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Abstract— The research scenario concerned about software
usability addresses a wide range of characteristics, attributes
and evaluation models. As result, we can observe the
evaluators difficult in order to select the characteristics that
best apply to the product that is being evaluated. By this way,
this paper presents a systematic mapping in order to identify
the main characteristics of usability evaluation related to web,
desktop and mobile devices environments. As results, we
selected 31 papers in order to perform data extraction and way
possible to produce a list of 28 evaluation characteristics.
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l. INTRODUCTION

Usability is a characteristic of a certain product related to
the ease of use, speed of learning, control and management
of error, solving the tasks that proposes to carry out with
efficiency, effectiveness and mainly offering a high degree
of satisfaction for its users [1][2]. By relying on the type of
user and the experience of this, as well as the tasks
performed and the execution environment of the system,
usability is a system property that is not constant [3].
Usability is a quality of use, measured for a given context in
which software is operated. Thus, the same software can
provide a good usability for an experienced user, but bad
usability for a beginner, or vice versa, or it can also be easy
to operate if the system is only used sporadically, but
difficult when used frequently [4].

Despite all these concepts for usability, yet there is no
consensus among the researches for a model that clearly
describes all its features. This knowledge gap is one reason
why the majority of usability studies are either simplified or
specific (studies that are performed in certain contexts) [5].
Along with the various concepts related to usability and
addressed in the researches, it is clear that usability is treated
as a determinant of success or failure of any software
product, because it allows to generate greater efficiency by
the users performing their tasks, helps in reducing training
costs and allows that the integration of software system in
the work environment of the users can be made in a more
positive and less traumatic way [6].

Another relevant aspect of usability is perceived by the
vast amount of research found in this area. It has an
extensive set of features, attributes and models of usability
evaluation available [7][8][9]. Each of these valuation
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models presents its specific set of characteristics, and the
same feature may have been addressed in several models or
be disregarded. Another situation found in these publications
are characteristics or attributes of usability presented with
different nomenclatures, but with the same concept and
similar concepts between models.

Note that the evaluation models are often refined and
developed to a level where specific execution environments
are considered for the evaluation of the usability [10].
However, even with this refinement of the models and
attributes per execution environment, yet are different
attributes of usability evaluation addressed to the same
specific execution environment. The use of specific attributes
of usability according to the execution environment makes
the evaluation of the usability more consistent, provides a
greater investment guarantee and also the professionals
involved in the production of software for this environment
can use these attributes as drivers for creating software with
better quality [11].

All these different ways of evaluation emerged as a
contribution to the evolution of usability evaluation,
providing to the software development organizations a varied
set of criteria that can be applied to specific project types
[12]. Although it became evident through research that the
introduction of usability practices in software development
processes are beneficial, many companies oriented to
development face difficulties to actually apply these
practices, because it is a complex issue, which has evaluation
methods underutilized and difficult to understand for
development teams. This difficulty is manly in the definition
of the model and attributes that should be applied in the
evaluation process, due to the large amount of existing
research [12][13].

In the research, the models have some limitations when
compared with each other and still there is relatively little
information to support the selection of a set of attributes to
evaluate the usability by the evaluators. Moreover, it is not
always clear how the usability attributes presented in the
various models are more or less advantageous than others
[8]. Based on this scenario, this article presents a systematic
mapping on the characteristics and attributes of usability
evaluation proposed in primary studies between the years
2005 and 2012 for the execution environments Web,
Desktop and Mobile Devices, consisting an important step to
meet, broadly, the dismembering of the usability concept,
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considered by many researches under different
environments, being an important step in the reach for a
model that integrates all aspects identified.

The terms: characteristic, attribute, and recommendation
metric, cited in this article, are used to classify the various
aspects, quality and information related to usability, obtained
through this systematic mapping. It was chosen to use a
hierarchical structure for the presentation of issues related to
usability found in the articles evaluated, considering that
other models in the literature also use hierarchical structure
to present information related to usability (Model QUIM,
[8]).

It's assumed in this systematic mapping of the literature
that the features are on top of the hierarchical structure
mentioned, representing a more comprehensive view of the
quality related to usability. The attributes are below the
features and represent the information in a more granular
form. In this systematic mapping a feature may or may not
be related to one or more attributes and the same attribute
may be related to more than one feature. Finally, on the basis
of the hierarchical structure, are the metrics that represent the
information used for the evaluation of the attribute more
objectively, and the recommendations, which aims to guide
the development/evaluation of interfaces through good
practices, for example, layout and menu structure, pattern of
presentation for links, font color for text, etc.

This article aims at presenting the results of a systematic
survey of the literature involving characteristics, attributes
and usability found recommendations, aiming to know, in an
impartial manner, the state of the art concerning these
aspects of usability, in relation to different platforms.
Therefore, the protocol for a systematic mapping of the
literature used in this paper is presented in Section Il, along
with the implementation procedures and discussion of the
results. Finally, the last section summarizes the findings and
presents some possible future work.

Il. SYSTEMATIC MAPPING OF THE LITERATURE

The main reason to perform a systematic mapping of the
literature is to increase the quality of material used about the
subject of interest, increasing the success of the
investigation, avoiding unnecessary duplication of effort and
errors.

A systematic mapping follows a defined sequence of
methodological steps, which in turn provide a high scientific
value to the results. In execution of a systematic mapping,
there is the establishment of criteria, search strategies and a
description of all the elements previously required to hold
the methodological conduction of the activities [14]. Thus,
the following sections detail each step performed.

A. Planning

In order to map the attributes of usability evaluation in
execution environments Web, Desktop and Mobile Devices,
the following question was established: Which attributes are
related to the usability of software products when
considering different execution environments (among those
contemplated in this research: web, desktop and mobile
devices)?
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To answer the research question there were four research
bases; quote: (i) ACM Digital Library, (ii) IEEExplore
Digital Library, (iii) ScienceDirect, and (iv) SpringerLink. At
each base, the following search string was executed:
(usability) AND (attribute OR factor OR criteria OR metric
OR measurement OR method OR evaluation OR
requirement) AND (web OR internet OR www OR desktop
OR ‘mobile device’).

The language adopted in the survey was English, being
the predominant language in the study area. Regarding the
reliability of the content on those studies, it is considered that
the works have already gone through preliminary review and
assessment that allowed their inclusion in searchable
databases. The process will be through search of primary
studies published in proceedings, journals and periodicals
available in international databases. After obtaining the
references of the studies obtained in this four bases, some
selection and exclusion criteria that would help to limit the
items that could help to answer the research question were
adopted (see Table I).

TABLE I SELECTION CRITERIA AND EXCLUSION

Selection Criteria
SC1. Studies available on some web source (among the sources cited in
this article);
SC2. Studies that meet at some level, the research question. Studies that
show usability attributes, applied to a software product, related to at
least one of the execution environments covered by the survey,
SC3. Studies that show evidence of implementation of the proposed
attributes;
SC4. Studies that show the conceptualization of the proposed attributes
(the concept can be in the primary study itself or pointed
location/directed by the authors);
SC5. Complete studies published in proceedings and journals since
2005;

Exclusion Criteria

EC1. Studies that do not show attributes of usability in at least one of
the execution environments covered by the survey or don't make clear
the execution environment;

EC2. Studies that do not conceptualize the attributes used;

EC3. Studies that show a specific application domain, such as e-
government, e-commerce, or focus on a specific user profile, for
example, elderly, impaired vision, etc.;

EC4. Summaries of studies will not be selected;

EC5. Studies that dont show the evidence of application;

CE6. When a study has multiple publications in journals or proceedings,
the most complete version of the study will be used;

B. Conduction and Extraction

The conduction of the systematic mapping was done
from September 2012 until March 2013, consisting of the
execution of the search protocol. The conduction process
observed the steps shown in Figure 1, from 345 potential
studies, 65 studies were selected. The conduction of the
studies was done in three steps:

e Selection and cataloging preliminary studies
collected: a preliminary selection of publications
made from the application of the search string in the
search sources selected.
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o Selection of relevant documents: a preliminary
selection using the search string does not guarantee
that all the material that was collected is used in the
research context. Thus, after the identification of
publications obtained through the search engines, the
studies were analyzed according to the criteria
established for inclusion and exclusion.

e Extraction of information of relevant documents:
after setting the final list of relevant documents, the
necessary information related to the research
objective is extracted.

ACMDigital
(n=82)

IEEExplore ScienceDirect
(n=95) (n=40)

SpringerlLink
(n=128)

Primary Studies for analysis of title and abstract (n = 345)

e List of attributes: compilation of the attributes of
usability evaluation cited in the studies analyzed.

e Metric or recommendations: identifies whether the
study has evaluate metrics or recommendations to
guide the evaluation of usability.

e Assessment technique: identifies the technique used
to evaluate the model or usability attributes
addressed in each study rated. It was used the
classification of evaluation techniques proposed by
[4], as shown in Figure 2.

Evaluation
Techniques

Techniques |
Forward-Looking

{ Questionnaires

| Evaluations

Rejected for not
having access to the
full text (n=3)

Rejected in the
preliminary analysis

Y

(n=277)

Y

Studies to complete reading (n =65)

v

Discarded in the
detailed analysis
(n=34)

Y

Primary studies selected for data
extraction (n=31)

Figure 1. Process of selecting primary studies.

Among the 65 studies selected for full reading, we have
the following scenario of events in each of the evaluated
databases: IEEExplore Digital Library: 45,16%, ACM
Digital Library: 22,58%, ScienceDirect: 19,35%, and
SpringerLink: 12,91%.

From the set of primary studies selected to perform data
extraction, the following information was extracted for
analysis:

e Title: identifies the selected study.

e Year: provides a temporal view of the attributes of

usability evaluation.

e Database: identifies the origin of the selected study.

e Execution Environment: identifies the execution
environment for the attributes shown in the study
evaluated. In this topic, the studies were classified
as: (1) web, (I1) desktop and (I11) mobile device.

e Reference type: identifies the sources used to
support the model of usability evaluation presented
in the study.

e Structure addressed in the model: identifies the
structure presented by the study evaluated, related to
the presentation of the attributes of usability.
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Figure 2. Usability evaluation techniques.

e Context: identifies the application context of the
usability study. In this topic, the studies were
classified as: (I)non-explicit,(I1)academic/university
and ( 1) business.

e Participants: identifies the number of respondents
who rated the attributes or usability model presented.

In the process of selection of studies, the snowball

technique [15] was applied. The application of this type of
technique is to add in the research being conducted, studies
referenced by the selected primary studies that may
contribute to the research. Thus, when a primary study
(among 31 selected) referenced another study that contains
models, metrics and recommendations that could contribute
to the research, this study referenced was also included.
Appendix | is a listing of all studies, employing the
technique of snowball nine studies were included (#35, #36,
#37, #38, #39, #40, #41, #42, #43).

C. Results and Discussions

This section presents the main results obtained from 31
primary studies selected. Figure 3 shows the number of
studies that were selected for data extraction in each year of
the time interval considered in this systematic mapping
(2005-2012). Over the years, it is observed that continuous
studies have been published in this area and the research
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output remained, highlighting the importance of this area of
research forward.

Studies by year

@Web @Mobile Devices @ Desktop

04
0:0:0:0:0:0:
Q: 0!

Q:

Q:

Q: @: O

2005 2006 2007 2008 2009 2010 2011 2012

Figure 3. Number of evaluated annually.

In Figure 3, it can be seen that the occurrence of studies
related to web runtime environment remained almost
constant during the time period evaluated. This amount of
studies related to web routine environment can be attributed,
among other factors, to the grown of the Web, its
popularization and its importance as a means of global
communication.

In contrast, the execution environment desktop has the
lowest incidence of studies to define a set of attributes to
evaluate the usability. Among other factors, the rise of the
Web previously mentioned, contributes to the unpopularity
of the desktop environment and, therefore, to decrease
research on this. In relation to mobile devices, it’s expected a
growth of studies related to this execution environment,
considering the growth of these environments (a report from
Cisco predicts that mobile devices will exceed the number of
people in 2013 and by 2017 there will be about 1.4 devices
per capita) [16].

Regarding execution environments addressed in 31
studies evaluated, there’s the following scenario: 71% of the
studies are related to the web environment, the mobile
devices 23% and 6% related to the desktop environment.

As for the reference of the valuation models or list of
attributes of usability evaluation presented in the studies
evaluated, there’s the following scenario:

a) No reference model: 41,93% of the studies
evaluated showed a list of attributes that were evaluated,
using one of the techniques discussed in Figure 2, in a
software product.

b) Adapted: 32.26% of the evaluated studies adapted a
valuation model or list of attributes. In this group there is
the use of 1S09241, 1SO25000, and Nielsen heuristics[2].

c) Existence: 25.81% of the assessed studies used an
existing model in the literature. In this group, it is important
to highlight the use of 1SO9241, heuristics and Nielsen
Microsoft Usability Guidelines (MUG).
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The scenario found as the reference of models or
attributes of evaluation presented by this mapping, further
enhances the already mentioned problem regarding the large
amount of studies presented in which each author addresses
their specific list of attributes and evaluates them not relating
this list with models already existent, adapting or improving
them.

It was also found that these 31 studies evaluated do not
address a specific structure, for example, a framework model
or categorization, to the listed attributes. The structure found
in these studies, as the presentation attributes of usability
evaluation is in the form of a simple list of attributes.

Regarding the application context of the studies
evaluated, it’s observed that most of the selected studies did
not indicate the context in which the attributes have been
applied. Among the studies evaluated in this systematic
mapping 74.19% do not make it clear which is the
application context of the attributes addressed.

The context of business application was not used in any
of the studies selected for this mapping. This scenario refers
to the need to extend research regarding the evaluation of
characteristics and attributes of usability in business
contexts, facilitating the application, in a practical way, of
the researches conducted.

During the evaluation of the articles selected for data
extraction, it was checked for the presence of objective
recommendations, to assist the evaluation of characteristics
and attributes presented. However, the present scenario is not
favorable regarding obtaining such advice. Of the 31 articles
evaluated, 83.87% of them do not show metrics/objective
recommendations for usability. Only 16.13% of the
evaluated studies have some kind of metric/recommendation
for usability. Table Il presents the recommendations and
metrics found in the studies evaluated in this systematic
mapping. The objective recommendations found in the
analyzed studies still have certain subjectivity (according to
the evaluation of the authors of this article). It was observed
that not all recommendations were related to some
characteristic or attribute of usability, in this case it was
chosen to categorize as “General Properties”.

TABLE II. RECOMMENDATIONS AND METRICS OF USABILITY

Characteristics/Attributes Recommendations/Metrics

Prevention of errors | 6 Recommendations [#3]

Integration of Communication | 3 Recommendations [#22]

Attractiveness | 3 Recommendations [#22]

2 Recommendations [#22]
22 Recommendations [#43]

4 Recommendations [#22]

2 Recommendations [#40]
2 Metrics [#5]

6 Metrics [#5]

From User Control

Security

Flexibility

Effectiveness

Efficiency | 6 Metrics [#5]

Navigation/guidance | 12 Metrics [#5]

Satisfaction

2 Metrics [#5]
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Characteristics/Attributes

Recommendations/Metrics

Aesthetic design

52 Recommendations [#43]

Commands

40 Recommendations [#43]

Textual information

23 Recommendations [#43]

Message

34 Recommendations [#43]

Consistency interaction

33 Recommendations [#43]

Window | 62 Recommendations [#43]
Interface/Layout | 8 Recommendations [#43]
Font | 2 Recommendations [#43]
Colors | 4 Recommendations [#43]

icons

8 Recommendations [#43]

Animation and Transition

7 Recommendations [#43]

Graphic elements

7 Recommendations [#43]

Sound

8 Recommendations [#43]

User Experience | 29 Recommendations [#43]

Components | 65 Recommendations [#43]

5 Recommendations[#22]
15 Metrics [#5]
6 Metrics [#3]

General Properties

Among the 31 studies evaluated, 28 distinct
characteristics of usability evaluation were found. Of these,
one has the following scenario of events for execution
environment:

a) Web: 28 characteristics;
b) Desktop: 5 characteristics;

¢) Mobile Devices: 11 characteristics.

Appendix 11 has a full list of features and attributes per
runtime environment, obtained through systematic mapping.
In this appendix are presented the characteristics and
attributes of usability evaluation which were obtained from
the mapping studies conducted. One of the criteria for
selection of studies was presenting the conceptualization of
the attributes used to evaluate the usability. Based on this
concept, we observed attributes with the same concept, but
with different nomenclatures in different studies and group
these attributes into a single information structure.

It was also observed that some studies had a more
comprehensive view of the quality of information related to
usability, for these cases, we used the characteristics
structure, which, in turn, is a sort of aggregator of
information. The characteristics of the structure in Appendix
Il were present in at least one study evaluated, or when a
more comprehensive study presented information structure
composed of more granular information (attributes), this
structure was maintained.

In this table, using a mark with the letter “x”, the possible
relationships between features and attributes discussed by
several authors in the studies evaluated are also presented. A
nomenclature of the characteristics and attributes discussed
in studies with some minor adjustments when the same
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characteristic or attribute was discussed in more than one
study in which a different nomenclature was showed, but
with the same concept presented, was used.

In Appendix Il, along with the naming of features and
attributes, there is also the presentation of information from
references that cited such characteristics or attributes
(references are identified with the hash (#) concatenated with
the numbering of the bibliographic reference used)
facilitating the reader find an indication of which study
addressed what characteristic and attributes, and you can also
check the amount of referrals every feature or attribute has.
The reference for the primary study selected in which the
feature or attribute was found is also mapped in this table.

There are several ways to evaluate the usability of an
application and, in the context of this article, the 31 studies
evaluated were classified in Figure 2. The result, illustrated
in Figure 4, shows the number of studies related to the use of
the techniques of usability evaluation in each execution
environment evaluated. The application of the questionnaire
assessment technique was the most used among the studies
evaluated. This type of technique is based on questionnaires
to evaluate the user satisfaction or dissatisfaction with the
system and its operation. It is a technique quite relevant,
considering that the user is the person who knows more the
software, and because of that, nothing is more befitting than
to seek their opinions to guide project reviews [4].

Trials of interaction were also widely used, the second
among the most widely used techniques for the assessment
of the selected studies. It has been in the execution
environment web site for greater application of techniques
for usability evaluation cited. A test of interaction consists of
a trial use of the system which involved subjects
representative of the target population to evaluate the
technique. In tests of interaction, participants perform typical
tasks involved in their activities with a version of the desired
system [4].

Mobile Devices

Desktop

Interaction-
Evaluations-|

Assays
Heuristic

5
o
Questionnaires- ‘ . .

with Systems -|

Monitoring
Spies

Figure 4. Evaluation Techniques for Runtime Enviroment.

Along with the information extraction of the usability
evaluation techniques used in the selected studies, it was
verified the number of people involved in these evaluations.
It was found that such evaluations occurred either on a list of
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attributes or on a model (consisting of features and
attributes) of usability evaluation and the number of people
involved in these evaluations did not follow a pattern in
relation to the quantity displayed. For the group of studies
that evaluated a list of attributes, there are since evaluations
with groups of four people to evaluations with groups
consisting of 215 people. The same is true for the group of
studies that evaluated a model of usability, working with
groups with 7 people to groups with 179 people involved in
the usability evaluation proposed.

In both cases (List of Attributes or Model), the evaluation
technique most used was the prospective technique of
evaluation by using questionnaires, as already mentioned.
This technique is based on questionnaires to those involved
in the evaluation and is facilitated with a view that those
involved respond to a questionnaire on a specific web
address and may be performing this evaluation activity
anytime. However, it's necessary to emphasize that
satisfaction questionnaires have a low return rate of
responses, which indicates the need to develop/use a small
number of questions, as well as using succinct questions and
a space for the user to insert free comments and suggestions

[4].
[1l.  CONCLUSION AND FUTURE WORK

The systematic mapping of the literature described in this
article has covered features, attributes and metric/usability
recommendations found in each of the execution
environments evaluated in studies found between 2005 and
2012 in four databases of the area.

This systematic mapping of the literature has shown the
large amount of features and attributes discussed by several
authors in various studies related to usability, considering
that it was verified a total of 28 features and 76 different
attributes that can be used by those involved with a usability
evaluation in one of the environments mentioned.

The great quantity of features and attributes of usability
evaluation is also diverse when studies for the same
execution environment are being verified. Among the studies
reviewed, it wasn’t found a pattern or a set of characteristics
and unique attributes of evaluation among the authors that
check specific execution environments. In addition, different
terms to refer to the same usability attribute are found, and
the construction of an ontology is a perspective for future
work.

Few studies have metrics or objective recommendations
to assist in the evaluation of usability. Among the studies
evaluated (31 selected and 9 added by snowball), only about
12.5% have metrics or recommendations to assist, through
good practices, the development of interfaces.

Thus, the choice of features and attributes that best apply
to a particular evaluation, among this diverse group found, is
not a trivial task, given that often the people involved with
the evaluation do not have necessary expertise in the area of
usability that can assist and facilitate the evaluation work
and, therefore, the make the best choice.

Still, when the people involved with the evaluation of
usability have a set of characteristics and attributes to
evaluate, sometimes it is not clear what and how the
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interface should be evaluated or even how the interface
should be constructed to meet certain characteristics and
attributes.

Given this scenario of complexity in the choice of
features and attributes of usability, companies often do not
apply methods of usability evaluation in their software
projects/products for not having specialized team to select
the best form of evaluation, as well as the best attributes for
evaluation, producing sometimes software with low
usability.

The results of this systematic mapping clarify even more
the need for a model of usability evaluation to guide those
involved in the assessment, to provide objective guidelines
for the evaluation of interfaces and indicate the execution
environment for which those guidelines are valid. Another
perceived need is related to the application of usability
evaluation in business contexts, favoring the practical
application of the researches.

It is necessary a model or tool that assists in the process
of evaluation and selection of evaluation attributes,
facilitating the application of usability evaluations of
projects/software products.

Finally, it is important to analyze the threats inherent to
the process adopted in this research, which mainly consists in
the disposal of three studies for not having access to the full
text. Another threat is about the mapping conduction, which
was performed by a single investigator, but the planning
stages and discussion involved two researches. To mitigate
this threat, it was performed, after the conducting conclusion,
an analysis of the disposed titles, and in specific cases, an
abstract by a second researcher (as a way of review) was
made. It’s also necessary to consider that the result presented
is restricted to a specific search string in a set of four data
sources limited to search for terms in English. The expansion
of the terms, language and databases can reveal new features,
attributes, metrics, and recommendations.
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Appendix Il — List of Characteristics and Usability Attributes Mapped

Desktop
Mobile Devices
Web
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#7 #9 #10 #11 #13 #14 #16 #17 #18 #19
#20 #21 #24 #26 #27 #29 #30 #31 #6
Satisfaction #42 #2 #40 #4 #5 #6 #7 #10
#13 #14 #16 #17 #18 #20 #21 #24 #26

#17
Consistency interaction #39 #3 #28 #41

Navigation / guidance #5 #22 #28 #41 #19
Recursos visuais
Effectiveness #42 #2 #40 #4 #5 #7 #10
#11 #13 #14 #17 #18 #20 #21 #24 #26
Minimalist #35 #3 #4 #7 #11 #14 #15 #19

#24 #25 #27
Learnability #40 #4 #6 #16 #20 #35 #3 #36

#A #T #11 #14 #15 #41 #19 #24 #27
security #40 #4 #22 #35 #3 #4 #7 #11 #14

#15 #41 #19 #24 #25 #27
Adaptability #6 #41 #19 #8 #12 #30 #36

#4 #7
Operability #41 #19 #36 #4 #7

|Ease of use #4 #6 #7 #8 #9 #12 #24 #27
Workload (Memory) #41 #19 #25 #30

Productivity #40 #4

Help #35 #3 #4 #7 #11 #14 #15 #19 #24 #27

From User Control #41 #19 #22 #23 #35 #3

HA #T #11 #14 #15 #19 #24 #27
Visibility of System Status #35 #3 #4 #7 #11

Integration of Communication #22

#14 #15 #19 #24 #27

Flexibility #35 #3 #5 #7 #11 #14 #19 #24 #27
Mapping between system and real world #35
#3 #A #T #11 #14 #15 #19 #24 #27

Liberty #35 #3 #4 #7 #11 #14 #15 #19 #24
Documentation #35 #3 #4 #7 #11 #14 #15 #19
Management Errors #41 #19

Trustworthiness #40 #4 #16 #22
Accessibility #40 #4 #36 #7

[}
4]
=
(%2}
o
w
[
Q
<
14
<
I
&)

#43
Multimodal #3

ATTRIBUTES

Feedback #41 #19 #40 #4 #39 #3 #8 #12|
Load minimal memory #40 #4/
Operability #40 #4,
Minimal Action #40 #4/
Navigability #40 #4/
Flexibility #40 #4 #41 #19
Charge Time #40 #4|
Consistency #40 #4
User guidance #40 #4,
Self-Description #40 #4,
Simplicity #40 #4,
Controllability #40 #4
Privacy #40 #4|
Legibility #41 #19 #40 #4|
Temporal behavior #40 #4
Use of resources #40 #4/
Accuracy #40 #4|
Completeness #40 #4,
Enjoyability #40 #4,
Familiarity #40 #4
Fault Tolerance #40 #4/
Safety Features #40 #4
Assurance #40 #4

User Experience #43 #41 #19

Density #1 #41 #19
Customization #23 #8 #12
Attractiveness #36 #4 #22 #7 #40
Explicit user action #41 #19
Solicitation #41 #19
Grouping and distinguish items #41 #19
Synchronism #38 #3
Visible transition #38 #3
Interaction state shared #38 #3
Predictability #38 #3
Adaptation at middle #38 #3 #9
Design Input Output #38 #3
Comments #39 #3
Prevention of errors #35 #3
Support for the user to recognize, diagnose and recover|
errors. #35 #3 #4 #7 #11 #14 #15 #19 #24 #27
Error Treatment #39 #3
Error prevention #4 #7 #14 #15 #19 #24 #27
Quality of Error Messages #41 #19
Number of Errors #6 #28 #30
Error protection #41 #19 #36 #4 #7
Correction of Errors #41 #19
Objective#8 #12 X
Structure #8 #12 X
Brevity #41 #19 X
Community #8 #12 X
Sophistication #8 #12 =
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Interface/Layout #23 #43
Functionality #23
Quality Content #8 #12 #22 #23
Coordination #23
Pattern #35 #3 #4 #7 #11 #14 #15 #19 #24 #27 #25 #36
Aesthetic design #35 #3 #36 #4 #7 #11 #14 #15 #19 #24
Textual information #25 #28 #43

Importance code #41 #19
Emotion #8 #12'
Promotion #8 #12
Compatibility #41 #19
Commands #43

Animations and Transitions #43
Graphic elements #43

> [ [ [ [ [ [ [x [ [ | | | |x > |x > |x > |x |x |x |x |x |x

Copyright (c) IARIA, 2014. ISBN: 978-1-61208-325-4 185



