@ls, they were was
kept from all information about the design phase of the process (including the software
designspecific parts of the software usability guidelines).

 This would provide these subjects with clear guidance on how to perform the aoflysis
their project and an overview of the responsibilities that their system was expected to
fulfill. They were, however, given no direction on how to design such responsibilities
and were asked to do so to the best of their abilities.

» Subjects numbered “For each project (the PiS3s), were asked to develop their projects
applying the full usabilityeriented development process and, as such, were provided
with the full software usability guidelines.

All teams developed their projects iteratively, coverihg analysis, design, implementation

and testing phases in each iteration. They produced analysis artifacts such as use case models
and extended use cases, and design artifacts such as class and collaboration d@ageams.
finished, the results wemnalyzedas explained in the following sectiori&e results of each

of these projects can be found on the digital media support that accompanies this work.

6.4Variables

In the previous section we have established our independent variable to be “type of process
used” in regards to our proposed process (i.e. full, partial or none). Furthermore, the
following dependent variables were observed in each project in order to test the proposed
hypotheses: development time, perceived complexity of the usability featuressaniihg

design quality. Section8.4.], 6.4.3and6.4.2describe these metrics and how measurements
were made in each case.

6.4.1Developmentimhe

Subjects wereasked to Ibsely measure the timthey spent onthe different phasesof
developmentSpecifically, they were asked to keep trac&f the amount of timeéhey spent
performing activities that pertained to any of the usability features.

Thesemeasurementwould allow us to determingf a significantamount of timeis saved

during development of the usabilitglated functionality due to thapplication of the
proposed process. Such a reduction would also imply, given that no other factors are altered, a
reduction in theverall development time for the project as a whole.

Development time is a ratio variable.

6.4.2Resulting desigquality

Software design quality can be defined by multiple factors, as descrilpeffi2ih] and[37].

The attributes that were chosen on which to evaluate projects, listed below, were selected
from among the many proposed [y due to their relevance to our project and their ease of
evaluation. Wide variations in these simple measurements among projects provide a general
idea of the impact that the proposed process may have over design qiaytributes are:

» Notation correctness
» Adequate responsibility allocation
» Diagram readabhily

After each project was finished, theesulting designswere evaluated by rating the
aforementioned aspects on a 1 to 5 interval ddalg where all pairs of adjacent scores are
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equidistant. This means that a design septBi’ is better than one scoring “4” in the same
amount that one scoring “2” is better than another scoring “1".

This evaluation was performed blindly by removing the name of the student (along with any
other identifying information) from the designs, prio evaluation.

6.4.3Perceived complexity of usability mechanisms

In order to gauge theomplexity of the usability mechanisms as perceived by the test
subjects, they were asked to answer the following two questions emn-8 thterval scale
[47] upon completion of their projects:

“How would you rank this feature in terms of the complexity you encountered during the:

1. Design phase?”
2. Implementation phase?”

To reinforce the notion that all five possible marks are equidistant, thgigueaire was
presented to subjects along with a visual analog scale, where the spacing between response
levels was clearly indicated as equally spaced points in a line. Furthermore, they were
presented with a brief description of the scale prior tan§jllout the guestionnaire and an
relatable example explaining that while a guideline with a complexity of “4” is not
necessarily “twice as complex” as one with a complexity of “2”, the first is more complex
than the second in the same amount as two guetetinoring, for example, “5” and “3”.

Though the focus of this qualitative evaluation is design, a question about implementation
was included in the questionnaire. This was done to determine whether designs produced
when applying the proposed process helpevelopers beyond just that phase, transferring its
benefits into the implementation phase as well by making the code that resulted from these
designs seem less daunting to developers.

Answers to these questions would help to determine if there isificeighdifference in how

the features (and, by extension, usability in general within the scope of their projects) is
perceived by developers, depending on whether they applied the proposed process in full,
partially or not at all.

6.5Subjects

The pool of sbjects chosen to test the proposed hypotheses was comprised-ge&an&8S

students as well as firgear master students of Software Engineeahthe UPM School of
Computing. As shown iTable 6.5-1, the subjects were chosém have similar levels of
knowledge in programming and software engineering, having attended the same school and
taken most of the same courses related to these areas of interest. They were also chosen to
have none to minimal work experience in the field.

Table6.51 Characteristics andapabilities of the test subjects

Subject Gender UPM UPM UPM Work Experience
BS ProgCourses BS SECourses MScSECourses
P1S1{P) M Yes Yes Yes No
P1S2pPP) F Yes Yes No No
P1S3kP) M Yes Yes No < 1year
P2S1{P) F Yes Yes Yes No
P2S2pPP) M Yes Yes No <1year
P2S3kP) M Yes Yes No No
P3S1{P) M Yes Yes Yes No
P3S2pPP) M Yes Yes No 2 years
P3S3kP) M Yes Yes No < 1year
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6.6Data

The following sections present a syn@psof the data that was collected during
experimentation for each of thvariablespresented isection6.4

6.6.1Development time data

Table6.6-1 shows the average total times spent by subjects in dengltpe usabilityrelated
functionality for their assigned projects. Rows represent each development phase of the
project, namely analysis, design, implementation and testing. Columns designate the degree
to which the proposed process that was appliedpfoltess (FP), partial process (PP) or none

at all (NP).

Table6.641 Average total time (in min) to develop all usatglayed functionality

NP PP FP
Analysis 250.00 215.33 247.33
Design 536.00 365.67 207.75
Implementation 771.67 579.67 334.71
Testing 408.67 206.67 23.67
TOTAL 1,966.33 1,367.33 813.46

The values above were obtained by averaging and adding up the times that the subjects spent,
during each of these phases, in developing the softwaciénality related teachof the
functional usability featuresTable 6.62 to Table 6.65 show these source values. These
values are the times spent by subjects during the design of the parts pfdfesits related to

the usability features.

The first three columns in each section represent the project (P1, P2, P3), followed by the
mean (avg) and standard deviation (stdv) for each type of process that was applied (NP, PP,
FP). At the bottom of eadiable is the sum of these averages, shown abovalile6.6-1.

Table6.62 Time (in min) spent by subjects in analyzing the usabléitgd functionalities of their project

NP NP NP NP NP|PP PP PP PP PP|FP FP FP FP FP
(P1) (P2) (P3) avg stdv|(P1) (P2) (P3) avg stdv|(P1) (P2) (P3) avg stdv
Abort | 10 30 27 22.3210.79 34 25 30 29.67 4.51| 10 25 32 22.3311.24
Undo [ 10 50 30 30.0C20.0 30 18 20 22.67 6.43| 90 20 15 41.6741.38
Comm| 13 45 45 34.3:18.44 10 22 20 17.32 6.43] 10 25 20 18.32 7.64
Prog [ 12 40 30 27.3314.19 35 21 15 23.6710.24 72 20 25 39.0C 28.69
Status| 13 15 12 13.32 1.53| 19 25 18 20.67 3.79] 15 20 15 16.67 2.89
Warn | 10 20 39 23.014.73 5 18 25 16.0C10.14 30 15 20 21.67 7.64
Help [ 13 15 31 19.67 9.87| 5 13 10 9.33 4.04( 19 15 13 15.67 3.06
Fav 15 20 21 18.67 3.21| 15 10 18 14.32 4.04| 30 8 14 17.3311.371
POS [ 17 30 20 22.326.81] 10 25 30 21.6710.41 19 15 28 20.67 6.66
Pref | 13 18 28 19.67 7.64] 5 15 35 18.3215.38| 13 12 32 19.0C 11.27
SbS |18 20 20 19.3z 1.15/ 20 25 20 21.67 2.89] 18 5 22 15.0C 8.89
TOTAL 250.C 215.3 247.3

Table6.63 Time (in min) spent by subjects in designing the usablited functiondies of their project

NP NP NP NP NP|PP PP PP PP PP| FP FP FP FP FP
(P1) (P2) (P3) avg stdv|(P1) (P2) (P3) avg stdv| (P1) (P2) (P3) avg stdv
Abort | 10 120 29 53.00 58.80 30 107 35 57.3243.09 40 20 20 26.67 11.59
Undo | 81 150 120 117.0034.6d 43 80 45 56.0C 20.8] 43 30 25 32.5C 9.01
Comm| 70 93 85 82.67 11.64 25 25 35 2832577 O 30 20 16.67 15.29
Prog | 35 100 70 68.33 32.54 27 70 50 49.0C21.54 23 35 25 27.5C 6.61
Status| 22 35 7 21.33 14.0] 23 28 31 27.3% 4.04| 13 25 25 20.82 7.22
Warn | 40 35 45 40.00 5.001 20 20 42 27.3312.7q 21 20 30 23.7t 5.45
Help [ 15 10 26 17.00 8.19| 23 18 20 20.3% 2.52| 3 20 15 12.5C 9.01
Fav 10 30 14 18.00 10.54 30 15 14 19.67 8.96] 6 10 20 12.0¢ 7.11
POS | 65 40 55 53.331254 26 32 30 29.32 3.06] 34 10 22 21.92 11.84
Pref 50 26 29 35.00 13.04 23 25 30 26.0C 3.61| 8 5 10 7.50 2.50
SbS [ 15 38 38 30.33 13.24 23 30 22 25.0C 4.36] 3 5 10 5.83 3.82
TOTAL 536.0 365.7 207.€
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Table6.64Time (in min) spent by subjects inlengentinghe usabilityrelated functionalities of their project

NP NP NP NP NP |PP PP PP PP PP|FP FP FP FP FP
(P1) (P2) (P3) avg stdv |(P1) (P2) (P3) avg stdv]|(P1) (P2) (P3) avg stdv
Abort | 5 180 20 68.33 97.00 30 90 15 45.00 39.69 30 45 8 27.6718.61
Undo | 40 300 90 143.3:137.94 120 90 150 120.0(30.04 71 47 32 50.0% 19.93
Comm| 10 140 110 86.67 68.07) 60 45 53 52.67 7.51] 0 57 10 22.2Z30.2§
Prog | 30 270 90 130.00124.9¢ 90 60 60 70.00 17.33 30 47 15 30.5€ 15.84
Status| 40 60 5 35.00 27.84] 65 85 18 56.00 34.39 46 50 12 35.9C 20.81
Warn | 20 105 65 63.33 42.52| 30 60 31 40.33 17.04 29 40 10 26.1¢ 15.14
Help | 5 120 25 50.00 61.44| 35 50 22 35.67 14.0] 6 40 10 18.57 18.69
Fav 5 34 120 53.00 59.81] 20 20 60 33.3323.09 29 10 20 19.5z 9.29
POS | 40 90 155 95.00 57.66( 105 60 43 69.33 32.04151 50 20 73.8168.87
Pref | 10 45 34 29.67 17.90 35 30 22 29.00 6.56| 11 30 10 17.1411.16
SbS 5 25 22 17.33 10.79] 20 45 20 28.33 1443 14 20 5 13.1C 7.57
TOTAl 771.7 579.7 334.7

Table6.65 Time (in min) spent by subjects in testirggusabilityrelated functionalities of their project

NP NP NP NP NP|PP PP PP PP PP|FP FP FP FP FP

(P1) (P2) (P3) avg stdv|(P1) (P2) (P3) avg stdv|(P1) (P2) (P3) avg stdv
Abort | 20 40 10 23.321524 10 10 5 833 289 2 1 3 2.001.00
Undo [ 60 60 45 55.0C 8.66] 10 15 45 23321899 5 1 5 3.672.31
Comm| 30 45 45 40.0C 8.66/ 10 10 45 21.6720231 1 1 1 1.00 0.00
Prog [ 10 130 45 61.6761.71 50 5 45 33322464 1 3 1 1.671.15
Status| 10 40 3 17.6719.64 10 5 25 133210431 2 1 2 1.67 0.58
Warn | 45 55 30 43.321254 10 5 15 10.0C 500 1 1 2 1.330.58
Help [ 10 20 8 12.67 6.43]10 5 15 10.0C 5.00f 1 1 2 1.330.58
Fav 10 45 50 35.0021.7910 5 30 15001323 1 1 1 1.000.00
POS [100 60 60 73.3323.09 80 30 45 51.6725.64 10 1 10 7.005.20
Pref [ 20 30 30 26.67 577010 5 25 13.32104] 2 1 2 1.670.58
SbS [10 30 20 20.010.04 10 5 5 6.67 2891 2 1 1 1.330.58
TOTAL 408.7 206.7 23.7

6.6.2Design quality data

Table6.6-6 shows themeanscores of the designs of subjects who didn't apply the proposed
process (NP), those who appliggartially (PP) and those who appligdn full (FP).

Table6.66 Average quality sces (scale of 16-5) for resulting designs for all projects

NP PP FP
Adequate Responsibility Allocati@®RA)| 2.33 2.33 5.00
Diagram Readabili(R) 3.33 2.67 4.67
Notation CorrectnegsIC) 4.00 3.67 4.67
Overall quality score (avg) 3.22 2.89 4.78

The dataabovewas obtained by averaging the scores obtained by the designs of each subject
(three per type of process appliegshown inTable6.6-7.

Table6.67 Quality score (thin, 5 max) of each project’s design

NP| NP| NP| NP| NP | PP| PP| PP| NP| NP| FP| FP| FP | NP| NP
(P1) (P2) (P3) avg| stdv| (P1) (P2) (P3) avg| tdv | (P1) (P2) (P3) avg| stdv
ARC 2 | 2| 3 ]233058 2 | 3| 2 |2.33058 5| 5 | 5 |5.000.00
DR | 3| 3| 4333058 4| 2| 2 |267115 4 | 5| 5 |4.670.58
NC | 4| 4] 4 1400000 4 | 4| 3 /367058 5| 5| 4 |4.670.58
avg 3.22 2.89 4.78
stdv 0.83 0.93 0.44

6.6.3Perceived complexity data

Table 6.6-8 shows the averages of the answers to questions 1 and 2 of the questionnaires
shown in sectior6.4.3 namely ranking the complexity that they found when designing and
implementing the usability features. The row labeled “Design” represents the average of the
1-to-5 ranking given by subjects about how cdexpthey found designing the usability
features, while the “Implementation” row shows their answers regarding implementation of
the features. The columns represent the type of process that was used, NP for no process, PP
for the partial version of the press and FP for the full process.
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Table6.68 Average perceived complexityatifunctional usability features as reported by subjects who didn’t apply

the proposed process (NP), who applied a partial prgd@sand who applied the full process (FP)

Subjects who didn't apply the Subjects who applied the parti  Subjects who applied the fu
process(NP) process(PP) process(FP)
Design 3.32 2.70 1.73
Implementatior 3.33 2.62 1.76
avg 3.33 2.66 1.74

Thedata inTable6.68 was obtained by averaging the subjects’ scores of all functional usability features. These
averages, as well as the individual scores given for each feature are Srabhe®if9 and
Table 6.6-10. The first three columns in each section represent a project (P1, P2, P3),
followed by the mean (avg) and standard deviation (stdv) for each type of process that was
applied (NP, PP, FP). At the bottom of eacheddblthe average across all features (shown in
Table6.6-8) along with their standard deviations.

Table6.69 Complexity to implement each feature (0B achle) as perceived by kaubject

NP NP NP NP NP|PP PP PP PP PP|FP FP FP FP FP

(P1) (P2) (P3) avg stdv|(P1) (P2) (P3) avg stdv|(P1) (P2) (P3) avg stdv
Abort| 3 2 4 2771200 2 2 4 2671159 2 1 2 1.670.58
Undo| 4 3 4 375048 4 3 4 368059 3 4 3 3.330.58
Coom|{ 4 3 3 335061 4 3 2 300100 1 1 2 1.330.58
Prog| 4 3 3 342056 3 3 3 290017 3 2 1 2.001.00
Statud 4 2 2 255131y 3 2 2 223040 2 4 2 2671.15
Warn| 3 2 3 243074 1 3 4 278134 1 3 1 167115
Hep | 1 3 1 173127 1 2 2 178038 1 1 1 1.000.00
Fav 4 4 3 368059 1 