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also called product design and construction process
which was chosen for this research.
We chose this are based on the set of evaluations
Abstract— This paper aims to present the results of the perfomed by MPS.BR (Brazilian  Software
literature review about the application of agile mé¢hods to Improvement Process) that state that only 2

support the implementation of CMMI and MPS.BR quality P e
models, specifically for the Technical Solution proess area and organizations are certified at the process level (D

Product Design and Construction process. The reseett result is  1€Vel) and a few companies are certified at letgl&
to identify which agile methods are applied in theguality models and G. This may mean that in the next years the
context. In addition, we sought to identify agile pactices that organizations that continue following MPS.BR will
support the implementation of these processes. .

reach level D and there is the need to offer sugdpor

Index — Agile Methods, Software Quality Models, Technical this goal to _be reached' .
Solution, Product Design and Construction, Literature Review. Hence, this paper intends to perform an analystiseo
literature on the application of agile methods be t
technical solution process area that is containihlirw
software quality models. We also focus on how each
practice is used to reach the goals and purposésein
processes included in quality models. Agile methods
|. INTRODUCTION come as an alternative to software developmentgbei
able to provide support for organizations that stek
. . implement quality models.
ap-[)tl}gatic?r?:elgpmaenttoo?f th'e':tforg;faetr'gn a S%Sc;[;rg:mi\?-r Th[s_ way, the main co_ntribution of this wqu iseth
differential for the consumer market. Hence, thecpss (?dent!flgatlon_ of which agile methods, 'accordl.ngttne
of creating these tools must be plénned :;md emkcuéeoecf'ahzed literature, may support t_he mplememhabf
uality methods. Another contribution is relatedthe

WItSho?tL\:vgaergeEdr:C?r:g)Qri?\ndigL;agngtematic and disdain identification of the methods that have practicesatly
9 9 Y related to software engineering that were not roeeti

approach for software development [1]. Quality msdeirl the researched papers
ofre_r precise goals applied to the. context of saftw Besides this introduction, this paper is organized
engineering with the goal of reaching quality preses five sections. Section 2 contextualizes our work

of software development. resents quality models and the agile methods under

ulglitthem?)(c)jgﬁx;[soghgofedche:ii;ﬁlCse;u?i?r?;d?gg n tgo Fudy. Section 3 presents the protocol establistoed
q y processa; perform the informal literature review. Section 4

analyses the results found presenting the maiclesti
that were selected and Section 5 offers a syntloésise
review results. Finally, Section 6 presents final

52



Castro, V. S.; Oliveira, R. B.S.; VasconcelosMA.L. / Revista de Sistemas de Informacéo da FSM25 (2015) pp. 52 - 59

considerations on the work performed, the main Lean is based on the Toyota product development
limitations and some future work. system and its goal is to make software development
“lean”, adapactable, focused on the quick solutbdén
problems and the simultaneous quality improvemght |
II. CONTEXT OF THISWORK TDD - Test-Driven Development is a method of
software development in which we must first writerat

In the globalized world we live in, it is unthirida not text (a test at the component level) before writigle

to use software, either for the finantial operagifrom a

large bank or to control the stock of a small stamethis [B]XP - extrame Proaramming defines coding as the
scenario of great dependendcy on software, the 9 Ing ! Ing

companies that make them seek for competitiv'gIain activity withing a software project [7]. It ia
differentials to attract more customers, better aan method for small and medium sized teams that dpvelo
their budget and their production time, improve thgoﬁware with vague requisites that may changekijuic

business goals, cese rework and improve the synghro FDD - Feature Dr|v_en Deyelopment IS a pracpcal
with project requisites, among other goals [29]. process model for object oriented software enginger

Seeking this differential, the software developtne&8]:Cl|<tsdeoll?\éer|°ptm(e)nt ecggagt?g:co'f tt:?e ;‘g;:;;s tmet
organizations have different models that presemt tﬁ‘ul' b I\;h y (Wt W ) Uness
goals they seek to build a quality software, suctha values by (ne customer.

CMMI - Capability Maturity Mode! Integration [2] and ¢ SCRU'Y'( |fs an iterative ar;d mdcrem_?ntgl delvelopmten';
the MPS.BR [3] models. ramework for management and agile development o

software projects [27]. It is a way to plan and e
projects that brings decision-making authority ewels
&f operational propriety and certainty.

Finally, Agile RUP follows the main characteristiof
the Rational Unified Process (RUP) but synthesizing
Itgese characteristics in an agile methodology [28].
f

In parallel to the quality models, agile methoteva
to embrance changes more naturally and to adagtyat
momento for the development of a software produ
[26]. This occurs because the creation contextclwvis
strongly base on the Toyota model (lean productiom)
the other hand the more traditional models we . :
influenced by the Ford model on which manufactgre € .RUP’ this method focuse_s on _the incremental
based. We intend to show that the implementation ofiterative development process in a life cycle tiet

quality model must be as adaptive as possible ¢ tﬁtructured in order to be directed for the collative
nature of software development.

reality of the organization and of the project. Eenwe ) . . .
can see the need for leaner procedures and softwee Th's way, We can see that there is a great d'm't.
az?glle methods and practices that may be used in a

help people get better management of their softw development environment and, more specificallytfar
processes, achieving the goal of joining the cotscep implementation of the processes within a qualitydeio

agile methods and those that are depicted in pnu@ra_rhe biggest challenge is to define a set of prastibat

such as MPS.BR and CMMI. should be used within an organization, from the
The effective construction of the software prodisct : u e u With ganization,
implantation to the maintenance and evolution.

contained withing the product development process a
is related to a process are that the CMMI defiretha
technical solution, whose goal is to offer subsidie
design, develop and implement solutions for the lll.  INFORMAL LITERATURE REVIEW PROTOCOL
requisites [2]. At the MPS.BR the is the process of The informal literature review protocol was defiag
Product Design and Construction whose goal is tbe following set of activities defined to bettérusture
design, develop and implement solutions that complhe review: Defining the goals, the research qaesthe
with the requisites [3]. selection criteria and the data sources; Compdsig t
In order to build a product or solution, some @gilsearch string; Defining criteria for article selentand
methods focus on this activity [9]. Next we willfef a Compiling the data.
bried description of the agile methods that suppleet ~ The informal review has the following main goals:
implementation of this area of technical solutiongess.
Crystal is a family of methods that emphasizes
“maneuverability” and whose main goal is to deliver
useful working software [4]. The central elemems i
Crystal are the roles, the process patterns, thek wo
products and the specific practices. *

» Identifying papers and scientific works related to
the issue at hand;

Allow for the analysis of the utilized methods and
approaches;

Present an extense set of practices used in academi
and the industy on the technical process solution o
on the product construction.
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In order to guide the informal literature reviewda  After the identification of the keywords, the sgar
with the goal of investigating the proposals, tesearch string was formed by(keywords in the context of
guestion was defines asWhich methods or agile software engineering) AND (keywords in the context of
practices are used to implement the area of technical agile methods) AND (keywords in the context of quality
solution process or product construction?”. maodels)

Beisdes this main question, a secondary questas w After performing the searches, we read the Abstrac
identified: “Among the agile methods found, which ones  section to select the articles and refine the $eafbe
contempl ate the implementation of quality methods?". selection creiterion for the outlines was: relateliy

Another step of this informat review is to chodse models with agile methods and have indication dafigis
criteria for the selection of the data sources. Wgractices to implement either the area of technical
established the following criteria: solution processo or the area of product design and
construction process.

The last phase of this protocol is to compile da¢a
extracted from the selected articles. This comipifat
resulted in quantitative e qualitative data thae ar
presented in Section IV.

« Availability through the web;

« Availability of articles in English or Portuguese;

« Availability of full text through Internet searches
from the domain of the Federal University of Para.

The selected sources were: IEEE, ACM, EL
COMPEDEX and SCOPUS. Besides the international o ] ] )
databases, we used the annals of the Brazilian skiopk A_fter the initial selection from the mternatlonahd_
on Software Qulity (SBQS) and the Annual WorkshoBat"_)nal sources, we found the number of articles
of MPS (WAMPS). depicted in Table 1.

We used two methods to perform the searches:

. TABLE |. Number of Articles per Source
automatics and manual. The manual procedure was

IV. ANALISE DA REVISAO DE LITERATURA

applied to the annals of SBQS and WAMPS, given t Source! Number of Articles
they do not have a search engine available. TW&EM 6
automatic procedure was applied to the internatignei COMPEDEX 1
bases through search strings executed at the sedfE 18
engine of each base. SCOPU! 1
We needed to define a set of keywords and the3BQS 10
combination to perform the searches, forming ackeanyaAMPS 4
string whose goal is to filter the articles in arde find [ TOTAL 40

the expected content.

Based on the central questin defined in this secti  Thw work by Marcalet al. [10] seeke to present a
we identified the following keywords for the conteX mnapping from SCRUM to the CMMI. For that CMMI
Software Engineering, according to [1]: process areas that deal with project managemere wer

« In English:software, process, PCP, product design presented:Project Planning (PP), Project Monitoring
and construction, software development e technical  @nd Control (PMC), Supplier Agreement Management

solution (in Portuguese we used their translate@3AM), Integrated Project Management + IPPD (IPM +
counterparts) IPPD), Risk Management (RSKM) and Quantitative

Project Management (QPM). The mapping was
In the context of agile methods, we identified th@erfomed in order to find gaps, strong points and
following keywords, according to [26]: classification of the SCRUM coverage. The coverage
percentual was calculated for each process aréeg us
« In English: agile methods, agile, agility, agile the classification “Not satisfied”, “Partially ssfied”
approach e agile practice (in Portuguese we usedand “Satisfied”. After this mapping, the authors
their translated counterparts) performed a gap study between SCRUM and the process
areas. In order to validate the mapping, a cashy stas
In the context of quality models, we identifiedeth applied using an online research with organizations
following keywords, according to [2] and [3]: interested in improving their project management

« In English:MPS MPSBR, CMMI, quality modelse ~ Processes v_vith CMMI_and agile methods. .
process improvement (in Portuguese we used their Lukasiewicz and Miller [11] present a mapping fro_rr_1
translated counterparts) SCRUM to one hundred and twenty three specific

CMMI goals. Due to the fact that not all specificais
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were reached by SCRUM, new practices were includedlculated metric is within this range, the procéss
keeping the agility. The problem of applying agileontrolled. Otherwise, it is out of control. Thetlaars
methods and quality models is highlighted. In thalso present agile practice is a scattered wayhen t
mapping performed, there are eight CMMI practicegrticle, with more emphasis on the SCRUM practices.
two totals, three partials and three non-existemt f The papers [13][14], even though they mentioneagil
coverage of the technical solution process are@ Timethods, did not present any agile practice relaiabe
result of the study was the creation of a modeSJCA technical solution process. Besides, in [14] ththens
guestionnaire to diagnose the environment waxplore the MFS method as a full solution to retieh
developed and applied in two organizations. Besittes CMMI level 5.
authors present an algorithm to select betweere agil Baker [15] combined agile practices to reach the
practices. CMMI goals. He presents how to plan the implantatio
Sutherlandet al. [12] intend to present an applicationprocess within an organization. In this organizatio
of the agile methods SCRUM and Lean in a CMMspecialized teams were created: CMMI committee,
Level 5 organizatio. The experience from using Leagvaluation team, area teams (software engineering,
and its practice of knowledge spread throughout tipeoject management, requisite management and
organization, its lean mentality and continuousrganizational process). The biggest challengecatdi
improvement were introduced before SCRUM. Twin the paper was the synchronization of the
pilot projects were development: a big one, withreno communication among teams. Retrospective sessions
than four thousand hours of work and a small orith w between the teams were performed to decrease the
less than four thousand hours. In the large projecommunication problem, a practice that was supgorte
SCRUM increased productivity by 201%. In the snmralleby using the time-box.
project, there was not a large change in produgtivi Lima and Dan [16], on the other hand, intended to
Using user stories and incremental testing redubed analyze in depth the implementation of agile meshod
project time. One approach that generatetbmbined with CMMI in small and medium sized
implementation success for the agile practices thas organizations. They mapped the practices of SCRUM
adaptation of some already existing project aaviior and CMMI and concluded that they can coexist in the
agile practices. context of project management. For the activitiés o
The authors in [10] [11] [12] present the relatbip project management, SCRUM cannot support all the
between the areas of interest and agile methodsnity practices of CMMI. Nevertheless, if adapted, this
in [11] there is reference to the technical sohlutiosupport can be provided. For configuration managgme
process, and the others present agile practice® mand product and process quality assurance, SCRUM
related to the SCRUM framework. does not have any related practices. The authors
Ramasubbu and Balan [13] seek to investigate teanmncluded that there was a need to adopt othee agil
that chose to implement CMMI and agile methods.yThepractices together with SCRUM in order to reachbrg
gathered data from 112 (one hundred and twelvejaturity levels.
projects, out of which 34 (thirty four) used agitethods Hansen and Baggesen [17] present a report on the
(agile RUP, XP and SCRUM). The process evaluatiaxperience of using agile approaches for software
used five variables: productivity (source code peatevelopment. Initially they performed the implaiaat
peron/hour), Bug Density, Reuse, Rework (time spent of CMMI level 3 and then the agile approaches were
correct bugs) and project management effort. Aspeatsed. Investments in training for the institutionation
related to the degree of customer involvement, iipec of SCRUM within the organization were performedeTh
knowledge of the client and the familiarity of tteseam practice of daily meetings and code reviews helped
with the technology under use were also analyzeda A improve the quality. Besides, the inclusion of adurct
result, it was empirically identified that usingilag owner in the same environment of the developmemhte
practices can lead to better results. Besides, thiagilitated the communication and promoted mutual
extracted the metric to evaluate the CMMLtrust.
implementation process together with agile methods. The works [11] [15] [16] [17] indicated the agile
Anderson [14] presented na expansion of the MHAS8actices used but did not detail how each practias
method, the methodology used internally at Micrgsofused, as well as the level of support from eacktizel
with agile practices and adherence to the CMMI. The the specific CMMI goals. In [17] the authorsl aiot
philosophical conception of the MFS method isnap from the agile practices to CMMI. In [16] this
presented, as well as the metric analysys and m@aptmapping was performed in a higer level, only betwee
method for agile teams. For each process activiey tCMMI areas. In [15] the focus was on the reportto®
authors define minimum and maximum limits and & thexecution of the process implantation, with no Hart
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details on the application of agile practices aral mmethods SCRUM and RUP. The research question in
deeper description of its association with CMMI. this paper was: “Will the hybrid process achievingan

The goal of the work by Fecarotta [18] is to preise productivity?”. Experiments were performed in medi
the lessons learned in the process of implementatio sized IT companies using function points as metiite
agile methods in an organization. Aspects such essults showed an increase of 16% in productiviity w
training, project management tool selection, precethe hybrid process.
transparency and consensus are highlighted inrticéea Hasnain [23] presented results of a systematiewnev
In spite of this importance, there was no presemtatf on agile methods. The planning, conduction, data
how the implementation was performed, as well as mxtraction, data synthesis and review reprt werky du
detail on the agile practices involved in the pesce presented. The key research question was: “what

Cohan e Glazer [19] presented the steps to achietenged in the agile approach as time went by Spite
CMMI level 5 with the agile discipline. The orgaation of being more used as time elapsed, SCRUM stitbois
studied already worked with the implementation ahuch studied when compared to other agile appr@ache
guality models from CMMI level 2 up to CMMI level 5 Most works deal with success stories on the
The base process was SCRUM and the metrics wémgplementation of agile methods. As a result, it
inserted to achieve those goals. The retrospectidentifies that the papers are presented with sergén
practice was used to the continuous improvemeithef view, without further explanation and that the
process. Besides, this paper presents a list wittiica practitioners publish papers on experience andestsd
for each agile subprocess. publish empirical studies.

The work of Neto and Ferraz [20] presents a hybrid Jakobsen [24] presents the implementation of SCRUM
agil development model to develop digital TValigned with the CMMI quality model. The practicaels
applications. This model used the methods SCRUM, X*CRUM are more detailed, containing a project
and hybrid (SCRUM/XP). Two experiments werananagement flow, agile practices and tasks conugrni
conducted: the first to evaluate the developmenthef specific practices from the CMMI. Aspects suchiak r
same application by three different teams, each onenagement, quality assurance, tests and configarat
using one method and the second experiment ritanagement are treated using agile practices. A
investigate two methods: hybrid and XDTv. Th edatt checklist for the conclusion of user stories may be
has as main practices the application prototypeainodpplied to the process of a technical solution.
and media flow. The basis of XDTv is SCRUM, but Finally, Castroet al. [25] present a support tool for
given its specificity a new role was created, therganizations to use good practices with the fdal o
Prototyper. The Scrum Master accumulates the rble improving the development process. The authors deal
Tracker, which originally comes from XP. Thewith decision support systems, offering good pradi
experiment showed that the XDTv method is promisinigr the organizations according to an informatiopuit.
and answers to the needs of a specific type Attributes such as dynamism, criticality, proceshure,
application. domain experience, predictable architecture ansioped

Hence, in papers [15] [17] [18] [19] [20] the kBgi competence are inputs to the system. Finally a stasky
practices were detailed, but the indication of Whagile was used to validate the tool.
practices answers to each specific goal was nengiwn Hence, papers [11] [21] [22] [23] [24] [25] paaifr
[20] there was no greater details on which prastigere the usage of agile methods to support the
used in each process activity. implementation of quality models, but there is no

Navarreteet al. [21] proposed a framework for theindication of any agile practice related to the CMM
selection of COTS, na evaluation procedure for thechnical solution process area.
acquisition of a software product based on agiléhods In [22] the focus is the measurement of the
and the CMMI. Due to the many changes in thproductivity and the practices are only described a
legislation, softwares developed for this niche lkas grouped by process area. On the other hand, intf3]
main characteristics the great complexity anf thstudy is related to a macro context of agile meshod
requirement for maintenance. In the paper theranis application, with no indication of any practiceatimg
association of the process of COTS selection with tto the technical solution process area. Finallyj2B], in
agile principles. Project management practicespite of the fact that the article indicates selveractices
requisites and quality were related in this work. for software development, there are no indicatioés

The work by Carvalhet al. [22] intended to study the how to achieve practices of the technical solution
integration of agile and traditional processesjnilegl a practice area in the tool.
hybrid process that gets the advantages of both
processes. The resulting hybrid process involvesl th
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Another important point is that the great majouty
the papers is presented in a general, with no further
explanation or details.

Figure 1 presentethe percentage of papers selec
from Brazilian and international sources, showihgt
35% of the articles selected came from Brazil ame
remaining 65%, from international sourt

m SCRUM m XP

Figure.1.Geographic distribution of the selected artic

Figure 2 presents the percentage of incidence tiads
in the contexto f application of quality models time
Brazilian context, showing 60% citation of SCRU
25% for XP and 15% for other approaches (e
modelling, Open UP and RUP).

m SCRUM

m XP

B Others
Approaches

Figure 2. Percenge of citation of the methods in the Brazilcontext.

Figure 3 presents the same percentage of citatia
in the international context. There we can see
SCRUM is mentioned 52% of the time, X, 24% i
other approaches, 14% (HybridCRUM/XP, Hrybrid
SCRUM/RUP, agile RUP and RUP).

B SCRUM

uXP

M Lean

B Others
Approaches

Figure 3 Percentage of citation of the methods ininternational context.

The number of citations for SCRUM and XP sk
that these are the two methods most used to suh®
implementation of CMMI and MPS.Bquality models.

In spite of the fact that SCRUM does not h
practices related to the technical solution proces
product design and construction process area:
SPRINT, for instance, we can insert these agiletjpes
without interfering in the wdkings of the framework.
On the other hand, XP has several practices thogtost
the construction of the solution such as:
programming, simple design, testing, refactor
continuous  integration, coding patterns
encompassing documentati

V. SYNTHESIS OF THE RESULT!OF THE LITERATURE
REVIEW ANALYSIS

The process of specialized literature review ang
performed sought to answer the research ques
detailed in Section Ill. Nevertheless, in respectttie
issue of identifying which agile prices support the
technical solution procesarea or product design and
construction process, the result only met the ebghens
partially.

Another result found in this research was the Fat
SCRUM is the most used agile methodology in
Barzilian context to support the implementation
quality models. Nevertheless, its practices do hrate
the characteristics that make it possible to spumadif
support thetechnical solution process or product des
and construction proceseeas.

In spite ofthe total of 40 (forty) papers indicated
Table I, as a resulof our source analysis, eighteen
papers showed practices directly connected to
technical solution process area, while the othees
associated to information on the agile metfF
implementation context in gener:

Among the articles with the practices directly tett
to the process arethere was no study that presentes
a detailed fashion the information on the impleragah
in practice, having only indicatives of the usedaqpices.

The Crystal, TDD and FDD methods were
referenced in the context of the application ofle
methods and quality models, but it is not conclesie
exclude them from this context, because thereereral
practices in those models that have a direlationship
with thetechnical solution process or product design
construction process asea

Finally, we can come to the conclusion that theat
majority of papers published in the specializeerditure
on agile methods and quality models refé:
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» Presenting the usage of agile methods focusing oampanies, where the process needs to be learteatso
management. This may be justified by the fact tharoductivity indicators may be reached. The analyze
most software companies still have theistudies present experiences and application césgs t
development processes in maturation whesupport this Idea.
comparing with the software engineering practices In spite of this evidence, agile methods are ugual
contained in the quality models; binded into emerging behaviors, attitudes and est

« There is no complete adequation of the agileut for quality models it is usually more importaot
mthods to the software engineering practicegenerate evidence on the performing of a task gmad
withing the quality models. Hence, a proposal for W this sense, the complexity of the union betwese
hybrid framework composed by the integration ofwo approaches makes the quality models application
several practices from agile methods may help process even more complex. This was seen in thidt res
this goal; of this research, because of the several agiletipeac

« Incorporation of agile processes in the developmefgferenced, as detailed in [30].
process already institutionalized and evaluated byThis work has the following limitations: (i) the
quality models. This may be justified by the recerftumber of articles analyzed, because of the aiteri
adhesion of the software industry to agile method@Pplied for article selection, where some of those
and the adoption of quality models. This analysigreviously selected were not available for free
serves as an important insight for the industnal a download; (i) the search was executed manualpree
academic community leading them to find a lessources — this procedure, besides being onerous in
“traumatic” solution when adapting a proces§elation to time consumed, is susceptible to human
already in use; failure; (iii) due to the results found, the iddicttion of

« Incorporation of process performance evaluatioRdile practices to support the technical solutioncess
metrics using agile methods. This type of worRr Product design and construction process areas wa
allows us to discover important indicators angartially met. , _
measurement to use in agile methods, as well as td'S future work, we intended to present a detaitigt
evaluate processes that use agile practices. containing the agile practices that can be useipport

the technical solution process or product desigd an
Hence, with this review it becomes clear that weche construction process areas. In that study the agile
researches and experimentation both in academia &tgctices will be directly linked to specific primets
software industry on the integrated use of agil¢hogs from CMMI and the expected results from MPS.BR.
and quality models to reach the goals of softwafdnother future work refers to the expansion of this
engineering processes. This is clear from the flamt r€Se€arch to other processes from CMMI and MPS.BR,
from the papers reviewed here on the implementatfon Such as product integration, verification, validatiand
quality models, close to 60% dealt with the asgimia Others.
of those research topics.
This may help the community to desmistify the ACKNOWLEDGMENT
thought that agile development seeks to treat theThis work is part of the Project SPIDERSsftware
software production process in a differentiated wayrocess Improvement: DEvelopment and Research, that
since it understands that it comes from a cregqiieeess s an institutional work at UFPA — Federal Univeysif
and produces an intangible assert. Given that tladitq  Para (ww.spider.ufpa.br).
models are based of the Fordist thining, dealirtty Wie
production of software in a way that is similar to REFERENCES
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