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Abstract: Every day more companies and organizations insist not only on the quality of the processes that are followed in software development,
but also on the quality of the products purchased and / or developed. The quality of software is perceived mainly by the flaws found in the prod-
uct and by gravity they represent for their business. These failures directly affect the quality of non-functional requirements, which are mostly
overlooked during the life cycle of software development. In this paper presents an investigation to determine the degree of importance of the
non-functional requirements, especially for the case of usability. For this was used as a research method literature review in journals and digital
libraries coming from Cuban institutions, using the CORE and Journal Citation Report (JCR) methods for evaluating of quality of publications,
that from the definitions of chains of searches, a questionnaire of objective and subjective questions, criteria of inclusion and exclusion, obtained
excellent publications for the exhaustive study.Finally the results of the study are analyzed and the conclusive criterion is emitted on the found

results.
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1. INTRODUCTION

Every day more companies and organizations are deter-
mined not only on the quality of the processes used in soft-
ware development, but also on the quality of the products
purchased and / or developed. In the called CHAQOS Re-
portsthat every two years the Standish GroupZis an analysis
of success and failure of projects in the field of information
technology. According to the 2012 edition there is a slight
increase from the previous report (2010) on successful
projects, 37% to 39%. This group defined as those success-
ful projects were delivered on time, within budget and with
the required features and functions.However, the number of
canceled projects is higher, and one factor that affects this is
the usefulness and effectiveness of the use of certain prac-
tices, techniques, methodologies and models which vary
between institutions, organizations and projects [1]. Accord-
ing Leon [2], from the point of view of the customer and
users, the quality of a software product is perceived mainly
by the weakness inherent in the product and the seriousness
that these have for your business.This directly affects the
quality of non-functional requirements (NFR), which are
hardly taken into account during the life cycle of software
development [3]. To this can be added the lack of proce-
dures, tools, methods and techniques for testing the NFR [4].
There is therefore the need to comply by producing centers
software quality in the RNF identified for each of their
products.

As a first step, a preliminary literature review is conducted
to see the degree of importance given to national and inter-
national level to the NFR, especially usability.The aim of
this paper is to provide a contribution to improve the quality
in terms of usability it is in the development of IT projects,
from 1SO 25000.

In addition to the introductory section, Section 2, the state of
the art, Section 3 presents detailed research design and in
Section 4 the results and discussion are given.Finally, Sec-

L1t is one of the most recognized reports on the failure of projects in the field of
information technology and is held every two years.

%Organization of independent international consulting, research in information tech-
nology.
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tion 5 concludes shown.

2. STATE OF THE ART

There are several classifications of requirements, among
them non-functional requirements that are Sommervilleare
limitations on services or features offered by the sys-
tem.Restrictions include both timing and the development
process, as imposed by standards [5].

Non-functional requirements describe the features and tech-
nical aspects of the system should possess. These distinctive
features span the operating environment software from
processing infrastructure and connectivity to visual interfac-
es, colors and how they should present information, includ-
ing the prospects for security.

In the literature are few efforts regarding the verification and
validation of non-functional requirements of the soft-
ware.The issue of obtaining and prioritization of require-
ments generally addressed much more, as in the case of
proposals [6] and [7].

In the work of Sanchez and Rodriguez [8] it referred to the
importance for the field of critical software®, such as SCA-
DA systems (for its acronym in English)*, verification of
non-functional requirements or quality characteristics of the
software as well call it. In it, several examples of problems
that have existed for improper verification and validation of
the NFR in this type of system are cited.It is further pro-
posed that the implementation of non-functional require-
ments such as reliability and security functional require-
ments is done in parallel, people with the skills required for
their realization.

Another work that addresses the issue of the assessment of
product quality is Rodriguez, Pedreira and Fernandez [9]. In
which a solution of an evaluation of the product and then

3 Software that is used in real-time processes, medical systems, avionics, automotive
or control of nuclear plants whose proper functioning rests on the lives of thousands or
perhaps millions of people.

4 System for Supervisory Control and Data Acquisition, which allows to control and
monitor industrial processes remotely. Providing real-time feedback with field devices
(sensors and actuators such as pumps and valves) and controlling the process automat-
ically. These systems can be used in chemical, petroleum, electrical industries, among
others.
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reach a quality certification thereof is presented, based on
ISO / IEC 25000 standard, in this case only it takes into
account the characteristic maintainability.

There are several techniques for evaluating RNF including
traditional techniques and dynamics.The first used for static
analysis of the safety and reliability of systems and the latter
can only be used when you have a prototype or an executa-
ble version of the product.Among the highlights traditional
peer reviews, audits, prototyping of user interface, among
others.They could mention within the dynamics associated
with the source inspection manual or automated test code.
When speaking of non-functional requirements is the family
of ISO / IEC 25000 standards which more disaggregated the
offers.ISO / IEC 25000: 2005 standard [10] provides guid-
ance for the use of the new series of international standards,
called Quality Requirements and Evaluation Software Prod-
ucts (SQuaRE). Constitute a set of standards based on 1SO
9126 and 1SO 14598, and its main objective is to guide the
development of software products with the specification and
evaluation of quality requirements [11].

For this research will work with the ISO / IEC 25010 [12]
standard belonging to the first division, this replaces and
updates the standard ISO / IEC 9126-1. In the same model
of software product quality it is defined and quality in use.
The product quality model includes internal and external
qualities of the system and is composed of eight features and
subfeatures 31 [13], which is then shown in Figure. 1.
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Figure. 1: Model of Product Quality 1SO 25000.

3. PRELIMINARY DESIGN INVESTIGATION

A preliminary study provides the researcher have a greater
area of research on the subject in question vision.For this
article were taken to guide the work of Moreno [4] and [14],
and Sanchez [8]. Building on this work, we consider the
following elements for the study:

3.1 Research Question

The research question is formulated:

"What are the proposals (methods, procedures and tools)
toassess non-functionalrequirements of usability in the soft-
ware developmentprocess?"

The answers obtained when performing this question let you
choose, classify and summarize knowledge regarding the
evaluation of non-functional requirements of usability.For a
more concrete result, the main question was divided into
four sub questions.

Q. 1: What are the methods to assess non-functional re-
quirements of usability?This question examines the different
methods used to assess non-functional requirements of usa-
bility that may or may not be related to other non-functional
requirements.

Q. 2: What are the procedures used to assess non-functional
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requirements of usability?his question identifies the proce-
dures that help the tester to verify and validate non-
functional requirements for usability.

Q. 3: What are the tools supporting the assessment of non-
functional requirements of usability?This question aims to
study the tools created to support the evaluation method of
non-functional requirements of usability.

Q. 4: Was the proposal empirically validated?This question
examines whether the proposal has been validated in a real
or academic context.

3.2 SearchStrategy

Based on the research question and the sub questions de-
signed publications selection process, resources and search
terms is determined necessary to perform the same. For
application the following three steps were taken into ac-
count;

Step 1: Selected publications. When these 6 lines are com-
pleted the total "Selected publications" is obtained.

- Use a search string. This search returns a set of
publications that satisfy the search string in the
title, abstract or keywords. (Step 2)

- Build the criteria for inclusion and exclusion. the
criteria for inclusion and exclusion criteria based on
the research question is formulated. (Section 3.3)

- Read the title and abstract. the titles and abstracts
of publications returned by the search string are re-
viewed. Based on the titles and abstracts the selec-
tion criteria are applied to determine the publica-
tions to include or exclude in the study. This set of
publications called "potential publications."

- Read all publications. It is thoroughly read the en-
tire contents of potential publications. During the
reading should answer research questions (section
3.1). In addition, the inclusion or exclusion criteria
must be applied again, so that only publications
that are in the area of interest are selected. The re-
sult will be another set of publications called "Se-
lected publications".

- Search and select publications references. The last
step is to review the publications referenced in se-
lected publications. Thus, relevant publications
which have not been found by the search string and
publications that do not fall between sources de-
fined in the search (step 2) are identified.

Step 2: Sources search

The sources used for the study are based on: the digital li-
brary of the University of Information Science, the Cuban
Journal of Computer Science, Advanced Scientific Maga-
zine, among others. All publications were searched by title,
abstract and keywords. The established date range is 2010 to
present. To avoid discarding previous interesting jobs by
2010, the revised referenced publications. If a written prior
to the 2010 publication has not been referenced in the last 10
years, we can conclude that the work is not relevant; there-
fore, it is discarded for this study.

Step 3: Search string

The search string used consists of two types of sub-strings:
Non-functional requirements and Software Engineering (1S).
With the first substring try to find publications related to
how to assess non-functional requirements of usability, and
the second sub-chain concepts evaluation of nonfunctional
requirements related to IS.
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Search string = (Non-functional requirements) AND (Soft-
ware Engineering)

The terms that form the search string are:

Usability Requirements = (Usability Requirements OR user
requirement OR usability evaluation OR non-functional OR
usability procedures)

Software Engineering = (TDD OR test driven OR tool OR
engineering OR test)

The term "non-functional” has been inserted into the group
of "usability requirements” because usability very often is
considered RNF (or English NFR) and therefore there may
be references to usability within work based RNF.

3.3 Selection criteria

They are used to determine what studies are to include or
exclude in the study, from the articles obtained with the
search string. The publication is considered valid if the an-
swer is yes to any of the three following inclusion criteria:
IC1= Does the work defines how to assess non-functional
requirements of usability?

IC2= Does the proposal applies to a system based on con-
ceptual models (TDD) environment?

IC3= Does the work defines how to assess non-functional
requirements of usability?

On the other hand, the exclusion criteria are taken into ac-
count;

EC1= Publications studying procedures and tools that do not
address the usability.

EC2= Publications that only treat the functional require-
ments.

EC3= Written in a language other than English or Spanish
publications.

In order to assess the reliability of inclusion, the statistical
measure of Fleiss Kappa (level of agreement) on 20 poten-
tial publications selected randomly applied. The value ob-
tained was 0.61 Good level qualified or Sizeable.

3.4 Quality assessment

For the evaluation of the quality of the "Selected publica-
tions" a questionnaire presented in Table I, containing ques-
tions sub-jective and objective it was developed. The former
have three alternatives (1 = yes, 0 = Clear and -1 = No). The
objective questions, No. 8 and No. 9 have these alternatives
(1 = Very important, 0 = Important, 1 = not important) and
(1 = more than 4, 0 = 2 to 4, -1 = me-us 2) respectively. For
question No. 8 it is considered conferences and journals. For
objective classification of conferences, the ranking CORE is
used. The publication is "very important" if the conference
is CORE A or B or if it is part of a book, "Important” if
CORE C or if it is a workshop, "not so important™ when the
conference is not in CORE.

For journals, it has been used objective classification of the
Journal Citation Report (JCR). The publication is "very
important” if the magazine appears in the JCR, "Important"”
when indexed on another list and "not so important” when it
is nowhere known. For question No. 9 the Publish or Perish
tool is used to determine the number of times it is cited pub-
lication. Is assigned 1 if this number is "more than 4", 0 if it
is "Between 2 and 4" and -1 if it is "Less than 2",

Completed the questionnaire the average of the individual
responses of each reviewer is calculated. In the end, all av-
erages obtained are added together, the resul-state is a value
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between -10 and 10. It is considered the publication "very
good" if the value is greater than or equal to 3, "Good" if it
is between -2 and 2.9 and "Bad" if less than -2.

Tablel: Questionnaire.

Subjective questions 1 = Yes0 = Partialy-1 = No

1.Does the method for evaluating usability requirements
clearly defined?

2.Do assessment procedures nonfunctional requirements
are understandable?

3.Do assessment procedures nonfunctional requirements
are useful in another context?

4.Do the tools supporting publications are downloada-
ble?

5.Is there a case study or example of the proposal?
6.Does the proposal is validated empirically?

7.Are the results are clearly explained?

Objectivequestions

8.Does the publication is in a magazine or in a confe-
rence proceedings?

1 = Very important 0 = Important -1 = Notso important
9.Does the publication has been cited by other authors?
1 = Moreof 40 = Between 2 and 4 -1 = Less of 2

A series of questions which the study is based are set.

3.5 Data extraction strategy

Defines how the information required for each selected
publication is obtained. Taking into account the sub ques-
tions for the study, it defined the following sets to group the
possible answers in categories that are of interest to the
preliminary study.

Q1. Methods to assess non-functional requirements for usa-
bility

1.1. Yes. When the methods evaluate usability requirements
or other non-functional or contain usability requirements.
1.2. No. When the method does not explain clearly how to
conduct assessment of usability requirements. They are
NFRs assessment methods that do not cover or interaction
usability.

1.3. Not concerned. If the publication has no method.

Q2. Usability procedures used to assess non-functional re-
quirements for usability

2.1. Existing. If the publication uses existing procedures for
evaluation or analysis requirements usability.

2.2. Proposals. If the procedures used in the publication have
been developed by the author.

2.3. Does not exist. If no known method is not used or
created.

Q3. Support tools assessing non-functional requirements for
usability

3.1. Interface design. If the proposal is oriented tool for
multimedia user interface.

3.2. Development model. If the proposal is a support tool for
the development of conceptual models.

3.3. Does not exist. If the method does not suggest any tool
but it might be possible to use some.

3.4. Not concerned. If publications do not try tools.

Q4. Empirical validation environment

4.1. Industrial. If the empirical validation of the proposal
made in the publication is carried out in an industrial con-
text.

4.2. Academic. If the empirical validation of the proposal
made in the publication is done in an educational context.
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4.3. Any. If there is no empirical validation.

4. RESULTSAND DISCUSSION

From data extraction applied in the previous section, the
achieved results that revolve around the evaluation methods
of nonfunctional requirements usability is. These works
have been published in conferences, magazines, books,
workshops and other events.

Works like Mellado et al found. [15] in building a methodo-
logical and instrumental environment based on the ISO
25000 which provides the ability to evaluate the quality of
both the source code and design software to develop. It
focuses on three of the eight quality characteristics of this
model: maintainability, safety and usability, providing a set
of metrics, heuristics and check lists of possible use.

In the work of Moreno and Martin [14] presented a way to
manage and validate non-functional requirements in web
applications through usability testing techniques. In the
same great emphasis on the importance of usability for Web
applications is.

In the work of Florian, Solarte and Reyes [16] the subject of
evaluation and usability testing within their own software
development is introduced, adding an auditor role in the
process. The same is evidenced the importance of making
this feature in web applications, in this case a digital refer-
ence library of documents in the area of computer science
(PREACH). mention of non-empirical and empirical me-
thods for usability evaluation is done, specifically used in
empirical work, which covers terms of usability testing and
user testing as they are also known. To minimum require-
ments referred to design more usable and accessible web
interfaces.

In Cuba the software development companies are not out-
side the situation presented in the global studies on streng-
thening the software industry, which has led to the creation
of various strategies in order to increase production and
quality Cuban software. Thus it was createdincusoft®, where
companies producing software are integrated into the coun-
try.

One such organization that integrates Incusoft, is the Uni-
versity of Information Science. In the modifications they
have been made to the software development processes and
between the processes of software quality.

In the literature review some works collected in Table 1l
were found, the more jobs are diploma and focused on quali-
ty assurance of usability feature, mainly for management
systems. These are guided by the ISO 9126, which is consi-
dered very important but there are features that are ad-
dressed in this standard in a very general way, such as relia-
bility and security.

Some works that address the issue of quality assessment was
also found, which are shown in Table IlI.

Some companies in the country to achieve better products
and services have implemented a quality management sys-
tem that meets the requirements of the International Stan-
dard NC-1SO 9001: 2008 [17]. This standard is combined
with the NC I1SO / IEC 9126-1: 2005 standard [18] for the

% Industry Cuban Software, was created with the aim of combining the
individual efforts they have been making various institutions of the country
in this field to reach a strength that allows venture, more effectively in
foreign markets, its main objective is to achieve high quality software
products to meet customer expectations.
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case of companies producing software. In some companies
then they dictate procedures to guide the development and
evaluation of software produced, looking for a better prod-
uct positioning in the market. There are companies which
are currently being evaluated only two (functionality and
usability) of the six features that this rule proposes.

Table 11: Thesis ratio of the UCI regarding quality cha-
racteristics

Caracteristicas de calidad
s | 2 (2.2 |5 |25
s| § |2|2|8|2|£|2|5 |5
L S |s|8|8B|2|8|3|5 |8
| - |ElE|E|3 5|82 |5

=

[19] | Grade X
[20] | Grade X
[21] | Grade X
[22] | Grade X
[23] | Grade X
[24] | Grade X
[25] | Grade X
[26] | Grade X
[27] | Grade X
[28] | Grade X
[29] | Master X
[30] | Master X

Relates a number of diploma thesis work and expertise
found in a search in the library of the UCI.

Table I11: List of work concerning quality features.

Qualityfeatures
o >
L o 2 2 =
S| § |5|2|2|2|8|z|58|8
S 8 |S|le|s5|E|5|5|c |2
D > |s|8|8|8|82|3 |8 |8
x| F |B2lE|E|S |3 |8|E|5
S|Ww| s | |x|? T | a
[31] | Grade X X
[32] | Grade X X X X X
[33] | Doctora- X
te

A series of related papers found in a search in several public
digital libraries online.

In the software production process, specifically when re-
quirements engineering is done, the NFR are not explicitly
disclosed in Specification requirements (ER) or Project
Profiles. It is performed only a small mention of the format
in which the user interface, for example will be presented:
"The user interface is presented for the web. The navigation
should be intuitive, presenting on every page menus to
access site information. User interfaces should follow design
guidelines defined and approved by the customer ".
In other cases RNF are collected in a document called Tech-
nical script. They are collected in the same well as hardware
and software requirements, aspects concerning:

- Appearance or external interface: Overview of digi-
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tal product.

- Usability: Levels of Access to Information.

- Portability: Platforms in which the digital work is
executed.

- Security: Set the access authenticates users based
on their role, and the allocation of permits accord-
ing to the required functionality.

All this information is recognized as useful but not achieved
with the same goal proposal because in the stages of product
evaluation becomes very long. The projects then present
their processes inherent problems such as deadlines and
unfulfilled budgets, customer dissatisfaction and / or user to
whom it is addressed, low productivity and poor quality
software produced.

Some features that should be taken into account to achieve a
higher quality web application propose them Luis [31],
including highlights to be aesthetically attractive and have a
simple design and intuitive navigation.

Table 1V shows the amount of potential and selected publi-
cations classified by source of origin. These data also in-
clude publications obtained by reference. Table V shows the
number of potential and selected publications that have been
presented at conferences level A, B or C according CORE.
Extracting data from selected publications has been made
based on the research categories. In turn, each category is
classified into different sets described in section 3.5.

Table 1V: Number of publications by source.

Source Potential Selected
Conference 31 14
Journals 16 9

Books 4 3
Workshops 4 1

Others 15 8

Total 70 35

Table V: Number of publications according to the
CORE classification

4
Doesnotexist 1 |448
3 |3
Q3. Support tools assessing | Interface Design | 5 | 17.2
non-functional require- 4
ments for usability ModelDevelop- |7 | 24.1
ment 4
Doesnotexist 1 1379
1 |3
No bearingon 6 | 20.6
9
Q4. Empiricalvalidationen- | Industrial 3 |103
vironment 4
Academic 1 | 58.6
7 12
Any 9 |31.0
3

LevelsConferences | Potential Selected
Level A 12 6
LevelB 10 4
LevelC 9 4

Table VI shows the percentage of publications that have
been found in each of the sets of categories. The total num-
ber of selected publications for our study is 29.

Table VI: Results of the preliminary study

Sub questionsResearch Possibleanswers | N | %
(o]
Q1. Methods to assess non- | Yes 7 |24.1
functional requirements for 4
usability No 1 |379
1 |3
No bearingon 1 |37.9
1 |3
Q2. Usability procedures Existing 9 | 31.0
used to assess non- 3
functional requirements for
usability Proposals 7 | 241
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The proposals found in the study help overcome some of the
obstacles to the integration of usability and its significance
by stakeholders. However the application of the procedures
required, in general, the interpretation of a usability expert
for proper use.

All tools proposed in the publications studied are prototypes
that have limited functionality when its use is oriented eval-
uation process requirements. In addition, its use requires
some degree of effort in understanding and implementation
by the tester.

In all case studies, experiments or examples that arise (both
academic and industrial), there are no explicit metrics that
determine the level of usability achieved by the system.

5. CONCLUSIONS

To achieve quality RNF first thing to do is to describe these
in a way that can be measured is then necessary to quantify,
defined intervals and scales should be aligned with the mar-
ket and the value of the cost.

The ultimate goal of this work is to study the existing stu-
dies that propose optimize usability features within the soft-
ware development process. Of all existing jobs, this paper
aims to analyze in more detail those who propose optimizing
usability from the early stages of development.

The systematic study has been prepared based on the me-
thodology proposed by Kitchenham and focused on a quest
for the past 12 years. The results although in accordance
with the approach of assessing usability requirements do not
solve greatly the problems that have applications in the
development process (continuous change in the require-
ments, the presence of new requirements, understanding the
mechanism of interaction user, application of new guidelines
and standards for various platforms and technologies, among
others). If we focus on publications that address usability
requirements assessment, lack of jobs is even more pro-
nounced. Virtually no work today.

The systematic study largely serves to detect the problems in
the studies analyzed and identify future work that have not
yet been addressed. Based on the study results, it can be
concluded that there is a clear line of research in the field of
usability requirements.

In addition, the systematic study in this article can be used
as a starting point for future systematic reviews that are
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conducted around the evaluation of non-functional require-
ments for usability.
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