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Nowadays, software and web organizations are ingdeirs very competitive markets. This
situation challenges organizations for paying sleattention to the quality of applications and
services offered to consumers. For those that é&etly carry out quality assurance activities
devoted to measurement, evaluation (ME) and changsivement (MEC) projects, well-
founded quality evaluation and improvement appreactan be a key competitive issue. In
this direction, we have developed an integratedityugpproach whose architecture is based
on quality views, and ME/MEC strategies. In ordebblster the former aspect, we specify, in
this work, an ontology for quality views. Qualitiews and their ‘influences’ and ‘depends on’
relationships between them, are paramount for bhgfinand selecting evaluation and
improvement strategy patterns and ultimately spedfrategies to be used in ME/MEC
projects. A strategy pattern is a reusable solutorecurrent problems in MEC projects. For a
project goal, the selected strategy pattern alloms to instantiate a specific strategy, which
embraces a set of tailored activities and methodsrfeasurement, evaluation, analysis and
change for improvement. Also we discuss a setrafegly patterns and document two patterns,
which were used in two case studies for understgndnd improving Usability and User
Experience.
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1 Introduction

Nowadays, software and web organizations are imedernm very competitive markets. For
developing, maintaining and managing successfutwsoé and web applications, quality and
economic issues should be considered, among otmgortant competitive factors. For leveraging
these factors in a systematic and disciplined vemganizations should perform quality assurance
activities and adopt well-established quality easibn and improvement approaches for fulfilling
measurement, evaluation (ME) and change (MEC) prgjeals.For instance, a quality evaluation
approach should clearly establisfE/MEC strategiesvhich are able to specify quality characteristics
and attributes regarding one or marelity views and ultimately use metrics and indicators and the
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values for analysis, recommendations and improvemaivities, in a trustworthy manner [8, 23].

As highlighted above, quality views is a key cortogfpan evaluation approach. Although quality
views have been characterized since early 80'y, ofien they have been weakly specified. For
example, in 1984, Garvin [16] has described quéldyn five different views: 1¥ranscendental view
Quality, as synonymous with "innate excellence"sasnething we can recognize but not define; 2)
User view This is a personal, subjective view of qualityhigh lies in the eyes of the beholders; i.e.,
quality is fitness for purpose; Broduct view Quality is tied to inherent product charactecstand
attributes; 4)Manufacturing view Quality is conformance to specifications and isguents; and 5)
Value-based viewQuality depends on the amount the customer ikngito pay for it. Garvin points
out that there is anted to actively shift one's approach to qualitypasducts move from design to
market. The characteristics that connote qualitystrirst be identified through market research (a
user-based approach to quality); these charactegsiust then be translated into identifiable protdu
attributes (a product-based approach to qualityydathe manufacturing process must then be
organized to ensure that products are made pregisethese specifications (a manufacturing-based
approach to quality). A process that ignores ang ohthese steps will not result in a quality proidu
All three views are necessary and must be condgicufivated.

More recently, ISO standards [21, 22] and othehanstsuch as [5, 30] consider also some quality
views and the influence relationship between th&wor. example, Baskervillet al. [5] state the
product-based quality view says that because quaditlinking to measurable product features,
product quality is conformance to stated produajuieementd...]. A user-based view, in contrast,
says that quality is about fulfilling used expeictas, or ‘fithess for purpos&’' In 2001, ISO 9126-1
[22] made explicit the ‘influences’ and ‘depends celationships between views by indicating that
"Process quality[...] contributes to improving product quality, and puoetl quality contributes to
improving quality in use. Therefore, assessing iamgroving a process is a means to improve product
quality, and evaluating and improving product gtialis one means of improving quality in use.
Similarly, evaluating quality in use can provideedback to improve a product, and evaluating a
product can provide feedback to improve a pro€egdso, it states that the assessment of thesesvie
can be achieved by using process measures in@atlitinternal, external and quality in use measure
respectively.

In 2011, the 1SO 25010 standard (which superseal¢22), adds the resource view, maintaining
the hypothesis of ‘influences’ and ‘depends on’{®determined by’) relationships. It states ttiihe
software lifecycle processes (such as the quaétyirements process, design process and testing
process) influence the quality of the software piddand the system. The quality of resources, aach
human resources, software tools and techniques farethe process, influence the process quality,
and consequently, influence the product qualityitv@oe product quality, as well as the quality of
other components of a system, influences the gualithe system. The system quality has various
influences (effects) depending on the contextsef The context of use can be defined by a set of a
user, a task, and the environmént-igure 1 illustrates the target entities for lifyaand their
relationships as per I1SO.

Also it is important to remark that the CMMI [8le factostandard is supported by the evidence
that assessing and improving the process (i.e.fubiyling accordingly the required specific and
generic goals of process areas) is a means to iegmoduct and service quality.



B. Rivera, P. Becker, and L. Ols 435

System/Software Software System System

Lifecycle Product - S > Quality in
Process Quality Quality Quality Use

i c f
Reso;lrc'es Components onttIext 0
Quality Quality se

- - QVa influences QVb, or Stakeholders Task Environment

QVa o Q QVb is determined by QVa i i
(or QVb depends on QVa)

Figure 1:Target entities and their relationships for evahguality (adapted from [21]. Note that QV me&hslity View)

Recently, we have developed an evaluation apprdhah includes quality views as well.
Furthermore, our approach considers also ME/ME@teggies for achieving project goals. Let's
introduce the approach with the following examflee ME project goal is ‘Understand the Facebook
mobileapp usability weaknesses’. For achieving thisl, one specific ME strategy with well-
established activities and methods should be sslect

Strategy is a frequently used and broad term, soofo purposes, we have defined it as:
“principles, patterns, and particular domain concephd framework that may be specified by a set of
concrete processes, in addition to a set of appad@methods and tools as core resources for hglpin
to achieve a project goal6]. In a broad sense, for choosing the suitadtimtegy from a set of
ME/MEC strategies, one or mogeiality viewsmust be taken into account. A quality view relaas
entity super-categorguch as product, system, system in use, accoydwith a quality focussuch as
internal quality, external quality, and qualityuse (QinU).

In the goal statement of the above example, thesnlyidg quality view is the System Quality
View, where System is the entity super-categorbeacevaluated regarding the External Quality focus
and the Usability characteristic. Note that Facébmobile app is the concrete entity for the System
entity super-category. In turn, Usability is remet®d in an external quality model, which may
combine sub-characteristics (e.g., Operability) atidbutes (e.g., Stability of main controls). THM&
strategy should allow selecting metrics for quaamid attributes and indicators for interpretinggte
quality requirements, with the aim to analyze, reoeend and propose change actions on the basis of
the yielded outcomes (i.e., measures and indicatites).

In summary, we have developedhalistic quality evaluation and improvement approd&4]
whose architecture is based on two pillars, namely:

(1) a quality multi-view modeling framewqrand,
(2) ME/MEC integrated strategies

In turn, anintegrated strateggmbraces three capabilities: (2.i) thi/MEC domain conceptual
base and framework (2.ii) the process perspective specificatipnand, (2.iii) the method
specificationsThese three capabilities support the principleaifhg integrated [37] since for instance
the same terms are consistently used for activétiesmethods that the strategy prescribes.

Looking at the (2.i) capability of a strategy, wavk built a conceptual framework so-called C-
INCAMI (Contextual-Information Need, Concept model, AttebiMetric and Indicatdr[35], which
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explicitly and formally specifies the ME conceptsoperties, relationships and constraints, in éoldit
to their grouping into components. This domain gy for ME was also enriched with terms of a
process generic ontology [6]. For example, a ‘mezment’ -from the ME domain ontology- has the
semantic of ‘task’ -from the process generic orggld.ikewise, the ‘metric’ term has the semantic of
‘method’; the ‘measure’ has the semantic of ‘outegrand so forth.

In light of having a more complete conceptual basel considering the characterization made on
quality views in the above-mentioned research, gkt the opportunity of developing an ontology
for quality views for the (1) pillar of our evaliah approach. Despite ISO 25010 deals with quality
views, an explicit definition of the quality vieverm and other related terms are missing in this
standard. Also, other related work mix up the dualiew concept with the quality focus concept, as
we will discuss later on. Consequently, developamyontology of quality views can be helpful to
provide an explicit semantic for this domain, whicdin benefit the semantic processability of goal
statements for selecting the suitable strategyafepecific project. These are the major requirement
for building such an ontology.

Furthermore, quality views and their ‘influenceatiddepends on’ relationships are paramount for
defining ME and MEC strategies. Some known ME/MEfategies for software ar&oal Question
Metric (GQM) [3], Continuous Quality Assessment Methodold@QA-Meth) [38], Practical
Software MeasuremerfPSM) [28], and Quality Improvement ParadigrfQIP) [4], amongst others.
However, most of these strategies have not weltipd some of the three capabilities, i.e., the ME
domain conceptual base and framework (2.i), thecgs® perspective specifications (2.ii), or the
method specifications (2.iii). Nor are these calit#s often considered simultaneously, in an
integrated way. Moreover, in the quoted ME/MEC telgges quality views and their relationships have
often been neglected.

In the last decade, we have earned experience \slafgng a couple of specific ME/MEC
strategies. We have developed the GOCAMEodl-Oriented Context-Aware Measurement and
Evaluation and the SIQinUStrategy for Improving Quality in Usstrategies, which were applied in
several specific evaluation and improvement prej¢26, 34-37]. For these ME/MEC projects, one or
two quality views were considered. Also, both sigits have the three above-mentioned capabilities,
which are supported in an integrated way.

Lately, we have envisioned the idea of packagimgetirned experience irgtrategy patterndt is
recognized that patterns have had and continueate la significant impact in software and web
engineering [13, 15]. In a nutshell, the pattemain aim is to provide a general and reusable isolut
to a recurrent problem. We have observed thategfyapatterns can be applied to recurrent ME or
MEC problems of any project. As a result, we speaifet of strategy patterns that offers flexibid a
tailorable solutions for evaluating and improvimg tquality focuses for different entities in ME/MEC
projects, considering one or more quality views. fhe best of our knowledge, this specific
contribution fills a gap in the current literature.

Therefore, the major contributions documented is plaper are: (i) Specify an ontology of quality
views; (ii) Analyze strategy patterns for differentality views and project goals; and (iii) Spedifyo
concrete strategy patterns and perform their itistidon. We illustrate one strategy pattern for
improving one quality view using the Facebook medyjlp case study. For the other pattern, we
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exemplify fragments of the JIRAwebapp case study, for improving the User eXpege(UX)
considering two quality views and the ‘influencasd ‘depends on’ relationships.

Following this introduction, Section 2 describekated work addressing research that deals with
quality views and strategy patterns. Section 3ifipsthe ontology of quality views, in the conteft
our evaluation and improvement approach. Also, iguaiews and the external quality and QinU
focuses are illustrated considering the Usabilihd dJX characteristics. Section 4 documents
thoroughly two ME/MEC strategy patterns, and seedbe practical impact of the quality multi-view
framework when defining and selecting strategyepat for specific project goals. Section 5 discsisse
other strategy patterns and their usefulness. ligjrig¢ction 6 draws our main conclusions and oedlin
future work.

2 Related Work

In this work, we present fzolistic quality evaluation and improvement apprioathose architecture is
based on two pillars, namely: (B quality multi-view modeling framewgrkand, (2) ME/MEC
integrated strategiesFirst, regarding the state-of-the-art literatwve analyze the research work
related to ontologies of quality views. Second, megiew those works that deal with ME/MEC
strategies and ultimately with strategy patternssoAwe discuss if the existing research about a
holistic quality evaluation approach takes intocast these two concerns (pillars) in an intertwined
and integrated manner.

Regarding the first pillar, there exists literat@® quoted in the Introduction Section that deals
with quality views. But as far as we know theren@sresearch defining and specifying an ontology of
quality views, nor an explicit glossary of terms.dddition to the seminal Garvin work [16], onetlud
most relevant documents previously cited is the 25010 standard, in which different quality views
and their ‘influences’ and ‘depends on’ relatiompshare represented informally in its Annex C. (Note
that these cause-effect relationships between viewse been to a some extent empirically observed
[9, 14, 26, 29, 30], though more empirical reseancthis area is still needed). However, in 1ISO][21
the explicit meaning of the quality view conceptisssing. Moreover, there is no clear association
between a quality focus and an entity category,exgticit definitions of the different entity categes
as we do in Tablé Rather, it outlines views in the context of a systguality lifecycle model (Figure
1), where some views can be evaluated by mear®eafitality model that the standard proposes.

Another initiative related to quality views is ayedd in [29] in which just the ‘influences’
relationship between external quality and QinU ehtaristics is determined by means of Bayesians
networks, taking as reference the 1SO 9126-1 [22pdard. However, it does not discuss a holistic
evaluation approach that links quality views witiENNEC strategies, as we propose. Finally, in [34]
the 2Q2U internal/external Quality, Quality in use, actuakability, and User experiencguality
framework is proposed. This framework extends thality models defined in [21] adding new sub-
characteristics for external quality and QinU, acwhsiders the ‘influences’ and ‘depends on’
relationships for three quality views, namely: 8afte Product, System and System-in-Use Quality
Views. But the explicit definition of quality viewerms as we propose in this paper is missing.,Also
the 2Q2U quality models were instantiated usingirdagrated strategy called SIQinU [26]. This
strategy allows improving QinU incrementally, froomanges made on the system. SIQinU is an

& www.atlassian.com/softwareljira/
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instance of one of the strategy patterns that veeigh@nt in Section 4.2.

Regarding the second concern, i.e., ME and MEQgiated strategies, there exists a couple of
related works ([2, 4, 28, 38], etc.). Specificallg] presents GQNBtrategies, which is built on top of
the so-called GQM strategy [3]. Both strategieduide the principle of the three integrated captédi
[37]. But none consider the quality views' conceptsd the ‘influences’ and ‘depends on’
relationships, nor the ME/MEC strategy pattern idea[27], measurement patterns are defined to
establish objectives, sub-objectives and metricsafo organizational goal starting from the GQM
approach. The intention of these patterns is te giusable solutions to similar problems founchim t
creation of measurement programs. Additionallyharg state that the idea of measurement patterns
was taken from [15], but the specification of tHastrated patterns follows no recommended style
such as name, intention, problem, solution/strggtianown uses, etc.

Many researches that deal with patterns are vagndhtended for early stages of development
and change, focusing for instance on usabilitygoat and user interface designs, or architectural
designs. But, they are seldom intended for evalnadind improvement stages in which quality views
and MEC strategy patterns should be used apprefyidtor example, authors in [13, 14] define a
framework that expresses relationships betweerw@odt Architecture and Usability. The proposal
consists of an integrated set of design solutibias have been identified in various practical cases
industry. But in our opinion, a clear separationcohcerns among quality views, quality models,
ME/MEC integrated strategies and strategy patternsssing.

In summary, there is no related work for the défini and specification of an ontology of quality
views. Additionally, there is no research that $inthe quality views' terms with non-functional
requirements' terms as we will document in Sec8dnl. Our approach ties together quality views
(entity categories and quality focuses) and thadationships, in addition to customizable stratedo
measurement, evaluation, analysis and improvenvamth can be packaged into strategy patterns.
Strategy patterns are aimed at easing the stratsggntiation for common and recurrent ME/MEC
projects' goals.

3 Foundations for the Holistic Quality Evaluationand Improvement Approach

As introduced above, the architecture of our ev@naapproach is built on two pillars. Sub-section
3.1, discusses the first pillar, that is, tipgality multi-view modeling framewarkvhich specifies the
proposed ontology of quality views and the groupifgits concepts into thegual ity_vi ew
component. This ontology allows specifying for arste Resource, Product, System, and System-in-
Use Quality Views, which are paramount for defingttategy patterns. Sub-section 3.2, analyzes what
is an integrated strategy for the purpose of evi@nand improvement.

3.1 Quality Multi-View Modeling Framework

A ME/MEC project can involve one or more entity stqgategories such as Software Product, System,
System in use. Each entity super-category is etedueonsidering its corresponding quality focushsuc
as internal quality, external quality, and QinU eTielationship between an entity super-category and
its quality focus is called Quality View. For thadebook example, the System entity super-category
and the External Quality focus conform the Systemalfy View. Also for each quality view an
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appropriate quality model must be instantiated,pag of the definition and evaluation of non-
functional requirements for a ME project. A qualityodel has a quality focus, which is the root
characteristic (External Quality) in addition toachcteristics and sub-characteristics (Usabilitg an
Operability) to be evaluated which combine meaderatiributes (Stability of controls). So thaality
multi-view modeling framewor&mbraces concepts such as quality view, qualitgehaelationships
between quality views, among other issues.

Next, sub-section 3.1.1 shows the ontology of duaNiews and the linking of the
qual i ty_vi ew component with the previously developed C-INCAMinceptual framework [6,
35]. Then, sub-section 3.1.2 discusses, for thee satk exemplification, how Usability and UX
characteristics can be related with quality views.

3.1.1 Ontology of Quality Views

The cited 1SO 25010 standard deals with quality el®a@nd to a lesser extent with quality views. It
establishes ‘influences’ and ‘depends on’ relatijps between quality views, but, as commented in
Section 2 the explicit meaning of the quality viemd quality focus terms and other related terms, as
well as the linking with non-functional requiremdstms such as Information Need are missing. In
order to improve these weaknesses and to fullrguirements indicated in the Introduction Sextio
we have defined an ontology of quality views.

An ontology is a way of structuring a conceptuakédy specifying its terms, properties,
relationships and axioms or constraints. A wellsknalefinition of ontology says thaaf ontology is
an explicit specification of a conceptualizatioft7]. On the other hand, van Heijst al. [39]
distinguish different types of ontologies regardthg subject of the conceptualization such as domai
and generic ontologies. Regarding this classificatihe quality views ontology can be considered
rather a domain ontology since its terms, properied relationships are specific to the qualityaare
However, some terms like entity super-categorylmoonsidered generic [18].

Figure 2 depicts the quality views ontology usihg tJML class diagram [32] for representation
and communication purposes. Additionally, its teramsl relationships are defined in Table 1 and
Table 2 respectively. For the construction of theotogy, we have followed the stages proposedeén th
METHONTOLOGY [12] approach. Nevertheless, it is rtbe aim of this paper addressing the
ontology construction process itself. Instead, wesent the ontology representation and a possible
instantiation of it.

One core term in this ontology Galculable-Concept ViewThis term relates thEntity Super-
Categoryterm with theCalculable-Concept Focugerm. An Entity Super-Category is the highest
abstraction level of akntity Categoryto be characterized for measurement and evaluptioposes.

In turn, a Calculable-Concept Focus i€alculable Concepthat represents threot of a Calculable-
Concept Model

Figure 2 shows that instances of Entity Super-Gategre Software Product System and
Processamongst others. On the other hand, a Calculable€pt Focus can be for exampl@uaality
Focusor aCost Focus Note that Cost Focus ar@@bst Vieware not directly related with the quality
domain, so they are gray-colored terms in Figuem@ are not defined in Table 1. Some instances of
Quality Focus are for examplieternal Quality External QualityandQuality in Use
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Figure 2: Terms and some instances for the ontadé@uality Views.
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System Quality View

Table 1: Ontology of quality views: Term definit&n

Term Definition

Calculable Concept A characteristic that represents a combination edsarable attributes. Note
(synonym: 1: A calculable conceptan be evaluated but cannot be measured as an
Characteristic, attribute -at least in a non very trivial way swash"good"” or "bad". Note:2
Dimension, Factor, A characteristic can have sub-characteristics.

Feature)

(from ME ontology)

Calculable-Concept It is acalculable concepivhich represents the root ofcalculable-concept
Focus model Note 1 A calculable-concept focus associated to oremtity super-

categoryto be evaluated.

Calculable-Concept The set ofcalculable conceptand the relationships between them, which

Model

provide the basis for specifying the non-functioreduirements and their

(from ME ontology) further evaluation._Note :1A possible instance of €alculable-Concept

Modelis the ISO 25010 Quality-in-use Model.

Calculable-Concept Abstract relationship between oralculable-concept focuand oneentity

View

super-category Note * Names ofcalculable-concept vieware Quality
View, Cost View, among others.

Entity Category

Object category that is to be characterized by oraagits attributes.
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(synonym: Object

Category)

(from ME ontology

Entity Super- Highest abstraction level of an entity categoryalue to be characterized
Category and assessed in Software Engineering organizatidnge * Names of

entity super-categories afesource Process Software ProductSystem
System in us, among other

External Quality

It is the quality focusassociated to thsystementity super-categorjo be
evaluatec

Internal Quality

It is the quality focusassociated to thsoftware productentity super-
category to be evaluated.

Proces:

It is theentity supe-categon which embraces work definitior

Process Quality

It is the quality focusassociated to thprocessentity super-categorio be
evaluatec

Process Quality View

It is thequality viewthat relates thprocess qualityfocus with theprocess
entity super-category.

Quality Focus

It is acalculable-concept foct for quality.

Quality in Use It is thequality focusassociated to thgystem-in-usentity super-categorp
be evaluate:
Quality View It is acalculable-concept viefor quality.
Resource It is theentity super-categorwhich embraces assets that can be assigned to

processes, activities and tasks. Note Ekamples of assets are Tool,
Strategy, Software team, etc.

Resource Quality

It is thequality focusassociated to theesourceentity super-categorto be
evaluated.

Resource
View

Quality

It is thequality viewthat relates theesource qualitfocus with theesource
entity supe-category

Software Product

It is the entity super-categoryhich embraces software programs (e.g.,
source codes), specifications (e.g., requiremergsifications, architectural
specifications, data specifications, testing speatibns, etc.), and other
associated documentation.

Software Product It is thequality viewthat relates thaternal qualityfocus with thesoftware
Quality View productentity supe-category
System It is theentity super-categorwhich embraces software programs running in

a computer environment (e.g., applications), butrmezessarily in the final
environment of execution and usa

System in Use

It is the entity super-categorywhich embraces operative software
applications used by real users in real contextsef

System-in-Use Quality
View

It is thequality viewthat relates thquality in usefocus with thesystem-in-
useentity super-category.

System Quiality View

It is thequality viewthat relates thexternal qualityfocus with thesystem
entity super-category.

Table 2: Ontology of quality views: Relationshigfiditions.

Relationship Definition

dependsOr A calculable-concept vie' depends on othealculable-concept viev

describes A ME information needescribes aalculable-concept focus.

influences A calculable-concept viemfluences othecalculable-concept view.
isRepresentedBy A calculable-concept focusan be represented by one or sevea#dulable-concept

models

pertains

An entity cateory can be classified into «ntitysupe-categon.
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The relationship between an Entity Super-Categadyits associated Quality Focus is eality
View key concept. A Quality View is a Calculable-Conce¥ew for quality. Instances of the Quality
View term areResource Quality ViewProcess Quality ViewSoftware Product Quality Vigvgystem
Quality View andSystem-in-Use Quality Viet@rms, as shown in Figure 2. It is worth mentigrtinat
in the figure not all instances of quality views ahown (e.g., the Service Quality View).

Compared with the Garvin characterization, we chseove some matching between views. For
example, our System-in-Use Quality View correspotudally to the Garvin's User View. Note that
Garvin analyzes and exemplifies the manufacturing product views for industries other than
software, so we cannot establish a straightforwaapping. However, our System Quality View
matches totally with the ISO 25010's System Qualitgt to some extent to the Garvin's Product View.
Also, the Manufacturing View has some correspondenith our Software Product Quality View
(software is a kind of product), likewise to theDI'S Software Product Quality (see Figure 1). Gasvin
Value-based View is not present in ISO. Nevertleglesg could model it considering the Quality and
Cost Views depicted in Figure 2.

Figure 3, which mimics to some extent Figure 1,wshahe influencesand depends on
relationships between instances of quality viewsictvhare commonly present in development,
evaluation and maintenance projects. Thus, the Resd@uality View influences the Process Quality
View. For example, if a development team uses a to®lvor method —both considered as entities of
the Resource Entity Super-Category- this fact irtgatirectly in the quality of the development
process they are carrying out. Likewise, the Pmd@aality View influences the Software Product
Quality View. The Product Quality View influencdsetSystem Quality, and this in turn influences the
System-in-Use Quality View. Conversely, the depemselationship has the opposite semantic.

Resource Quality View ddepends on Process Quality View ddepends on
Quality Focus : Resource Quality influencesP Quality Focus : Process Quality influencesP
Entity Super-Category : Resource Entity Super-Category : Process
System-in-Use Quality View System Quality View Software Product Quality View
Quality Focus : Quality in Use influences | Quality Focus : External Quality | 4. Quality Focus : Internal Quality
2 k influences
Entity Super-Category : Systemin Use Entity Super-Category : System Entity Super-Category : Software Product

Figure 3: An instantiation of typical quality viewssoftware development projects.

Also Figure 4 shows the corresponditgpendenandindependent viewoles for the influences
and depends on relationships. For example, in Ei@uthe Resource Quality View is timelependent
view while the Process Quality View is tlteependent viewNote also that these relationships are
transitive; e.g., the Resource Quality View influes the Software Product Quality View, as
represented by ISO (see Figure 1).

On the other hand, it is important to address thatquality views ontology shares some terms
with the ME ontology, which was presented in [3bfr example, arkntity Super-Categorys an
Entity Category which is a term from theon-f uncti onal requirenments component. As a
result, in Figure 4, the analyzed quality view terane grouped into thgual i t y_vi ew component
which are linked with the former C-INCAMion- f uncti onal requirenment s component.
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Figure 4: The quality_view component which extetiisC-INCAMI conceptual framework. (Note that ma@yNCAMI
components are drawn without terms for better Vizatgon. In Figure 9, the measurement and evalnatomponents are

expanded).
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subConcept
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Figure 5: Instantiation of terms for tiyeality_viewandnon-functional requirementsomponents. (Note: FmApp means
Facebook mobile app).
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Figure 5 shows the instantiation of terms for theldfy view and non-functional requirements
components, following the example of the IntrodoctiSection. In this case, the ME project goal is
operationalized in ME Information Needvhose statement is ‘Understand the Facebook naglgle
usability weaknesses'.

3.1.2 Relating Usability and UX Characteristicsiw@uality Views

Usability and UX have been widely discussed in mamlylications such as [7, 13, 19, 20, 24, 31], just
to mention a few. When evaluating Usability and fdXmobile and web entities, regarding the project
goal suitable quality views should be considere@l [23]. For this aim, potential quality views are

those yellow-colored in Figure 3, namely: Softwdmduct, System and System-in-Use Quality
Views. For each quality focus of a quality viewgaality model should be selected. A quality model
specifies non-functional requirements in the foffnaltaracteristics, sub-characteristics and atteibut

A question that a reader might ask himself is: toiclv quality focus can Usability and UX
characteristics be related? In short, looking atghoted usability literature, Usability can beatedl to
the Internal Quality and External Quality focusehijle UX to the Quality in Use focus.

In Figures 6 and 7, the Usability, Actual Usabilifiysability in use, as synonym), and UX
characteristics are defined. These characteristiesncluded in the 2Q2U v2.0 quality models [33,
34], which are basically an extension of the ISOZbmodels [21].

Taking into account the Usability definition in kig 6, we observe that considers Software
Product and System entity super-categories, so ilitgatand its sub-characteristics (i.e.
Understandability, Learnability, Operability, Usaror protection, Ul aesthetics and Accessibildg
related to the Internal Quality and External Qudiitcuses respectively.

External Quality (root of theExternal Quality Modgl
Usability: Degree to which the product or system has attribtitat enable it to be understood, learned,
operated, error protected, attractive and accessibthe user, when used under specified
conditions.
—— Understandability (synonym Appropriateness RecognizabiltyDegree to which users can
recognize whether a product or system is apprapf@t their needs. Note
Same ISO 25010 definition.

— Learnability: Degree to which the product or system enables tigdesirn its app.

— Operability: Degree to which a product or system has attribtitasmake it easy to operate and
control. Note Same ISO 25010 definition

— User Error Protection: Degree to which a product or system protects ardegmts users against
making errors and provides support to error toleean

— Ul Aesthetics (synonymAttractiveness Degree to which the Ul enables pleasing andsfyatig
interaction for the user. Not8ame ISO 25010 definition.

— Accessibility: Degree to which a product or system can be usqakbgle with the widest range of
characteristics and capabilities forintended user goi

Figure 6: Definitions of sub-characteristics redate the Usability characteristic for the Exter@Qaiality focus.
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Quality in Use (root of theQuality in Use Modél

Actual User Experience: Degree to which a system in use enable spedifsedls to meet their needs to
achieve specific goals with satisfaction, actualhility, and freedom from
risk in specified contexts of use

— Actual Usability (synonym Usability in us@ Degree to which specified users can achieve
specified goals with effectiveness, efficiency riedility in use, and without
communicability breakdowns in specified contextsisé

— Effectiveness: Degree to which specified users can achieve spdcifoals with accuracy
and completeness in specified contexts of use

— Efficiency (in use€): Degree to which specified users expend apprprenounts of
resources in relation to the effectiveness achieiredspecified
contexts of use

— Learnability (in use): Degree to which specified users can learn effity and effectively
while achieving specified goals in specified cotgedf use

L Satisfaction: Degree to which user needs are satisfied whentarsyis used by specified users in
a specified context of u

Figure 7: Definitions of some characteristics anb-sharacteristics for the QinU focus.

On the other side, regarding the Actual UX defomitin Figure 7, we observe that considers the
System-in-Use entity super-category, so UX andsitls-characteristics (i.e. Satisfaction, and Actual
Usability, etc.) are related to the Quality in Useus.

As a consequence, Usability and UX are linked nyaiolthe three yellow-colored quality views
represented in Figure 3. That is, Usability is arelteristic related to both Software Product Qali
View and System Quality View. Instead, UX is a cuaeristic related only to the System-in-Use
Quality View. This clear separation of concernsasetn Usability concepts and quality views as well
as their ‘influences’ and ‘depends on’ relationshipster a more robust evaluation and improvement
approach, as we discuss later on.

Figure 8 illustrates two target entity super-catego (System and System in Use) and their
corresponding quality focuses (External Quality &idU) with some quality characteristics. This
rough schema is derived from some components afr&ig. For the System entity super-category
(System box in Figure 8) other sub-entity categodee identified such as Mobile/Web Application
which in turn, from the GUI Graphical User Interface standpoint, can be subdivided in
Basic/Advanced GUI objects, Task-based GUI objextd, so forth.

It is important to remark that an entity cannotnbeasured directly, but by means of its attributes.
Attributes are quantified using metrics during tmeasurement process and are interpreted using
indicators during the evaluation process. Figuitu8trates the link between Measurable Properies
attributes-, Measurement (light-blue box) and Es#ibn (pink box). Therefore, Usability, a
characteristic for the External Quality focus, comels a set of attributes for evaluating GUI objects
For the External Quality focus other characterss{jand attributes associated to other System sub-
entities) such as Information Quality, Security,cenm others, can be used for ME Information Needs.
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Figure 8:Rough schema derived from Figure 4, which reldteswain building blocks for Target Entity (mainblated to GUI
objects for System) and Context Entity Categof@slity Focuses (just for External Quality and QinMeasurable Properties,
Measurement and Evaluation.

Figure 8 also depicts the System in Use box (ihee, target entity super-category) with the
corresponding Quality in Use box (i.e., the qualfocus and the UX characteristic and sub-
characteristics). Looking at the former box, twoimsub-entity categories are identified viz., Task-
based App in use, and Perception-based App in@secrete task-based app-in-use entities can be
evaluated using attributes combined to Effectiven&dficiency in use and Learnability in use sub-
characteristics (see definitions in Figure 7), vahican be measured objectively. Conversely,
perception-based app-in-use entities involve theskjective measures for Satisfaction sub-
characteristics such as Usefulness, Trust, PleaSorafort, etc.

Hence, Usability deals with the specification andleation of interface-based sub-characteristics
and attributes of a system or product, while Actuability deals with the specification and
evaluation of task-based sub-characteristics atrtbuates of an app in use, and Satisfaction with
perception-based sub-characteristics and attributes

Taking into account the ‘influences’ and ‘dependsrelationships between quality views, Figure
8 shows that the QinU focus (System-in-Use Qualitgw) depends on the External Quality focus
(System Quality View). Considering some empirichservations made in [26], we can indicate for
instance that Actual Usability depends not onlyUsability, but also on other sub-characteristiashsu
as Information Quality and Efficiency.

Lastly, Figure 8 depicts two Context boxes, andiFég! representSontextas an Entity Category.
Context is a special kind of entity category reprdg the state of the situation of a target gntitbe
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assessed, which is relevant for a particular MBrimfition Need. For instance, many works ([10, 21,
33], among others) argue that Context is paramasiipstantiation of QinU requirements must be
done consistently in the same context so that atialuis and improvements can be accurately assessed
and compared. Also context is somewhat importagdnding the System Quality View. Specifically,
System in Use is characterized by a Context-in-&fgéy, which in turn can aggregate Environment,
User and Task sub-entities (as suggested in Firehile Context for System can be characterized
by sub-entities such as Device, Screen, Operatygies, etc. To describe the Contegipntext
Properties(Figure 4) are used which are also Attributes.

3.2 Integrated Strategies for Measurement, Evatuaéind Improvement

As described in the Introduction Sectiontegrated ME/MEC strategieare the second pillar of our
holistic quality evaluation and improvement apphoathe fact of modeling quality views and their
relationships is crucial for the aim of this pillaince strategies are chosen considering quattys/
to be evaluated according to the ME/MB®ject goal.

In this approach, an integrated strategy simultaskosupports three capabilities [37]damain
conceptual base and framewprRrocess perspective specificatipnand method specifications
Regarding the first capability, Figure 4 shows @¥NCAMI conceptual base and framework. C-
INCAMI explicitly specifies the ME/MEC terms, progiies, relationships and constraints, in addition
to their grouping into components. The second ciipalthe process specifications, usually descibe
a set of activities, tasks, inputs and outputs; pred post-conditions, artifacts, roles, and sahfor
Additionally, process specifications can considéfetent process perspectives such as functional,
behavioral, informational and organizational [10kually, process specifications chiefly state wibat
do rather than indicate the particular methods &wals (resources) used by specific activity
descriptions. The third capability provides theligbto specify methods, which ultimately represent
the particular ways to perform the ME and MEC tasks

So far, we have developed a couple of specific MEIMstrategies, such as GOCAME and
SIQinU. GOCAME is a strategy useful for ME projgdals that embraces one quality view. That is, a
project goal related to understand the currenain of an entity belonging to an entity categaith
regard to the corresponding quality focus.

On the other hand, SIQinU supports the QinU/Exteghelity/QinU evaluation and improvement
cycles, starting evaluations from Task-based anB&rnception-based App-in-use entities, and their
corresponding characteristics and attributes. $girtl embraces two quality views (System-in-Use
Quality View and System Quality View) and explothe ‘influences’ and ‘depends on’ relationships
between views.

Due to the experience gained in the last decatleeinlevelopment and use of the above strategies
[25, 26, 33, 36, 37], we have recently observed thiferent strategies can be applied to recurrent
problems within given measurement, evaluation ahdnge/improvement situations for specific
projects' goals. Thus, we have envisioned to devalset of strategy patterns that offer reusabte an
instantiable solutions. They are essentially “eigrere in a can” ready to be opened and used by
evaluators. In the next section, we thoroughly Bpéwo strategy patterns.

To summarize, our holistic quality approach carplsgftware and web organizations to reach the
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planning and performing of measurement, evaluatind change project goals in a systematic and
disciplined way. The approach allows embracingedéht quality focuses and entity categories in a
flexible yet structured manner by means of qualitgws with the final aim of defining and
instantiating specific strategies to achieve ME/MiGject goals.

4 Strategy Patterns for Measurement, Evaluation andmprovement

In software and web engineering, a well-known dgfin for design patterns iseach pattern
describes a problem which occurs over and over mgaiour environment, and then describes the
core of the solution to that problem, in such a what you can use this solution a million timesropve
without ever doing it the same way twi¢&5]. The idea was taken from Alexander [1] whasathe
first in introducing patterns for the urban domadnj the core concept was later applied to software
and web domains. In other words, the idea of padtés to provide a reusable and customizable
solution to a recurrent problem in similar situaso Regarding this, we see different situationsrwhe
establishing evaluation projects. Project goalslmmimed toward different evaluation purposes.(e.g
understand, improve, predict, etc.), so a suitablategy to achieve a given goal should be selected
Strategy patterns arise as a way for providing latiem in the instantiation of ME/MEC strategies
considering the statement of the project goal, ite.purpose and the number of included qualities
views.

We have specified a set of strategy patterns, itig to some extent the pattern specification
template used in [15]. Our template includes tHfidng items: (1)name A descriptive and unique
name, usually expressed in English; gas. Acronym or other names for the pattern;i(@ent Main
objective for the pattern; (4hotivation (problem)Project problem/goal solved by the strategy paite
(5) applicability: Situations in which it can be applied; @)yucture (solution) Generic structure and
instantiable solution that the strategy patterrersff (7) known usesReferences of real usage; (8)
scenario of useConcrete example and illustration for the instetl pattern.

It is worthy remarking that the ontology of qualitjews plays a central role in defining and
instantiating strategy patterns. That is, withowear specification of the terms and relationstigrs
quality views, the further specification of strajegatterns could not be done appropriately.
Specifically, the ontology of quality views fostetlse specification and selection of appropriate
strategy patterns and their instantiation regardiffgrent ME/MEC project goals.

In the following sub-sections, we describe twotsigg patterns: One involves one quality view
and the other two quality views considering thdltiances’ and ‘depends on’ relationships. Both are
intended for improvement.

4.1 GOMEC_1QV: A Strategy Pattern for Improving @@yaconsidering One Quality View

If a project has a goal such as ‘Improve the Fagkboobileapp Usability’, this means that it has an
‘improve’ purpose which embraces tBgstem Quality ViewLhis is because the concréetity is the
‘Facebook mobile app’ which belongs to the Systemtity Super-Categoryand theQuality Focusis
External Quality. For this goal, it is necessary maly to understand the current situation of thtte

at hand but also to perform changes on the erdtitg, then to re-evaluate it in order to gauge the
improvement gain.
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Another project goal can have the same ‘improveppse. However, the involved quality view
could be a different one such as the Software RtoQuality View or Resource Quality View. Hence,
for a particular MEC project embracing one qualityw, the same MEC strategy pattern should be
selected and tailored accordingly. In short, far iltended quality view, the strategy pattern, its.
processes and methods should be instantiated afgiedyp This pattern is the so-call&bal-oriented
Measurement, Evaluation and Change for One Qualigw (alias GOMEC_1QV). The items used to
specify this pattern are the following:

Intent: To provide a solution in the instantiation of aaaurement, evaluation, analysis and change
strategy aimed at supporting a project improvergeat when one quality view is considered.

Motivation (Problem): The purpose is to understand the cusigmation of a concrete entity in a
specific context for a set of characteristics attdbaites related to a given quality focus and then
change the entity and re-evaluate it in order toggathe improvement gain, through the systemasc us
of measurement, evaluation, analysis and changétiest and methods.

Applicability : This pattern is applicable in MEC projects wh#re purpose is to understand and
improve the quality focus of the evaluated entiity dne quality view, such as System, System-in-Use
Quality Views, among others.

Structure (Solution): The pattern structure is based on tireet capabilities of an integrated
strategy viz., the specification of the concepfuainework for the MEC domain, the specification of
MEC process perspectives, and the specificatioMB€ methods. GOMEC_1QV provides a generic
course of action that indicates which activitieswdt be instantiated during project planning. Hoal
provides method specifications for indicating hoke tactivities should be performed. Specific
methods can be instantiated during scheduling aedution phases of the project. Below, we describe
the structural aspects of the three strategy chipedi

I.  The concepts in thaon-functi onal requirements, context, neasurenent,
eval uati on, change, andanal ysi s components (Figures 4 and 9) are defined as sub-
ontologies. The included terms, attributes andticelahips belong to the MEC area. In Figure 9
we show just the main measurement and evaluatiorsteNote that terms in threeasur ermrent
and eval uati on components are also enriched with terms from amemprocess ontology
[6] by means of stereotypes. These concepts aré csesistently in the activities, artifacts,
outcomes and methods of any ME/MEC strategy.

Il.  The process specification is made up from diffeparspectives, i.efunctionalwhich includes
activities, inputs, outputs, etchehavioral] which includes parallelisms, iterations, etc.;
organizationa) which deals with agents, roles and responsigdljtiandinformational which
includes the structure and interrelationships amemifacts produced or consumed by activities.
Considering the functional and behavioral perspectrigure 10 depicts the generic process for
this pattern. The names of the eight (A1-A8) MEGQGivéties must be customized taking into
account the concrete quality view to be evaluated.

lll.  The method specification indicates how the desomgt of MEC activities must be performed.
Tables 3 and 4 exemplify three method specificatemplates: one for a direct metric used as
method specification for direct measurement taskg for an indirect metric, used in indirect
measurements; and other for an elementary indicased in elementary evaluations. Note that
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terms in method specification templates come froemME conceptual base. Many other method
specifications can be envisioned such as task usgd#ées, questionnaires, aggregation methods
for derived evaluation, amongst others. For chamagtvities traditional methods such as
refactoring, re-structuring, re-parameterizatianpag others can be specified as well.

Known uses GOMEC_1QV was used in a MEC project devoted tgrowe Usability and
Information Quality attributes of a shopping carg., from the System Quality View through
refactoring as change method [36]. Besides, thitepawas instantiated in a MEC project for the

Resource Quality View [37].

Scenario of use The present example stems from the Facebook’sleaqp (v3.8 for Android)
Usability case study performed in Dec. 2013 [33]d @hen replicated for the v14 in Sept. 2014,

applying also the same Usability requirements.

Table 3: Method specification templates for the Bleament task: a) for a Direct Metric; b) for aditect Metric

a) Direct Metric Template
Quantified Attribute name:
Metric name:

Objective:
Author: Version:
Measurement Procedure:

Type:
Specification:

Scale:[Numerical | Categorical]
Scale Type name:
Value Type: Representation:

Unit:

Name:
Description: ~ Acronym:

Tool:
(Note: Information about the used tool if any)

b) Indirect Metric Template
Quantified Attribute name:
Metric name:

Objective:

Author: Version:

Calculation Procedure:
Procedure specification:
Formula:

Scale:[Numerical | Categorical]
Scale Type name:
Value Type: Representation:

Unit:
Name:
Description: ~ Acronym:

Tool:
(Note: Information about the used tool if any)

Related Direct Metrics:

Table 4: Method specification template for the Eatary Evaluation task: Elementary Indicator.

Elementary Indicator Template

Indicator name:
Author:

Interpreted Attribute name:

Version:

Elementary Model:

Name:
Range:

Elementary Model specification:
Decision Criteria [Acceptability Levels]

Description:

Scale Type name:
Value Type:

Scale: [Numerical | Categorical]

Representati

Unit
Name:
Description:

Acrony
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The project’'s goal is to improve the entity by exing, analyzing and detecting Usability
problems, and recommending change actions fordixieaknesses. So the Quality View is System
Quality View, i.e., the Entity Super-Category issg&m and the concrete Entity is Facebook mobile
app. The Quality Focus is External Quality (EQ) vehthe evaluated characteristic is Usability asd it
related sub-characteristics as Understandabiliggrhability, Operability, User Error Protection and
Ul Aesthetic.

For the above project goal, the GOMEC_1QV strajegyern should be selected and instantiated
for the above-mentioned quality view. Therefores #ight generic activities that the pattern proside
as a solution (Figure 10) are instantiated. Forrga, Al is now renamed ‘Define Non-Functional
Requirements for EQ’, A2 is renamed as ‘Design Meament for EQ’, and so on. In the rest of this
sub-section, the eight instantiated activitiesidustrated.

(Al) Define Non-Functional Requirements for EQ The instantiated Al activity produces the
‘Non-Functional Requirements Specification for Ed@cument, which includes the ‘Information Need
Specification for EQ’ (Figure 11), and the ‘Requirents Tree for EQ’ artifacts. In Table 5, the
Usability sub-characteristics and attributes dé&tins included in the ‘Requirements Tree for EQ’ fo
this case study are shown.

ME Information Need's purpose: Improve  User Viewpoint: Final user
Quality Focus: External Quality Entity Super-CategorySystem
Entity Category: Social Network Application Entity: Facebook mobile app, v.14 for Android

Context Properties: Mobile device type'Mobilephone’, Screen size'540x960px/4.3inches’Mobilephone generatioriFull-
sized smartphone’, amongst others.

Calculable Concepts:Usability and its related sub-characteristitinderstandability,Learnability, Operability, User Error
Protection andUser Interface Aesthetics

Figure 11: Summarized Information Need artifactjorced in the instantiated Al activity.

Table 5: Definition of Usability sub-characteristiand attributes —iitalic.

Characteristic/Attribute Definitions in the 2Q2U v2.0 quality model

1 Usability See the definition in Figure

1.1 Understandability See the definition in Figure

1.1.1 Familiarity Degree to which the user understand what the agjulit system's functions or tasks

are about, and their functionality almost instanthainly from initial impressior
1.1.1.1 Global organizatior) Degree to which the application scheme or layoubissistent and adheres to either|de

scheme understandability facto or industry standard to enable users to fiigtaunderstand its function and
content.

1.1.1.2 Control icon ease to be Degree to which the representation of the contcohifollows or adheres to an

recognized international standard or agreed convention.

1.1.1.2.1 Main control icon Degree to which the representation of the mainrotsitcons follows or adheres to an

ease to be recognized international standard or agreed convention.

1.1.1.2.2 Contextual contrgl Degree to which the representation of the contéxiatrols icons follows or adheres 10

icon ease to be recognized an international standard or agreed convention.

1.1.1.3 Foreign language Degree to which the application functions, contrated content has multi-language

support support enabling user to change his/her languageeférence.

1.2 Learnability The definition was given in Figure 6.

1.2.1 Feedback Suitability Degree to which mechanisms and information reggrdine success, failure or

awareness of actions is provided to users to helmtinteract with the application.
1.21.1 Current location Degree to which users are made aware of wheredteewt the current location by an
feedback appropriateness appropriate mechanism.
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121.2 Alert notification
feedback appropriatene

Degree to which users are made aware of new teggelerts that they are involved
an appropriate mechanis

1.2.1.3 Error messag
appropriateness

Degree to which meaningful error messages are giedviipon invalid operation so th
users know what they did wrong, what informatiorswmissing, or what other option
are available.

1.2.2 Helpfulness

Degree to which the software product provides ligd is easy to find, comprehensi
and effective when users need assistance

1.2.2.1 Context-sensitive he

p Degree to which the application provides contexisgize help depending on the us

appropriateness profile and goal, and current interaction.
1.2.2.2 First-time visitor helg Degree to which the application provides an appatpmechanism (e.g. a guided to|
appropriateness etc) to help beginner users to understand the taaks that they can do.

1.3 Operability

See the definition in Figure 6.

1.3.1 Data Entry Ease

Degree to which mechanisms are provided which neaktering data as easy and
accurate as possible.

1.3.1.1 Defaults

Degree to which the application provides suppartifefault data

1.3.1.2 Mandatory entry

Degree to which the application provides suppartiiandatory data entry.

1.3.1.3 Widget entry
appropriateness

Degree to which the application provides the appatp type of entry mechanism
order to reduce the effort required

1.3.2 Visibility (synonym
Optical Legibility)

Degree to which the application enables ease ahtipa through controls and text th
can be seen and discerned by the user in ordakécappropriate actions.

Py

Al

=3

1.3.2.1 Color visibility | Degree to which the main GUI object (e.g. text,tomn etc.) color compared to the

appropriateness background color provides sufficient contrast ahithately appropriate visibility.

1.3.2.1.1 Brightness differenge Degree to which the foreground color of the GUIeabj(e.g. text, control, etc})

appropriateness compared to the background color provides apprigphightness difference.

1.3.2.1.2 Color difference Degree to which the foreground text or control c@ompared to the background color

appropriateness provides appropriate color difference.

1.3.22 GUI object size| Degree to which the size of GUI objects (e.g. téxttons, and controls in general) |is

appropriateness appropriate in order to enable users to easilytijeand operate them.

1.3.2.2.1 Control (widget) size Degree to which the size of GUI controls is appiaiprin order to enable users to eagily

appropriateness identify and operate them.

1.3.2.2.2 Text siz¢ Degree to which text sizes and font types are gpj@® to enable users to easjly

appropriateness determine and understand their meai

1.3.3 Consistency Degree to which users can operate the task cordrudsactions in a consistent and
coherent way even in different contexts and platfor

1.3.3.1 Permanence of control§ Degree to which main and contextual controls aresistently available for users in gll
appropriate screens or pages.

1.3.3.1.1 Permanence of majnDegree to which main controls are consistently lalé for users in all appropriate

controls screens or pages.

1.3.3.1.2 Permanence of Degree to which contextual controls are consisfemtVailable for users in all

contextual controls appropriate screens or pages.

1.3.3.2 Stability of controls Degree to which main controls are in the same iocafplacement) and order in gl
appropriate screens.

1.4 User Error Protection See the definition in Figure 6.

1.4.1 Error Management Degree to which users can avoid and recover frooreeasily.

1.4.1.1 Error prevention Degree to which mechanisms are provided to prewistakes.

1.4.1.2 Error recovery Degree to which the application provides suppmrefror recovery.

1.5 Ul Aesthetics See the definition in Figure 6.

1.5.1 Ul Style Uniformity Degree to which the Ul provides consistency inestyid meaning.

15.1.1 Text color style Degree to which text colors are used consistettipughout the Ul with the same

uniformity meaning and purpos

1.5.1.2 Aesthetic harmony Degree to which the Ul shows and maintains an atstharmony regarding the usage
and combination of colors, texts, images, conteisl layouts throughout the whale

application.

(A2) Design the Measurement for EQ:In the MEC project's scheduling phase, metrics (as
methods) are assigned to the instantiated acBvibbrring the A2 activity, metrics are selected and
assigned to quantify all attributes of the requieais tree.

Metrics are retrieved from a repository (see Maetricdatastore>> in Figure 10) and their
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specifications are based on templates such asthslown in Table 3. For instance, Regio of Main
Controls Permanenc&oMCP) Indirect Metric quantifies theermanence of main controdtribute
(coded as 1.3.3.1.1 in Table 5). The metric's dbjeds “to determine the percentage of permanence
for controls from the set of main controls (butfpirs the application selected screénkigure 12
shows full details of the metric specification.

Attribute : Name Permanence of main controls
Indirect Metric : Name Ratio of Main Controls Permanen¢&MCP);
Objective: To determine the percentage of permanence faraterfrom the set of main controls in the applimatselected
screens

Author : Santos L.Version: 1.0

GoMCP = [E?& X}-1 MCPL;

*1
Calculation Procedure: Formula: m*n ] ; where m is the number of application main cosirol
and n is the number of application selected screeittsm, n > 0
Numerical Scale:
Representation Continuousyalue Type: Real; Scale Type nameRatio
Unit Name: PercentageAcronym: %

Related Metrics: Main control permanence level (MCPL)

Related Direct Metric: Name: Main Control Permanence Lev@lCPL);

Objective: To determine the permanence level of a selectetdiatdn a given application screen;
Author : Santos L.Version: 1.0

Measurement Procedure:Type: Objective;

Specification The expert inspects the main controls bar in\ergiscreen in order to determine whether the bugpn
available or not, using the 0 or 1 allowed valiW¥bere 0 means the main button is absent in thescend 1 means the main
button is present in the screen
Numerical Scale:

Representation DiscreteValue Type: Integer;Scale Type Absolute
Unit Name: Control

Figure 12: Indirect and direntetric specifications for theermanence of main contradgtribute.

(A3) Design the Evaluation for EQThis activity consists of defining elementary iratiwrs to
map measures values to a new numeric or categmadad in order to interpret the measured value.
Also derived indicators are defined, which allowenpreting high-level abstraction requirementst tha
is, to interpret characteristics and sub-charasttesi by means of a global model. Figure 13 shdws t
elementary indicator specification for the attrdolRermanence of main controldollowing the
elementary indicator specification template showmable 4.

Attribute : Permanence of main controls
Elementary Indicator: Name: Performance Level of the Permanence of Main Cos{fi®l MCP)
Author: Santos L.Version: 1.0

Elementary Model:
Specification:the mapping is: P_MCP = %MCP.

Decision Criterion: [Three Acceptability Levels]
Name 1:UnsatisfactoryRange if 0 < P_MCP < 60 Description: Indicates change actionstrne taken with high priority.
Name 2:Marginal Range if 60 < P_MCP < 80 Description: Indicates a need for mapment actions.
Name 3:Satisfactory Range if 80 < P_MCP< 100 Description: Indicates no need for currenbast

Numerical Scale Value Type: Real; Scale Type Ratio
Unit/Name: Percentage; Acronym: %

Figure 13: Elementary Indicator specification fioe Permanence of main contradtribute.
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Note that acceptability levels and ranges can Isggded and better calibrated if historical data or
specific benchmarks exist in the company or elseghe

(A4) Implement the Measurement for EQ: The pattern’s generic process establishes Adeas th
next activity to be instantiated, though A3 and & be executed in parallel , as shown in Figure 10
Hence, ‘Implement the Measurement for EQ’ produbesmeasures for each attribute.

For example, using the above Indirect Metric speaiifon for quantifying the 1.3.3.1.1 attribute,
A4 allows recording its availability per each ‘Mabutton’ of the ‘Main controls bar’ for each
Facebook screen in which the button must remaimaeent. So evaluators can easily understand what
concrete button is absent in each screen for hdurthange action, if necessary. The final caledlat
value for this indirect metric was 46.2%. Addititigaall intermediate values for related direct nt
were also recorded in the Measures data store.

(A5) Implement the Evaluation for EQ: From the measures obtained in A4 and using the
selected elementary indicators and derived indisatiesigned in A3, the A5 activity (renamed as
‘Implement the Evaluation for EQ’) must be instatéid and executed. This activity produces the
Elementary and Derived Indicators’ values showa"fhand 3 columns of Table 6, for the evaluation
performed in Sept. 2014.

Notice that in Table 6, the metaphor of the threlered semaphore is used to identify the
acceptability level of satisfaction achieved byteattribute/sub-characteristic. For example, the re
colored semaphore (with values within the 0-60 eantn the percentage scale) indicates an
‘Unsatisfactory’ acceptability level. This meansittichange actions must be done urgently.

Table 6:Requirements Tree for E@ith indicator values yielded in the 2014 casegt(Note El means Elementary Indicator;
DI means Derived Indicator).

Characteristic / Suk-characteristic / Attribute El DI
1 Usability 65.1
1.1 Understandability 89.98
1.1.1 Familiarity 89.90
1111 Global organization scherpe 1000
understandability
1.1.1.2 Control icon ease to be recognized 74.8

1.1.1.2.1 Main control icon ease to be recognided 71.4
1.1.1.2.2 Contextual control icon ease to |be 88.9®

recognize!
1.1.1.3 Foreign language support 1000
1.2 Learnability 66.4
1.2.1 Feedback Suitability 85.60
1.2.1.1 Current location feedback appropriatenegs  80.3®
1.2.1.2 Alert notification feedback appropriatenegs 1000
1.2.1.3 Error message appropriateness 75
1.2.2 Helpfulness 49.1
1.2.2.1 Context-sensitive help appropriateness 54.50
1.2.2.2 First-time visitor help appropriateness 0@
1.3 Operability 80.4@
1.3.1 Data Entry Ease 900
1.3.1.1 Defaults 1000
1.3.1.2 Mandatory entry 500
1.3.1.3 Widget appropriateness 1000

1.3.2 Visibility (synonymOptical Legibility ) 81.50
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1.3.2.1 Color visibility appropriateness 1000
1.3.2.1.1 Brightness difference appropriatenesg  100@
1.3.2.1.2 Color difference appropriateness 1000
1.3.2.2 GUI object size appropriateness 63
1.3.2.2.1 Control (widget) size appropriateness 1000
1.3.2.2.2 Text size appropriateness 42.1@
1.3.3 Consistency 74.6
1.3.3.1 Permanence of controls 55.7@
1.3.3.1.1 Permanence of main controls 46.20
1.3.3.1.2 Permanence of contextual controls 1000
1.3.3.2 Stability of controls 95.50
1.4 User Error Protection 8.4®
1.4.1 Error Management 8.40
1.4.1.1 Error prevention 0®
1.4.1.2 Error recovery 16.7@
1.5 Ul Aesthetics 91.1@
1.5.1 Ul Style Uniformity 91.1@
1.5.1.1 Text color style uniformity 950
1.5.1.2 Aesthetic harmony 89.50

(A6) Analyze and Recommend for EQAfter finishing ME activities, the instantiated Agtivity
should be performed. Table 7 shows a fragment &f %6 generated document named
‘Recommendation Report for EQ’. This report cordagme or more recommendations for attributes
that did not meet the ‘Satisfactory’ level, i.ar those with red- or yellow-colored semaphoreshEa
recommendation has also a priority. E.g., in TableéH' means high priority. Recommendations
enable to design and perform change actions fordugment.

Looking at the elementary indicator values in Tahlseven attributes fell in the ‘Unsatisfactory’
acceptability level, namely: ‘Context-sensitive fneppropriateness’ (1.2.2.1 ), ‘First-time visit@lp
appropriateness’ (1.2.2.2), ‘Mandatory entry’ (1.3), ‘Text size appropriateness’ (1.3.2.2.2),
‘Permanence of main controls’ (1.3.3.1.1), ‘Erroeyention’(1.4.1.1) and ‘Error recovery’ (1.4.1.2).
So, at least, seven recommendations must be dahéigh priority for designing change actions.

For instance, for the ‘Permanence of main contratsibute, the R2.1 recommendation in Table 7
establishesénsure that in the set of selected screens, the owitrols bar has always the same main
buttons and that should be pursued as a high priorityngleaaction. Figure 14 shows two selected
screenshots belonging to the set of appropriateessr that were evaluated (34 out of 38) for the
Facebook mobile app, version 14 for Android. TheaiMcontrols bar’ sub-entity has seven ‘Main
buttons’. Also, it can be observed in the righeser that the specific “Chat button” is missing.

Table 7: Fragment of tiRecommendation Report for E@ifact generated in the instantiated A6 actiilyote H means High
priority, i.e., an urgent action is recommended).

Recommendation (R) Attribute Priority
R1 1. To ensure that in the set of selected screenseth@andatoryl Mandatory entry H

form fields have the suitable support for prevemtinissing data| (1.3.1.2)

entry.

R2 1. To ensure that in the set of selected screensnétie controls| Permanence of main controls H
bar has always the same main buttons. (1.3.3.1.1)
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Figure 14: Two Facebook v14 screenshots. Left boevs the ‘Main Controls Bar' sub-entity, which isnsposed of seven
‘Main Buttons’. Right one highlights the missingHét button’.

(A7) Design Change Actions for EQ:The next A7 activity specified in GOMEC_1QV sholie
instantiated. Thus, A7 is renamed now as ‘Desigan@k Actions for EQ’. Table 8 shows a fragment
of the ‘Improvement Plan for EQ’ artifact. Basigalber each recommendation (R) in Table 7, the
planned change actions (CA), the CA source for editlbute (Measures repository), and the method
type to be used for the change action are described

For the 1.3.3.1.1 attribute, the change actionA.C in Table 8, derived from R2.1 in Table 7. It
indicates: ‘add those missing main buttons in the main contoalsper each screen with the problem
detectedl To this end, the ‘GUI refactoring’ change metheh be used (as in [36]). Besides, in the
measurement registry for 1.3.3.1.1 (Measures <sttae>>) can be found the corresponding screen
ID where each concrete button is missing. Therefaee can affirm that a good metric specification
can help in planning and performing change actions.

(A8) Implement Change Actions for EQ: The last activity is devoted to implement change
actions planned in the A7 activity. It should beewbthat since Facebook is a proprietary system,
changes actually couldn't be performed since wen'tlilave access to its source code and GUI
objects.

Once changes are made through the instantiatioA8yfthe GOMEC_1QV course of action
establishes that the new system version shoulé{exaluated. To this aim, A4, A5 and A6 must be
performed again, as specified in Figure 10. Soatttdeved improvement gain can be compared with
the previous version. Thus, once the CA2.1 chamgerais performed on the app, the elementary
indicator value for ‘Permanence of main control$ll wise from 46.2% (red) to 100% (green). If all
recommended changes for weakly benchmarked indgcat®re performed, the overall level of
satisfaction for Usability could reach 100% for theget entity.
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Table 8: Fragment ahelmprovement Plan for EQroduced in the instantiated A7 activity.

Change Action (CA) CA sources Method
CA1 | 1. Provide a function on the form mandatoryUse  the  Measures/Measuremg
field/control for checking missing dataregistry for 1.3.1.2 to find the forn
entry. field/control ID with the problem.

2. Add a suitable visual indicator (e.tx") GUI refactoring
to each form’s mandatory field/control.
CA2 | 1. Add those missing main buttons in theUse the  Measures/Measuremg
main controls bar per each screen with theegistry for 1.3.3.1.1 to find th
problem detected. screen/main  button ID with the
problem.

1nf3rogramming

znbUI refactoring

4.2 GOMEC_2QV: A Strategy Pattern for Improving @yaonsidering Two Quality Views

When the project involves an improvement/changel flmatwo quality views, theGoal-oriented
Measurement, Evaluation and Change for Two Qualigws strategy pattern (alias GOMEC_2QV)
should be chosen. This strategy pattern addrekedsidt that one quality view can be improved from
evaluation-driven change actions taken on othelitguéew thanks to the aforementioned ‘influences’
and ‘depends on’ relationships between quality siew

As highlighted in Figure 3, the System QyaView influences the System-in-Use Quality View.
Hence, by evaluating and improving the External IQufocus of a System is a means for improving
the QinU focus of the System in Use. Converselglwating the QinU can provide feedback to
improve the External Quality by exploring the ‘dage on’ relationship. Note that the GOMEC_2QV
strategy pattern can be instantiated with otherrelated quality views, such as Resource and Psoces
Quality views, taking into account for instancettharesource quality (e.g. a new integrated tool)
influences the process quality (e.g. a developrpemtess), and vice versa the process quality depend
on the resource quality. The pattern specificasahescribed below:

Intent To provide a solution in the instantiation of @asurement, evaluation and improvement
strategy aimed at supporting a project improvemgodl when two related quality views are
considered.

Motivation (Problem): Considering that a given quality viewpeleds (directly or indirectly) on
other quality view (regarding the ‘dependent viand ‘independent view’ roles as specified in Figure
4), the purpose is to improve the current situatiba concrete entity belonging to a dependentityual
view by applying evaluation-driven changes to othtity belonging to a related independent quality
view.

Applicability: This pattern is applicable in MEC projects whé#re purpose is to improve the
quality focus of an entity belonging to a dependeéaitv by means of improving the quality focus of an
entity by performing changes on it that belongsatoindependent view. For example, improving a
system-in-use app (from the System-in-Use Qualitgw/standpoint) by means of improving the
system application (from the System Quality Viearstpoint). The ‘depends on’ relation can also be
considered in a transitive way, e.g., improving 8ystem Quality View by means of improving the
Resource Quality View.
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Figure 15: Generic process for the GOMEC_2QV pattegarding functional and behavioral process patsges (Note DQV
means Dependent Quality View; IQV means IndepenQematity View)

Structure (Solution): The pattern structure is based on tiveet capabilities of an integrated
strategy. The specification of the conceptual fraomd for the MEC domain, and the specification of
MEC methods are reused from the GOMEC_1QV pattsonyou can refer to (I) and (lll) structure
items, in sub-section 4.1. But for the process i§ipation, GOMEC_2QV provides a generic course-
of-action solution which indicates what activitissust be instantiated during the project planning.
Figure 15 depicts the generic process for thisepattThe names of the MEC activities must be
tailored taking into account the concrete qualityufses to be evaluated.

Known uses GOMEC_2QV was used to instantiate t@called SIQinU strategy which was
documented in an industrial case study presentf2bin

Scenario of useAn instantiation example for this strategy paitter the case study conducted in
mid-2010 in a real software testing enterprise vhigadquarters in Beijing, which examined JIRA, a
commercial software defect tracking system. Thele/lsase study was documented in [26], so in this
item, we will only highlight aspects of the genepabcess, exemplifying the use of the dependent and
independent quality views.

Summarizing the study in [26], the progaoal was to understand and improve the current
situation of the JIRA system in use (as concretéy@rirom the beginner user viewpoint performing
the most frequently useintering a new defedask regarding Actual Usability (see its definitim
Figure 7). The improvement was accomplished by meainderiving and understanding related
External Quality attributes and performing changeshe JIRA system for those weakly benchmarked
External Quality indicators. So this process embsawo quality views.

On one hand, the System-in-Use Quality Viewh a quality focus on QinU (with Actual
Usability characteristic linked to this focus) fitle System in Use entity super-category, partitylar
for the task-based JIRA in use concrete sub-entityed Entering a new defect. (Recall Figure 8,
where two sub-entity categories are depicted: Tasled App in use, and Perception-based App in
use). On the other hand, the System Quality Viethwi quality focus on External Quality (with
Usability and Information Quality characteristiéekied to this focus) for the System entity super-
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category.

Therefore, since two quality views interednin the project's goal, the GOMEC_2QV strategy
pattern was selected as the most suitable forntiateon. Figure 15 shows the generic process for
GOMEC_2QV. Following this process, we summarize s@spects of the project goal and the pattern
instantiation.

The goal was to evaluate JIRA from bothl®@Qand External Quality viewpoints with the ultimate
objective of making improvements on the QinU taskf@rmance. So, starting with QinU —the
dependent quality view-, the specific task (Engrinnew defect) and context of use were specified
(Al activity in Figure 15). It was necessary toleol user behavior data from log files that were
derived through, for example, adding snippets afecin JIRA that allowed recording usage data.
Next, the Perform the Evaluation for QinU (A2) &itff was carried out with the aim of getting
measures and indicators values for Actual Usabibpecifically for Effectiveness, Efficiency and
Learnability in use. This allowed us to understahd QinU acceptability levels met for their
indicators. Then, by performing a preliminary ams&y(A3 activity) we found that some Actual
Usability attributes were not satisfied. This emalls to derive External Quality attributes (the
independent quality view) that can have effecti@iefice) on QinU. So, after A4 we did the evaluation
for External Quality requirements (A5 activity) atitkn, we analyzed and proposed recommendations
for improvements (A6 activity) regarding weakly lsbmarked External Quality indicators.

After having designed and performed theeEndl Quality changes (A7 and A8 activities) on the
JIRA web app using re-parameterization as changhadethe new JIRA version was re-evaluated
from the External Quality point of view. As ther@asvno more improvement recommendations, we re-
evaluated QinU performing A2 again. This re-evatraivas achieved by conducting user testing with
the same user group in the same daily environneamtéxt) with the new JIRA version. Therefore,
the QinU improvement gain (A3 activity) was detamgad.

Ultimately, we were able to determine hduwe tdependent quality view was enhanced by
improvements made in the independent quality view.

5 Discussion about other Strategy Patterns

As we have commented above, a strategy pattermvisyaof packaging general and reusable solutions
for common and recurrent measurement, evaluatighcaange/improvement problems or situations
for specific projects' goals. Hence, accordinghte project goal and the amount of involved quality

views a strategy pattern should be selected amigvetl from a catalogue of strategy patterns. Each
pattern stored in the catalogue should be compiiatit the strategy pattern specification shown in

Section 4.

In the previous section we have analyzed the GoOMEYY strategy pattern which is applied when
the project goal states that it is necessary nbt tmnunderstand the current situation of the grdit
hand but also to perform changes on it, re-evalilaéed gauge the improvement gain achieved. This
pattern is instantiated for a MEC project goal édasng just one quality view. We have illustrated
this pattern in a case study for improving the Ul#ggtof the Facebook's social network mobile app.
Usability was linked in this case study to the Exét Quality focus. However, we may also instastiat
this pattern to improve, for instance, the Usapil@égarding the Internal Quality focus. The subitgnt
category for the Internal Quality focus can be difazt at early stages of development, such as an
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architectural design, as presented in [14].

Another strategy pattern described in the preveetion was the GOMEC_2QV, which gives a
solution for an improvement project goal that ined two quality views and their ‘influences’ and
‘depends on’ relationships. This relations implattlone quality view plays the role dependent
guality view while the other plays the role ofdependent quality viewror example, if we consider
the System Quality View and the System-in-Use Qualiew, these relations embrace the hypothesis
[21] that evaluating and improving the External @ydocus of a system is one means for improving
the QinU focus of a system in use. Additionallydarstanding the QinU problems may provide
feedback for deriving External Quality attributbat if improved could impact positively in the sst
quality. Furthermore, we can envision valid andeliesting relationships for instance between
Resource Quality View and Product Quality View. Tis by evaluating and improving the resource
quality can be one means for improving the Inteahlity focus of a product. E.g., changes in the
development team can impact positively in the aectirral design.

On the other hand, GoOME_1QV is the alias of thategy pattern used to provide a solution in the
instantiation of a ME strategy aimed at supporjirgf an understanding goal when one quality view is
considered. This strategy pattern should be selesteen the project goal is just to understand the
current situation of an entity with regard to th@responding quality focus. The generic process of
GOME_1QV consists of six activities, which are tiray-colored A1-A6 activities in Figure 10. This
is the simplest pattern to be instantiated. Soifds, also the mostly used in the ME projects vaeeh
performed, e.g., in the evaluation of a mashupiegipbn [34], a shopping cart [35], among others.
This pattern can be used to evaluate not only amity focus depicted in Figure 3 but also to other
quality focuses such as Service Quality, amondmsgret

Regarding the amount of views, a strategy patteneres three quality views intervene can be
instantiated as well. For instance, we can men@G@MEC_3QV where the three yellow-colored
Software Product, System and System-in-Use Qualigws in Figure 3 can be evaluated. Both
Usability (for Internal Quality and External Qugjitand User Expierence (for QinU) can be linked to
the three quality views accordingly. In this sers@roject goal can be “to improve the quality seu
of the Facebook mobile application by means of owjimg the system and software product quality”.
The GOMEC_3QV specification is not shown in thipg@adue to brevity reasons. However, the reader
can surmise that it implies changes on two views.

So far, we have analyzed ME/MEC strategy pattesngfoviding solutions in the instantiation of
strategies for specific project goaldevertheless, it is also possible to have a prajeat related to the
evaluation, comparison and selection of competigwities such as selecting the best alternative
system or product considering quality and/or cestqvmance indicators. In this direction, CMMI [9]
establishes thdéecision Analysis and Resolutiggrocess area aimed at evaluating, analyzing and
performing decision making for identified altervas (competitive entities) against established
evaluation criteria using a formal evaluation pseS0, we envision specifying a new pattern fzr th
well-known situation. The intention of this straygmattern is to provide a solution in the instatidia
of a strategy that allows evaluating and compacogpetitive entities for selecting one regarding th
established quality/cost requirements and decisiberia.

Finally, it is worthwhile to remark that the inclas of strategy patterns in our holistic quality
evaluation and improvement approach makes it slealdbanks to the conception of different strategy
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patterns applied to related quality views, our apph is scalable since the quality multi-view
modeling framework (discussed in sub-section uppsrts many quality views and their relationships
that ME/MEC project goals may deal with. Also tlarfiework can be extended to specify not only
guality but also cost requirements, since @uality Viewand theCost Vieware bothCalculable-
Concept Viewss represented in Figure 2.

6 Conclusions and Future Work

In this work, we have enhanced our holistic qualtyaluation and improvement approach by
strengthening the two pillars of its architectufast, for the quality multi-view modeling framewaor

we have defined the ontology of quality views aina@dding conceptual robustness to our approach
in addition to the ability to support semantic mssability. In the process of building this ontgloge
have reviewed related literature about quality @ewnd multi-view modeling frameworks.
Specifically, in Section 2 we have discussed timab@tology, taxonomy or glossary of terms for this
domain does not exist based on the research wedwne However, the works of Garvin, Morasca,
ISO 9126-1 and 25010, among others, were valualhieess of consultation.

Second, due to the lessons learnt in the developoferobncrete ME/MEC strategies during the
last decade, we have envisioned the opportunityeteeralize and distill the gained knowledge into
strategy patterns. The benefits of having docuntemtatterns are well known. Hence, we have
contributed in the specification of a set of stygt@atterns to be applied in the domain of ME/MEC
projects. Also, we have discussed why the modetihgjuality views and their ‘influences’ and
‘depends on’ relationships, in conjunction with NMEEZC project goals are key aspects to defining
strategy patterns. Finally, we have documenteddirategy patterns both for the same improvement
goal but considering one and two quality views eesipely. We have illustrated the instantiation of
the GOMEC_1QV strategy pattern for the Facebookabiteapp Usability case study, and we have
also provided a description of the GOMEC_2QV instdion considering Actual Usability evaluation
and improvement.

As ongoing research, we are currently developing ¢wtologies whose terms are grouped in the
busi ness_goal andproj ect components. Additionally, the ME Information Neiedthenon-
functional requirenments component (see Figure 4) is linked with the Busn@sal term. A
business goal can be formulated at different omgditinal levels, such as operational, tactical and
strategic. Thepr oj ect component includes the Project term which openatizes goals, both
business and information need goals. Moreover ¢himponent includes the Strategy term, which
helps to achieve goals. We envision to extend alistic quality evaluation and improvement
approach to give support in achieving multi-levebls following to some extent the GQStrategy
approach [2].

Considering the semantic processability, we alsas@n the development of a strategy pattern
recommender system as a practical use of the guaéivs ontology in the context of the holistic
approach. This recommender system can be useful ah@rganization establishes ME/MEC project
goals. So, taking into account the type of progmal and the amount of involved quality views, the
strategy pattern recommender system will suggesstlitable strategy pattern that fits the goalsThi
system could also be extended for multi-level goals
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