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RESUMO

O processo de adocdo de uma tecnologia de sofvare@ma organizacao de
grande porte é significativamente influenciado palétura organizacional e aspectos
comportamentais dos profissionais envolvidos negsso. A identificacao de fatores que
facilitam ou dificultam este processo esta fortetmasorrelacionada com o sistema de
crencas atual e representa um elemento-chave pplanejamento desse processo. A
adocéao da tecnologia de reutilizacdo de softwarg@amicular altera significativamente o
processo de software da organizacdo, bem comwaus operanddos profissionais
envolvidos. Esta tese propde um modelo de acédmthasem classes de crencas para
apoiar o processo de adocédo da tecnologia deizagéib de software, fornecendo um
meio para tratar as crencas que podem dificulpmooesso de ado¢do. Um estudo de caso
foi realizado em uma organizacao de grande portevadidar e aperfeicoar a abordagem
proposta. Como resultado deste trabalho, é propmstmétodo baseado na identificagdo
de classes de crencas e re-significacdo daquetadifipultam a adocéo de tecnologias de
reutilizacdo de software. Também é apresentado atalogo de crencas referentes a
tecnologia de reuso de software, devidamente paddsrquando ao impacto no processo
de adocado da tecnologia, validado por um conjustespecialistas da area de reuso de
software.

Palavras chave: Adogédo de tecnologia de software; Reuso de softw@udtura
organizacional; Sistema de Crencas e Conheciméfdelo de Acdo Fundamentada;
Re-significacdo de crencas; Pratica de Desenvohtimnge Software; Estudo de Caso na

Industria.






ABSTRACT

The process of adopting a software technology ilarge organization is
significantly influenced by organizational culturend behavioral aspects of the
practitioners involved in the process. The idecdifion of factors that will facilitate or
hinder this process is strongly correlated with #wasting system of beliefs and
represents a key element to the planning of thesgss. The adoption of software reuse
technology in particular significantly alters theftsvare process of the organization as
well as the modus operandi of the involved pramigrs. This dissertation proposes an
action model based on classes of beliefs that support the process of adoption of
software reuse technology, providing a means td wéh beliefs that may hinder the
adoption process. A case study was conducted arge lorganization to validate and
refine the proposed approach. As a result of tlugkywe propose a method based on the
identification of classes of beliefs and re-sigration of those that hinders the adoption
of software reuse technologies. The dissertati@o girovides a catalog of beliefs
weighted by the impact in the technology adoptioacpss, validated by a group of

experts in the software reuse area.
Keywords: Adoption of software technology; Software reuSgpanizational Culture;

Belief System and Knowledge; Reasoned Action Mod&le-signification of beliefs;

Software Development Practice; Industrial StudyeCas
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This chapter presents the motivation of this wamkluding key aspects from the literature, the szsh
problem goals and approach. It ends by introducitig main research results highlighting the

contributions of this thesis.

1 INTRODUCTION

The adoption of a new technology is an innovatiomcess for the
organization and is strongly related to organizatldearning and directly interferes with
its human resources. Organizational learning thiggrates individual learning is a vital
factor to increase the practice of innovation igamizations (Song & Chermack, 2008).

Technology adoption within software organizationsolves cognitive and
social aspects that permeate the engineers, teatark practitioners and users involved
in the software engineering activities.

Beliefs are propositions or premises - or evenrenéal opinion or conviction
- that an individual holds as true (Schwitzgeb@0®&). The basis of models referring to
mental processes that affect people's behavidreis belief system. This beliefs system
also significantly influences their position faciagchange in an organizational process
(Passos at al.,, 2013) (Wernick & Hall, 2004). Umsteending belief system can
significantly help to influence technology acce&n

The adoption of reuse technology in a large orgdimn significantly
changes the software process of the organizationedisas the modus operandi of the

technicians involved. Thus, human and organizatiaisstacles often outweigh the
29



technical obstacles in this context (SametingeQ7)19 Knowing and treating these
obstacles is, therefore, an important step dutiegatdoption of reuse technology, in order
to minimize the risks of failure in technology atiop.

In this work, we developed a systematic way to iifgand treat factors that
facilitate or hinder the adoption of reuse pradtioe large software organizations. Our
approach is based on the study of the underlinglggfosystems, from the practitioners
involved in the process.

All our research is developed through qualitatived®s in an industrial
setting, a software division of a very large orgation. The acquisition and organization
of knowledge through the use of empirical methoalgehbecome increasingly present in
the field of software engineering enabling the ustdending of various factors involved
in the area, trying to make it more predictable amahageable (Basili et al., 2006 )
(Hofer & Tichy, 2007) (Sjoberg et al., 2005). Theewf an industrial organization setting
is a key factor to improve external validity of eingal studies in software engineering
(Wohlin et al, 2012)This type of environment provides real processggjfscant scale
and realistic settings for studies. The use of itatele methods is more suitable to this
type of study and setting. The real world envireniis more difficult to control and
demands a more constructivist approach where dataollected by reviews and
interviews, as opposed as, quantitative measureparticular, we used an ethnographic
approach where one of the researches was inserti istudied environment during a
major effort of reuse technology adoption.

The main contribution of this work is to presentmethod based on the
identification of classes of beliefs to support grecess of adoption of reuse technology
in a large organization and a catalog of belieferrang to the reuse technology. We used
an approach ofe-signification of beliefs that may represent skrto the technology
adoption process. The work is focused on the adoptf software reuse technology, but
we also suggest how to extend the use of this mdetbdhelp the adoption of others

software technologies.
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1.1 MOTIVATION

The process of software development and evolusoassentially based on
human activities. The adoption of a new softwarehmelogy changes the skills of
practitioners, organizational structures and pracesi requiring the definition of the
most appropriate strategies for the organizaticuisire (Shenhar & Adler, 1990).

Therefore, thdhuman factor - individual characteristiesplays a key role on
software technology adoption, facilitating or hiridg each adoption process. Several are
the strategies used to manage human factors dthiagoftware technology adoption
processes, all of them based on a high degredwfiam and subjectivity

Many researchers have contributed to understaniti@gole of human and
social factors for the successful implementationnefv technologies in organizations
(Chuttur, 2009). What are, specifically the factamsolved in the adoption of new
software technologies in organizations, to make phecess of acceptance of these
technologies more predictable?

Practitioners in the field of software engineerungually take technological
decisions based on feelings, without using a siredt means, such as a paradigm based
on evidence to support their decisions. These ificaetrs use the filter of their beliefs to
guide their behavior.

The knowledge of the beliefs system of these grangrs, defining means to
map these beliefs and the use of tools to interfer¢hose beliefs through the re-
signification of the beliefs that cause difficulijgresents itself as an effective means to
support the adoption process of a new technology.

In this work, we use existing theoretical modelstlom way people act based
on their beliefs to develop a method to support phecess of adoption of software
technologies in large organizations. This methodhsaito provide means to help
organizations deal with the main hindering humattdis of this process and reduce the
risks involved in adopting new technologies. We hld opportunity to experiment,
improve and validate the method in a real caselop@on of reuse technology in a large

organization.
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1.2 RESEARCH GOALS

The main goal of this work is to propose a methodntled on an action
model based on classes of beliefs to support theeps of adoption of software reuse
technology. This method shall allow for the identfion and evaluation of the beliefs
system of practitioners involved, providing a meamsdeal with the beliefs that may
hinder the adoption proceds process of re-signification beliefs shall alldwettreatment
in a structured manner of the main factors that mayat risk the adoption process.

The goals of this research are expressed by angyvére following research

guestions:

* RQ1: What factors facilitate or hinder the adoptiongegatance, deployment and
use of software reuse practices in a large orgaaiza

* RQ 2: How do you to treat these factors to facilitate tirocess of technology
adoption?

* RQ 3: How to generalize the empirical results obtaineda model that will
support the adoption practices of software reusehni@ogies in large
organizations?

To answer the research question RQ1, it is necessatevelop a method
to assist the process of mapping the belief systgarding the reuse of technology
between software practitioners involved in the psscof adoption of the technology,
based on an action model reasoned on beliefs slaBseanswer the research question
RQ2 these beliefs are processed and properly fitaksio that all beliefs that cause
difficulties to the adoption process are treatedough specific re-signification
techniques, involving specific groups and techmsiaTo answer the research
question RQ3, the set of beliefs mapped duringréisearch project and validated in
the ethnographic case study are submitted to dmabfsresearchers, which will
enable the preparation of a catalog of genericerdaediefs with beliefs properly
weighted by degree of impact. This catalog willveeas a tool to support the

processes of adoption of software reuse technatogyganizations at large.
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1.3 WHAT IS OUT OF SCOPE OF THIS DISSERTATION

This work only proposes a method to identify andigmnify the beliefs of the
practitioners involved in the adoption process oftvgare reuse technology in large
organizations in order to reduce the risk of falur implementation.

The following issues are not directly addressethisywork:

* The selection process of the technology to be adiophd the belief
systems of those responsible for this definition.

* The belief systems of the management level of tlgarozation in
which the technology will be adopted with the nseeg re-
signification.

* How to deal with the organization’s management eispat the
highest level of the group responsible for the medbgy adoption

project, which will hinder the adoption process.

1.4 RESEARCH METHODOLOGY

To achieve the objectives of this work we structove research process by

dividing it into three phases. Each phase (A, B @ha@ontains a set of specific activities

as seen in the Figure 1:
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Phase A

Research Process

Phase B

LITERATURE REVIEW

Al. Identify the cognitive
models that represents

CONSTRUCTION OF THE MODEL

B1. Action model reasoned

on beliefs classes to support |

Phase C

ETHNOGRAPHIC CASE STUDY

C1. Ethnographic case study on

the way that people act

the adoption of software the adoption of reuse
technology technology in a large

organization applying the
/ model

A2. Identify the class of beliefs to // l T
evaluate the organizational B3. Action model
environment in which the new reasoned on beliefs classes

software technology will be to support the adoption C2. Apply the methods of

adopted ; of software REUSE ‘ belief re-signification
/‘ technology /
A3. Identify the beliefs / v \\
regarding on software reuse //
that can facilitate/hinder the \ \
A v
adoption process. ~L_ B2. Interviews with experts, with N 3. Synthesis of the results of
\“l experience on reuse in large ethnographic case study and
companies adjust the model

B4.Expert opinion to validate and
generate a Standard Catalog of

Reuse Beliefs —

(VALIDATE AND EXPAND)

Figure Research process

In phase A we conducted a literature review aimed at cogetwo main
objectives: To identify the cognitive models thapresent the way people act, and then to
identify the class of beliefs to evaluate the orgaimonal environment in which the new
software technology will be adopted.

Then we reviewed the literature to identify theidfsl regarding the software
reuse that can facilitate or hinder the adoptiamcess in order to instantiate the model
generated to phase B, for software reuse technology

In phase B from the literature review, we decided to use dloton model
reasoned on classes of beliefs to support the maopt software technology. Then this
model was instantiated to the adoption processuda technology by using the results of
the literature review A3. Also in this phase, tldentified beliefs were validated and
expanded through interviews with the reuse expmdréslarge company.

In phase Cwe ran the long-term ethnographic case study erattoption of

reuse technology in a large organization, applyimg model. A group of technicians
34



involved in the adoption process had mapped antyzsththeir belief system on reuse
technology using semi-structured interviews. Thenapplied the methods of belief re-
signification proposed in the model. The resultstteg ethnographic study were then
analyzed and the model was enhanced.

After the conclusion of the three previous steps,submitted the model of
belief classes to a group of experienced resea¢rmn the software reuse area, in order
to validate the identified beliefs, validate theasdification of these beliefs in the
presented classes, verify the possible existenaghefr significant beliefs and obtain an
assessment of the degree of impact of each of thelgefs in the process of technology
adoption. The results were analyzed and processqutaduce acatalog of weighted

beliefsrelated to adoption of software reuse technology large organization.

1.5 MAIN RESULTS AND CONTRIBUITIONS

This work presents a method to support the proadssoftware reuse
technology adoption in a large organization, basedhe identification of belief systems
indicators of a potential behavior in the technglagoption process. The proposed
model called action model reasoned on classesliefdes represented in Figure 2:
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Behavioral beliefs Action model reasoned on beliefs classes to

support the adoption of software technology

* Technology Maturity
--3 * Relative Advantage
Perceived Usefulness
Perceived Ease of use
Complexity

Outcome expectations

Loy Normative beliefs

Intention

—— Behavior

Image

Visibility
Voluntariness of use
Social Factors

Perceived Control beliefs

* Compatibility
* Facilitating Conditions

Self-efficacy beliefs

*  Ability
Past-experience

Figure 2 - The Action model reasoned @s®ts of beliefs

Together with this model, a beliefs identificatiorethod for the adoption of
reuse technology is provided. An instrument thgtpsuts the achievement of semi-

structured interviews proposed in the method is défined.

A long term ethnography case study conducted duhegadoption of reuse
technology in a large organization is presentea fifocess of application and validation
of the method proposed in this case study is desdyias is emphasized with the mapping
and treatment of belief systems of the practitisneyolved in the adoption process. The
application of re-signification techniques of thelibfs identified as potential difficulties

to the process is shown together with the resiitaioed

A catalog of reuse beliefs to support technologgpdion is presented after
conducting the validation of the identified beli@fgh a set of experienced software reuse
researchers. These experts also evaluate the ingbaeach of these beliefs in the

technology adoption process.

36



1.6 DISSERTATION OUTLINE

After this introductory chapter, which describeg timotivation, goals and

scope of the research, this document is organizéallaws:

» CHAPTER 2 - presents the theoretical background laadature
review on the topic, describing an overview of tkeftware
technology adoption problems and discussing theomepgnitive
models that represent the way people act basedearbieliefs.

» CHAPTER 3 - presents the framework for our metlpydposing a
model of reasoned action based on classes of $atie$upport the
adoption of software technology, defining the malasses of
software technology adoption beliefs and a prooéss-signification
of those beliefs.

» CHAPTER 4 - presents the instantiation of our frawork to the
adoption of software reuse technology, identifyiagbelief base
regarding this technology through the use of litee reviews in
conjunction with interviews with experts.

« CHAPTER 5 — presents an ethnographic case studlajeed over
two years, regarding the adoption of software re¢ashnology in a
large organization. In this study, the model ofsmeed action based
on classes of beliefs proposed in Chapter 4 isieghpbvaluated and
refined.

» CHAPTER 6 — presents the process of validatingstifevare reuse
beliefs, and its classification by experts in tlreaa generating a
catalog of reuse beliefs with their impacts ontdwhnology adoption

process.
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« CHAPTER 7 — presents the main conclusions and ssssuthe way
that the research questions were answered in igggrthtion. It also

discusses possible future research in the disgertsibject.
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Thischapterprovides aroverviewof thefoundationgor this work and presentthe main aspects
involved in the proces®f adoption of new technologies in general arbftware reuse
technologies irparticular. It alsodiscusses organizational culture, belief systent @gnitive
models that represemiie waypeople acthighlighting the most significant factonelated tothe

adoption of softwareeuse technology

2 BACKGROUND AND RELATED WORK

2.1 THE ADOPTION OF NEW TECHNOLOGY IN ORGANIZATIONS

Organizations are faced with a constant proceshafige determined by the
business environment, new technologies, requiresneit customers and internal
requirements of process improvements.

The adoption and implementation of new technologigdies in a transition
and appears in literature as “diffusion of innowati (Rogers, 2003), “technology
transfer” and “technology deployment” (Tornatzky Reischer, 1990)This occurs in
several phases and involves the various elementseobrganization (Damanpour and
Schneider, 2006).

Rogers (2003) defines diffusion as "the processhich an innovation (new
technology) is communicated thorough certain chinover time among the members of

a social system".
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Every new technology progresses through three bpka&ses which are
research and development, product development @mgkian in organizations. Figure 3
shows a framework for understanding the softwathrtelogy diffusion proposed by the
Software Engineering Institute - SEI (Fowler andibe, 1993).

R&D life New Adoption &

cycle product implementation
development life cycle

. life cycle .
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ofa
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|
/ Retirement

\
|
——— —

Technology life cycle

Figure 3 - A Conceptual Framework for Technologgrigition

From this framework, in this work, we are espeyialhterested in the
adoption and implementation phase. It deals withattual deployment of technology in
the organization, focusing primarily on users oé thew technology, the necessary
management structure and changes in work habitpeaidrences. The new technology
can cause the construction or modification of comication channels and modify
organizational structures. In this case the teadulis tested, built-in software or in a
well-defined process, having well-defined standatd®r manuals, training courses and
customer support.

Several studies demonstrate that people facingoaeps of adopting an
innovation have different behavioral charactersstithemselves classified by Rogers

(2003) into five categories as shown in Figure 4.
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2.5%
Innovators

Early
Adopters Early Majority Late Majority Laggards
13.5% 34% 34% 16% ——

Figure 4 - Five established adopter ca‘tego'rieis. |

The Innovators arpeoplewho want to be the first to try the innovation.eTh
Early Adopters ar@eoplewho represent opinion leaders. The Early Majoaitypeople
that are rarely leaders, but they adopt new idedisrd the average person. The Late
Majority arepeoplethat are skeptical of change, and will only admpinnovation after it
has been tried by the majority. The laggards @meeple bound by tradition and very
conservative. It is very important for the adoptimocess to understand the category of
people which will be involved.

The new technology that is being adopted may berdoty to Nord (1987)
routine innovation that implements minor adaptatiom existing processes or radical
innovations that require the complete developmémteav processes in the organization
or significant adjustments to existing processes.

The activities to be developed must be directethéospecific characteristics
of the organization's culture in which the techgglowill be deployed. It is very
important to understand the predominant reasoadoption, the greater or lesser ease of
acceptance/rejection of these technologies andhbiee of transfer mechanism (Bayer &
Melone, 1989).

The time between the availability of an innovatinrsoftware technology and
its large-scale adoption is established by Redwirfddle, (1985) and shows, based on
a study of 17 different technologies of softwareelepment between the 60s and the
80s, that the maturation time (time for it be pepizied and disseminated on a large scale
by the technical community) for a software techgglas fifteen (15) to twenty (20)
years. It is important to understand the factord processes that influence adoption,
delays in execution or rejection of the innovataawell as the various aspects involved
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in order to improve this process. Once a technolegyeveloped, it takes an average of
7.5 years for it to become widely used. A maturatba technology occurs when 70% of
the industry uses the technology.

Research regarding the diffusion of innovationsl{ffan & Kemerer, 1993)
seeks to identify how innovations spread within raug of potential users of this
technology, being eminently characterized as agag®0f communication with emphasis
on how adopters know innovation, as and when teaynl about them by identifying
some attributes of innovation that can facilitatehmder its spread. These attributes are:
relative advantage, compatibility, complexity, easexperimentation and observability.
Furthermore these attributes are associated widhaguic aspects of the adoption of the

investment return. We can see these elements talbhe 1.

Table 1 - Attributes of Innovations (Rogers, 2003)

Relative Advantage The degree to which an innowatsoseen as better than the
idea, program, or product it replaces.

Compatibility How consistent the innovation is witie values, experiences,
and needs of the potential adopters.

Complexity How difficult the innovation is to undgand and/or use.

Trialability The extent to which the innovation can be tested or
experimented with before a commitment to adoptasien

Observability The extent to which the innovatioo\pdes tangible results.

Society currently has knowledge as a rather sigpnifi value and the various
technologies represent an important means to ni&&mnowledge more and more useful
and available, stimulating constant evolution andovation in organizations (Lytras,
2011). Understanding the factors that interferethe process of adoption of new
technologies in organizations helps us to preditcd ananage this adoption process
(Partala & Saari, 2015).

Straub (2009) suggests three conclusions abouinaémdly adoption and
diffusion: “a) technology adoption is a complexhénently social, developmental

process; (b) individuals construct unique (but selle) perceptions of technology that
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influence the adoption process; and (c) succegsfatiilitating a technology adoption
needs to address cognitive, emotional, and cordégtincerns”.

New technology finds barriers in the organizatiacls as incompatibilities
with other technologies used, technical skillsistasce of people to change (Hoffman &
Klepper, 2000). In general we see the great impodaof the people, their beliefs and
organizational culture in a process of technologdgpdion.

2.2 THE ADOPTION OF A SOFTWARE TECHNOLOGY

Technological innovations are largely responsilole dconomic growth and
information technology in the organizations givearsupport to the implementation of
innovations (Zhao et al., 2015). This fact requitleat new software technologies are
incorporated into these organizations and this gsitacal factor for making this process
possible (Lytras & Pablos, 2011).

The diversity and the growing need of organizationsadopting new
technologies for the development and evolutionoffigare, has led to a concern in better
understanding the factors involved in the procésstmducing these technologies.

The technological base of an organization congiktiés technology assets,
organizational assets (skills of employees and gensa procedures and structure),
foreign assets (suppliers and customers) and psof@dler & Shenhar, 1990). Adopting
a software technology in an organization requinéferént levels of learning (Fowler &
Levine, 1993), because it changes the gilthe practitioners and the organizational
structure and procedures of the company (Shih &ngu&®010). This requires the
definition of strategies most appropriate to thgamization's culture.

A constant problem in most organizations is howataelerate the rate of
diffusion of an innovation, because all improvemgmbcesses involve changes
(Zelkowitz, 1996) (Zelkowitz et al., 1998). For seére technology, we are considering
methods and tools for software development andutieol (Punter et al., 2009).

The process of development/evolution of softwarkaige organizations has a

lot of standards, procedures, methods, processals, and environments for developing
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and managing software. Organizations seek to aehlegher levels of quality and
productivity in software development. Auxiliary tbe process maturity models have
been created that specify progressive of levelesidilts which companies aspire to by
increasing quality, productivity and other desicedcomes.

Among these models we can mention the CMM - CdipaMaturity Model,
appeared in 1991, (Paulk et al., 1993) developethbySoftware Engineering Institute
(SEl) involving several disciplines (Software Enggning, Management and
Development of Work Force, Integrated DevelopmeihPoocess and Product). This
model evolved, being replaced by the Capability Wit Model Integration (CMMI)
(Chrissis, 2004). The CMMI is a process improvemapproach which provides
companies with the essential elements of effeqinceesses and software focus in the
areas of Development, Acquisition and Servicess Thodel integrates many different
models into one framework.

Another important maturity model was presented hg tinternational
Organization for Standardization (ISO)/InternatioBEectrotechnical Commission (IEC)
through the family of ISO/IEC 15504 (ISO/IEC, 2008so known as SPICE. This
standard is an evolution of ISO/IEC 12207 (ISO/IE@95) but has levels of capacity for
each process, which allow for evaluating the evolubf software process maturity of
organizations for continuous or discrete stagesisth presents a orientation guide for the
improvement process of development/evolution oftveaxfe, been used as a process
model reference.

All SPI - Software Process Improvement in orgamiret is aimed at
understanding existing processes and modifying tteemrmprove the quality and worker
productivity of the processes and reduce the tintea@st of development. SPI does not
assess the organizational and human aspects iovoivethe adoption of software
technologies in these processes.

Technological changes in software processes shooilgider the human
factor involved as a critical element to their g (Basili et al., 1995) as well as some
important aspects that affect the adoption of saféwengineering technologies as
described by Zelkowitz (1996) and Punter et al0O@0
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» Software development is much more process-orieiiza product-
oriented.

e It is much more dependent on the experience antityalmf
practitioners than other forms of engineering.

* Most software technologies are processes sets of rules to be
followed by developers.

» Most software professionals are resistant to change

» Contact between people is the main transfer agesttamge.

The adoption of a new software technology is arowation process in the
organization and is directly related to the organanal learning culture, directly
interfering with their human resources, capabdsiteand competences (Argyris & Schon,
1978)(Shih & Huang, 2010)

Organizational learning is a complex process ofueition of new
knowledge and serves as a basis for behavior chighdeer, 1991). It emerges when the
organization acquires knowledge, know-how, techgwl@and procedures (Argyris &
Schon, 1996). Organizational learning is integrateith the process of individual
learning as a way to increase the practice of iatiom in organizations (Song &
Chermack, 2008 The organizational learning process has diffengimases such as
information acquisition, information interpretaticand behavioral and cognitive changes.

As the process of software development is eminebtged on human
activities performed in organizations, stronglyluleihced by cognitive and social aspects,
it is fundamental to build a better theoretical Hdation of organizational, social and
cognitive psychology. In this way, we can obtaittéresupport to understand, predict and
modify human behavior to better plan and manage phecess of adoption of
technologies to facilitate its acceptance.

A series of studies on technology acceptance (Ghw009) (Bagozzi, 2007)
show the importance that researchers have madederstanding the role of human and
social factors for the successful implementatiome# technology in organizations. This
leads us to consider the need for further studias &llow us to define models that
consider these factors to support organizationsth@ adoption of new software

technologies.
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Research to understand the human factors faailifaind hindering the
acceptance of new technologies should be basedognitive models that describe

process behavior of individuals.

2.3 THE ADOPTION OF SOFTWARE REUSE TECHNOLOGY

Software reuse technology is the process of crgataitware systems from
existing software artifacts rather than buildingrthfrom scratch (Krueger, 1992). This
technology requires that the organization has & esset base, support processes and
appropriate organizational structure.

Software reuse isan important approach fomproving the qualityand
productivity of software development and evolutio(SWEBOK, 2007)because itis
based orthe construction obystemsfrom existingartifacts representinga significant
elementfor optimizing software processes large organizationgKrueger, 1992)The
introduction of thigechnology in theserganizationdias a veryositiveimpact on issues
of cost productivity andquality of software (Basili et al., 1996) (Ezran et al., 2002)
(Poulin, 2006).

The literature on reuse in software engineeringwvshthat up to 60% of the
project and 40% to 60% of the code can be reusau fine business application to
another, and up to 75% of a program’s featurescaramonacrossmore than one
program(Poulin, 2006). The overall rate ofusefor commercial applicationsanging
from 15% to 83% (Mili et al., 1995), demonstrateéke benefits thah large organization
can achieve itheir processes alevelopment or evolutioof softwareare changedo
incorporatedomainengineeringdomainanalysis design and implementatiamiented by

reuse

The adoption of software reuse technology in armamiation is costly in
terms of time and resources. Failure in this precemuses significant damage to the
organization, including, with respect to its marlksétare (Frakes & Isoda, 1994). The

transition from a traditional software developmebcess to a process using the
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technology of reuse requires a great deal of changee way the organization works and
the behavior of practitioners involved (Muthig, 2)0

To obtain a higher software development produgtiahd quality, several
companies got together and created the SPC-Soft@ansortium Productivity Reuse
Program which proposed an environment (techniqondg@ols) in order to achieve these
goals through software reuse (Pyster & Barnes, 198& technology developed by this
consortium was transferred to the participating panies, representing a systematic
process for reuse, based on access tools to ebteuspository of assets, a library asset
related to business area and a methodology fowvaodtprocess development with reuse.

Pietro-Diaz (1991) proposed a model of incrementalse of adoption to
reduce the risk involved in the adoption processpleasizing the importance of the
organizational structure for successful adoption.

The CFRP - Conceptual Framework for Reuse Proced3asgis, 1991)
defines the life cycle process reuse-oriented nsodgth the main elements focused on
processes: a) Reuse Management, focused on plamriogsses, managing and learning
about reuse and b) Reuse Engineering, focusedeoprtitesses of creating, maintaining
and using reusable assets.

We also found in the literature other significardriwvon the adoption of reuse
among them we can mention (Caldiera, 1991), (Bahgsaral., 1993), (Llorens et al.
2006), (Sherif et al., 2006), (Rine, 1997), (Manist al., 2002) (Lucredio et al., 2008).

As Griss (1995) said, “Reuse is a business issat itivolves technology
transition and organizational change. Institutingremse culture, providing training,
adhering to standards and securing management d¢oranij are the key success
factors”. Empirical studies by Morisio (2002) indumstrial organizations show that non-
technical factors, such as the organization, psEgsbusiness drivers, and human
involvement, appear to be the most important facfor a successful reuse adoption

process.

Several studies have shown the importance of wshegise maturity model to
help the adoption of reuse, as part of the softwdeeelopment process of the

organization. A structured set of techniques, mamemt practices and support to
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implement a program of reuse in the organizatidtwswe area is needed (Garcia et al.,
2007). The level of maturity of the organizatioatdftware process is also a significant
factor in the deployment of software reuse techgpl@dhmed & Capretz, 2010).

One motivation for the adoption of new models ofises the result of
observing various organizations, is to reduce tiigal risk in adopting reuse (Almeida,
2007) (Garcia et al., 2007) and its integratiorhwiite process of software development.
So RISE - Maturity Model emphasizes that the pcastof reuseshould be grouped
according to organizational business technology and process perspective3he
dependencef the organizational structyréackground”pudget,and othetechnical and
nontechnical factorassociated wittsize, experienceand availability of resources and

historyof the organizatioiiLucredio et al., 2008) make tlheoptionprocess difficult

The human aspectare presentedSherif & Vinze, 1999), (Sherif & Vinze,
2003) emphasizing the importanceempirical evidencéo demonstrate theotegree of
influenceas a factoto help or hindethe processHuman organizationglmanagerial and
economic obstaclesften outweigh thetechnical (Sametinger, 1997) and should be
considered in eacbrganizatiorto ensurehat the riskassociated with themre properly
handled

Experiences from the adoption of software reusknelogy in organizations
present a set of beliefs concerning the use ofntolyy that serve as the basis for
instantiating our generic model developed in thisrky to the specific case of the
adoption of this technology. Thus, we can compostetailed model as the basis for
conducting experimental study in any large orgaromawishing to adopt this technology
and that will be the basis for the experimentatigtthat we perform in the adoption of

reuse process in a large enterprise.
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2.4 ORGANIZATIONAL CULTURE

Organizational culture has been an element thaalssong influence on the
incorporation of innovations and introduction ofaneechnologies that will improve the
software process, and the organizations are styaffgcted by organizational, personal
and social values (Shih & Huang, 2010). The orgaional culture comprises of the
context in which software development takes pldgeai & Livari, 2011) and consists
of beliefs, attitudes, values, norms, standardbesfavior, customs, practices, symbols
and organizational knowledge.

Organizational culture according to Needle (200€pfesents the collective
values, beliefs and principles of organizationahthers and is a product of such factors
as history, product, market, technology and stsgteganagement style and national
culture”.

According to Ravasi and Schultz (2006), organizeticculture “is a set of
shared mental assumptions that guide interpretadioth action in organizations by
defining appropriate behavior for various situasibrOrganizational culture is “the way
we do things around here” (Lundy & Cowling, 1996).

Culture is so important for an organization thah&go (2004) says that
“Culture is an abstraction, yet the forces that emeated in social and organizational
situations that derive from culture are powerféilwe don’'t understand the operation of
these forces, we become victim to themh’is necessary to look at the organization from
the perspective of their culture in order to bettederstand the things that happen in it.
The culture of an organization has a strong infteeon behaviors that are observed in the
organization.

Culture is the learned result of the Group's exgpees and is a consequence
of patterns of ideas, moral concepts and beliefstheir individual members. The
knowledge of the culture of an organization is eyvmportant element for the success of
the process of adopting a new technology in anrozgéon.

Organizational culture can be analyzed at seveiferent levels, at the word
level, meaning the degree to which the cultural phenomesonsible to the observer

(Schein, 2004) as we can observe in Figure 5
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Figure 5 - Levels of Culture (Schein, 2004)

At the highest level, we find artifacts that remisthe visible products of the
organization such as organizational structure, pitscesses, its language, behavior
patterns, their technologies and products. Thesmagits are easily observed. At the
second level, espoused beliefs and values représembnscious beliefs and values and
explain the organization's ideology and goals. €h&ements will be predictive for the
observed behavior at the top level of the artifaCtese beliefs and values are generally
not learned a priori and are mentioned in the "espd theory" (Argyris and Schon,
1978). This theory predicts the desired behavigredple within the organizatioAt the
third level, Underlying Assumptions represents #¢issence of the organization's culture
and is the degree of consensus that results frpeated success in implementing certain
beliefs and values. These basic assumptions areonfsontable and nondebatable and
extremely difficult to change. We have at this dhievel the values of the organization's
members that are shared and to study organizatioelahvior we need to interview
members of the organization at collect their atétsl as members of the organization.
Often, forexisting standards at the second model level wetifgeopposite behaviors at
the third level of the organization's culture andcduse of that changes in the
organizational are not successful in achievingaottganization’s goals.

Organizations are constantly faced with the needliange and development

which requires a constant learning process. Thosgss will interfere and be interfered
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by the organization’s culture demanding an abildyknow, analyze and deal with the
organization learning problems (Douglas & WykowsR§10).

The adoption of new technologies adds new knowlédgbe organization's
culture which will iterate directly with the orgamaition's belief system and with the belief
system of its members. The learning of new thingumes a review and generally
changes stable portions of the cognitive structirpeople in organizations (Argyris et

al, 1985). This is a very significant aspect of pinecess of adoption of new technologies.

2.5 BELIEF SYSTEM AND KNOWLEDGE

To understand the process of change in the culuoeganizations it is necessary
to deal with the concepts of beliefs, belief systeand knowledge and their relationships.
Beliefs are the elements that primarily determime way people act and are the main
barriers to the learning process and changes enagtions.

We found in scientific studies, the importance efidfs as a determinant of
the behavior of individuals and groups in differéetds such as medicine (Montano &
Taplin, 1991) (Vanlandingham et al, 1995), educati@®guirre & Speer, 2000),
psychology (Blank & Hennessy, 2012), social scie(Randolph et al., 2009), software
engineering (Wernick & Hall, 2004) (Livari & Huisma2007) (Livari & Livari, 2011)
(Passos et al., 2011) (Passos et al., 2013) amany athers.

In a general, a belief the feeling of being certain that something existss
true. (Cambridge Dictionary, 2015), or a feelingoefng sure that someone or something
exists or that something is true that somethingoisd, right, or valuable or feeling of
trust in the worth or ability of someone (Merrianelster, 2015). It ils an acceptance that
something exists or is true, especially one, withpyaof (Oxford-Dictionary, 2015).

Belief is a proposition or premise or even an apirformed or conviction that an
individual holds as true (Schwitzgebel, 2006). Tiefers to the subjective probability of
judging people on some aspect of their environnfenysing on the understanding of the
person about oneself and the environment. We dba person's belief about a particular
object of the environment in which it is embeddids the subjective probability that an
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object (person, group of people, an institutiorhedavior policy, an event, etc.) has a
particular attribute (trait, property, feature,.ptc

Belief is a mental representation or cognitive represemattreated
especially in philosophy and psychology, as a eaehtbeing's attitude toward the
likelihood or truth of something (Schwitzgebel, BpOBeliefs are the foundation for our
actions before the various situations that ariseuinday to day (Ajzen & Gilbert, 2008).

Beliefs are generated from several individual arghoizational mechanisms.
This is emphasized by several authors showingehatar with the importance of beliefs
in organizational culture are the individual bedief

A belief system is set of beliefs which guide and govern a person's attitude. It

is directed towards a system such as a religious, philosophic, ideological or technological
system. Attitudes and beliefs in these systems are closely associated with one another and

retained in memory (Psychology Dictionary, 20150ur belief system is the set of
precepts which govern our thoughts, words, anedasti

Every organization has its belief system that ikeael two, espoused beliefs
and values of the Schein’s model (2004) of orgadimal culture and each individual
who composes it has his own belief system

The beliefs that compose the person's belief sykisra representation in her
head or mind and this representation may appeseraences in the internal language of
thought (Fodor, 1981). These sentences (proposjtiame processed and correlated
producing actions.

Beliefs are formed from several different sourcesoar own experiences,
observations, readings, hearing, reflections, gdizetions, learning, advertisements,
acceptance of what is said by people who are mfese influences from the
environment. People often examine the capturednmdtion against evidence and facts
and produce their inferences with a greater oreledegree of analysis. Once are beliefs
formed, changes in them are usually not made easily

Knowledge can refer to a theoretical or practicalerstanding of a subject. It
can be implicit (as with practical skill or expsd) or explicit (as with the theoretical
understanding of a subject); it can be more or lesmal or systematic (Oxford-
Dictionaries, 2015).
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Knowledge has a philosophical definition that sayss the justified true
belief in the “standard analysigDouglas & Wykowsky, 2010)This means that when
someone knows something, they have to believe (imelief condition), this thing is true
(truth) and supported by evidence (justifietiis requires that the evidence for the belief
necessitates its truth.

Truth is the quality or state of one thing beingetr The state that one thing
exists and can be grasped. This means that owef belin accordance with reality and
common sense. Otherwise the belief is false.

Justification is the basis for what has to be ater®d a true belief. It is the
evidence or a set of facts which provide the besmonfirm the belief and allow it to be
used for inference similar future situations. Itkes belief a normative conceptiohhe
organizations have a function “to put knowledgework” — on tools, processes, and
products and they must be organized for constaarigds (BonJour, 1985).

The process of acquiring new knowledge, modifyimgenhancing existing
knowledge is called learning. The learning procésshighly influenced by the
organization's belief system and of its membergrgTe€2006). It is a usually a goals-
oriented process and highly facilitated by motiwasil factors. The learning can occur
consciously or without conscious awareness. Indafidheliefs are the primary barriers to
learning and changing in the organization’s cul{iPeuglas & Wykowsky, 2010)

The adoption of a new technology in an organizatmoplies a process of
knowledge transfer changing the organization'sebedystem and the individuals who
compose it. Learning is a process of growth of kiedge and takes place on a large scale

during the adoption process.

2.6 COGNITIVE MODELS THAT REPRESENT THE WAY PEOPLE ACT

Cognitive psychologyis the study of mental processesuch as'attention
language usememory perception problem solving creativity andthinking” (American

53



Psychological Association, 2013js focus isthe mental processe¢bat affectpeople’s
behavior We selected sonmaodels that will behe basis for thenodel thatve proposeto
support theadoptionof new technologies

Argyris and Schon (1978), to explain the way peopit, developed the
theory of Action Science "aimed at exploring thas@ning and attitudes which underlie
human actions, and producing more effective legfhin organizations and other social
systems. People keep maps in their minds thattlead to plan their actions to achieve
desired consequences and monitor them to leanesktactions are effective. They define
three models, the model-1, model-I-O and model n2oider to enable people to
effectively manage their behavior through an urtdeding of what drives their actions.

Argyris, Putnam and McLain Smith (1985 characterizedhe approactas
well saying"To seehumanbehaviorunder theaspeciof actionis to see itconstitutedby
the meaningsand intentions of agents Agents design action to achieveintended
consequencesndmonitorthemselveso learnif their actionsareeffective".

The models are represented by the graph below:

governing
variable

single loop

double loop

Figure 6 - Model of Single and Double-loop learning

Governing variable is values thia¢ fperson seeks to achieve and maintain
within an acceptable range. Action strategy istegi@s used by people to keep their
governing variables in an acceptable range, ie bthaviors they adopt. Consequences
(for people, groups, organizations and systemsesemt the effect of the action strategy.

In model 1 or Single-loop learning, when a stratetpes not meet the
governing variables, this strategy is modified eéeksanswers for them. The changes are
only in the actions. The O-1 model incorporatesftrst model, the organizational aspect
and emphasizes the fact that the individual isugriced by the behavioral and cultural
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world of the organization. (Argyris & Schon, 1978Jhe model-2 or double-loop
learning, beyond the change of actions, allowsf@anges of governing variables.

In social psychology, we find three theories depetbby Fishbein & Ajzen.
The first, called the Theory of Reasoned ActiorRAT(Fishbein & Ajzen, 1975) presents
a model to represent the way people act. AccortindRA, people construct beliefs
about various personal, technological and envirarieleaspects, which may facilitate or
complicate their attempts to adopt certain behavidihe TRA suggests that beliefs,
attitudes and intentions are the main determinaftiuman behavior, and there are
additional elements such as knowledge, skills, amdronmental factors. The diagram

below represents this model.

Beliefs about Intentions with Behaviors with
object X respect to object X respect 1o object X

> |

2
3

2, * Attitude toward
3 == = object X

wiho-

v

Figure 7 - Conceptual framework of TRA - (Fishb&iijzen, 1975)

The basic elements of this theory are:

» Belief - This refers to the subjective probabilityjudging people on
some aspect of their environment, focusing on tidetstanding of
the person about oneself and the environment. Weeatha person's
belief about a particular object of the environmantwhich it is
embedded. It is the subjective probability that aloject (person,
group of people, an institution, a behavior poliag, event, etc.) has

a particular attribute (trait, property, featurts. e

» Attitude - Disposition or latent tendency to respon a favorable or
unfavorable way to an object. A person's attituméhe object is the

result of its evaluation of attributes.
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* Intention - indication of the promptness of a parso perform a
behavior. Allows estimating the probability of therson to perform

certain behavior.

* Behavior - observable acts that are performed leyprson. The

intention is the immediate antecedent of behavior.

The TRA has been extended, aimed to predict anhiexpuman behavior in
specific context, having been baptized as TheoryPlainned Behavior-TPB (Ajzen,
1991). As in the TRA, the central element in theotty of planned behavior TPB is the
individual intention to perform a given behaviolupg another element called Perceived
behavioral control (perception of people the ealefdty performing the behavior) that
affect people’s intentions. The TPB also discugkesbeliefs relevant to the behavior,
which are the antecedents of attitudes and peoreptiThe TPB beliefs can be of three
types: behavioral, normative and control.

Behavioral beliefsare those according to which people have judgnedmisit
the positive or negative consequences of a beha#&pectations of results will
determine the attitude of people regarding thazatin of personal behavior. A positive
or negative evaluation of performance generatesoee rar less favorable attitude. E.g.
Reuse technology is complex and expensive.

Normative beliefs are ones that people form on the approval or gissal
of their behavior by individuals or groups impottan their lives. The approval or
disapproval of significant groups leads people d¢alize a norm or social pressure
regarding the behavior, encouraging a more or fidgsrable intention. E.g.: The large
companies are using technology reuse.

Perceived control beliefsof are those that people form about the personal
and environmental factors that can help or hinser'©attempts to perform the behavior.
They produce an assessment of high or low effieeitty respect to their behavior. It can
generate facilitative or inhibitory behavioral int®ns. E.g.: The software process of the
organization does not provide the technology reuse.

The two theories were consolidated (Fishbein & Ajz2010) and called

theory of behavioral prediction-TBP, where “hunsoctial behavior follows reasonably
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and often spontaneously from the beliefs peoplesgss about the behavior under
considerationi’. The authors present cases of use in variousrgrpntal studies and its
uses were cited in over 1000 experiments in diffeegeas such g8lank & Hennessy,
2012) (Roberto et al., 2011) (Randolph et al., 2(@8&slak, et al., 2011) (Limayem et al.,
2007)(Garcia, et al., 201IMishra et al., 2014).

The TBP model describes the reasoned action repexs by the framework

below:
Background
factors
A M[llude
] Behavioral
Indiy 1((1]«1/ rits l()\\ ard the
peL] alie
ceonalty / behavior
Mood, emotion
Values, stereotypes /
General attitudes
Perceived risk
Past behavior /
. Normative Punu\ ed N
Social é > Intention Behavior
Education beliefs norm f
auca O \
Age, gender /
Income
Religion /
Race, ethnicity " e
Culture \ Control IP(}KQ\ t‘dl B o Actual control
aviora S P
Information beliefs DS hayiona e Skills/abilities
nowled mntrol SN
Knowledge Environmental
Media factors
Intervention
e

Figure 8 - Schematic presentatibtihe model Reasoned
Action (Fishbein & Ajzg2010)

In social cognitiveperspective Bandur@d 986 proposes thathe actions and
reactionsof the individual,including their social behavioand cognitive processeare
influencedby the actionghey observen oneselfand others andthe theory ofself-
efficacy hasa centrakole in thiscontext (Bandura, 1991). The conceppefceivedself-
efficacyis defined agpeople's beliefabout theircapabilities to achieveertain levels of
performance.These beliefs have an importante in thinking, motivation andoehavior
of these peopleThe four main sources ofself-efficacy are successfulpersonal
experiencessimilar experiencef similar social groups social persuasion thabne
possessesufficient capacityo perform the activityandthe emotional statef the person
in relation to the behaviorBeliefs on personalefficacy affect the choicegs level of
motivation, and resilience tadversity andvulnerability to stress.Human behavioilis
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considerablydriven and regulated bgelf-perceivedefficacy (Bandura, 1994Bandura
(2012) presents significant aspects of use of tieory of self-efficacy in human
development, adaptation and changes at the indilehd collective level.

Another model based on the concept of psychologiee¢ds seeks to
understand the behavior of people who will use @nelogy as described in Self-
determination theory - SDT (Ryan & Deci, 2000) (D&Ryan, 1985, 2014) (Lee et al.,
2015). They report three basic elements to determtmman behavior: intrinsic
motivation (doing an activity for the inherent s#iction of the activity itself), the
extrinsic motivation (self-regulation that peopleffsr due to from social values and
contingency) and the needs relating to health agltilveing. This model has been applied
in several studies that have determined that antgncompetence and relatedness and
(to care for and be related to others) are theetimain needs that motivate behavior.
They were also identified (Sheldon et al.,, 20@iher needs like self-actualization-
meaning, physical thriving, pleasure-stimulationprmay-luxury, security, self-esteem,
and popularity-influence

The growing diversity of information technology ati need to explain the
acceptance or rejection of these technologies tedDdvis's proposition Technology
Acceptance Model -TAM (Davis, 85) (Davis et al.,)8&hich determined three
motivating behavioral factors: Perceived Ease of, Perceived Usefulness and Attitude
Toward Using. TAM is an adaptation of the TRA versio emphasize characteristics of
the behavior of users of computer technology. TRATs used to analyze the links of
two key beliefs: perceived usefulness and percem@sk of use as well as attitudes,
intentions and behaviors of users for adoptionheké technologies. It is a less general
model than the TRA. It was extended later to ipoosite new features proposed for the
evolution of the TRA and generated the TAM2 (Veekat& Davis, 2000) by
identification of the external variables to chaeaizte the general determinants of
perceived usefulness: subjective norm, image, jelevance, output quality, result
demonstrability. To characterize the perceived edsese, the variables of experience
and voluntariness were defined. This model reptes#ime social influence process
(subjective norm and image) and captures the inflaeor cognitive processes (job

relevance, output quality, result demonstrabilitgd @erceived usefulness).
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We also have The Unified Theory of Acceptance aiseé Of Technology -
UTAUT proposed by Venkatesh et al., (2003) to usterd the acceptance of
information technologies by users for the predictiof behavioral intention to use a
technology in organizational contexts. It considease of use and perceived intentions of
use in terms of social influences and cognitivecpss. It is an extension to the TAM
model by adding new constructs, such as: performarpectancy, effort expectancy and
social influence. Venkatesh et al., (2012) preskmie extension to UTAUT by adding
constructors (hedonic motivation, price and vale&perience and habit) and new
relationships that allow for evaluating the teclmgyl consumers’ user context of and
named as UTAUT2.

The third version of the TAM model called TAM3 wasoposed by
Venkatesh and Bala (2008) by adding determinanpeafeived ease of use (self-efficacy
computer, perceptions of external control, compudaxiety, computer playfulness,
perceived enjoyment and usability objective) whi@ims at making the process of
adopting a new technology more precise. These hagaare grouped into three
categories: control beliefs, intrinsic and extringinotivations and emotions. The
identification of these elements allows organizadido adopt effective interventions in
the process of adoption and use of technology.

The user experience (UX) (Hassenzahl &clinsky, 2006) seeks to study the
various factors that affect the interaction of gseith systems and products using the
usability paradigm. UX is based on the approach tedhnology as experience,
emphasizing that emotion and experience are inabfga(McCarthy and Wright, 2004).
Hassenzahl (2010) "establishes need fulfillmerda agjor source of positive (emotional)
experiences with technology and clarifies the liledween needs, affect, and product
perception”.

Other models of acceptance of technologies haevaate to our work: The
Innovation Diffusion Theory (IDT) (Rogers, 1995)athpurpose to describe the patterns
of adoption, explain the mechanism, and assistradipting whether and how a new
invention will be a success. Motivation Model (MMYallerand, 1997) based on
researches in psychology has supported generaVation theory as an explanation for
the behavior. The Social Cognitive Theory (SCT)n@ara, 1986) presents a model of
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human behavior and has been extended and applted tontext of computer utilization
(Compeau et al., 1999). The work of Moore & Benbgsaposes ways to measure the
perception of adopting information technology (M@&rBenbasat, 1991).

The importance of the software teams” beliefs sydte the decision-making
process in regards to new technologies is emplibyg®assos et al (2014). The authors
state that “Important decisions are made throughtanactive process involving people
who influence each other. So, the beliefs and walokthe project team can guide
interactions between its members, and especialigrecoriented toward certain software
practices.” In this paper (Passos et al.,, 2014prg Ilterm study in several software
companies is presented and the importance of behebrganizational contexts and how
they actually impact practices and processes ojegisoin the software industry are well
characterized.

The TBP presents the fundamental characteristitheabasis for the model
that we propose to support the adoption processoftivare technologies in large
organizations, since it emphasizes the identificatif a tiered system of beliefs as a basis
for identification of the potential behavior of s@ére practitioners. It is complemented
with elements in other presented models and ddtacted through a case study with
ethnography as we will see throughout this work.
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This chapter describes the construction of ouractmodel reasoned on classes of beliefs to
support the adoption of software technology prodpge be used in large organizatioris,
order to reduce the risks of the process of adoptid new technologieslhe basic
building blocks of the model are presented and ritethod of use and treatment of
identified beliefs is described.

3 A METHOD BASED ON AN ACTION MODEL REASONED ON CLASS ES
OF BELIEFS TO SUPPORT THE ADOPTION OF SOFTWARE
TECHNOLOGY

The method that we propose has as basic modeahebey of TBP-behavioral
prediction (Fishbein & Ajzen, 2010). This choiceasconsequence of their conceptual
scope and its wide range of use in experimentsamous fields of knowledge. This
model was the basis for several other models aedrits as presented in chapter two.
The TBP presents the general structure and thec Hasiding, necessary for the
development of the action model reasoned on ballafses that will be developed in this
chapter.

The reasoned action approach of TBP provides thiealesupport to
understand, predict, and modify human behavior glan how to implement
interventions to change behavior. The main godhésprediction and understanding of
human behavior. It is important to consider thatdwor is an observable event, which
must occur in a particular context and at a cerpaimt of time, being directed to any
target. Thusbehavior is composed of four elements: the agberiormed, the target in

which the action is directed, the context in whitdls held, and the time is performed.
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We adapt this model to support the planning prooésslopting a software
technology in an organizational environment and tse models previously cited as

support for the creation of classes of beliefs.

3.1 THE STRUCTURE OF THE MODEL

Belief is a proposition or premise or even an apinformed or conviction
that an individual holds as true (Schwitzgebel,&00

A belief generates an attitude (latent disposition or tecglén respond in a
favorable or unfavorable degree to an object) whithturn produces amtention
(promptnessof a person to perform the behavior) which in tdeterminesbehavior
(observable acts that are performed by the persgnestion).

For the process of adoption of reuse technologycare cite an example of
chaining these elements by a practitioner of arammation. Thebelief "Technology
reuse is complex and expensive," generates and#titnfavorable to the deployment of
reuse technology”, causes oimention "Resist the deployment of reuse technology”
produces théehavior "Do not engage/ hinder the execution of the tadksdoption."

The stronger thentention, the more likely it is that thdéehavior is
performed. People tend to run a behavior becausg ititend to do this, have the
necessary abilities and there are no environmeotadtraints that impede the realization
of his intentions. Beliefs may be inaccurate, tenidels and even irrational, but when a

group of them are formed, they serve as the cagnittasis for the behaviors.

Basic structure of our Action model to
support the adoption of software technology

Belief Intention Behavior

Figure 9 - Basic structure of our Action model
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While investigating thebeliefs systemof software practitioners we can
identify their latentintentions and consequentlgredict possible behaviorsagainst the
process of technology adoption.

The model to support the adoption of software tetdgies proposed here, in
order to facilitate the identification of beliefss stratified into three levels: types of
beliefs, classes of beliefs and beliefs. The typfelseliefs represent the highest level of
abstraction of the model and aims to make it ma@m®egc to be instantiated for various
technologies by defining the classes of beliefs

The model consists of four types of beliefs. Tinst fthree types of beliefs:
behavioral, normative and of control were previguslescribed in the theory of
behavioral prediction-TBP and in the Technology émt@nce Model - TAM-2 and TAM-
3, referred to in chapter 2, pgs.57 and 59. Thetliotype is the beliefs of self-efficacy
(Bandura, 1991) (Bandura, 2012) referred to in tdra@, pgs.57 and 58, defined as
people's capacity to produce certain levels ofquarénce, being the skills and abilities
(lack or presence) to prevent or encourage thetaki® action and also defined in TAM-
3. Table 2 shows the relationship between the nscated the types of beliefs defined.

Table 2 - Types of beliefs fronoahels

Intention

determinants Model and theories
TRA Social Technology | Technology
+TPB+Theory of | Theory of [Cognitive |Acceptance |Acceptance
behavioral self- Theory- [Model- Model-
prediction-TBP |efficacy SCT TAM2 TAM3

Behavioral beliefs X

Nomative

beliefs/subjective

nom X X X

Perceived control

beliefs X X

Self-efficacy X X X

A refined action model to support the adoption affvgare technologies that

we are proposing is represented as follows:
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Behavioral beliefs
Action model refined to support the
adoption of software technology

Normative beliefs

Intention

\
|

Behavior

Perceived Control beliefs

Self-efficacy beliefs

Figure 10 - Refined action model to support ttheption of software technology

3.2 DEFINING A BASIC SET OF CLASSES OF BELIEFS

To structure the process of identifying the beliefshe software technology
area, we stratify each basic type of belief in addesignificant classes of beliefs to be
mapped to support the adoption of new softwarenelcigy.

Classes of beliefare significant aspects related to software teldgyothat
guide the identification of beliefs. From an anaysf the various existing models in the
literature, relative to others models of acceptasicechnologies presented in chapter 2
pg. 60, we construct classes of beliefs by grougiregmain aspects identified (intention
determinants) for each basic type of belief.
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We can summarize all the intention determinantseted, as mapped in the
Table 3:
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Table 3 - Intention Determinants from Models an&diies presented

Intention
determinants Model and theories

Inovati The Unified |Techno |Technol
Self- on Social |Technolo Theory of logy |ozy
deternun [Difusio |Cogmti|gy Motivat: [Acceptance |Accept [Accepta
ation n ve Acceptan [onal and Use of |ance |[nce
theory - |Theory {Theory{ce Model-[Model- |Technology - [Model- [Model-
SDT IDT SCT |TAM MM UTAUT TAM2 |TAM3

Self-efficacy X X

Intinsic motivation
(doing an activity for the
inherent satisfaction of the
activity itself) X X

Extrmmsic
motivation(self-

regulation that people suffer
due to from social values

and contingency) X X

Needs relating to
health and well-bemg |[X

Other needs(zelf-
actualization-meaning,
physical thriving,
pleasure-stimulation,
money-luxury,
secunty, self-esteem,
and populanty-
mfluence) X

Relative
advantage/Results
Demonstrability

P
"
"

Perceiverd Ease of Use

B B
]
B

Image

Visibility

"

Compatibility with
values and past
expenences X

Voluntanness of Use X X

Outcome Expectations-|
Performance and
Quality Expectacy X X X X

Outcome Espectations-
Personal X

Affect X

Anxiety b8 X
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Based on Table 2, we identify a basic set of ciasddeliefs that will assist
the mapping of the software practitioners’ beligétem about one specific technology.
These classes of beliefs can be enhanced withstn@futhe model for different software
technologies.

In Fig. 11 we show our action model reasoned oretsetlasses.

Behavioral beliefs Action model reasoned on classes of beliefsto

support the adoption of software technology

Technology Maturity
Relative Advantage
Perceived Usefulness
Perceived Ease of use
Complexity

Outcome expectations

Normative beliefs

Intention |—— Behavior

\

Image

Visibility
Voluntariness of use
Social Factors

Perceived Control beliefs

«  Compatibility
* Facilitating Conditions

Self-efficacy beliefs

Ability and Skill
* Past-experience

Figure 11 - Action model reasoned on beliefs classe

The Behavioral beliefsaredefined as “people hold beliefs about the positive
or negative consequences they might experienceha¥ tperformed the behavior’
(Fishbein & Ajzen, 2010). Expectations positive megative of their performance,
creating a more or less favorable attitude wilkedeiine the attitude of people towards the
achievement of personal behaviSuch beliefs have the following classes of beliefs:

1. Technology Maturity — level of popularization and dissemination on a
large scale by the technical community (Redwineiédie, 1985)
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Relative Advantage — the degree to which using an innovation is
perceived as being better than using its precuiddoore & Benbasat,
1991)

Perceived Usefulness the degree to which a person believes that using a
particular system would enhance his or her jobyv{®at al, 1989)

Perceived Ease of Usethe degree to which a person believes that using
system would be free of effort. (Davis et al, 1989)

Complexity - the degree to which a system is perceived agivela
difficult understand(Thompson et al, 1991)

Outcome expectations- relate to the consequences of the behavior.
(Compeau et al., 1995)

The Normative beliefs are defined “as people form beliefs that important

individuals or groups in their lives would approwedisapprove of their performing the

behavior as well as beliefs that these refererem#elves perform or don’t perform the

behavior in question(Fishbein & Ajzen, 2010). Make people feel a sociakm or

pressure in behavior, encouraging a more or leggdale intention. Such beliefs have

the following classes of beliefs:

1.

Image - the degree to which the use of an innovatiompasceived to
enhance one's image or status in one's socialnsygioore & Benbasat,
1991)

Visibility - the degree to which one can see others usingytem in the
organization (Moore & Benbasat, 1991)

Voluntariness of use- the use of the innovation is perceived as being
voluntary or of free will (Moore & Benbasat, 1991)

Social Factors— the individual’s internalization of the referengroup’s
subjective culture, and specific interpersonal egrents that the individual

has made with others, in specific social situatiofihompson et al., 1991)

The Perceived Control Beliefsare defined as “people form beliefs about

personal and environmental factors that can helpirader their attempts to perform the

behavior” (Fishbein & Ajzen, 2010)They produce a feeling of high or low reliability
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regarding the behavior and generate facilitativénbibitory behavioral intentionsSuch
beliefs have the following classes of beliefs:
1. Compatibility — the degree to which an innovation is perceivedeing
consistent with the existing values, needs, antggeriences of potential
adopters. (Moore & Benbasat, 1991)
2. Facilitating Conditions — objective factors in the environment that
observers agree to make an act easy to accomglisompson et al.,
1991)

The Self-efficacy beliefs are defined as feople's ability to produce well-
defined performance level{Bandura, 1991) (Bandura, 2012). Experience arilitie®
(lack or presence) are important to prevent/engmuipeople to take actioBuch beliefs
have the following classes of beliefs:

1. Ability and Skill — judgment of one’s ability to use a technology to
accomplish a particular job or task. (Compeaul.efl895)

2. Past-experience — capacity to handle similar problems successfully
(Venkatesh & Bala 2008)

The intention determinantatrinsic motivationandextrinsic motivatiorwere
not used because they are a high level of absirgdtiaving already been covered by
others with a greater level of detail. The intemtaeterminantsNeeds relating to health
and well-being, Affect, Anxiety and Playfulnass not applied. Needs for other classes to

assisting the process of identification of belieésn’t been identified in this work.

3.3 INSTANTIATION OF THE CLASSES OF BELIEFS FOR THE DONN OF A
SPECIFIC SOFTWARE TECHNOLOGY

As presented above, beliefs classes are geneaoysoftware technology.
For one to use the model for a specific softwamhrelogy, it becomes necessary to
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identify the main beliefs for each class preserhis specific context. By identifying this
set of beliefs for a given technology, we can @eastandard set to assist the mapping of
the belief system of practitioners in a specifigarization.

The identification of these beliefs can be doneugh a literature review, if
we are dealing with a mature technology. This tmsklone by reading the selected
bibliography and extracting of parts of the texdtthepresent significant beliefs about the
technology within each belief class.

Another way to identify these beliefs is to intemwi experts from the field of
the application of the technology and select tHeefsefrom their narrative.

For very new technology, immature and with littieedature on adoption
cases, we have to primarily use interviews with eebg in its use. Beliefs classes
represent a structural framework to assist in tloegss of interviews with these experts
as a way to map an initial list of beliefs

Once mapped, it is recommended to revise thesefbealith domain experts
to characterize which beliefs are facilitators ambich are hinders of the adoption
process.

In our work, we used both approaches (literatukgere and interviews) to
map reuse software technology beliefs, as seenapter 4.

3.4 CAPTURE OF PRACTITIONER' INTENTIONS IN A SOFTWARE
ORGANIZATION

The software practitioners group involved in a teabgy adoption is defined
at the beginning of the process. The next stepuofnoethod is to identify gualified
belief systemfor each person involved in the process. For thatuse an interview with
open and close questions. For each belief listethenprevious model, we apply two
closed questions. One question seeks to captureddgeee of agreement of the
practitioner with respect to a belief. This degoéagreement is measured on a four value
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ordinal scale as <zero, weak, medium or strongeegent with the belief. The second
guestion seeks to capture the importance that hetiponer gives to the belief, or the

impact that he perceives that the belief will ngdilave in the technology adoption

process. This importance is measured on a three atinal scale as <low, medium, or
high> impact. In the open questions, we seek taucagwo thinks. One is the rationale

behind each answer for the closed questions. Thex @&t to encourage the practitioners to
suggest new beliefs that are possibly missing moadel.

The interview reveals the practitioners’ intenttonengage certain behaviors
during the technology adoption process. These tiaies) if materialized in actions could
facilitate or hinder the adoption process.

To complement the process of capturing beliefs, al®o perform an
observation of software practices and the actudlawer of practitioners in the
organization. The product to be generated fromatiedysis of the collected data is a set
of properly qualified beliefs, with respect to theactitioners’ agreement with the beliefs,
and with respect to the importance that the praogts give to them.

The identified qualified beliefs can be classifindhree groups that should be

treated accordingly to support the process of teldgy adoption, see Figure 8.

/N

Facilitating Hindering

Re-
signification

Treatment of identified
Reinforce Manage beliefs refer to adoption

Figure 12 - Treatment of identified beliefs referidoption

The first group is nameidue beliefs This group contains qualified beliefs that are

mostly aligned with the current knowledge of themoounity or the organization's
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environment where it will be adopted. This mearat thost of the practitioners’ qualified
beliefs agree with the current knowledge of the cumity.

The second group is namtadse beliefsThis group contains qualified beliefs that
are mostly not aligned with the current knowled§éhe community or the organization's
environment where it will be adopted. They are Ugyaoduced by unawareness of the
technology or its use method or by out of contedtpexperiences. They are the result of
lack of knowledge, incomplete knowledge or wrongumfounded knowledge of the
technology.

The third group is namecbnflicting beliefs This group contains qualified beliefs
that have mixed opinions among the practitionesn& are aligned and some are not
aligned with the current knowledge of the commumitythe organization's environment
where it will be adopted. Conflicting beliefs artgacacterized by having at least 25% of
practitioners considering agreement grade zero eakwAND at least 25% agreement
grade medium or strong among the interviewed paojoula

The true beliefs represent facilitating elementsafiboption of the technology. The
beliefs that fall in this class and facilitates tkeehnology adoption should be reinforced
with the group. The beliefs that fall in this claasd hinders the technology adoption
should be managed. This usually indicates thatisp@tanning is needed in that specific
topic to reduce the risk of failure during the teclogy adoption process.

Lastly, false and conflicting beliefs should beatesl through the re-signification
activities. Those activities involve different mediics for false and conflicting beliefs.

This topic is the subject of the next section.

3.5 RE-SIGNIFICATION OF BELIEFS

The re-signification of beliefs, also cited in thierature as "change beliefs"
or "beliefs revision" (Chi, 2008) (Douglas & Wykokis 2011), "changing the mind"

(Gardner, 2006), or reconstruction of beliefs, efimed as the procedbat leads the
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individual to assign new meaning to objects or &vethrough a change of vision
(Moskovitz, 2009).Through it, the individuals learn to think diffetgnabout things,
seeing new points of view or considering otherdexts stated by Gardner (2006): "The
key to change the mind is to shift the way a persenceives, codes, retains and accesses
information".

Cognition involves the act or process of beliefnfation, acquisition of
knowledge and reasoning. This process can be iomssor unconscious (Douglas &
Wykowski, 2011) being related to perception, memang emotion. Techniques that
encourage individuals to adapt or change theirefselfrom the identification and
awareness regarding false beliefs and elicitatioroaflicting true beliefs are developed.
The formation of new true beliefs and alignment ather beliefs with reality are
stimulated, thus creating a process for enabliegattquisition of knowledge. Emotions,
fear, anxiety and wrong perceptions often leaditkdésidual to have defensive thoughts
and false beliefs which make the process of reHsigtion a difficult task that requires
the use of appropriate techniques for each tys#twétion.

Gardner (2006) characterizes the process of "chgngiinds” as a hard
process and dependent on seven factors, six &oiti (reason, research, resonance, re-
description, resources and real world events) atwh#plicating factor called resistances.

. Reasonis employed by way of argument in order to persuad

. Researchis used in order to collect facts, also with therpmse of
persuading.

. Resonanceappeals to the feeling part of the human persgnalSome
people rely heavily upon resonance, and prefernitatreasoned and
researched position.

. Redescription can be profoundly effective. Matters are oftenregped in
the negative, but when changed into a positive fofrexpression, convey
a completely different and more attractive meaning.

. Resourcesand rewards are an important part of any negotiation.

. Real world eventscan have the effect of completely changing percapt
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The model proposed in this work identifies falsaetand conflicting group of
beliefs with the practitioners involved. At the emd-signification activities have to act
mostly upon false individual beliefs and confligfibeliefs.

False individual beliefs can fall into three catege. First, it is aligned with
the other beliefs in their group, when most of dtieer practitioners have the same false
beliefs (the group is False). Second, it is unadywith the group, when most of the other
practitioners have the true beliefs (the grouprig) Third, the individual have false
belief and the group is split among false and {the group is conflicting).

During the re-signification of the individuals thiadve false belief and the
group is split among false and true (conflictingg also have to manage the individuals
that have true beliefs.

In summary, we have several re-signification sdesai his proposal will not
deal with all those scenarios at this point. InstBection, we will focus instead in
establishing the theoretical basis for re-signtfaaof beliefs.

Figure 13 adds the process of re-signification elfelis to the Action Model
Reasoned on classes of beliefs of Figure 11, asyalement to support the technology

adoption process.
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Behavioral beliefs Action model reasoned on classes of beliefsto

support the adoption of software technology

Technology Maturity
Relative Advantage
Perceived Usefulness
Perceived Ease of use
Complexity

Outcome expectations

Normative beliefs

\
|

Intention .
: Behavior

Image

Visibility
Voluntariness of use
Social Factors

Perceived Control beliefs

«  Compatibility
Facilitating Conditions

Self-efficacy beliefs

Ability and Skill
Past-experience

Figure 13 - The complete Action model reasonedlasses of beliefs

The beliefs that cause difficulties in the adoptimocess or false beliefs
related to new technology are the most frequenseanf misconceived knowledge
(Broughton et al., 2007) such as missing or inca&tepknowledge or wrong knowledge.
Other significant causes are past experiences nfflictowith the new conception (Chi,
2008) and distorted perceptions of environmentzbis.

For missing or incomplete beliefs, we seek to dgvelew beliefs through the
provision of new knowledgel-rom incorrect or misconceived beliefs, we will ube
explicit or implicit refutation (Tippett, 2010) (€h2008) tosupport belief revision by
employing the techniques mentioned below.

In our method, we can use re-signification techegysuch as reading process,
reflective process, discussion and presentatiorcasies, experience with alternative
models (Chi, 2008).

The reading processconsists of the presentation of texts which would
include arguments and elements that modify the oniseptions of readers, showing
correct concepts regarding technology or showingessful experiences with its use. It
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is recommended to ugefutation text that is, a text structure that uggs elements of
argumentation that conducts a person to changédiief. A refutation text has been
described as one of the most effective text-basexhns for modifying readers’
misconceptions (Tippett, 2010). Tippet (2010) engptes that “two decades of research
indicate that reading refutation text rather thadlitional expository text is more likely to
result in conceptual change”. A refutation text hae components: “the statement of a
commonly held misconception, and an explicit rdfataof that misconception with an
emphasis on the currently accepted scientific exgtlan” (Guzzetti, 2000).

Thereflective processconsists of forming groups where people presemis a
discusses contradictory aspects regarding theflieiewe want to re-signify leading the
participants to work different views on significaagpects of the technology.

The presentation and discussion of casesnsists of selecting cases for the
use of technology that addresses the issues youtwag-signify. Each case is presented
to the group by a member of the group or externatlenator and discussed with the
people in the group with participation encourageinf@nall members of the group.

Through experience with alternative models participants of the object of
belief re-significance group is taken to developerxmental use cases of technology that

allows them to have a good experience that may fndukir beliefs.
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This chapter presents the instantiation of the <la$ beliefs for adoption of software reuse
technology in large organizations, based on therditure review and interview with expert

practitioners from the enterprise and consolidétesresults in a basic catalog of beliefs to assist
in the belief capturing process from the practigos involved in reuse adoption in a large

organization.

4 INSTANTIATING A BELIEFS CATALOG FOR SOFTWARE REUSE
TECHNOLOGY ADOPTION IN A LARGE ORGANIZATION

To identify the beliefs regarding the adoption efise in each class of beliefs
we use a research process that consists of tlepe. st

In step-1, review and analysis of literature, pcdtions were identified and
selected on the topic under study. These publicati@ere analyzed and the beliefs
presented were identified. A list of beliefs fockalass presented above was produced.

In step-2 were conducted interviews with experigh wxperience of reuse in
large companies, with the objective of validatingd aexpanding the list of beliefs
identified in step-1.

In step-3, an ethnographic study case was doneipriocess of adoption of
reuse technology in a large company where the meseasought to observe among the
practitioners involved throughout the adoption ss; existing beliefs and how those
beliefs evolved.

A review and analysis of the literature was perfedmvith the use of search

engines with search strings defined to select lasticbooks and conferences on the
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subject. The selected publications were analyzedl marked the identified beliefs
(Bastos et al., 2011jJoanes& Northrop 2010) (Ahmed et al, 2009), (Catal, 2009), (Li
& Chang, 2009), (Lucredio et al., 2008), (Garciaakt 2007), (Ahmed et al, 2007),
(Frakes & Kang, 2006), (Poulin, 2006), (Northr@®04), (Sherif & Vinze, 2003),
(Mannion, 2002), (Morisio et al., 2002), (Bosch02}) (Gacek et al, 2001), (Knauber et
al, 2000), (Sherif & Vinze, 1999), (Rine & Sonnemath998), (Lynex & Layzell, 1998),
(Sharp, 1998), (Rine, 1997).

These publications were read and aspects relatdetliefs identified were
marked and extracted. Then, these beliefs wereotidated and fairly categorized in
their belief classes. A preliminary list of beligfsouped in classes was produced, which
was submitted to analysis and complementation bgtpioner with reuse experience in

the organization.

4.1 IDENTIFICATION OF BELIEFS TO REUSE ADOPTION

In the literature analysis (step 1) the selectedistevere read and the parts
where we can identify the presence of possiblest®elioncerning the adoption of reuse
technology were marked. From these markings iniBpesegments of text, statements
that represent the identified beliefs that may bes@nted by only one author or several
authors were categorized and formulated.

We can cite some examples that show how the ideatin of beliefs took

place as we see in Table 4:
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Table 4 - Example reuse beliefs identification frima literature

Reference Marked part in analysis Belief
Problems arising are mainly due to
incompatibility of reuse activities with the  |35. The reuse activities have
organization’s traditional development incompatibility with the
(Shenif & Vinze, methodology. Traditional methodologies methodology of software
2003) like the Waterfall Model may not be suitable. |development organizations.
Organizations have achieved significant
(Northrop, 2004) reductions in cost and time to market and, at (3. Reuse promises a quick
the same time, increased the quality of time to market and a
families of their software systems reduction in cost.
While reuse promises a quick time to market
and a reduction in cost, it requires an
(Shenif & Vinze, investment in both time and resources to
2003) deliver these benefits

(Morisio et al., 2002)

Unfortunately, reuse is seldom part of
software engineering curricula, so students
do not contribute to advancing the state of
knowledge when they are hired in
companies.

60. Reuse education isn’t
common.

(Morisio et al., 2002)

They introduced a complex policy to reward
both producers and consumer of assets.

56. The previous
development of reusable
assets 1s important for the

process of reuse.

40. Managerial difficulty
Development of reusable assets often to allocate the necessary
requires a capital investment and there resources to implement the
should be a strategic decision as to whether |[necessary infrastructure is
(Frakes & Kang, investment will be made proactively or an obstacle for adoption of
2006) reactively. reuse.
4. The cost of adoption of
This approach tends to require a large reuse technology is
upfront investment, and returns on described as very high
(Frakes & Kang, investment can only be seen when products |without significant short-
2006) are developed and maintained. term retums
47.  The lack of a well-
organized and indexed
software repository with
There 1s also a need for library environments (appropriate search engines is
that include facilities for configuration a barrier to reuse adoption.
management and that integrate facilities for |53. Configuration
(Frakes & Kang, measurements such as usage and retumn on  [management 1s an essential
2006) investment. element for a reuse program.
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Table 4 - Example reuse beliefs identification frtima literature

Reference Marked part in analysis Belief
Measurement and expenimentation of reuse 9.  The lack of metrics for
(Frakes & Kang, and domain engineering is one area where  [reuse makes it difficult to
2006) much more work is needed. identify costs and benefits.
...are the expenses of developing a reuse 39.  The organization is
infrastructure that includes tool support, resistant to a structure
training and educating staff, and required to support the reuse
(Shenif & Vinze, restructuring the organization to adapt to technology which makes the
2003) changes in software development. adoption process very hard.
10.  Managers react to
implementation reuse due to
lack of quantitative

The lack of quantitative measures to assess [measures to assess the
(Shenif & Vinze, the benefits and costs is another justification [benefits and costs of their
2003) for management aversion to reuse. utilization.

Resistance to systematic reuse 1s also caused [26.  Software developer’s

by some software developers” belief that belief that reuse will mhibit
(Shenif & Vinze, reuse will inhibit creativity: the ““Not creativity: the ““Not
2003) Invented Here™* syndrome. Invented Here’” syndrome.

This 1s a clear indication that the adoption of [43.  The quality model

a quality model has great influence on usage has a strong influence
(Lucrédio et al., 2008) [software reuse. on reuse success.

we conclude that the team experience hasa |[63. To have previous reuse
(Lucrédio et al., 2008) [weak influence on software reuse success.  |experience is not necessary.

42.  The lack of funding
we verified that few organizations had to allocate to staff for the
independent teams for developing reusable [development of reusable

(Lucrédio et al., 2008) |assets assets hinders adoption.

51. Orgamzations that
we conclude that the software organizations develop soﬁware_based -
that develop software based on a product a product family have
family have a significant advantage inthe  |advantages when
reuse success levels, when compared to the |compared to the software
software organizations that develop isolated |organizations that develop

(Lucrédio et al., 2008) |products isolated products.
(Joanes & Northrop. |the technical staff needs to have more than  |62. Technicians use reuse
2010) traditional software engineening skills without specific training.

56. The previous

development of reusable
Lack of disciplined core assets development |assets is important for the

(Li & Chang. 2009) |practice [process of reuse.
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The expert interviews (step 2) were conducted basedhe set of beliefs
previously identified from the literature reviewhdse beliefs served as motivating factors
to encourage respondents to talk about other aspbet are significant to them.
Segments of texts that were characterized as bediefl classified in order to allow
consolidation of the results were selected fromirtkerviews.

To illustrate the process of extraction of theskelse Table 5 show extracts

from the interviews and the beliefs identified.

81



Table 5 - Beliefs identificatiorofn experts interviews analysis

Extracts from interviews

Belief

.... reuse has already been used for a very a long time being
mature brings security for those who will use. (....o reuso ja é
muito usado a bastante tempo e o fato de ser maduro da
seguranga para quem vai usar).

... Is a technology already well tested in several large
companies (...€ uma tecnologia ja bastante testada em varias
empresas de grande porte)

1. The reuse technology is mature.

... there are several works that define the assets development
[process (... existem varios trabalhos que definem processo de
desenvolvimento de assets)

..the assets identification and construction is made in a well-
defined form. (..a identificacdo e construcdo de assets € feita
de forma bem definida)

2. The reuse technology has a well{
defined development methodology
of assets.

..because we change the development process and how the
|practitioner works, reuse is difficult to implement in an
organization. (..por alterar o processo de desenvolvimento e a
forma de trabalho dos tecnicos o reuso € de dificil
implementacdo em uma organizacao)

11.  Reuse is difficult to
implement in an organization.

... when using a ready and tested component we are
increasing application quality . (...a0 usar componente
prontos e testados estamos aumentando a qualidade da
aplica¢ao)

16.  Developers believe that
reuse increases the quality of a
new application.

..the need to identify, build and maintain assets makes the
adoption of reuse in an organization complex. (..a
necessidade de identificar. construir e manter assets torna
complexo a adocdo do reuso em uma organizagio)

..the construction of assets and the need to disseminate them
makes the use of reuse complex . (..a construcdo de assets e a
necessidade de divulgar torna complexo o uso do reuso)

19.  Reuse technology is
complex because it involves the
identification, construction. and
maintenance of assets availability.

..to reuse components, it is necessary that they existed
before, this complicates the process (..para reusar
componentes € necessario que eles existem antes. isso
dificulta o processo)

..the assets need to be ready and meet the developer's needs.
(..0s assets precisam estar pronto e atender as necessidades do
desenvolvedor)

24.  The lack of reusable
components to meet the future
needs of a domain limits the
success of technology adoption.

.. using reuse in my job puts me and my company in a better
market position. (..usar reuso em meu trabalho coloca a mim
e a minha companhia numa melhor posi¢dao no mercado)

31. To develop software with
reuse is a positive differential for
my company and for me as a
professional.
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Table 5 - Beliefs identification from experts inte@ws analysis

Extracts from interviews

Belief

.. I have already used reuse for a long time independently
away my work's software process . (..ja faco reuso ha muito
tempo no meu trabalho independente do processo)

... I have some ready components that I developed to speed
up my work. (...tenho alguns componentes prontos que
desenvolvi e agilizam meu trabalho)

..the organization has some components that I usually use
(..a organizacdo dispde de alguns componentes que costumo
usar.)

33. T use the reuse technology
voluntarily in my work.

..the software development process does not predict the
utilization of reuse. (..o processo de desenvolvimento de
software nao preve a utilizacao de reuso)

... software development methodology not allow for a
domain analysis. (...a metodologia de desenvolvimento de
software nao permite a realizacdo analise de dominio.)

..the development methodology does not predict the
reusable components certification. (..a metodologia de
desenvolvimento nio preve a certificacdo de componentes
reusaveis.)

35.  The reuse activities have
incompatibility with the
methodology of software
development organizations.

... Without automated tools it is hard to find and use
components. (...sem ferramentas automatizadas fica dificil
achar e usar componentes)

..the use of a Case tool with access to the repository is an
important factor for reuse deployment. (..a utizacao de Case
com acesso ao repositorio de componentes € importante para
implantacdo de reuso)

50.  The use of automated tools
is important for reuse adoption.

... how do we demonstrate the money saved by the adoption
of reuse. (...como demonstrar a economia trazida pelo adocdo
do reuso)

55. Measurement of the reuse
levels should show return on
investment.

... one systematic process of domain analysis is a success
factor for reuse adoption . (...um processo sistematico de
analise de dominio € fator de sucesso para uso de reuso)

... a defined process for development and component testing
is indispensable. (...um processo definido para
desenvolvimento e teste de componentes € indispensavel)

..it's is necessary that all practitioners working within a
common systematic. (..€ necessario que todos trabalhem
dentro de uma sistematica comum)

64. To have used a structured
software development process is a
success factor for reuse use.
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As a result of these steps (1 and 2) the followbegefs properly classified
according to the model presented above were idemtiThe source of each belief is

identified beside each belief.

A. Behavioral beliefs

Technology Maturity
1. The reuse technology is mature. (Interview withexig)
2. The reuse technology has a well-defined developmetihodology of assets.

(Interview with experts)

Relative Advantage
3. Reuse promises a quick time to market aredlaction in cost. (Northrop, 2004)

(Interview with experts)

4. The cost of adoption of reuse technology escdbed as very high without
significant short-term returns. (Frakes & Kang, @00

5. Managerial levels think the investment wigise is accounted for indirect costs
not directly related to application developmentofidrop, 2004) (Lynex &
Layzell, 1998)

Perceived Usefulness

6. Developers believe that reuse reduces the costimedor the development of
a new application(Gacek et al, 2001) (Interview with experts)

7. Reuse would require a structured proceasquality release of the assets which
would slow down the development process. (Lucretial., 2008)

8.  The benefits of reuse will depend on thegeaof products the asset is planned
to assist and the stability of the domains. (Wt with experts)

9. The lack of metrics for reuseakes it difficult to identify costs and benefits.
(Frakes & Kang, 2006) (Sherif & Vinze, 2003)
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10. Managers react to implementation reusetddack of quantitative measures
to assess the benefits and costs of their utiirat{Sherif & Vinze, 2003)
(Interview with experts)

Perceived Ease of Use

11. Reuse is difficult to implement in an organizati@interview with experts)

12. The use of object orientation facilitates the doeabf reusablassets. (Sherif
& Vinze, 2003)

13. The communication between creators and users dtsadacilitates the
adoption procesgSherif & Vinze, 2003)

14.  The cost of developing a reusable asgstraks on the technical competence
of the staff in the methodology used. (Intervieihvexperts)

15. The cost of developing a reusable assetndispen the quality of the
development methodology used. (Interview with etg)e

16. Developers believe that reuse increases the qualitsg new application.
(Interview with experts)

17. A systematic reuse process increases the devesgp@ductivity.(Morisio et
al., 2002) (Rine, 1997) (Interview with experts)

Complexity

18. Building reusable assets and assembliegntto build future systems is a
complex activity. (Sherif & Vinze, 2003)

19. Reuse technology is complex because it involves ithentification,
construction, and maintenance of assets avaikabliiterview with experts)

20. Developers believe thaeuse is an opportunistic “hunter/gatherer” prege
that depends on the cognitive abilities of develsp® locate the right
domains and components. (Sherif & Vinze, 2003)

21. The use of assets of limited scope or wide scogeines excessive effort to
adapt to the new conteXtnterview with experts)

22. The excess of parameterization of assets requideighainvestment in the

testing procesginterview with experts)
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Outcome expectations

23. Developersare waryof the quality and performance of the assets teebsed.
(Sherif & Vinze, 2003) (Interview with experts)

24. The lack of reusable components to meet the futasels of a domain limits
the success of technology adoptiinterview with experts)

25. The lack of adequate assets documentation hiradetdimits its use in the
development proces@Knauber et al, 2000) (Interview with experts)

26. Software developer’'s belief that reusel wahibit creativity: the “Not
Invented Here” syndroméSherif & Vinze, 2003)

27. The evolution of the assets may create problems @liter applications that use
them (Interview with experts)

28. Architecture of many levels that can be used ifed#nt applications is a critical
factor for success of reuse implantati(Rine & Sonnemann, 1998) (Interview
with experts)

29. A Quality Management assets approach hasigaificant impact on the
development process. (Lucredio et al., 2008) ($Bevlinze, 2003)

30. The quality of the assets is importantobdain the desired benefits such as
defect/time reduction. (Lucredio et al., 2008) témiew with experts)

B. Normative beliefs
Image
31. To develop software with reuse is a positiifferential for my company and for
me as a professional. (Interview with experts)
Visibility

32. Participate in a project with reuse is a pesifactor for my work in the company.

(Interview with experts)
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Voluntariness of use

33. luse the reuse technology voluntarily in myrkv (Interview with experts)

Social Factors
34. The use of the technology reuse will facilitatg interaction with other technicians
within and outside of my company. (Interview wékperts)

C. Control Beliefs

Compatibility

35. The reuse activities have incompatibiltjth the methodology of software
development organization&Sherif & Vinze, 2003)

36. The use of asset repository when it iscooisidered a critical factor of success
breeds dissatisfaction with the use of technolagyse. (Morisio et al., 2002)
(Interview with experts)

37. Elements such as the organizational strecif the reuse group and their way to
work hinder the deployment of technology reuseafés & Northrop, 2010)

38. The lack of an educational and traininggpam/mentoring program is a
complicating factor for reuse. (Li & Chang, 200@gafal, 2009)

39. The organization is resistant to a structure reguito support the reuse
technology which makes the adoption process very. i8herif & Vinze, 2003)
(Interview with experts)

40. Managerial difficulty to allocate the necessary resourcesimplement the
necessary infrastructure is an obstacle for adoptioreuse (Frakes & Kang,
2006)

Facilitating Conditions
41. Difficulty to locate reusable assets afedeployment. (Morisio et al., 2002)
(Interview with experts)
42. The lack of funding to allocate to stadf the development of reusable assets
hinders adoption. (Lucredio et al., 2008) (Manni@002)
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43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

The quality model usage has a strong influenceemise succesgSherif &
Vinze, 2003)
A repository of assets disintegratécbm the development environment
significantly complicates the process of reugBherif & Vinze, 2003)
(Interview with experts)
The availability of technician’s talented creataf assets facilitates the
adoption procesgCatal, 2009)
A pilot project success with metrics stimulates #doption of reuse in the
organization (Interview with experts)
The lack of a well-organized and indexeftvgare repository with appropriate
search engines is a barrier to reuse adoptioakes & Kang, 2006)
An independent reusable assets development tearanhedluence on reuse
success(Lucredio et al., 2008)
Lack of experience of the technicians to analyze design solutions for a
range of applications of a specific domain ratheant only one, hinders the
adoption of reusgJoanes & Northrop, 2010)
The use of automated tools is important for reusgpton (Lucredio et al.,
2008) (Interview with experts)
Organizations that develop software based on augtddmily have advantages
when compared to the software organizations theeldp isolated products.
(Lucredio et al., 2008)
Reusing assets extracted from existing productseshest way for success in
reuse adoptian(Lucredio et al., 2008)
Configuration management is an essential elemerd feuse progranfFrakes
& Kang, 2006) (Morisio et al., 2002) (Interviewtviexperts)
Measuring the level of reuse in software is imparfar each adoption of reuse.
(Poulin, 2006) (Lucredio et al., 2008)
Measurement of the reuse levels should show retarmvestment(Poulin,
2006) (Lucredio et al., 2008) (Interview with exjsgr
The previous development of reusable assets is rianofor the process of
reuse (Li & Chang, 2009) (Interview with experts)
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57. Reuse has to be adopted in a bottom-up approable &ffective (Interview
with experts)

58. The principal focus of developers is in projectsinaeuse(Catal, 2009)

59. A lack of a structured methodology to admpiis a bad factor for the process.

(Northrop, 2004)
D. Self-efficacy beliefs

Ability and Skill
60. Reuse education isn't common. (Morisio etZ002) (Interview with experts)
61. Developers use reuse individually or informaflya common way. (Interview with
experts)
62. Technicians use reuse without specific traini(ganes & Northrop, 2010)

(Interview with experts)

Past experience

63. To have previous reuse experience is not sapggLucredio et al., 2008)

64. To have used a structured software developpraxess is a success factor for
reuse use. (Interview with experts)

65. The use of object orientation is important ttoe adoption of reuse. (Interview
with experts)

66. Reuse portions of code is a good practiaeteiffiew with experts)

67. The use of ready-made components has faeditaty work. (Interview with
experts)

68. | had troubles using third party softwaretdiaiew with experts)
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4.2 MAPPING THE BELIEFS SYSTEM OF THE PRACTITIONERS INDLVED IN
A REUSE PROCESS ADOPTION

We are proposing an instrument to support the sired part of individual
interviews to capture of the belief's system of theactitioners involved in the
organization's reuse technology adoption procesdescribed in item 3.3.

This instrument present the set of beliefs previousapped and facilitates
the assessment of the interviewee in its adhereneach belief and on the impact that
those beliefs have in the process of technologptaio

Fig. 14 presents an extract of the form estabdishigh all beliefs previously

mapped.

Beliefs regarding the adoption of reuse

Adhesion degree Impact
A. Behavioral beliefs
Technology Maturity
1. The reuse technology is mature. A tecnologia de reuso é madura. Zero |Weak |MediyStrong|Low diurHigh

2. A Technology reuse have a asset development methodology well-defined. A
tecnologia de reuso tem uma metodologia de desenvolvimento de ativos bem
definida. Zero  |Weak [MediyStrong|Low

MediurlHigh

Relative Advantage

3. Reuse promises a quick time to market and a reduction in cost. Reuso permite

uma reducdo de tempo de atendimento ao mercado e uma redugdo de custos? Zero |Weak [MediyStrong|Low |[MediurHigh
4.  The cost of adoption of reuse technology is described as very tall without

significant short-term returns. O custo de adog&o da tecnologia de reuso é alto e

sem grandes retornos a curto prazo. Zero |Weak |[MediyStrong|Low diurfHigh

5.  Managerial level thinks the investment with reuse is accounted for indirect
costs not directly related to application development. O nivel gerencial acredita
que o investimento com reuso representam custos indiretos que ndo sdo

relacionados diretamento com o custo do desenvolvimento da aplicac&o. Zero |Weak [MediyStrong|Low diurHigh

Perceived Usefulness

6. Developers believe that reuse reduces the cost and time for the development
of a new application. Desenvolvedores acreditam que a reutilizagdo reduz o custo

e tempo para o desenvolvimento de uma nova aplicagdo Zero |Weak [MediyStrong|Low [Mediur{High
7.  Reuse would require a structured process for quality release of the assets

which would slow the development process. Reutilizacdo exige um processo

Figure 14 — Fragment of the Form to supguetdtructured interview
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4.3 APPLICATION PROCESS OF THE METHOD PROPOSED TO SURFOHE
ADOPTION OF SOFTWARE REUSE TECHNOLOGY

The method proposed in this work is summarizedhay grocess described
below for general application in a large organmatthat will adopt the technology of

software reuse. The examples are referred to e stady with ethnography contained in
Chapter 5.

Process Activities:

1. Identification of practitioners involved in the adoption process that will have
their beliefs mapped. (Criteria suggested: years of work in software elepment,
leadership, experience, if possible include allghretitioners of the group).

2. Mapping of the group's beliefs at the beginning ofthe adoption process
2.1. Performing semi-structured interview with the seleted practitioners.

2.1.1. Open question part Use as Instrument questions contained in Appendi
A

2.1.1.1A "warm-up" question, which aims to connect theiatewee with the
interview subject.

2.1.1.2Questions related to the past experience of tlesvilgwee in order to
capture significant aspects of his professional tifat may influence
the adoption process.

2.1.1.3At the end of the interview, questions allowing timerviewee to
speak about the reuse technology, object of thptamoprocess.

2.1.2. Structured part. The respondents are presented with the colleaifon
beliefs previously developed.

2.1.2.1Instrument: Use a Form titled Beliefs Regard theiggeAdoption in
Appendix A.

2.1.2.2For each of these beliefs, ask respondents toaldigir agreement on
a scale of <zero, weak, medium, and strong> andadéinthis belief

represents for the adoption process on a scalef, snedium, high>.
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2.1.2.3The interviewees should also be asked to cite dikéefs that may
have been omitted from our list.
2.2.Data Analysis - The material collected from the interview remms the
qualified belief system of each practitioner invadv
2.2.1. The open questions are summarized into signifiaapécts of the adoption
process group. (e.g. pg..104 Significant resultaiobd with open questions)
2.2.2. The closed questions are tabulated to get an eeref the adhesion and
impact of each belief for all the practitionersy(gpg. 106- Tabulation of the
structured interview))
3. Classification and selection of the beliefs for thee-signification process.
3.1. The qualified beliefs are classified into four gosu
a) False Beliefs that can hinder the adoption process.
b) Conflicting Beliefs of high impact.
c) True Beliefs with high impact that can hinder tldetion process.
d) True Beliefs with high impact that can facilitateetadoption process.

Each belief of each group should be treated acegiylio support the process of
technology adoption. The criteria we use for thie ahown in Fig. 12 and
defined on pg.71.
3.2.We recommend that the classification of beliefsnade using the Table 11 -
Standard Catalog of Weighted Beliefs.
4. Re-signification of beliefs. The false and conflicting beliefs are separatecddo
worked through the process of resignification dfdfs.
4.1.The most appropriate technique is chosen for eatéflfpg. 75) and the process
of re-signification to be adopted is prepared (@g. 112- Re-signification of
Beliefs Identified).
4.2.The re-signification processes are applied fopedictitioners, for each belief or
group of belief.
5. Observation throughout the adoption processThe whole adoption process should
be observed by the responsible for the conduchisf gupport method, so that the

evolution of the beliefs of the practitioners aftee process of re-signification is
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observed. Possible new beliefs that arise duriegattoption process and deserve to
be re-signified, and the mapped true beliefs that abandoned by practitioners,

during the practical work, should be subject taective action.
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This chapter provides a description of our longatecase study with ethnograplapplying the
method proposed, during the adoption process ofseetechnology in a large
organization. It is made analysis of the practigosi system of the belief involved in the
process of adoption of the technology and usingebkeb re-signification process as
established in the method.

5 APPLICATION OF THE METHOD FOR THE PROCESS OF ADOPTI ON
OF REUSE TECHNOLOGY IN A LARGE ORGANIZATION-A CAS E
STUDY WITH ETHNOGRAPHY

The adoption of software reuse technology represarsignificant change in
the organization's software process and the wayooking of the technicians involved.

We instantiate the classes of beliefs defined in aation model reasoned
identifying for each class a set of beliefs as & twasupport the application of the method
to the adoption case study in a large organizatiwh create a catalog of beliefs to guide
the practitioners system beliefs.

The proposed method was applied in the processuskrtechnology adoption
in a large organization as a form of experimeniti@finement and validation of the
results. To accomplish this task we used a quaktaimulti-method procedure
(Easterbrook et al., 2008) with a main method,re{term case study (Runeson & Host,

2008) conducted over 24 months of project duratieshnology adoption in a large
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organization. We apply an ethnographic approadhigicase study so as to be immersed
in the everyday life of the project group.

Using a case study with ethnography is a consegu@fcthe need for
immersion in the organizational group culture, objaf the process of adoption in order
to monitor the behavior of practitioners in thewroworking environment, listening to
their placements, observing their actions and i@astover the entire process. In this way
we can see the evolution of their system of bedied the effect of the re-signification
process carried out on them. Fetterman (2010) idbescethnography as "the art and
science of describing a group or culture." An etitaphic study would include both
structure (social structure or configuration of @y@up) and function (social relations
among group members) (Fetterman, 2010). Ethnograplples a detailed view of the
daily life of the group, their practices and beloasi(Forsey, 2010). The researcher is a
participant observer and a participant listenerhinitthe group, performing a data
collection of significant occurrences during th@jitbn process as well as analysis of the
documents produced and the activities performedhdutition, the researcher conducted
interviews to collect the involved practitioner'&liefs and to assess the evolution of
these beliefs through the various aspects obsedueithg the process (Forsey, 2010)
(Boden et al., 2011).

5.1 CASE STUDY CONTEXT AND DESCRIPTION

We conducted a case study on a project of adoptisause technology in a
large company during 24 months where we investij#te beliefs related to reuse of
existing technology among those involved in thggu its effects (strength and impact)
in the process of adoption and means of re-sigtiba to them to make the process more
effective. To do this we used an ethnographic agugrqPassos, 2012) where we were
involved throughout the project following and ohseg all the activities performed

during the project.
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The organization has areas of software developnmemarious locations in
the country and this project of adoption was cdroet in one of those areas that have
around 250 practitioners involved in the processl@felopment/evolution of software.
The area of software development organization réfieel ISO 9001:2008 and has an
established and mature software’s development amduteon process and a project
management process based on PMBOK and SCRUM.

The focus of the project to adopt the reuse teayyilvas one of the main
business areas of the organization and was cordlwath a description of the main
business processes of the area, evaluation of thganiaation’s software
development/evolution process, proposed modifioatim this process and training of
practitioner involved (22 technicians). Analysispsbcess software environment support
to the business process was also performed toifgl@mportunities for reuse, business
component identification, specification and implernation of some of these components.

The project was carried out through a consultinghtremt with a
research/consultancy institution, having as th& fdbhase (one year duration), the project
definition, the domain analysis of the businessangolved and the survey of the main
software that provide support for the business ggses and the mapping of software
features, identifying potential features for reuse.

Eight existing software to support the busines@se were analyzed and
their csize was measured in function points (fd)ere one fp is equivalent on average to

10 hours of development effort. The software aesented in Table 6.
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Table 6 - Software involved in project

Software Complexity(in fp) | Technology Platform

P 2757 Java Open Source Toaqls
C 1719 MS .NET

G 1011 Java Open Source Too|s
S 650 Java Open Source Tools
I 382 Java Open Source Tools
J 618 Java Open Source Tools
K 377 MS .NET

L 335 MS.ASP

The organization’s software development methodologgs altered to

incorporate the domain analysis practices. Thisehs carried out, based on the steps of

the figure below:
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Figure 15 - Domainalyses Process

A quantity of 136 features were identified and usedreate the application
map at this stage. Upon completion of this phasiusaments were made in the
organization's software development process, pusiyaadapted.

The second phase of the project (one year duratomjsed on defining the
application architecture to support reuse, in ataoce with the development frameworks
Java and MS.NET which are used as standards fdwaef development in the
organization. The construction of reusable comptmeadhering to this defined
architecture was held. As in the previous phass, ghase was also started by a team
training process, followed by adjustment of the amigation's software development

methodology to incorporate reuse practices accgridirthe figure below:
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Figure 16 - Component based development

At this stage ten business components were idedtifiThe selected
components were implemented using the followingremment support tools:
— Repository of components: Redmine
— Repository of source-code: SVN
— Continuous Integration: Jenkins
— Quality Control: Sonar
— IDE: Netbeans
The quality control of this phase presents theofwilhg indicators:
— Correctness - 100% of the non-compliance inspecgsalved
— Maintainability
— 100% of architecture quality
— 90,9% of design quality
— 79,8% of code quality
— Tests
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— 89.5% of coverage of tests and 100% of tests pwddr
successfully
— Performance
— Maximum answer time of 2s (two seconds) for anyratien

A pilot was conducted with refactoring of softwaeglequacy for the
proposed architecture and use of components deaeklop

At the end of the phase, adjustments were maderdwiqusly adapted
software development processes, as occurred ipréveous phase.

The data collection involved semi-structured ini@ms, observation of
meetings and project tracking, observation of trectitioners’ behavior, observation of

the work processes, and analysis of existing doats@oduced during the process.

5.2 INTERVIEW

We use a semi-structured interview. Open questidiosy the interviewee to
tell their story and experience. We began the we®rs with a "warm-up" question which
aimed to connect the interviewee with the interviewbject. Then two questions were
asked, related to the past experience of the iil@ee in order to capture significant
aspects of his professional life that may influetieeadoption process.

In a well-structured part, the respondents wersegred with the collection
of beliefs previously developed. For each of thesieefs, we asked respondents to define
their agreement on a scale of degree <zero, wea#lium, and strong> and what impact
<low, medium, high> this belief represents for taoption process. At this stage, we
used the standard instrument described in itemTh&.interviewees were also asked to
cite other beliefs for each class of beliefs thaiyrhave been considered omitted and their
considered significant.

Finally there were two other open questions, ainadallowing the

interviewee to speak about the reuse technologgcblof the adoption process. After
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analysis of this material, we mapped the belietesysof each practitioner involved. The
basic questionnaire used in the interview as welltlze beliefs of the evaluation
instrument is presented in Appendix A.

For the interviews, we selected a sample grougdinicians involved in the
process, consisting of two project managers, twardinators of development and six
architects/developers/testers/process assuranpéepedll participants had more than 10
years of experience. The interviews were conduetethe beginning of the adoption
project, before the formal training process, shapeallow for identifying the profile of

the group's beliefs. Each interview lasted appretaty an hour and was recorded.

5.3 OBSERVATIONS AND DOCUMENTS ANALYSIS

The observation proceswas conductedyy the researchethroughout the
projectand involved project planning meetingthe executiorof project activitiesthe
meetingsof project groupsthe training proceskr adoption discussion®f changesf
software development/evolutioprocess standard®r adoptionof new practicesthe
redefinition of architecturalsoftware the encoding procesggstingand certification of
components identifiedhereview meetingand adjustmendf the new processet after
use.

To perform the observation, we were immersed thnoug the project of
adoption of reuse technology, living the daily Idéthe working group, taking part of
technical meetings and management meetings of gbrijgcking. The main focus of
observation in the meetings was the practitionegarding the various aspects of the use
of the technology. In the activities execution @e% the focus of observation was the
behavior involved in execution and discussion eftdchnical processes.

This observation process was carried out to aadlys previously identified
beliefs and new beliefs, perhaps related, track baliefs interference in the adoption

process, identify which behaviours were adoptedti®ypractitioners involvedn the
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process and to verify how the interaction betwientechnical work process interfered
in the beliefs. Informal interviews with project rpaipants were held and field notes
generated.

We had full access to the organization and all idential material and
artifacts of the project. Meeting minutes, projeeports, the new softwarprocess
documentation, suggested changesl artifacts generated duringhe variousstagesof
adoptionwere analyzedThis analysiscomplemented the@bservationsto certify that
everything thatwas raisedn the interviewsand planningof the projectwere consistent
with theeffective behavior othetechnicians.

The observation process was performed accordinfembservation guide

presented in Appendix B and their analyses areepted in section 5.6.

5.4 DATA ANALYSIS AND RESULTS

We began the analysis of the data from the int&rsiin the first week of the
project’s initialization and the results were magpeto our model, allowing for the
preparation of a belief re-signification plan adlwas providing additional information for
the observation process.

A fragment of the transcription and analysis of tbpen questions is
presented in Table 7.
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Table 7 - Fragment of the Interview’s transcriptaord analysis

"..my colleagues and | have reug

portions of code and Vvisu

components for a long time .(*Eu e
meus colegas fazemos reuso
por¢cbes de codigo e componen

visuais ha bastante tempo...”)

eBelief - Reuse portions of code is

algood practice.

de
tes

"It is very common to reuse portions
code that | copy from one program
.LE

muito comum a utilizacdo de reuso

another with good results

porcdes de codigo que copio de
programa para outro com bor

resultados....”)

"Using reuse through my own effort
repeating portions of codes to speed
."(“Uso

esforco proprio repetindo porgdes

the process reuso por

codigo para agilizar o processo...”)

"... l used a component and when |
to work he did not do what w3

expected. This delayed the proj¢

because it had to be redeveloped.

(“...usei um componente e ao colog

para funcionar ele ndo fazia aqui

da

\component that did not work as

bat negative experience having use

r&pecified, as a waste of time.

ar

0

gue se esperava. Isso atrasou o pro

pois teve que ser

novamente.”)

E
desenvolvi

to

o

103



1%
o

. 1 had problems with a purchas
component that did not make what the
specification was saying generating
rework..” (“..tive problemas com um
componente comprado que nao fazia
aquilo que a especificacdo dizia

gerando retrabalho..”)

“.. I've used components that were not
the expected and | had to waste a lo of
time correcting mistakes(.. ja usei
componentes que nao faziam o ey se
esperava e tive que perder mujto

tempo corrigindo os erros”)

".. for me to participate in a project likgoarticipate in a reuse project |is
this is important for my professionglmportant for their career.
life" (".. para mim a participacdo de
um projeto como este e importante

para minha vida profissional”)

“..participate of a reuse project |is
important for me as a professional
because It provides a differential’.
(.“participar de um projeto do reuso|é
importante para mim comp

m

profissional porque me fornece U

diferencial...”)

The significant results obtained with open questiabout the group can be
summarized in the following items where the mayooit practitioners:
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a) Considered reuse in software development impbrta

b) Had positive experiences with the reuse of Visamponents.

c) Cited as a negative experience having used paoemt that did not work

as specified, as a waste of time.

d) Considered participate in a reuse project ingyartor their career.

e) Considered important to measure the degreeuskeref components and

how much money was saved reusing it in a developmen

f) Believed that having a structured software psscis a success factor for

reuse.

g) Believed that the use of quality ready composevith will facilitate this

work.

After applying the structured part of evaluation tbé belief system they
reported to have nothing more to add to the preseset of beliefs.

After analysis of the content of the interview, wapped the vision of each
interviewee before the start of the adoption presess raised as well as the characterized
importance of each belief to the adoption procesthe impact it would have.

The result of the semi- structured interviews abitwt agreement and the

impact to the set of beliefs presented are shoviharable 8 below:
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Table 8 - Tabulation of the semi-structured intews

Tabulation of interviews

Adhesion degree Impact
Zero |Weak |MediunStrong |Low |Medium |High
A. Behavioral beliefs

Technology Maturity
1. The reuse technology is mature. 1 2 | 7
2. The reuse technology has a well-defined development
methodology of assets. 2 1 6 3
Relative Advantage
3. Reuse promises a quick time to market and a reduction In
cost. 4 6 4 6
4.  The cost of adoption of reuse technology is described as very
high without significant short-term returns. 3 3 2 4 4
S. Managerial levels think the investment with reuse is
accounted for indirect costs not directly related to application
development. 2 5 2 2 6
Perceived Usefulness
6. Developers believe that reuse reduces the cost and time for
the development of a new application. 9 3 y |
7.  Reuse would require a structured process for quality release
of the assets which would slow down the development process. 4 1 5 5
8.  The benefits of reuse will depend on the range of products
the asset is planned to assist and the stability of the domains. 10 3 7
9.  The lack of metrics for reuse makes it difficult to identify costs
and benefits. 8 2 8
10. Managers react to implementation reuse due to lack of
quantitative measures to assess the benefits and costs of their
utilization. 1 7 3 4
Perceived Ease of Use Weak [MediunStrong |Low |Medium |High
11.  Reuse is difficult to implement in an organization. 5 3 1 3 6
17 The use of object orientation facilitates the creation of
reusable assets. 1 8 2 2 6
13. The communication between creators and users of assets
facilitates the adoption process. 2 8 i 1 5 4
14. The cost of developing a reusable asset depends on the
technical competence of the staff in the methodology used. 2 5 2 2 6
15. The cost of developing a reusable asset depends on the quality
of the development methodology used. 3 1 a 3 3
16. Developers believe that reuse increases the quality of a new
application. 1 1 5 3 6 4
17. A systematic reuse process increases the developer’s
productivity. 1 1 1 7 2 8
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Complexity

18.  Building reusable assets and assembling them to build future

systems is an complex activity. 2 5 3 5 5
19. Reuse technology is complex because it involves the
identification, construction, and maintenance of assets availability.
1 3 5 5 5
20. Developers believe that reuse is an opportunistic
“hunter/gatherer” process that depends on the cognitive abilities
of developers to locate the right domains and components.
6 2 6 3 1
21, The use of assets of limited scope or wide scope require
excessive effort to adapt to the new context. 2 3 5 1 5 4
22. The excess of parameterization of assets requires a high
investment in the testing process. 2 8 3 7
Outcome expectations Zero |Weak |MediunStrong |Low |Medium |High
23. Developers are wary of quality and performance of the
assets to be reused. 1 2 4 3 2 5
24, The failure of reusable components to meet the future
needs of a domain limits the success of technology adoption. 5 5 5 5
25. The lack of adequate assets documentation hinders and
limits its use in the development process. 2 8 1 2 7
26. Software developer’s belief that reuse will inhibit creativity:
the “Not Invented Here” syndrome. 6 2 8 2
27 The evolution of the assets may create problems with older
applications that use them. 3 4 2 1 7
28. Architecture of many levels that can be used in different
applications is a critical factor for success of reuse implantation.
| 1 7 1 9
29. A Quality Management assets approach has a significant
impact on the development process. | 9 1 i | 8
30. The quality of the assets is important to obtain the desired
benefits such as defect/time reduction . 10 10
B. Normative beliefs
Image
31. To develop software with reuse is a positive differential for my
company and for me as a professional. 10 4 6
Visibility
32.To participate in a project with reuse is a positive factor for my
work in the company. 3 7 4 6
Voluntariness of use
33. | use the reuse technology voluntarily in my work. 2 7 4 3 7
Social Factors
34. The use of the technology reuse will facilitate my interaction
with other technicians within and outside of my company. 1 4 5 2 4 4
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C. Control Beliefs

Compatibility Zero |Weak |MediunStrong |Low |Medium [High
35; The reuse activities have incompatibility with the

methodology of software development organizations. 4 3 1 4 2 4

36. The use of asset repository when it is not considered a
critical factor of success breeds dissatisfaction with the use of

technology reuse. 3 3 4 4 3 3
37. Elements such as the organizational structure of the reuse
group and their way to work hinder the deployment of technology

reuse. 1 3 6 4 6
38. The lack of an educational and training/mentoring program

is a complicating factor for reuse. 3 5 1 3 6
39. The organization is resistant to a structure required to
support the reuse technology which makes the adoption process
very hard . 1 3 5 1 9
40. Managerial difficulty to allocate the necessary resources to
implement the necessary infrastructure is an obstacle for adoption
of reuse. a4 6 a4 6
Facilitating Conditions
41.  Difficulty to locate reusable assets affects deployment. 3 7 3 7
42.  The lack of funding to allocate to staff for the development
of reusable assets hinders adoption. 1 7 1 2 7
43, The quality model usage has a strong influence on reuse
success. 3 6 2 8
44, A repository of assets disintegrated from the development

i ignifi | li f X
environment significantly complicates the process of reuse 1 a 5 a 6
45. The availability of technician’s talented creators of assets
facilitates the adoption process. 2 4 4 1 4 5
46. A pilot project success with metrics stimulates the adoption
of reuse in the organization. 1 3 6 4 6
47.  The lack of a well-organized and indexed software repository
with appropriate search engines is a barrier to reuse adoption. a 5 5 5
48. Independent reusable assets development team has an
influence on reuse success. 1 4 5 1 4 5
49. Lack of experience of the technicians to analyze and design
solutions for a range of applications of a specific domain rather
than only one, hinders the adoption of reuse. 2 8 1 1 8
50. The use of automated tools is important for reuse adoption.
1 4 4 1 4 5

51. Organizations that develop software based on a product family
have advantages when compared to the software organizations
that develop isolated products. 1 2 7 2 8
52. Reusing assets extracted from existing products is the best way
for success in reuse adoption. 1 5 4 4 6
53. Configuration management is an essential element for a reuse
program. 10! 4 6
54. Measuring the level of reuse in software is important for each
adoption of reuse. 1 3 6 2 1 7
55. Measurement of the reuse levels should show return on
investment. 1 9 1 1 8
56. The previous development of reusable assets is important for
the process of reuse . 4 5 2 3 5
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IZero IWeak IMediur{Strong ILow lMediumIHighI

57. Reuse has to be adopted in a bottom-up approach to be
effective. 3 1 3 3 3 7
58. The principal focus of developers are in projects not in reuse.
1 4 5 3 7
59. A lack of a structured methodology to adoption is a bad factor
for the process. 1 2 7 4 6
D. Self-efficacy beliefs
Ability and Skil
60. Reuse education isn’t common. 2 1 4 3 1 9
61. Developers use reuse individually or informally in a common
way. a b 4 5 3 5
62. Technicians use reuse without specific training. 4 6 1

Analyzing Table 8, the qualified beliefs were cled into four groups that
should be treated accordingly to support the poésechnology adoption, according to
the criteria shown in Fig. 12. Eight highly sigoént False Beliefs were identified and
considered of high impact for the adoption procass, represents, in our view, hindering
factors for the adoption process. Other belief$ thase difficulties were identified with
25% coverage of the sample. Moreover, conflictieidfs were identified in the sample
where the respondent group was divided into extsemehe degree of adherence. We
considered a conflicting belief that when at 1€25% of the interviewees have a degree
of adherence zero or week and at least another 25% adherence degree medium or
strong. The same applies to the degree of impatddat 25% low and at least 25% high).

We can summarize these results as:

a) False Beliefs that can hinder the adoption process:
1. The reuse technology isn’t mature.
2. The reuse technology doesn’t have a well-defa@alopment methodology
of assets.
4. The cost of adoption of reuse technology isdesd as very high, without
significant short-term returns
9. The lack of metrics for reuse makes it difficto identify costs and

benefits.
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37. Elements such as the organizational structiitiee reuse group and their

way to work hinder the deployment of technologysesu

b) True Beliefs with high impact that can faciléahe adoption process:

3. Reuse promises a quick time to market aredlaction in cost.

5. Managerial levels think the investment widuge is accounted for as
indirect costs not directly related to applicata®velopment.

6. Developers believe that reuse reduces the cost tame for the
development of a new application.

8. The benefits of reuse will depend on thegeaaf products the asset is
planned to assist and the stability of the domains.

16. Developers believe that reuse increases ghality of a new
application.

31. To develop software with reuse is a positiierential for my
company and for me as a professional.

32. To participate in a project with reuse is aifpee factor for my work in
the company.

33. luse the reuse technology voluntarily inwwork.

46. A pilot project success with metrics stimetathe adoption of reuse in
the organization.

50. The use of automated tools is important faseeadoption.

52. Reusing assets extracted from existing predigtthe best way for

success in reuse adoption.

c) True Beliefs with high impact that can hindez #tidoption process:

11.

24,

Reuse is difficult to implement in an argation.

The failure of reusable components to nibket future needs of a

domain limits the success of technology adoption.
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25. The lack of adequate assets documentainoiers and limits its use in

the development process.

27. The evolution of the assets may createblenos with older
applications that use them.

40. Managerial difficulty to allocate the nesamy resources to implement
the necessary infrastructure is an obstacle foptalo of reuse.

49. Lack of experience of the techniciansralyze and design solutions
for a range of applications of a specific domaithea than only one,

hinders the adoption of reuse.

59. A lack of a structured methodology to adwpis a bad factor for the

process.

d) Conflicting beliefs of high impact:
7. Reuse would require a structured procasguality release of the assets
which would slow down the development process.
15. The cost of developing a reusable assetndispen the quality of the
development methodology used.
35. The reuse activities have incompatibilitythwithe methodology of
software development organization.
57. Reuse has to be adopted in a bottom-up approduh éffective.
The numbers beside of each belief refer to theokbtliefs presented in the
interview form.
The false and conflicting beliefs identified weegparated to be worked first
through the process of re-signification of beliefs.
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5.5 RE-SIGNIFICATION OF BELIEFS

The process of re-signification of beliefs was amstdd through the use of
various techniques. Two workshops, one at the Inéginof the project and the other half
way through presented practical cases employingerd¢achnology. In developing the
work, those involved were encouraged to use thieniqaes, practices and conduct such
as domain analysis activities as a means of sumrieng the knowledge and
encouraging reformulation of beliefs.

The work of revision and adaptation of the softwagmocess of the
organization led the participants through a dedaitflective proces®f the technology
operationalization approach. We observe how exstieliefs were discussed and
adjusted/modified during the execution of the wdrkis led to a change of view that was
confirmed in follow-up meetings.

The re-signification process has as its first fothesfalse beliefsas we can
see below:

The belief 1 “The reuse technology isn’'t maturet dine belief 9 “The lack
of metrics for reuse makes it difficult to identiépsts and benefits” and the belief 4 “The
cost of adoption of reuse technology is descrilegteay high, without significant short-
term returns” were re-signified through examplest tthowed the use of technology in
various large organizations, associated with repdarticles with reported practical
experiences.

The belief 2 The reuse technology has a well-defined development
methodology of assetstas re-signified through the presentation of theho@ology and
its use in a pilot of analysis and domain impleraBoh and validation of key
components.

The belief 9 "The lack of metrics for reuse makedifficult to identify costs
and benefits” was re-signified through the pradtegerience of defining the monitoring
of the components in the repository to allow foraswwing the degree of reuse and

provide information to the manager.
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The belief 37 “Elements such as the organizati@alcture of the reuse
group and their way to work hinder the deploymdrteohnology reuse” was re-signified
through the experience during the group work preces which it was to take
responsibility for the parts certification proce3#is process was experimented in the
pilot phase.

The conflicting beliefshave been clarified and re-signified through warth
the entire group as described below:

The belief 35 “The reuse activities have incomphtybwith the methodology
of software development organizations” was re-$igai during the adaptation of the
organization's software process to allow for theusion of procedures for technology
reuse as well as the restructuring of the softwigneelopment environment for adequate
customization of the tools used. This belief ofgeéred control was reformulated by the
hands-on change, instantiation and execution optbeess.

The belief 7 “The reuse would require a structyseatess for quality release
of the assets which would slow down the developnpeotess” and the belief 15 “The
cost of developing a reusable asset depends onqtladity of the development
methodology used” were re-signified by presentirge tcertification process of
components inserted in the process of softwareldpwent/evolution of the organization
at the time of their adaptation to allow for intumihg reuse. While running a pilot the
group had the opportunity to participate in theexignce of using the process.

The belief 57 “The reuse has to be adopted in tolmup approach to be
effective” has been clarified and re-signified bgvdioping the domain analysis pilot
project, where in addition to the top-down procesgping a bottom up analysis of the
existing software that supported the business geasewas conducted.

The true beliefs with high impact that can hinder thadoption processvere
managed/treated during the adoption process sahbategative effects on the process
were neutralized, as we can see in the followirsgsa

The beliefs 24, 25 and 27 were treated during theptation activity of the
organization's software process to support reuseelisas for the realization of the pilot

implementation of the components and the new actute.
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The belief 11 “Reuse is difficult to implement im @rganization” and the
belief 59 “A lack of a structured methodology faloption is a bad factor for the process”
were subject to treatment by presenting to the galthe planning of the technology
adoption project with its phases and control points

The belief 40 “Managerial difficulty to allocateetmecessary resources for
implementing the necessary infrastructure is antashs for adoption of reuse” was
transformed into an adoption project risk factor e submitted to a project risk
management process.

The belief 49 “Lack of experience of the technisian analyze and design
solutions for a range of applications of a spedfenain rather than only one, hinders the
adoption of reuse” was treated through the traimgalized at the start of each phase of
the adoption process and with practical work indbenain analysis and implementation
of the components in the pilot project.

Thetrue beliefs with high impact that can facilitateetadoption processere
strengthened in initial training provided in eadmape as well as in the group’s work
meetings.

Some specific cases of individual beliefalge and conflictingwere objects
of special treatment through conversation and d&iom of practical situations that
stimulated the technician to perform a criticallgsia and review of their initial beliefs.

5.6 SIGNIFICANT OBSERVATIONS RECORDED DURING THE ADOPON
PROCESS

Analyzing and condensing the data collected dutivegethnographic study,
we summarize the results of the case study in daétentify and understand how the
system of beliefs of the practitioners was affectieoling the adoption process. The
positive effects of the use of re-significationheitjues on the beliefs of the team were

observed.
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In meetings to discuss work and planning we hadofhortunity to observe

many times people sustaining behavior from a belief reshaping it along the iterative

process, as well as exhibiting a very differentaybr than previously advocated.

In several discussion meetings and closing stdageas found that the beliefs

of the practitioners, identified at the beginnimggere indeed re-signified, and that made

the adoption of reuse technology in the organinathore effective.

We can cite some sample data condensed from oliservacord:

« In the reuse technology adoptigmojectplanning meetings:

o

o

"I am surprised by all this process to use reugéstou
surpreso com todo este processo para usar reuso.”)

"I thought that implementing reuse was much sinipler
(“Pensei que para implantar reuso fosse bem maisles”)

"I was surprised with all this planning and | thittke work
process is well organized.” (“Fiquei surpreso cadot este
planejamento e acho que o processo de trabalhobesta
organizada.”)

» After the first workshop, focused on domain analysi

o

"l was surprised by the existence of a set of Gate® evaluate
the prioritizing of the features." (“Fiquei surpoesom a
existéncia de um conjunto de critério para avaligriorizacao
das features.”)
"l did not know the concepts of analysis of simtlarand
variability." (“N&o conhecia os conceitos de ardélisle
similaridade e variabilidade.”)
"l was surprised with the various examples of sesa# reuse
deployment." (“Surpreendi-me com os varios exemples
sucesso de implantacao de reuso.”)
"The practical work to find reusable components,
demonstrated to me a process that | was unawarg“0fs
trabalhos praticos me mostraram um processo gqu®mnlescia
para achar componentes reusaveis.”)
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* At meetings for adapting the organization's sofevdevelopment
process to incorporate the domain analysis acguiti

o "l did not know there was an organized processifong the
domain analysis." (“Eu ndo sabia que havia um @sTe
arrumado para fazer a analise de dominio.”)

o "It will actually be possible to change the orgatian's
software development process! Great!” (“Vai ser mes
possivel alterar o processo de desenvolvimentofieare da
organizacao! Ficou 6timo!”)

0 "Using this way of working, it is easy to identifige features
that can be reused." (“Usando esta forma de tralfath facil
identificar as features que poder&o ser reusadas.”)

o '"lt's really important to create the features mapaastandard
process document." (“E realmente importante criarapa de
features como documento padréo do processo.”)

0 "The main adjustment that needs to be done in #fsmet
process is a deeper level of detail in the desoripof
activities. It is important for the document to &®close to the
reality of the organization as possible, by matgtiime roles of
domain analysis process and the roles of the psoces
"Implementing Software Solutions” of the Organiaati It is
also interesting to use examples of cases withenctintext of
the Organization.” (“O principal ajuste que precisaer
realizado no processo definido € um aprofundameataivel
de detalhamento da  descricéo das atividades
E importante deixar o documento mais proximo ddede da
organizacdo fazendo a correspondéncia entre osispdpé
processo de analise de dominio e os papéis do gsmce
"Implementar Solu¢cdes de Software” da Organizacao.
Também é interessante 0 uso de casos dentro dextmrmia
Organizacéo.)
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e During domain analysis using the adapted softwaggeldpment
process of the organization:

o "The mapping process of the value chain and busines
processes, and the association with existing softwia
interesting." (“E interessante o processo de laraphto da
cadeia de valores e dos processos de negdcio goaias0
com os softwares existentes.”)

0 "The features’ identification process made from &xsting
software (bottom up) and then associated with lassin
processes (top down) is a very useful and organizag of
working." (“O processo de identificagcdo das feadufeito a
partir dos softwares existentes (bottom up) e eguida
associados com o0s processos de negocio (top dowmaé
forma muito Gtil e organizada de trabalhar.”)

o "I found it very interesting the work if identifyin the
equivalence between applications by using the dommaidel.”
(“Achei muito interessante o trabalho de identificas
equivaléncias entre as aplicacdes através do useodelo de
dominio.”)

o0 "The configured development process has greatbilléyi in
the order of the activities to be performed anddtder can be
changed at your convenience.""O( processo de
desenvolvimento configurado tem grande flexibilielada
ordem das atividades a serem executadas e a orodenser
alterada conforme sua conveniéncia.")

o0 "The model created to communicate the functionatifya
domain to interested parties is very good. With uke of the
application map and the feature model it is possitd
understand the features, thanks to their descniptas well as
understand the hierarchy and relationship betwkemt' (A

Capacidade do modelo criado para comunicar as
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funcionalidades de um dominio aos interessadositd rhoa.
Com o uso do mapa de aplicacbes e do modelo derdead
possivel entender as features, gracas as suascdescibem
como entender a hierarquia e relacionamento ense a
mesmas.”)

o "The developed models represent a unified point for
understanding the domain, creating common and atdiztd
knowledge, as the information will no longer be salted in
separate applications.” (*Os modelos desenvolvidos
representam um ponto unificado para o entendimeto
dominio, criando um conhecimento comum e padronizgd
gue as informacfes ndo serdo mais consultadas lesacées
separadas.”)

o The follow-up meetings for the construction of amtial
version of the domain model showed how the behawior
various technicians was undergoing changes aspiwdgrmed
the defined process (credibility, commitment anthesiasm).

0 When using thebrainstorming technique at the time of
identifying and consolidation the main features asub-
features, it was very important to generate a ligbree of
participation, involvement and responsibility withe end
result.

o0 Theelicitation of the business process with the participation of
representatives from the business area was quiberiative
and effective, with feedback from several partioigain the
meetings.

* During the phase of CBD — components-based devedopm

0 "The activity of preparation of the reference atetiure
(domain design) was very interesting and so wasréans of
the component identification and components’ sjEatibn,

following the same dynamic used in the domain asisly
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(“Foi bastante interessante a atividade de elaBorage
arquitetura de referéncia (design de dominio) erend da
identificacdo de componentes e especificacdo dos
componentes, seguindo a mesma dinamica usada Iseat&
dominio”)

"The definition of components from artifacts crehte the
previous phase allows us to have a safe and wgHdnired
way of working." (“A definicAo de componentes atpados
artefatos criados na fase anterior permite ter ton@a de
trabalho segura e bem organizada”.)

"l did not know there was a component modeling essc |
think it is great.” (“N&@o sabia que existia um @eso de
modelagem de componentes. Achei 6timo.”)

"The continuing inspection of the code of the congus
makes the process faster and safer.” (“A inspeoatiraa do
cédigo dos componentes torna 0 processo mais rapido
seguro.”)

"The monitoring of the components in the repositovi
allow for measuring the degree of reuse and provide
information to the manager.” (“O acompanhamento dos
componentes no repositorio vai permitir medir o geau de
reuso e fornecer informacdes para o gerente.”)

The adaptation of the organization's software dgurekent
process to incorporate the components of developmen
activities, testing and certification of these caments made
with the group's participation was quite satisfyiag reported

by the participants, which demonstrated feelingiseavith the
final product.

The workshop of this phase was conducted preseritieg
adapted software development process, incorporating

component development activiies and component
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certification. Practical case studies were preskraed the
participants worked using the activities and actsaprovided
in this process. The experimental techniques peddrwere
quite useful for involvement and participation ohet
participants and re-signification of various bedief

o0 Several suggestions for adjustments to the devedapm
process were made by the workshop groups and oatgzad
and considered relevant were incorporated int@theess

o0 Quality attributes and metrics were selected ardeddo the
quality model of the component development procdsss
caused many practitioners to express the certdiraly there
would be quality in the produced components. Tladg@dutes

are listed in the Table 9.

Table 9 - Quality attributes for components ceagéfion

Quality

; Metric Method Certification Criteria
attribute
Complete | % Of fully implemented| Inspection of thel 100% of the criteria should have
ness functions/ functions| Concordion acceptance implemented automated testing
specified criteria
Correcten| Tests approved /total tests.Automated testing A minimum of 80% coverage of
ess test

% of the successfully executed tests
Manual testing % of the successfully executed tests

Maintene | % Of effectiveness ang Metric assessment Total Minimum of 90% of Architecture
Ss efficiency with which the| Quality SONAR Quality

component can be
modified by the

development team. Minimum of 90% of Code Quality
Minimum of 90% of Design Quality
Performa | Restriction of time and Performance Tests 100%  pre-determined  valuep.
nce capacity that the
component should be able Note: Value must be determingd
to answer. (eg 5s response according to the needs defined by
time for 1000 concurrent the non-functional requirements of
users) the component.
Security | % Coverage of nonj Tests 100% of requirements met.
functional security

requirements specified.
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* During the development phase of the pilot projgdhe component’s

development and re-factoring of one of the software

(0]

The reuse pilot project that includes the develapmef
components for software-C was divided into 10 gprof two
weeks each. Validation and planning meetings toekep at
the end of each sprint.

The practitioners were involved in the assemblyhef project
support environment with the installation of theltoand the

same definition of integration parameters with the

customization of some artifact standards.

Practitioners showed great satisfaction with thee ud
automated tools to support the environment and il
integration of the uses of these tools as muclosasilple.

After completion of the pilot, adjustments in thengponent
development process were made and compared with
situation before and after the pilot. This greagtlgased the
team involved.

"The pilot was able to take advantage of the folleptial of
the tools, which was not observed in the past egpee of the
project teams, where only part of the potentiasopporting
tools in the process was explored.” (“No Piloto famissivel
tirar proveito de todo o potencial das ferramentaésa que
nado € observada nas experiéncias passadas dasegiap
projeto, quando apenas parte do potencial dasnferas de
apoio ao processo € explorada.”)

"The availability of the components such BR&ESTful web

the

services was successful, as it was possible to integrate

components with different platforms such as Javd W&
NET." (“A disponibilizacdo dos componentes comovg®s

web RESTful obteve éxito, ja que foi possivel &gnacédo dos
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componentes com diferentes plataformas como JavilSe
NET.”)
» Significant difficulties encountered during the atlon process:

0 Allocation of the time required for the technician$ the
business area to participate in the process.

o Compatibility of the technical time between emeeneeds
and activities of the adoption project.

o Customization and integration of some tools in® th

organization's software development environment.

In some cases, declared true beliefs were abandiumaty the execution of
activities. This was verified through behaviorsttbkipped meaningful activities which
leads us to believe that many beliefs do not alwggserate consistent behavior
(matching) during execution of activities. We cdlustrate this with the case of
technicians who had a belief in the importance led modeling process and when
implementing components by gathering two of thenstéllation and Equipment) into
one, to simplify the implementation, having diffiguin naming the result. In such cases,
it becomes necessary to reinforce these beliefsugfir a process that makes the
technician consider the negative aspects thatréadtia process can lead to.

Another significant observation was the surpriseghef technicians with the
effectiveness of the technique of domain analysisdentification of components. This
represents a practical case of practitioner’s fsetiesignification.

In this way we triangulated data from different lipaéive sources: interviews
and observations, document analysis and group ngsetproject meetings which was
important to corroborate findings from the casegtand provide more reliable results.

The process of re-signification of beliefs occurreffiectively during the
whole process of adoption of reuse technology endfganization. Through observation
and recording of conversations with the practitrangolved in the adoption process, we
can validate the positive results of re-signifioatof the beliefs throughout the process.

The adoption process of reuse technology in tharorgtion was successful

and received many compliments from the practitisnevolved. Practitioner particularly
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praised the way activities were developed and threnfin which the project was
conducted.

5.7 VALIDITY THREATS

“The validity of a study denotes the trustworthmes the results, and to what
extent the results are true and not biased bydbkearchers’ subjective point of view.”
(Wohlin et al., 2012)

When performing the case study in a large orgaiozaturing the process of
adoption of reuse technology, over two years, \pitfiictitioners performing their day to
day activities, we found some threats to the suadigity.

According to Wohlin et al. (2012), we have four égpof validity threats
concerning the case study: Conclusion validityednal validity, Construct validity and
External validity.

As threats to construct validity, we identified:

a) Potential problems concerning the interpretation befiefs presented
during the interviews, which was mitigated by diadtion whenever an
interviewee had a doubt.

b) After tabulating the interviews with practitionerthe mapped belief
system was not presented to the group due to tblnitgans” time
limitations. However, we do not believe that th&tf has affected the
selection of beliefs for the re-signification prese This statement is
confirmed with the observation made during the pssdn the case study
presented in chapter 5.

c) The difficulty of dealing with the large volume déata in the case study
with two years duration involving a complex orgatianal process. This
threat was mitigated by the belief catalog valioiatwith international

experts.
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As threats to internal validity, we identified:

a) The possibility of management interference in thadielis presented by
practitioners. We sought to mitigate this by intewing the technicians
separately and individually, ensuring that the widiial information would
not be disclosed.

b) The interference of false beliefs of technicianthwhe power of leadership
during the re-signification was treated through finesentation of concrete
cases that neutralize these collocations.

c) The appearance of beliefs that do not accuratdlgctethe thought of the
technician was treated by the process of observatod individual

interaction with each practitioner.

As threats to conclusion validity,we identified:

a) Beliefs identified during individual interviews weenot subject to further
discussion with the interviewees after the proads®-signification due
to the technicians' lack of time, being involvedijmerational, day to day
activities. Observations throughout the ethnograhidy served as the
basis to identify the effectiveness of the belretsignification process.

b) The observations showed that some identified lseheére not true to
some practitioners while carrying out project ati#g. This shows the
need for constant observation during the procesd eepeat re-
signification activities when necessary.

c) Another interview with practitioners after re-sification process was not
conducted. However, the observations made duriry dtihnographic
study demonstrated the efficacy of the re-signiiitca process used by
identifying the various behavioral changes.

As threats to external validity, we identified:
a) This is a proposed method for use in a generic Yoagyupport the process
of adopting software reuse technology in large oizgions. Due to the

long time required for carrying out the process #@mel time limit for
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achieving this thesis the application could notdaeried out in other
organizations. We consider that this external uglithreat is mitigated by
the fact that the organization is mature and pieogrs involved are
experienced and have different profiles. A casdysts certainly closer to

reality than a controlled experiment.

125



This chapter presents the validation of the setlasses of beliefs and individual beliefs
regarding the adoption of reuse technology ideadifin each class, based on expert opinion. From thi
work a standard catalog reuse beliefs weighted$impact on the process of adoption of reuse teicigy

in a large organization is defined.

6 A STANDARD CATALOG OF BELIEFS TO SUPPORT SOFTWARE R EUSE
ADOPTION BASED ON EXPERT OPINION

The action model reasoned on beliefs classes taseel to support the
adoption of reuse technology in a large organinatias as a basic facilitator, the beliefs
catalog for adoption of reuse software technoldggsified on beliefs classes. As can be
seen in chapter four, this catalog has been prdpam a literature review and
interviews with reuse expert in a large company.

After being used throughout our case study as dbestin chapter five, the
catalog was (re)validated by experts. Through thkda&tion process with experts, we
aimed to refine it in order to make a general guiid for support reuse adoption
process in any large organization.

We consider expert opinion to be the most appropragpproach for the
preparation of this standard catalog of reuse tselieSeveral researches in Software
Engineering have made use of expert opinion (Cob881), (Li & Smidts, 2003). Li &
Smidts, (2003), statesThe widespread use of expert opinion stems fromfdct that
knowledge in many of the fields involved in proldaic analysis and decision-making

processes is generally rare and incomplete. Likewibe experimental or statistical
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information on the basis of which predictions orcid®ns can be made is not easily
available”

6.1 EXPERT OPINION

The Expert Opinion or expert judgment is a seriesaentific endeavors
about “the speculations, guesses, and estimatpsapfile who are considered experts in
so far as these serve as “cognitive input” in sde@sion process” (Cooke, 1991).

Our work use as a reference, the process preségted & Smidts (2003)
which consists of the following steps: Problem &tatnt, Selection of Experts,
Elicitation of Opinions, Aggregation of Opinion,d&Decision Making.

1. Problem Statement The background and problem needs to be clearly
defined and systematized.

2. Selection of Experts A number of experts need to be identified based o
set of criteria that should include the credibjliknowledge, ability and
dependability of the experts.

3. Elicitation of Opinion. This step poses the right question and ensures
conditions that are conducive to an elicitationgess.

4. Aggregation of Opinion. The idea is to reach an aggregated opinion or a
consensus on which a decision is made. The decfmiocess is generally
based on identifying the alternatives with the leamsd highest values of
utility.

5. Decision Making. This step makes the decision based on aggregpiein.

For our specific case, the use of a standard fofarathe survey of views
simplifies the phase Elicitation of Opinion.

127



6.2 BELIEF EXPERTS’ VISION

To perform the collection of experts” opinions weedi the form in
Appendix C. This form was run using the Google Foatoud application.

Initially we defined our Problem Statement to malear that we intended to
gather information from experts. We were seekingatiadate with the experts chosen the
classes of beliefs, the classification of beliefthim each class, the agreement degree to
each belief and the degree of impact that thisebélas on the process of technology
adoption. We also asked the experts to add otHmfHéhat they identified as impactful
in the process of technology adoption. In this wesycollected the information needed to
build a catalog of weighted classified beliefs, serve as the basis for a process of
mapping the belief system of the practitioners imed in the process of adoption of
reuse technology and advice on the prioritization the process of re-signification of
these beliefs.

Our problem statemenivas thus expressed to the experts:

“We are developing research concerning the develmpnof a model of
reasoned action based on classes of beliefs toosupipe adoption of software reuse
technology in a large organization.

A belief is a proposition or premise that an indual holds as true, or even
one formed opinion or belief. A belief generatesirgantion (readiness of a person to
perform the behavior) that may facilitate or hinddre process of adoption of a
technology. Publications were identified and sedcthat present beliefs of software
practitioners in the use of reuse technology. Thmgadications were analyzed and were
identified the beliefs of technicians. This listbeliefs was classified and then validated
by interviews with experts in reuse technology feotarge company. These beliefs were
used in a case study of the deployment of reusmaémgy in a large organization as a
means of supporting the adoption process.

We request that a review be made of these bekddase define for each
belief, your agreement using a degree scale (zgeak, medium, and Strong), and what

impact (weak, medium, and Strong) that this bélésf in the process of adoption of reuse
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technology in a large organization. The degree ofcordance zero means that you
agree that the belief is false and you must indiche agreement degree to the negative
belief.

If other new beliefs are identified, we ask thadyt be included in the form,
classified and evaluated.

Beliefs are grouped into beliefs classes (Al, AR,B®, C1 ...). If you think
that a belief must be classified in another clasger the new code in the field "Other
belief class."

Theselection of expertsvas performed considering the following criteria:

* Experience in the academic and business environment
* International experience in research in the arearenfse and
adoption of reuse, evidenced by their publicatiang experience.

The view of the experts can be very significanthwa reduced number of
experts representing significant groups.”’It hasnbsfown that, if the experts are
dependent, then the reduction in uncertainty ambresa limiting value, thus making the
use of many experts unnecessary.” (Clemen & Winkl@85) (Li & Smidts, 2003).

The questionnaire in Appendix C was sent by enmsiihgi Google forms, to
12 experts, considered candidates within the a@iteet out above. The forms were
returned by 5 of them, representing reliable regregions of the international reuse
community. The experts are well known, highly #dlland adhere to the criteria
described above. All experts hold a Ph. D. in campscience, and have actively worked
in software reuse projects for several years. Althem were general chairs, program
committee chairs or speakers in important softwatese conferences. The final list of

experts, based on their availability and intereghe study, is presented in Table 10.
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Table 10 - List of experts that participated in stiedy

Expert Occupation
Bill Frakes Academy/Industry
Claudia Werner Academy
Eduardo Almeida Academy/Industry
John Favaro Academy/Industry
Jeff Poulin Industry

6.3 RESULTS ANALYSIS AND SYNTESIS

The aggregation of opinion was performed by talnggathe responses shown
in Appendix D.
In our study, we use as a form of aggregation efjtlilgment of the experts a
classification according to the trend of frequen€pccurrence in the following classes:
» Beliefs with degree of agreement (Weak or Mediung bBnpact (
Medium or Strong)
» Beliefs with degree of agreement (Weak or Mediung bBnpact (
Medium or Weak)
» Beliefs with degree of agreement (Medium or Stroag) Impact
( Medium or Weak)
» Beliefs with degree of agreement (Medium or Stroag) Impact
( Medium or Strong)
» Other situations that deserve separate analysisoddisagreement

between the experts

Analyzing the contents of the tabulation of opirsave classify the opinions:
A) Beliefs with degree of agreement (Weak or Medium) ral Impact

(Medium or Strong)
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35.

36.

43.
44,

47.

48.

50.
52.

66.

The cost of adoption of reuse technologyescdbed as very high
without significant short-term returns.
Managerial levels think the investment wigige is accounted for
indirect costs not directly related to applicatd®velopment.
The reuse activities have incompatibility wile methodology of
software development organizations.
The use of asset repository when it is noticened a critical factor
of success breeds dissatisfaction with the useabinology reuse.
The quality model usage has a strong inflaencreuse success.
A repository of assets disintegrated from tHevelopment
environment significantly complicates the procefsiease.
The lack of a well-organized and indexed safenrepository with
appropriate search engines is a barrier to reusgtiad.
Independent reusable assets development tesranhafluence on
reuse success.
The use of automated tools is important foseeadoption.
Reusing assets extracted from existing predgdhe best way for
success in reuse adoption.

Reuse portions of code is a good practice.

B) Beliefs with degree of agreement (Weak or Mediumand Impact (
Medium or Weak)

12.

34.

39.

57.

63.
68.

The use of object orientation facilitates tireation of reusable
assets.
The use of the technology reuse will faciitaty interaction with
other technicians within and outside of my company.

The organization is resistant to a structagpiired to support the
reuse technology which makes the adoption prooegshard.
Reuse has to be adopted in a bottom-up agiptoabe effective.
To have previous reuse experience is notssacg

| had troubles using third party software.
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C) Beliefs with degree of agreement (Medium or Strongand Impact (
Medium or Weak)

59. A lack of a structured methodology to adopi®a bad factor for the
process.

D) Beliefs with degree of agreement (Medium or Strongand Impact (
Medium or Strong)

All other beliefs that do not appear in the iterbs\ee or in item E, are
in this class.

E) Other situations that deserve separate analysis dueto the
disagreement between the expertdVe will call information collected
all these situations where we use as a refereneerdhults of the
interviews with experts described in chapter fond dhe results of the

case study according to chapter five:

The belief “22. The excess of parameterizationssiess requires a high
investment in the testing process.” was weighte@Q@p of the experts as
the impact being aseakand 40% of the experts consider the impact
strong In theinformation collected we found that increasing the number
of parameters of an asset makes the testing atiticagion process more
laborious, generating some resistance from prangts to realize it.
Thus, we are suggesting that in the catalog theatths Medium or
Strong.

The belief “23. Developers are wary of quality grmetformance of the
assets to be reused.” was weighted by 40% the tsxpsrthe impact
being weak and 40% of the experts consider the impsitbng and
another consider the degree of impact medium. I itifiormation
collected we found that the practitioners demonstrated isispto use
an asset that had not been developed for themraadme cases would
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even test the asset. In this way we are suggestaign the catalog the
Impact is Medium or Strony

The belief “26. Software developer's belief thause will inhibit
creativity: the “Not Invented Here” syndrome.” waweighted by the
experts as having weak degree of adherence by 40% of the experts,
medium by 20% the experts andtrong by another 40%. In the
information collected we observed that 80% of the practitioners did not
consider this belief to be true. In this way we atggesting in the
catalog that the degree of adherencé\isdk or Medium

The belief “27. The evolution of the assets magate problems with
older applications that use them.” was weighte@®% the experts with
a degree of adherence beimggak or mediunby 60% of the experts and
strongby 40% of the experts. In theformation collected we observed
that the practitioners demonstrated little condemthis belief. In this
way we are suggesting in the catalog that the @egfeadherence is
(Weak or Medium

The belief “31. To develop software with reuse ipasitive differential
for my company and for me as a professional.” wagyisted by 40% of
the experts as the impact bewwgakand 40% of the experts consider the
impact asstrongand another 20% of the experts consider the degfree
impact as medium In the information collecteq we found that
practitioners have shown that it is quite importmtthem to work with
reuse, which made them very motivated for the adopof the
technology. In this way we are suggesting in th@log that the Impact

is (Medium or Strony

The belief “32 .To participate in a project witbuse is a positive factor
for my work in the company.” was weighted by 60%loé experts who
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consider the impact agseakand 40% of the experts consider the impact
asstrong In theinformation collected we found that practitioners have
shown that it is quite important for them to workiwreuse within the
organization and that this represented a differdocghem in front of
other technicians. In this way we are suggestirag i the catalog the
Impact is Medium or Strong

The belief “64. To have used a structured softveEneelopment process
is a success factor for reuse use.” to be weightedxperts as to their
impact, 40% of the experts consider tiusakand 20% of the experts
consider the impaanediumand 40% of the experts consider the degree
of impact asstrong In the information collected we found that the
practitioners demonstrated the fact that the omgdion has a well-
defined development methodology, with practition@scustomed to
working within a process, as having a strong pesiiimpact on the
adoption process. In this way we are suggestinthencatalog that the

Impact is Medium or Strong

The belief “65. The use of object orientation igportant for the adoption
of reuse.” to be weighted by experts in terms efrtimpact, 40% of the
experts consider £era 20% of the experts considemieakand another
20% of the experts consider the impawdiumand another 20% of the
experts considered the degree of impstrbng In the information
collected we found that the practitioners did not consitlee use of
object orientation to reuse adoption important #mat this fact would
have no impact in the adoption process. In this wayare suggesting in
the catalog that the Impact M/€ak or Medium

Lastly, it is worth mentioning that no expert hatentified the need for

relocation of beliefs into the classes presentddo Ahey did not identify other beliefs
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impacting the process of technology adoption. Oteeg explicitly commented that the

presented set of beliefs was quite complete.

6.4 THE STANDARD CATALOG OF REUSE BELIEFS’

After analysis of the results, we summarize theeetgpopinions in a standard
catalog to guide the analysis of the practitionbedief systems involved in the process of
adoption of reuse technology. This catalog willistsshe team responsible for the
adoption project in establishing priorities whearpling the process of re-signification of
the beliefs that cause difficulties to the adoptoocess.

In this catalog, for consolidation purposes, wéhgathe degree of agreement
into two classes (Weak / Medium) and (Medium / Sgjoto show the trend of opinions
with respect to the midpoint. We have adopted #mesprocedure for the impact degree
of belief in the adoption process.

Regarding the beliefs with divergence between ggpwe are pointing this
out with * and suggesting a classification basedrearviews with expert described in
chapter four, and the results of the work donemduthe ethnographic study case that is
described in chapter five, according to analysesented in the items above.

Table 11 shows our Catalog of Weighted Reuse Belief
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Table 11 - Standard catalog of weighted beliefs

Catalog of weighted reuse beliefs

Agreement degree|impact
Weak/ |[Medium |Weak/ [Medium/
Medium|/Strong |Medium|Strong
A. Behavioral beliefs
Technology Maturity
1. The reuse technology is mature. X X
2. The reuse technology has a well-defined X X
development methodology of assets.
Relative Advantage
3. Reuse promises a quick time to market and a
reduction in cost. ~ .
4. The cost of adoption of reuse technology is
described as very high without significant short-term X X
returns.
5. Managerial levels think the investment with
reuse is accounted for indirect costs not directly X X
related to application development.
Perceived Usefulness
6. Developers believe that reuse reduces the cost X X
and time for the development of a new application.
7. Reuse would require a structured process for
quality release of the assets which would slow down X X
the development process.
8. The benefits of reuse will depend on the range of
products the asset is planned to assist and the X X
stability of the domains.
9. The lack of metrics for reuse makes it difficult to X X
identify costs and benefits.
10. Managers react to implementation reuse due to
lack of quantitative measures to assess the benefits X X

and costs of their utilization.

136




Weak/ [Medium |Weak/ |Medium/
Perceived Ease of Use Medium|/Strong |Medium|Strong
11. Reuse is difficult to implement in an X X
organization.
12. The use of object orientation facilitates the X X
creation of reusable assets.
13. The communication between creators and X X
users of assets facilitates the adoption process.
14, The cost of developing a reusable asset
depends on the technical competence of the staff in X X
the methodology used.
15. The cost of developing a reusable asset depends X X
on the quality of the development methodology used.
16. Developers believe that reuse increases the X X
quality of a new application.
17. A systematic reuse process increases the X X
developer’s productivity.
Complexity
18. Building reusable assets and assembling them X X
to build future systems is an complex activity.
19. Reuse technology is complex because it
involves the identification, construction, and X X
maintenance of assets availability.
20. Developers believe that reuse is an
opportunistic  “hunter/gatherer” process that X X
depends on the cognitive abilities of developers to
locate the right domains and components.
21. The use of assets of limited scope or wide
scope require excessive effort to adapt to the new X X
context.
22. The excess of parameterization of assets X X*
requires a high investment in the testing process.
Outcome expectations
23. Developers are wary of quality and X x*
performance of the assets to be reused.
24. The failure of reusable components to meet the
future needs of a domain limits the success of X X
technology adoption.
25. The lack of adequate assets documentation X X

hinders and limits its use in the development process.
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25. The lack of adequate assets documentation

hinders and limits its use in the development process. - .
26. Software developer’s belief that reuse will x* x
inhibit creativity: the “Not Invented Here” syndrome.
27. The evolution of the assets may create yo X
problems with older applications that use them.
28. Architecture of many levels that can be used in
different applications is a critical factor for success X X
of reuse implantation.
29. A Quality Management assets approach has a X X
|significant impact on the development process.
30. The quality of the assets is important to obtain X X
the desired benefits such as defect/time reduction .
R e Weak/ [Medium |Weak/ |Medium/
Medium|/Strong [Medium|Strong
Image
31. To develop software with reuse is a positive
differential for my company and for me as a X X*
professional.
Visibility
32.To participate in a project with reuse is a positive X X*
factor for my work in the company.
Voluntariness of use
. X X
33. | use the reuse technology voluntarily in my work.
Social Factors
34. The use of the technology reuse will facilitate my
interaction with other technicians within and outside X X
of my company.
C. Control Beliefs
Compatibility
35. The reuse activities have incompatibility with
the methodology of software development X X
organizations.
36. The use of asset repository when it is not
considered a critical factor of success breeds X X

dissatisfaction with the use of technology reuse.
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37. Elements such as the organizational structure
of the reuse group and their way to work hinder the
deployment of technology reuse.

38. The lack of an educational and
training/mentoring program is a complicating factor
for reuse.

39. The organization is resistant to a structure
required to support the reuse technology which
makes the adoption process very hard .

40. Managerial difficulty to allocate the necessary
resources to implement the necessary infrastructure
is an obstacle for adoption of reuse.

Facilitating Conditions

Weak/
Medium

Medium
/Strong

Weak/
Medium

Medium/
Strong

41. Difficulty to locate reusable assets affects
deployment.

42. The lack of funding to allocate to staff for the
development of reusable assets hinders adoption.

43. The quality model usage has a strong influence
ON reuse success.

44. A repository of assets disintegrated from the
development environment significantly complicates
the process of reuse.

45, The availability of technician’s talented
creators of assets facilitates the adoption process.

46. Anpilot project success with metrics stimulates
the adoption of reuse in the organization.

47. The lack of a well-organized and indexed
software repository with appropriate search engines
is a barrier to reuse adoption.

48. Independent reusable assets development team
has an influence on reuse success.

49. Lack of experience of the technicians to analyze
and design solutions for a range of applications of a
specific domain rather than only one, hinders the
adoption of reuse.

50. The use of automated tools is important for
reuse adoption.

51. Organizations that develop software based on a
product family have advantages when compared to
the software organizations that develop isolated
products.

52. Reusing assets extracted from existing products
is the best way for success in reuse adoption.
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52. Reusing assets extracted from existing products

X X
is the best way for success in reuse adoption.
53. Configuration management is an essential X X
element for a reuse program.
54. Measuring the level of reuse in software is X X
important for each adoption of reuse.
55. Measurement of the reuse levels should show X X
return on investment.
56. The previous development of reusable assets is X X
important for the process of reuse .
57. Reuse has to be adopted in a bottom-up approach X X
to be effective.
58. The principal focus of developers are in projects X x*
not in reuse.
59. A lack of a structured methodology to adoption is X X
a bad factor for the process.
D. Self-efficacy beliefs
Weak/ [Medium (Weak/ |[Medium/

Ability and Skil Medium|/Strong |Medium|Strong
60. Reuse education isn’t common. X X
61. Developers use reuse individually or informally in . "
a common way.
62. Technicians use reuse without specific training. X X
Past experience— capacity to handle similar problems
successfully
63. To have previous reuse experience is not necessary. X X
64. To have used a structured software development X x*
process is a success factor for reuse use.
65. The use of object orientation is important for the X x*
adoption of reuse.
66. Reuse portions of code is a good practice. X X
67. The use of ready-made components has facilitated X X
my work.
68. I had troubles using third party software. X X
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This chapter presents the conclusion of this thesisng with its major contributions. This chaptelsa
addresses the limitations and validity issues ofgdormed work as well as the recommendations fahéur

research.

7 CONCLUSION AND FURTHER WORK

The adoption process of new software technologies organizations
implements adaptations in existing processes oicahdnnovations that require the
development of new processes in the organizatMany adoption processes of the same
technology fail or significantly extrapolate thestan some organizations and have
success in other organizations. Human and orgamnedtobstacles often outweigh the
technical obstacles in this context (Sametinge®,71.9

For this reason, it is very important ebserve the importance of theman
factor facilitating, hindering, participating and resigfim each adoption process.

The adoption of reuse technology in a large orgdimmna significantly
changes the software process of the organizationedisas the modus operandi of the
technicians involved. Knowing and treating thesstatles is, therefore, an important
step during the adoption of reuse technology, deopto minimize the risks of failure.

In this work, we developed a systematic way to tifgand treat factors that
facilitate or hinder the adoption of reuse pradioe large software organizations. Our
approach is based on the study of the underlyirlgefbsystems of the practitioners

involved in the process.
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7.1 CONTRIBUTIONS

The main goal of this work is to propose a methodntled on an action
model based on classes of beliefs that suppompribeess of adoption of software reuse
technology. This method allows for the identificatiand evaluation of the belief systems
of practitioners involved, providing a means toldedh the beliefs that may hinder the
adoption process. The proposed process of re-gigtidn of beliefs” facilitates the
treatment of the main human factors that may putiskt the adoption process in a
structured manner.

The main contributions of this work can be sumnetimllows:

An action model reasoned on classes of beliefs to popt the adoption of
software technology— this model features a structured method to gthéeprocess of
mapping the systems of belief of the practitionaxolved in the process of technology
adoption. This is done from a standard set of elae$ beliefs that seek to cover the main
relevant aspects that may determine the behaviondiiduals in organizations, with
focus on software technology in order to reduceribies of the process of adoption of
new technologies.

A catalog of the beliefs regarding the adoption ofeuse— using the class of
beliefs of the model, we analyzed publications &pra set of beliefs for each class. This
list of beliefs was refined by interviews conducteah experts in reuse in large
companies, in order to validate and expand it. §éteof beliefs was applied, and further
refined and validated in a long-term ethnograplaisecstudy done during the process of
adoption of reuse technology in a large company.

A method to capture, weigh and re-signify the belisfof practitioners — a
method was defined and applied to map and weighb#iiefs of practitioners involved
in the process of adoption of reuse technologyte@Ga have been proposed to prioritize
beliefs to be submitted to a re-signification psseThe method of treatment of the
selected beliefs was described.

A standard catalog of weighted reuse beliefs to spprt software reuse

adoption based on expert opinion -the catalog of beliefs was submitted to validation
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and weighted by international experts accordingh® expert opinion technique. The
result was analyzed and consolidated to form thwedstrd weighted catalog to support the
software reuse adoption process.

The case study with ethnography was undertakernttandgh its description
we have shown the application of the process ampdawvements to the proposed method.
Application of this method produced positive result the adoption process of reuse
technology in the large organization.

Our work emphasizes the importance of organizatiaspects and human
factors in software engineering. These elementsvarg relevant but are usually not
treated in a systematic manner in software engmgeHowever, they can significantly
compromise the results of the adoption of new teldgies in the area. The proposed
method systematize the way to treat the potenghhbior of the practitioners involved,
enabling secure and consistent planning of acticediicing the risk of adopting new
technologies and reducing the potential of findrnoiss to the organizations.

This is one of the first studies to use belief igm#ication techniques in
adopting new technologies in the field of softwangineering as a way to treat beliefs of
practitioners that can cause difficulties to theg@ebn process.

The defined research questions that express the gthis research were:

* RQ1: What factors facilitate or hinder the adoptioncegatance, deployment

and use practices of software reuse in a largena@gon?

The answer to this research question is presehtedgh theAction Model
reasoned on classes of beliefs to support the admpt of software technologywhere
we presented a method to assist the process ofingape belief system regarding the
reuse of technology of software practitioners imedl in the process of adoption of the
technology. The second result presented ¢h&alog of the beliefs regarding the
adoption of reuseand complements the model to support the adoptioeuse in large

organizations.

* RQ 2: How do you to treat these factors to facilitatee throcess of

technology adoption?
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The answer to this research question is presemeiigh themethod to
capture, weigh and re-signify the beliefs of practioners where these beliefs are
processed and properly classified so that belied$ tause difficulties to the adoption
process are treated through specific re-significatechniques, involving specific groups

and technicians.

* RQ 3: How do you to generalize the empirical resultsaot®d, in a model
that will support the adoption practices of softevareuse

technologies in large organizations?

The answer to this research question is presehtedigh theAction
Model reasoned on classes of beliefs to support thedoption of software
technology which is a generic model to support the adoptibrease technology in
any large organization and thstandard catalog of weighted reuse beliefs to
support software reuse adoption based on expert apbn that serve as a significant
tool to support the processes of mapping and wieighhe beliefs of the practitioners

to permit activities of re-signification of beliefs

7.2 LIMITATIONS AND DIFFICULTIES

Some limitations and hindering factors were idésdifin this work.

To develop and validate the proposed method to wupgpe adoption of
software reuse technology in a large organizaiiois, essential to use a long-term case
study method because it can avoid typical scalepugblems observed in small
experiments. Understanding and treating factorsthe context of a real-life large
organization is a very complex process to be hahdieother experimental approaches.
An ethnographic case study collect information frohe variables and events that
represent typical and real situations and allow eplation and triangulation of

information from different sources.
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We conducted an ethnography case study for twosy&arering the adoption
process of reuse technology in a large organizattanvolved seven different software
to support the business process, which were deselapd evolved by different project
groups as recommended in reuse adoption procdssepite of its duration, the work
could yield more results if it ran through a longeriod of time. The research project set
up, work force time restrictions and commitmentthwhe studied organization, made it
impossible to run a more comprehensive study.

Also, we ran the study in just one organization.itAs common in in-depth
qualitative studies like this, the time consumeddata collection and analysis was
overwhelming. This made it impossible to apply tethod in another case study in other
large organization, during the time window impos@dn a doctoral dissertation.

To mitigate the risk that our model is restricted findings in only one
organization, we submitted the beliefs catalog atidation and weighting by experts,
using expert opinion technique to improve the catgrless and correctness of the
conclusions.

An aspect that complicated the work is the largkiwme of data produced
throughout an ethnographic case study with two sy@ration and involving twenty
participants, working with real-world project dat@he qualitative analysis of the
collected data was difficult and sometimes subyectHowever, the volume and nature of
the collected data also greatly contributed topbsitive results of this work, despite the
effort and uncertainty involved in its analysis.

Despite these limitations, this work contributestite software engineering
field in augmenting its body of knowledge on thegiibn of new technologies. It also
facilitates the development or updating of procesetated to software reuse, a result that

is also important to the field.
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7.3 FUTURE WORK

From the results presented in this thesis, we ciemtify several future

research opportunities that would complement thiskwor explore other aspects that

have not been investigated yet, but are relevantife field of software engineering

technology adoption. The following points can beestigated in future:

Application of the method to support the adoption & software reuse
technology in other large organizations: Development of another
empirical study using the ethnographic case stidg anethod to evolve
and improve the instruments and method proposed.

Application of the Action model reasoned on classes beliefs to map
the beliefs regarding the adoption of other mature software
technologies: Further studies should be performed, using thesek of
beliefs as the basis for mapping beliefs regardiveg adoption of other
software technologies, by conducting literaturdeevand interviews with
experts.

Application of the Action Model reasoned on classesf belief to map
beliefs regarding the adoption of other non-mature software
technology (which will be the subject of the firstnew adoption
processes):Further studies should be performed, using thesel of
beliefs as the basis for performing the mappindpealiefs concerning the
adoption of new technology. The beliefs will be ntged through
interviews with practitioners of the area to mag slet of beliefs using as a
reference the proposed classes and weighting thelsefs in a support
catalog.

Application of the action model reasoned on classes beliefs to map
the beliefs referring to the adoption of software dveloped in an
organizational area: Further studies should be performed, to use the

classes of beliefs as the basis of performing tla@pmg of the users’
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beliefs that may interfere in the process of adwpbdf software designed
for end users who will significantly alter their vikoprocess. A case study
should be used to validate the classes of belefthis purpose as well as

the method of identifying and re-signifying theibéd.

Besides these, there are certainly other directiongirther research that can
be performed based on the results of this theseking the process of adoption of
software technologies in large organizations monectired and predictable.

Lastly, the results of this work show the growimgpobrtance of considering
and dealing with human and organizational factowv®lved in developing and adopting
new software technologies. This is because softwenienology is always embedded in
processes that significantly require the partiegratof the human element in its

enactment and execution.

147



BIBLIOGRAPHY

(Adler & Shenhar, 1990) Adler, P., Shenhar, Adapting your technological base:
The organizational challenge Sloan Management Review 32(1), 25-
37, 1990.

(Agresti, 20110 Agresti, W.,Software Reuse: Developers’ Experiences and
Perceptions, Journal of Software Engineering and Applicatipns
2011, 1, 48-58.

(Agudo-Peregrina et al., 2014) Agudo-Peregring, Hernandez-Garcia A., Pascual-
Miguel, F.,Behavioral intention, use behavior and the acceptame
of electronic learning systems: Differences betweerhigher
education and lifelong learningComputers in Human Behavior 34,
301-314, 2014.

(Aguirre & Speer, 2000) Aguirre, J., Speer,, Examining the relationship between
beliefs and goals in teacher practice Journal of Mathematical
Behavior, 3(18): 327-356, 2000.

(Ahmed et al, 2007) Ahmed, F., Capretz, L., andil®heS., Institutionalization of
software product line: An empirical investigation d key
organizational factors, Journal System Software, 80, 836—849, 2007.

(Ahmed et al, 2009) Ahmed, F., Campbell, P., LaghaVv., Cognitive factors in
software product line engineering in Proceedings of the UK Sim
2009: 11th International Conference on Computer é&lloy and
Simulation, pages 352-355, Washington, DC, USA ,HEEomputer
Society, 20009.

(Ahmed & Capretz, 2010) Ahmed, F., Capretz, An, organizational maturity model
of software product line engineering Software Quality Control, 18,
195-225, 2010.

(Ajzen & Fishbein, 1980) Ajzen, I, Fishbein, MUnderstanding attitudes and
predicting social behavior Englewood Cliffs, NJ, Prentice.Hall,
1980.

(Ajzen, 1991) Ajzen, I.The theory of planned behavior, Organizational Behaior
and Human Decision Processesol. 50, no. 2, pp. 179-211, 1991.

148



(Ajzen & Gilbert, 2008) Ajzen , I., Gilbert, N.Attitudes and the prediction of
behavior, in W. D. Crano& R. Prislin (Eds.), Attitudes aattitude
change, pp. 289-311, New York: Psychology Pres3820

(Alavi et al., 2006) Alavi, M., Katworth, T., Lei@n, E.,An Empirical Examination of
the Influence of Organizational Culture on Knowledg
Management Practices Journal of Managementinformation
Systems, 22(3): 191-224, 2006.

(Almeida et al., 2004) Almeida, E., Alvaro, A., lnédio, D., Garcia, V., and Meira, S.,
RISE project: towards a robust framework for software reuse.In
Proceedings of théEEE International Conference on Information
Reuse and Integratiopages 48-53, Las Vegas, USA. IEEE, 2004.

(Almeida, 2007) Almeida, ERIDE: The RISE Process for Domain Engineerindg’h.d
Thesis, Universidade Federal de Pernambuco, B2X0I7.

(Almeida et al., 2007) Almeida, E., Alvaro, A., @&, V., Mascena, J., Burégio, V.,
Nascimento, L., Lucrédio, D., Meira, SC.R.U.l.S.E: Component
Reuse in Software EngineeringC.E.S.A.R e-book, Brazil, 2007.

(American Psychological Association, 201&lossary of psychological terms
(http://www.apa.org/research/action/glossary.asfppg.org.

(Argyris & Schon, 1978) Argyris, C., Schon, @rganizational learning: A theory of
action perspective. ReadingMA: Addison Wesley, 1978.

(Argyris & Smith, 1985) Argyris, C., Putnam, R.,McLain Smith, D.Action science:
concepts, methods, and skills for research and iatvention San
Francisco, Jossey-Bass, 1985.

(Argyris & Schon, 1996) Argyris, C., Schon, D.&yganizational learning: Theory,
method and practice Addison-Wesley, 1996.

(Bagozzi, 2007) Bagozzi, RThe Legacy of the Technology Acceptance Model and a
Proposal for a Paradigm Shift Journal of the Association for
Information Systemd/ol. 8: Iss. 4, Article 12, 2007.

(Bandura, 1986) Bandura, ASocial Foundations of Thought and Action: A Social
Cognitive Theory, Prentice Hall, Englewood Cliffs, NJ, 1986.

(Bandura, 1991) Bandura, A.Social cognitive theory of self-regulation-
Organizational Behavior and Human Decision Processes, 50, 1991.

149



(Bandura, 1994) Bandura, /Sglf-efficacy,in V. S. Ramachaudran (Ed.), Encyclopedia
of human behavior, (Vol. 4, pp. 71-81), New Yorkcalemic Press,
1994.

(Bandura, 1997) Bandura, A.Self-efficiency: The exercise of control New
Yourk:Freeman1997.

(Bandura, 2012) Bandura, AOn the functional properties of perceived self-eftiacy
revisited, Journal of Management, 38 (1) (2012), pp. 9-44.

(Basili et al., 1995) Basili, V., Zelkowitz, M., N&arry, F., Page, J., Waligora, S.,
Pajerski, R.SEL’s software process improvement programIEEE
Software, Nov., 1995).

(Basili et al.,, 1996) Basili, V., Briand, L. , Melow., How reuse influences
productivity in object-oriented systems Communications of the
ACM, Vol. 39, No. 10, October, 1996, pp. 104-116.

(Basili et al., 1996B) Basili, V.,The Role of Experimentation in Software
Engineering: Past, Current, and Future” Proc. 18th Int’l Conf.
Software Eng., pp. 442-449, 1996.

(Basili et al.,, 2006) Basili, V., Rombach, D., SglbR., Software Engineering.
Experimental Software Engineering Issues: Critical Assessment
and Future Directions, International Workshop, Dagstuhl, Germany,
1992, Appeared in Lecture Notes in Computer ScieP@@6.

(Basili & Elbaum, 2006) Basili, V., Elbaum, Empirically driven SE research: state
of the art and required maturity, in: Invited Talk, ICSE 2006,
Shanghai, 2006.

(Bastos et al.,, 2011) Bastos, J., Neto, P., Almeifla Meira, S.Adopting Software
Product Lines: A Systematic Mapping Study In: 15th International
Conference on Evaluation and Assessment in Soft&aigineering
(EASE), Durham City, 2011.

(Beaudry &. Pinsonneault, 2010) Beaudry, A., Pmms&ault, A.,The other side of
acceptance: Studying the direct and indirect effestof emotions on
information technology use, MIS Quatrterly, 34 (4) (2010), pp. 689—
710.

(Benbasat and Barki, 2007) Benbasat, ., Barki, ®up vadis TAM? Journal of the
Association for Information Systems, 8 (4), pp. 2218, 2007.

150



(Berniker & McNabb, 2006) Berniker, E. , McNabbD., Dialectical Inquiry: A

Structured Qualitative Research Method The Qualitative Report
Volume 11 Number 4 December 2006, Nova Southeakteirersity.

(Bayer & Melone, 1989) Bayer, J., Melone, Mdoption of Software Engineering

Innovations In Organizations, Software Engineering Institute,
Carnegie Mellon University Pittsburgh, 1989.

(Becheikh et al., 2010) Becheikh, N. , Ziam, Sriski, O., Castonguay, Y., Landry , R.,

How to improve knowledge transfer strategies and pactices in
education? Answers from a systematic literature relew, Research
in Higher Education Journal, p. 7, 2010.

(Blank & Hennessy, 2012) Blank M., Hennessy, Mreasoned action approach to hiv

(Boden et al.,

(Bosch, 2001)

prevention for persons with serious mental illnessThe Annals of

the American Academy of Political and SocBtience, 640: 173,
2012.

2011) Boden, A., Muller, C., Nett,, EConducting a business
ethnography in global software development projectsof small

German enterprises Information and Software Technology 53,1012—
1021, 2011.

Bosch, JSoftware product lines: organizational alternatives In
Proceedings of the 23rd International Conference Swftware
Engineering, ICSE '01, pages 91-100, Washington, DEA. IEEE
Computer Society, 2001.

(Bongard et al., 1993) Bongard, B., Gronquist, Bibot, D., Impact of Reuse on

Organizations, in Proceedings Reuse’dBEE Computer Society
Press, Los Alamitos, Calif. 1993.

(BonJour, 1985) Bonjour LThe Elements of Coherentism, In Struture of Empirial

Knowledge 87-110, Cambridge:Harvard University Press, 1985.

(Broughton et al., 2007) Broughton, S., Sinatrg,&Reynolds, R.The refutation text

effect: Influence on learning and attention Paper presented at the
Annual Meeting of the American Educational Researgh
Association, Chicago, lllinois, 2007.

(Buxton & Malcolm, 1991) Buxton, J., Malcolm, RSoftware technology transfer

Software Engineering Journal, 17-23, 1991.

(Caldiera, 1991) Caldiera, G.Domain Factory and Software Reusability in

Proceedings of the Software Engineering SymposNew Frontiers
for Software Maintenancd 991.

151



(Cambridge Dictionary, 2015)
http://dictionary.cambridge.org/pt/dicionario/britao/belief, 2015

(Cameron, 2004) Cameron, KA process for Changing Organizational Culture
University of Michigan Business School, 2004.

(Catal, 2009) Catal, C.Barriers to the adoption of software product line
engineering SIGSOFT Softw. Eng. Notes, 34, 1-4, 2009.

(Chi, 2008) Chi, M. Three types of conceptual change: Belief revisiomental model
transformation, and categorical shift In S. Vosniadou (Ed.),
Handbook of research on conceptual cha(ge 61-82)Hillsdale, NJ:
Erlbaum, 2008.

(Chrissis, 2004) Chrissis, M., Konrad, M., and 3hsuS., CMMI: Guidelines for
Process Integration and Product Improvement Addison-Wesley
Professional, 2004.

(Chuttur, 2009) ChuttuiM., Overview of the Technology Acceptance Model: Origis,
Developments and Future Directions Indiana University, USA.
Sprouts: Working Papersn Information System8(37), 2009.

(Chau & Tam, 1997) Chau, P., Tam, Kcactors affecting the adoption of open
systems: an exploratory study MIS Quarterly 21 (1), 1997, pp. 1-
24.

(Clemen & Winkler, 1985) Clemen, R., Winkler,,Rimits for the Precision and Value
of Information from Dependent Sources Operations Resear¢cB3(2), 427—
442, 1985.

(Compeau et al., 1999) Compeau, D., Higgins, Cff,H1, Social cognitive theory and
individual reactions to computing technology: a logitudinal
study, MIS Quarterly, vol. 23, no. 2, pp. 145-158, 1999.

(Cooke, 1991) Cooke, RExperts in Uncertainty: Opinion and Subjective Prability
in Science Oxford University Press, USA, 1991.

(Corbin & Strauss, 1996) Corbin, J., Strauss, Basics of Qualitative Research:
Techniques and Procedures for Developing Grounded hEory,
USA: Sage Publications, 1996.

(Cruzes, 2007) Cruzes, DAnalise secundaria de estudos experimentais em

engenharia de software Tese de Doutorado. UNICAMP, Campinas,
SP, 2007.

152



(Cruzes & Dyba, 2010) Cruzes, D., Dyba, Bynthesizing Evidence in Software
Engineering Research Proceedings of the ACM-IEEE International
Symposium on Empirical Software Engineering and $deament —
ESEM, 2010.

(Damanpour and Schneider, 2006) Damanpour, Fnesaddr,M.,Phases of adoption of
innovation in organizations: Effects of environment organization
and top managers,British Journal of Management, 17 pp. 215-236,
2006.

(Davis, 1985) Davis, FA technology acceptance model for empirically testg new
end-user information systems: theory and results Unplubished
Doctoral dissertation, MIT Sloan School of Managatn€ampridge,
1985.

(Davis et al.,, 1989) Davis F., Bagozzi, R., and $Waw, P.,User acceptance of
computer technology: A comparison of two theoreticehmodels
Manage.Sci, vol. 35, pp. 982-1003, Aug. 1989.

(Davis et al., 1992) Davis, F., Bagozzi, R., Wawgh&., Extrinsic and intrinsic
motivation to use computers in the workplace Journal of Applied
Social Psychology, vol. 22, no. 14, pp. 1111-11%82.

(Davis, 1991) Davis, M.STARS Framework for Reuse Processesn Proceedings of
the Fourth Annual Workshop on Institutionalizingfi8@re Reuse.
IEEE Computer Society Press, 1991.

(Deci & Ryan, 1985) Deci, E., Ryan, Ratrinsic motivation and self-determination in
human behavior, Plenum, New York, 1985.

(Deci & Ryan, 2014) Deci, E., Ryan, Rthe importance of universal psychological
needs for understanding motivation in the workplacen The oxford
handbook of work engagement, motivation, and seiéghination
theory pp. 13-32, Oxford University Press, New Y@®@14.

(Dick & Dalmau, 1990) Dick, B., & Dalmau, TValues in action: Applying the ideas
of Argyris and Schon Brisbane: Interchange, 1990.

(Douglas & Wykowski, 2011) Douglas, N., Wykowski,, From Belief to Knowledge
Achieving and Sustaining an Adaptive Culture in Or@nizations,
USA: CRC Press, 2011.

(Easterbrook et al., 2008) Easterbrook, S., SidgeStorey, M., Damian, DSelecting
empirical methods for software engineering researchn Guide to
Advanced Empirical Software Engineerin§ection Ill, 285-311,
2008.

153



(Ezran, et al.,, 2002) Ezran, M., Morisio, M., WJIIC., Practical Software Reuse
Springer, , pp.374, 2002.

(Feather, 1982) Feather, NExpectations an actions: Expectancy-value models in
psychology Hillsdale, NJ:Erlbaum, 1982.

(Fetterman, 2010) Fetterman [Ethnography: step-by-step 3rd edition, USA, Sage,
2010.

(Fishbein & Ajzen, 1975) Fishbein, M., Ajzen, Belief, Attitude, Intention, and
Behavior: An Introduction to Theory and Research Reading,
Addinson-Wesley, 1975.

(Fishbein & Ajzen, 2010) Fishbein, M., Ajzen, Predicting and Changing Behavior:
The Reasoned Action ApproachPsychology Press, 2010.

(Fodor, 1981) Fodor, JRepresentations Cambridge, MA: MIT, 1981.

(Forsey, 2010Jorsey M.,Ethnography as participant listening Ethnography - 11(4):
558-572, 2010.

(Fowler & Levine, 1993) Fowler, P. & Levine, LA Conceptual Framework for
Software Technology Transition Software Engineering Instityte
Carnegie Mellon University, Pittsburgh, 1993.

(Frambach & Schillewaert, 2002) Frambach, R., $mhdaert, N., Organizational
innovation adoption: A multi-level framework of determinants
and opportunities for future research Journal of Business Research,
55, pp. 163-176, 2002.

(Frakes & Isoda, 1994) Frakes,W., Isoda, Success Factors of Systematic Software
Reuseg IEEE Softwarell, 14-19, 1994,

(Frakes & Fox, 1995) Frakes, W., Fox, Sixteens questions about software reuse
Communications of the ACM Vol. 38 Issue 6, June5L99

(Frakes & Kang, 2006) Frakes, W., Kang, Rgftware Reuse Research, Status and
Future, IEEE Transactions on Software Engineering, Voli8Z, july
2006.

(Frisson, 2008) http://www.friesian.com/knowledg.htm - Copyright) (2007, 2008
Kelley L. Ross, Ph.D. All Rights Reserved

(Fichman & Kemerer, 1993) Fichman, R., Kemerer, 8doption of Software
Engineering Process Innovation: The Case of Obje®®rientation,
Sloan Management Review, 1993.

154



(Fichman & Kemerer, 1993a) Fichman, R., Kemerer, Toward a theory of the
adoption and diffusion of software process innovatins, MIT,
School of Management, Cambridge, 1993.

(Fujii, 2006) Fujii, S. Environmental concern, attitude toward frugality, and ease of
behavior as exterminations of pro-environmental beavior
intentions, Journal of Environmental Psychology, 26 (pp. 2@&8;2
2006.

(Gacek et al.,, 2001) Gacek, C., Knauber, P., Sghidi, Clements, P.Successful
software product line development in a small orgarmation, In
Software Product Lines: Practices and Patterngptehdl, Addison
Wesley Longman, 2001.

(Garcia et al., 2007) Garcia, V., Lisboa, L., Meif., Almeida, E., Lucrécio, D., Fortes,
R., Towards a Maturity model for a Reuse Incremental Aaption,
in SBCARS, 2007.

(Garcia, et al.,, 2011) Garcia, A.,Pradas, S. PedleaMiguel, F.,Exploring the
Attitudes and Intentions of Non-shoppers in the Aceptance of e-
Commerce J.UCS, vol. 17, no. 9 (2011), 1314-1328, 2011.

(Gardner, 2006) Gardner, HChanging Minds, Boston, Massachusetts, Harvard
Business School Publishing, 2006.

(Griss, 1995) Griss MSoftware Reuse: Objects and Frameworks are not Engh,
Object Magazine pp. 77-87, February 1995.

(Guzzetti, 2000) Guzzetti, BLearning counter-intuitive science concepts: What
have we learned from over a decade of researchReading and
Writing Quarterly, 16, 89-98, 2000.

(Harper & Utiey, 2001) Harper, G., Utiey, DOrganizational culture and successful
information technology implementation, Engineering Management
Journal, 13 (2), pp. 11-15, 2001.

(Hassenzahl et al., 2010) Hassenzahl, M., Diefeh, S., Goéritz, A.,Needs, affect,
and interactive products — Facets of user experiee¢ Interacting
with Computers, Vol. 22, Issue 5, Pages 353—-362, 2010.

(Hassenzahl & Tractinsky, 2006) Hassenzahl, Macfinsky, N.,User Experience — a
research agenda [Editorial] Behavior & Information Technology
25, 91-97, 2006.

(Hofer & Tichy, 2007) Hofer, A. , Tichy, W.Status of Empirical Research in
Software Engineering in: Basili, V., Rombach, D., Schneider, K.,

155



Kitchenham, B., Pfahl, D. , Selby, R. (EQ€xperimental Software
Engineering Issues: Assessment and Future DirectisnSpringer-
Verlag, Germany, Dagstuhl Castle, 2007 LNCS 4386,/2

(Hoffman & Klepper, 2000) Hoffman, N., Keppler, Rssimilating New Technologies:
The Role of Organizational Culture, in Information Systems
Managemente vol.17, Issue 3, 2000.

(Huber, 1991) Huber, GQrganizational learning: The contributing process ad the
literatures, Organization Science, 2(1), 88-115.

(Huisman & livari, 2006) Huisman, M., livari, Deployment of systems development
methodologies: perceptual congruence between IS magers and
systems developersinformation & Management, 43 (1), pp. 29-49,
2006.

(Huisman & livari, 2007) IIVARI, J., HUISMAN, M.The relationship between
organizational culture and the deployment of systes
development methodologiesMIS Quarterly, 31(1): 35-58, 2007.

(Imetal., 2011) Im, I., Hong, S., Kang, Mn international comparison of technology
adoption: Testing the UTAUT model, Information & Management,
48 (1), pp. 1-8, 2011.

(ISO/IEC, 2003) ISO/IEC 15504-Zoftware Engineering - Process Assessment —
Part 2: Performing An Assessmentinternational standard, 1SO (the
International Organization for Standardization) anBC (the
International Electrotechnical Commission).

(ISO/IEC, 1995) ISO/IEC 122038ystems and Software Engineering - Software Life
Cycle Processes International standard, ISO (the International
Organization for Standardization) and IEC (the rmétional
Electrotechnical Commission).

(lvarsson & Gorschek, 2010) Ivarsson, M., Gork¢chie, A method for evaluating
rigor and industrial relevance of technology evaluions, Empirical
Software Engineering, Springer Science+Businessdl2010.

(Joanes, 2007) Joanes, Bositive and Negative Innovations in software Engigering,
Software Productivity Research, LLC, 2007.

(Joanes & Northrop, 2010) Joanes, L. and NorthtgpClearing the way for software
product line successlEEE Software, 27, 22-28, 2010.

156



(Kim & Storr, 1998) Kim, Y., Storr, E.Software reuse: survey and research
directions, Journal of Management Information Systems 14 [§g),
113, 1998.

(Knauber et al., 2000) Knauber, P., Muthig, D.hif, K., and Widen, TApplying
product line concepts in small and medium-sized copanies IEEE
Softw., 17, 88-95, 2000.

(Kitchenham et al., 2007) Kitchenham, B., Mendes, EHavassos, G.Cross versus

within company cost estimation studies: A systemati review,
Software Engineering, IEEE Transactions on, vo).r88 5, pp. 316 —
329, May 2007.

(Kitchenham et al., 2007a) Kitchenham, B. A., BudgP., Brereton, P., Turner, M.,

Charters, S., and Linkman, $%arge-scale software engineering
questions - expert opinion or empirical evidence?lET Software,
1(5), 161, 2007.

(Kitchenham et al., 2009) Kitchenham, B., Breret®n,Budgen, D., Turner, M., Bailey,
J., Linkman, S., Systematic literature reviews

in software
engineering — A systematic literature review Information and
Software Technology, 51 pg. 7-15, Elsevier, 2009.

(Krueger, 1992) Krueger, C.Software Reuse ACM Computing Surveys, Vol. 24, No.
02, June, pp. 131-183, 1992

(Ko et al., 2005) D.G. Ko, L.J. Kirsch, W.R. Kintecedents of knowledge transfer
from consultants to clients in enterprise system iplementations,
MIS Quarterly, 29 (1) (2005), pp. 59-85

(Larsson et al., 2006) Larsson, M., Wall, A., Ngist, C., Crnkovic |.,Technology

transfer: why some succeed and some don’in: Proceedings of the
International Workshop on Software Technology Tfans Software
Engineering (WOTTSE) at ICSEO06, ACM, Shanghai, gB8-27,
2006.

(Lee et al.,, 2009) Lee, D., Rhee, Y., Dunham, Fhe role of organizational and
individual characteristics in technology acceptancelnternational
Journal of Human-Computer Interaction, 25 (7),§#8—-646, 2009.

(Lee, 2015) Lee, Y., Lee, J., Hwang, Relating motivation to information and

communication technology acceptance: Self-determitian theory
perspective Computers in Human Behavior 51, 418-428, 2015.

(Lethbridge et al., 2005) Lethbridge, T., Sim, Singer, J.,Studying Software
Engineers: Data Collection Techniques for Softwar&ield Studies

157



Empirical Software Engineering: An Internationabdwal 10(3):311—
341, 2005.

(Li & Chang, 2009) Li, D., Chang, Clnitiating and institutionalizing software
product line engineering: From bottom-up approach b top-down
practice, In Proceedings of the 2009 33rd Annual IEEE maéional
Computer Software and Applications Conference -uxa 01, pages
53-60, Washington, DC, USA. IEEE Computer Soci2009.

(Li & Smidts, 2003) Li, M. and Smidts, C.A ranking of software engineering
measures based on expert opinignEEE Transactions on Software
Engineering29(9), 811-824 , 2003.

(Lindi¢ et al., 2011) Lindi, J., Baloh, P., Ribiére, V., Desouza, KDgeploying
information technologies for organizational innovaton: Lessons
from case studies)nternational Journal of Information Management,
31 (2), pp. 183-188, 2011.

(Limayem et al., 2007) Limayem, M., Hirt, S., ChgurC., How habit limits the
predictive power of intention: the case of informaion systems
continuance MIS Quarterly, 31(4): 705-732007.

(Livari & Livari, 2011) Livari, J., Livari, N.,The relationship between organizational
culture and the deployment of agile methodsIST-5(53):509-520,
2011.

(Livari & Huisman, 2007) Livari, J., Huisman, MThe relationship between
organizational culture and the deployment of systes
development methodologiesMIS Quarterly, 2007. 31(1): p. 35-58.

(Llorens et al. 2006) Llorens, J., FuentesPRlieto-Diaz, R., Astudillo, Hincremental
Software Reusein 9th International Conference on Software Reuse
pages 386-389, Springer Berlin / Heidelberg, 2006.

(Lucredio et al., 2008) Lucredio, D., Brito, K., \v&ro, A., Garcia, V., Almeida, E.,
Fortes, R., Meira, S.Software reuse: The brazilian industry
scenariq Journal of Systems and Software 81 pg. 996—-1BIs8yier,
2008.

(Lundy & Cowling, 1996) Lundy, O., Cowling, A.Strategic Human Resource
Management London: Thompson, 1996.

(Lynex & Layzell, 1998) Lynex, A., Layzell, PQrganizational considerations for
software reuse Annals of Software Engineering 5, 105-124, 1998.

158



(Lytras & Pablos, 2011) Lytras, M., Pablos, Baftware Technologies in Knowledge
Society, J.UCS, vol. 17, no. 9 (2011), 1219-1221, 2011.

(Marchewka et al., 2007) Marchewka, J., Liu, C.s#wa , K., An application of the
UTAUT model for understanding student perceptions sing
course management softwareCommunications of the IIMA, 7 (2)
pp. 93-104, 2007.

(Malhotra, 1999) Malhotra, Y., Galleta, DExtending the Technology Acceptance
Model to Account for Social Influence: Theoretical Bases and
Empirical Validation , in Proceedings of the ¥2Hawai International
Conference on System Sciences, IEEE, 19909.

(Mannion, 2002) Mannion, MQrganizing for software product line engineering In
Proceedings of the 10th International Workshop ooftvé&re
Technology and Engineering Practice, Washington, DSA, IEEE
Computer Society, 2002.

(McCarthy & Wright, 2004) McCarthy, J., Wright,,H.echnology as ExperienceMIT
Press, Cambridge, USA, 2004.

(Mili et al., 1995) Mili, H., Mili, F., Mili, A., Reusing Software: Issues and Research
Directions, IEEE Transactions on Software Engineering, Vil. 120.
06, June, 1995, pp. 528-562.

(Merriam-webster, 2015) http://www.merriam-webstem/dictionary/belief, 2015.

(Mishra et al., 2014) Mishra, D., Akman, I., s¥ira, A, Theory of Reasoned Action
application for Green Information Technology accepance
Computers in Human Behavior Volume 36, July, P&$e<10, 2014.

(Moore & Benbasat, 1991) Moore, G. and BenbasaRdvelopment of an Instrument
to Measure the Perceptions of Adopting an Informatn
Technology Innovation Information Systems Research (2:3), , pp.
192-222,1991.

(Morisio et al., 2002) Morisio, M., Ezran, M., TullC., Success and failure factors in
software reuse IEEE Transactions on Software Engineering 28,(04)
340-357, 2002.

(Moskovitz, 2009) Moskowitz, G., Grant, HThe psychology of goalsThe Guilford
Press, NY, 2009.

(Moskowitz, 2012) Moskowitz, GThe Representation and Regulation of GoaJdn
A. Elliot, & H. Aarts (Eds.), Goal-Directed BehavioNew York:
Psychology Press/Taylor and Francis, 2012.

159



(Montano & Taplin, 1991) Montano, D., Tapli, &.Test of an Expanded Theory of
Reasoned Action to Predict Mammography Participatio. Social
Science & Medicine Journal, 32(6): 733 741, 1991.

(Muthig, 2002) Muthig, D.A Light-weight Approach Facilitating an Evolutionary
Transition Towards Software product Lines Ph.d. thesis,
Universitar Kaiserlautern, 2002.

(Needle, 2004) Needle, D., Business in Contéxt:Introduction to Business and Its
Environment, Cengage Learning Business Press, 4 edition, 0842

(Nord et al, 1987) Nord, W., Tucker, Slmplementing Routine and Radical
Innovations, New Lexington Press, San Francisco, 1987.

(Northrop, 2004) Northrop, L.Software product line adoption roadmap Technical
Note CMU/SEI-2004-TR-022, SEI, 2004.

(Northrop at al., 2004) Northrop, L., Clements, R framework for software product
line practice, version 5.0, Technical report, SEI, 2007.

(O'Rielly et al.,, 1991) O'Rielly, Chatman & CaldWePeople and organizational
culture: A profile comparison approach to assessingperson-
organization fit, Academy of Management Journal, 34, pp. 487-516,
1991.

(Oxford-Dictionaries, 2015) _ http://www.oxforddictiaries.com/definition/ _english/,
2015.

(Partala & Kallinen, 2012) Partala, T., Kallingx, Understanding the most satisfying
and unsatisfying user experiences: Emotions, psyclogical
needs, and contextnteracting with Computers, 24 (1), pp.25-34,
2012.

(Partala & Saari, 2015) Partala,T., Saari, Understanding the most influential user
experiences in successful and unsuccessful techrgyladoptions
Computers in Human Behavior 53, 381-395, 2015.

(Passos et al., 2011) Passos, C., Braun, A., CrizesMendonc¢a, M.Analyzing the
Impact of Beliefs in Software Project PracticesESEM, 2011.

(Passos et al.,, 2013) Passos, C., Cruzes, D., Meadd\V., Applying Theory of
Reasoned Action in the Context of Software Developamt
Practices: Insights into Team Intention and Behavio, Proc. of
EASE’13, Porto de Galinhas, Brazil, 2013.

160



(Passos et al., 2014) Passos, C., Mendonca M.e€rixz, The Role of Organizational
Culture in Software Development Practices: A Cros€ase
Analysis of Four Software CompaniesProc. of SBES’14, Maceio,
Brazil, 2014.

(Paulk et al., 1993) Paulk, M., Curtis, B., ChrgssM., and Weber, C.Capability
Maturity Model for Software (Version 1.1), Technical report,
Software Engineering Institute, Carnegie Mellonyémsity, 1993.

(Peslak, et al., 2011) Peslak, A., Ceccucci, Wnda#t, P.An empirical study of social
networking behavior using theory of reasoned actionProceedings
of CONISAR’11, North CarolindJSA, November, 2011.

(Petersen et al., 2008) Petersen, K., Feldt, RijtaMa, S., Mattsson, MSystematic
mapping studies in software engineering in EASE ’08:
Proceedings of the 12th International Conferenceéewaluation and
Assessment in Software Engineering, University afiBtaly, 2008.

(Pfleeger, 1999) Pfleeger, SInderstanding and improving technology transfer in
software engineering, Journal of Systems and Softwe, 47, 111-
124, 1999.

(Pfleeger & Menezes, 2000) Pfleeger, S., Menezes, Mérketing technology to
software practitioners, IEEE Software 17 (1), 27-33, 2000.

(Poulin, 2006) Poulin, J.The Business Case for Software Reuse: Reuse Metrics
Economic Models, Organizational Issues, and Case Lglies
Tutorial Notes, Torino, Italy, June, 2006.

(Prieto-Diaz, 1991) Prieto-Diaz, Rdaking software reuse work: An implementation
model, ACM SIGSOFT Software Engineering Notel;, 61-68.,
1991.

(Psychology Dictionary, 2015) http://psychologydaiary.org/

(Punter et al., 2009) Punter, T., Krikhaar, Ri|,Bt., Software engineering technology
innovation: turning research results into industrial successjn The
Journal of Systems and Software, 1(82), 993-100392

(Pyster & Barnes, 1988) Pyster, A., Barnes,TBg software productivity consortium
reuse program in Digest of Papers. COMPCON Spring 88 Thirty-
Third IEEE Computer Society International Confenpages 242—
248, San Francisco, California, USA. IEEE Compuot.Fress, 1988.

(Randolph et al., 2009) Randolph, M., Pinkerton,S®malai, A., Kelly, J., Mcauliffe, T.,
Gibson, R., Hackl, K.Seriously mentally Ill women's safer sex

161



behaviors and the theory ofreasoned action Journal of Health
Education and Behavior, 36(5): 948-958, 20009.

(Ravasi and Schultz, 2006) Ravasi, D., Schultz, Responding to organizational
identity threats: Exploring the role of organizational culture,
Academy of Management Journal, 49(3), 433-458, 2006

(Redwine & Riddle, 1986 Redwine, S., Riddle, WSoftware technology maturation,
Proceeding ICSE '85, Proceedings of the 8th intenmal conference
on Software engineering, IEEE Computer Society tes Alamitos,
CA, USA, 1985.

(Rine, 1997) Rine, D.Success factors for software reuse that are applibke across
domains and businesses In: ACM Symposium on Applied
Computing. ACM Press, San Jose, CA, USA, pp. 188-1897.

(Rine & Sonnemann, 1998) Rine, D., Sonnemanninkestment in reusable software.
A study on software reuse investment success facspiThe Journal
of Systems and Software 41, 17-32, 1998.

(Robey & Boudreau, 1999) Robey, D., Boudreau,Atcounting for the contradictory
organizational consequences of information technofyy:
theoretical directions and methodological implicatons Information
Systems Research 10 (2), pp. 167-186, 1999.

(Roberto et al., 2011) Roberto, A., Krieger, J.;1Za., Goei, R., Jain, PRredicting
pediatricians’ communication with parents about the human
papillomavirus (HPV) vaccine: an application of the theory of
reasoned action Journal of Health Communication, 26(4): 303- 312,
2011.

(Rogers, 2003) Rogers, Biffusion of innovation, New York, Free Press, 2003.

(Runeson & Host, 2008) Runeson, P., Host, KAyidelines for conducting and
reporting case study research in software engineerg in Empirical
Software Engineering, 2(14):131-164, 2008.

(Ryan & Deci, 2000) Ryan, R. and Deci, Kelf-Determination Theory and the
Facilitation of Intrinsic Motivation, Social Development, and
Well-Being by the American Psychological Association, Vol, B®.
1, 68-78, 2000.

(Sametinger, 1997) Sametinger,Software Engineering with Reusable Componenjs
Springer-Verlag, pp.275,1997.

162



(Schein, 2004) ScheirQrganizational Culture and Leadership, Third edition, San
Francisco:Jossey-Bass, 2004.

(Schwitzgebel, 2006) Schwitzgebel, EBelief, in Zalta, Edward, The Stanford

Encyclopedia of Philosophy, Stanford, CA: The Métggcs Research
Lab, 2006, http://plato.stanford.edu/entries/bélief

(Seaman & Basili, 1998) Seaman, C., Basili, Gommunication and Organization: An
Empirical Study of Discussion in Inspection Meetings. IEEE
Transactions on Software Engineering 24(7):559-%%998.

(Seaman, 1999) Seaman, Qualitative Methods in Empirical Studies of Softwae

Engineering, IEEE Transactions on Software Engineering 25645
572, 1999.

(Seaman, 2008) Seaman, Qualitative Methods, in Guide to Advanced Empirical

Software Engineering cap. 2, Forrest Shull, Janice Singer, and Dag
I.K. Sjoberg, eds. Springer, 2008.

(Sharp, 1998) Sharp, H.Software reuse: Survey and Research Directions Journal

of Management Information Systems, vol. 14, n.4 fp3-147,
Spring, 1998.

(Sharp et al., 2000) Sharp, H., Robinson, H., WaannM., Software engineering:
community and culture, IEEE Software, 17(1):40-47, 2000.

(SEI, 2007) Process maturity profile of the software community Software
Engineering Institute, Carnegie Mellon Universkg07.

(Sheldon et al., 2001)Sheldon, K., Elliot, A., KiM,, Kasser, T.What is satisfying
about satisfying events? Testing 10 candidate psyalogical needs
Journal of Personality and Social Psychology 86339, 2001.

(Sherif & Vinze, 1999) Sherif, K., Vinze, AA Qualitative Model for Barriers to
software Reuse Adoption ICIS 99 Proceedings of The %20

International Conference on information Systems, NVACAtlanta,
1999.

(Sherif & Vinze, 2003) Sherif, K., Vinze, ABarriers to adoption of software reuse A

qualitative study, Information & Management 41 9, 159-175,
Elsevier, 2003.

(Sherif et al., 2006) Sherif, K., Appan, R., L, Resources and incentives for the
adoption of systematic software reuse International Journal of
Information Managemeng6, 70-80, 2006.

163



(Shih & Huang, 2010) Shih, C., Huang, Exploring the relationship between
organizational culture and software process improvaent
deployment in Information & Management 47, 271-281, Elseyier
2010.

(Shull et al., 2004) Shull, F., Mendonc¢a, M., Biaail, Carver, J., Maldonado, J., Fabbri,
S., Travassos, G., Oliveira, MKnowledge-Sharing Issues in
Experimental Software Engineering, Empirical Software
Engineering: An International Journal, vol. 9(1002.

(Shull et al., 2005) Shull, F., Cruzes, D., Basfli, Mendonca, M.Simulating Families
of Studies to Build Confidence in Defect Hypotheseslournal of
Information and Software Technology, vol. 47(15)12-1032, 2005.

(Sjoberg et al., 2005) Sjoberg, D., Hannay, J., ddan O., Kampenes, V.,
Karahasanovic’, A. , Liborg, NA survey of controlled experiments
in software engineering, IEEE Trans. Software Eng. 31 (9)(2005)
733-753.

(Sjoberg et al., 2007) Sjoberg, D., Dyba, T., éosgn, M.,The future of empirical
methods in software engineering researchFOSE '07: Future of
Software Engineering, Washington, DC, USA, 2007,35§8-378.

(Skerlavaj et al., 2010) Skerlavaj,M., Song,J.,,¥eeOrganizational learning culture,
innovative culture and innovations in South Koreanfirms, Expert
Systems with Applications , Vol. 37, Issue 9, Seyiier, Pages 6390—
6403, 2010.

(Song & Chermack, 2008) Song, J., Chermack, AT theoretical approach to the
organizational knowledge formation process: Integréng the
concepts of individual learning and learning orgarzation culture,
Human Resource Development Re-view, 7(4), 424-2008.

(Straub, 2009) Straub, BJnderstanding technology adoption: Theory and futue
directions for informal learning. Review of Educational Research
79(2), 625-649, 2009.

(Sussman and Siegal, 2003) Sussman, S., Siegal,Inférmational influence in
organizations: An integrated approach to knowledgeadoption,
Information Systems Research, 14 (1)), pp. 476832

(SWEBOK, 2007) SWEBOK- Guide to the Software Engineering Body of
Knowledge, Body of knowledge, Fraunhofer IESE, Robert Bosch
GmbH, University of Groningen, University of Kartska/Ronneby,
Siemens, 2007.

164



(Taylor et al., 1995a) Taylor, S., and Todd, P.e&ssing IT Usage: The Role of Prior
Experience, MIS Quarterly (19:2), pp. 561-570, 1995

(Taylor et al., 1995b) S. Taylor, P. A. Toddnderstanding information technology
usage: a test of competing modeldnformation Systems Research,
vol. 6, no. 4, pp. 144-176, 1995.

(Teo & Schaik, 2012) Teo, T., van Schaik, Bnderstanding the intention to use
technology by preservice teachers: An empirical téof competing
theoretical models, International Journal of Human—Computer
Interaction,28 (3), pp. 178-188, 2012.

(Terry, 2006) Terry, W.Learning and Memory: Basic principles, processes, and
procedures Boston: Pearson Education, Inc., 2006.

(Thompson et al., 1991) Thompson, R., Higgins, Hawell, J.,Personal computing:
toward a conceptual model of utilization MIS Quarterly, vol. 15,
no. 1, pp. 124-143, 1991.

(Tippett, 2010) Tippett, CRefutation text in science education: A review ofwo
decades of research International Journal of Science and
Mathematics Education, 8:951-970, 2010.

(Tornatzky & Fleischer, 1990) Tornatzky, L., Beher, M., The processes of
technological innovation Lexington, Lexington Books, 1990.

(Vallerand, 1997) Vallerand, RToward a Hierarchical Model of Intrinsic and
Extrinsic Motivation, in Advances in Experimental Social
Psychology (29), M. Zanna (ed.), pp. 271-360,Acadenress, New
York, 1997.

(Vanlandingham et al, 1995) Vanlandingham, M., &sprt, S., Grandjean, N., Randjean,
N.Sittitrai, W., Two views of risky sexual practices among northern
thai males: the health belief model and the theoryof reasoned
action. Journal of Health and Social Behavior, 36(2):-292, 1995.

(Venkatesh & Davis, 2000) Venkatesh, V., and Baki,A Theoretical Extension of
the Technology Acceptance Model: Four Longitudinal Field
Studies Management Science (45:2), pp. 186-204, 2000.

(Venkatesh et al.,, 2003) Venkatesh , V., Mort&, Davis, G., Davis, F., User
Acceptance of Information Technology: Toward a Unifed View,
MIS Quarterly, 27(3), 425-478, 2003.

(Venkatesh et al., 2008) Venkatesh, V., Brwon,Maruping, L., Bala, H.Predicting
different conceptualization of system use: The congling roles of

165



behavioural intention, facilitating conditions, and behavioural
expectation,MIS Quarterly, 32 (3), pp. 483-502, 2008.

(Venkatesh et al., 2012) Venkatesh, V., ThongXd,,J.,Consumer acceptance and use
of information technology: Extending the unified theory of
acceptance and use of technologMIS Quarterly, 36 (1), pp. 157—
178, 2012.

(Venkatesh & Bala, 2008) Venkatesh, V., Bala, Fe¢chnology acceptance model 3 and
a research agenda on interventionsDecision Sciences, 39 (2), pp.
273-315, 2008.

(Xu &Quaddus, 2012) Xu, J., Quaddus, MExamining a model of knowledge
management systems adoption and diffusion: A PartlaLeast
Square approachKnowledge-Based Systems, 27, pp. 18-28, 2012.

(Wernick & Hall, 2004) Wernick, P., Hall, TGan Thomas Kuhn's paradigms help us
understand software engineering European Journal of Information
Systems, 13 (3): 235-243, 2004.

(Wohlin et al., 2012) Wohlinf, C., Runeson, P., Hdd., Ohlsson, M., Regnell, B.,
Wesslén, A.,Experimentation in Software Engineering Sprin-
Verlag, Berlin, 2012.

(Yoo et al., 2011) Yoo, M., Vonderembse, T., Ratathan, Knowledge quality:
Antecedents and consequence in project teamsjournal of
Knowledge Management, 15 (2), pp. 329-343, 2011.

(Zelkowitz, 1996) Zelkowitz, M.Software Engineering Technology Infusion within
NASA, Institute for Advanced Computer Studies and Diepant of
Computer Science University of Maryland, CollegekP?4996.

(Zelkowitz et al., 1998) Zelkowitz, M., WallacB,, Binkley, D.,Understanding the
Culture in Software Engineering Technology Transfer tech.
report, Univ. of Maryland, 1998.

(Zhao et al., 2015) Zhao, J., Orddfiez de Pablgs,Téanyson, R.Organizational

Innovation and IT Governance in Emerging Economies IGI-
Global, 2015.

166



APPENDIX

167



This appendix presents the questionnaire usechioirtterviews in the open part and a fragment

of the form used in the structured part.

INTERVIEW BASIC QUESTIONNAIRE

Open Questions

Warm up

OQ1. What do you think of the use of reuse invgafe development? (O que vocé
pensa do uso de reutilizagéo no desenvolvimensofieare?)

Past Experience

0OQ2. How have you used reuse in your software deweént work? (Como vocé usou
reuso no seu trabalho de desenvolvimento de sa®yar

0Q3. Provide positive experiences you've had widuse. And negative. (Cite

experiéncias positivas que vocé teve com reuseghativas?)

Other Questions

OQ4. What does it mean for you to participate iis throject of reuse technology
adoption? (O que significa para vocé participauheprojeto de adocao da tecnologia de
reuso?)

OQ5. How do you think that reuse can be measureghiorganization? (Como vocé

acha que o reuso pode ser medido em uma organ®acao
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After the structured part of the interview

OQ5. Introduce other important aspects regardirgdtioption of reuse that were not
treated. (Apresente outros aspectos importanteserges a adocdo do reuso que nao
foram tratados.)

Fragment of the form used in the structured intervew part about beliefs regarding
the adoption of reuse

Beliefs regarding the adoption of reuse

Adhesion degree Impact
A. Behavioral beliefs
Technology Maturity
1. The reuse technology is mature. A tecnologia de reuso é madura. Zero |Weak [MediyStrong|Low |MediurnHigh

2. A Technology reuse have a asset development methodology well-defined. A
tecnologia de reuso tem uma metodologia de desenvolvimento de ativos bem

definida. Zero  |Weak [MediyStrong|Low |[MediurHigh

Relative Advantage

3. Reuse promises a quick time to market and a reduction in cost. Reuso permite

uma redugdo de tempo de atendimento ao mercado e uma redugdo de custos? Zero  |Weak [MediyStrong|Low |[MediurHigh
4.  The cost of adoption of reuse technology is described as very tall without
significant short-term returns. O custo de adog&o da tecnologia de reuso é alto e
sem grandes retornos a curto prazo. Zero  |Weak

ediyStrong|Low |MediurjHigh

5. Managerial level thinks the investment with reuse is accounted for indirect
costs not directly related to application development. O nivel gerencial acredita
que o investimento com reuso representam custos indiretos que ndo sdo
relacionados diretamento com o custo do desenvolvimento da aplicag&o. Zero |(Weak

ediyStrong|Low [Mediur{High

Perceived Usefulness

6. Developers believe that reuse reduces the cost and time for the development
of a new application. Desenvolvedores acreditam que a reutilizagdo reduz o custo
e tempo para o desenvolvimento de uma nova aplicagdo Zero |(Weak
7.  Reuse would require a structured process for quality release of the assets
which would slow the development process. Reutilizacdo exige um processo

ediyStrong|Low |MediurHigh
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This appendix presents the instrument that estaddispecific goals for our observation tasks as

a way to guide the researchers' work.

OBSERVATION INSTRUMENT

Specific goals to be observed and registered

 The mapped beliefs of practitioners and the bemasitd speeches of these
practitioners during the process.

« Practices adopted by members of the project group.

» Evolution of beliefs after the re-signification idies.

» Degree of involvement of practitioners in the admpprocess.

» Activities carried out within the organization'stseare development process.

e Use of tools to support the process.

e Metrics collection form during the process.

« Events and significant exceptions that may occur.

» Difficulties encountered during the project.

* Interactions between project members.
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This appendix presents the questionnaire usech&Expert Opinion by Google Form.

EXPERT OPNIONS OF THE CLASSES OF BELIEFS AND BELEF
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Edit this form

Beliefs regarding the adoption of
reuse - Vision of researchers

* Required

Instructions

We are developing research concerning the development of a model of reasoned action
based on classes of beliefs to support the adoption of software reuse technology in a
large organization.
A belief is a proposition or premise that an individual holds as true, or even one formed
opinion or belief. A belief generates an intention (readiness of a person to perform the
behavior) that may facilitate or hinder the process of adoption of a technology.
Publications were identified and selected that present beliefs of software practitioners
in the use of reuse technology. These publications were analyzed and were identified
the beliefs of technicians. This list of beliefs was classified and then validated by
interviews with experts in reuse technology from a large company. These beliefs were
used in a case study of the deployment of reuse technology in a large organization as a
means of supporting the adoption process.
We request that a review be made of these beliefs. Please define for each belief, your
agreement using a degree scale (zero, weak, medium, and Strong), and what impact
(weak, medium, and Strong) that this belief has in the process of adoption of reuse
technology in a large organization. The degree of concordance zero means that you
agree that the belief is false and you must indicate the agreement degree to the
negative belief.
If other new beliefs are identified, we ask that they be included in the form, classified
and evaluated.
Beliefs are grouped into beliefs classes (A1, A2, B1, B2, C1,...) . If you think that a belief
must be classified in another class, enter the new code in the field "Other belief class.”
Thank you for your participation in this research work.

Research Identification ( Name)

A. Behavioral beliefs

People have beliefs about the positive or negative consequences that can occur if
performing a behavior. (Fishbein & Ajzen, 2010)

Belief's Class A1 - Technology Maturity
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Level of popularization and dissemination on a large scale by the technical community
(Redwine & Riddle, 1985)

Belief 1. The reuse technology is mature.

Zero Week Medium Strong
Agreement
degree o o o o
Impact O O O O

Other Belief's Class

Belief 2. The reuse technology has a well-defined development methodology of
assets. *

Zero Week Medium Strong
Agreement
degyee O O O O
Impact O O O O

Other Belief's Class

Belief’s Class A2 - Relative Advantage

The degree to which using an innovation is perceived as being better than using its
precursor. (Moore & Benbasat, 1991)

Belief 3. Reuse promises a quick time to market and a reduction in cost.

Zero Week Medium Strong
Agreement
s O O O O
Impact O O O O

Other Belief's Class

Belief4. The cost of adoption of reuse technology is described as very high without
significant short-term returns. *

Zero Week Medium Strong

Agreement 0O 0O 0O 0O

degree
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Zero Week Medium Strong
Impact O O O O

Other Belief's Class

Belief 5. Managerial levels think the investment with reuse is accounted for indirect
costs not directly related to application development.

Zero Week Medium Strong
Agreement
degree O O o o
Impact @) @) @) O

Other Belief's Class

Belief's Class A3 - Perceived Usefulness

The degree to which a person believes that using a particular system would enhance his
or her job. (Davis et al, 1989)

Belief 6. Developers believe that reuse reduces the cost and time for the
development of a new application.

Zero Week Medium Strong
Agreement
decyee O O O O
Impact O @) (@) O

Other Belief's Class

Belief 7. Reuse would require a structured process for quality release of the assets
which would slow down the development process. *

Zero Week Medium Strong
Agreement
i O O O O
Impact O (@) O @)

Other Belief's Class
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Belief 8. The benefits of reuse will depend on the range of products the asset is
planned to assist and the stability of the domains.

Zero Week Medium Strong
Agreement
i O O O O
Impact O @) @) O

Other Belief's Class

Belief 9. The lack of metrics for reuse makes it difficult to identify costs and
benefits.

Zero Week Medium Strong
Agreement
degree O O O O
Impact O @) @) @)

Other Belief's Class

Belief 10. Managers react to implementation reuse due to lack of quantitative
measures to assess the benefits and costs of their utilization.

Zero Week Medium Strong
Agreement
degree O O O O
Impact O O O @)

Other Belief's Class

Belief’s Class A4 - Perceived Ease of Use

The degree to which a person believes that using a system would be free of effort.
(Davis et al, 1989)

Belief 11.  Reuse is difficult to implement in one organization. *

Zero Week Medium Strong

Agreement 0O 0O 0O O

degree
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Zero Week Medium Strong

Impact

O O O O

Other Belief’'s Class

Belief 12.  The use of object orientation facilitates the creation of reusable assets.

Zero Week Medium Strong
Agreement
degree o o o O
Impact O @) @) O

Other Belief's Class

Belief 13. The communication between creators and users of assets facilitates the
adoption process.

Zero Week Medium Strong
Agreement
degree o o o O
Impact O O O O

Other Belief's Class

Belief 14. The cost of developing a reusable asset depends on the technical
competence of the staff in the methodology used.

Zero Week Medium Strong
Agreement
degree O O O O
Impact @) @) @) O

Other Belief's Class

Belief 15. The cost of developing a reusable asset depends on the quality of the
development methodology used.

Zero Week Medium Strong

176



Zero Week Medium Strong

Agreement
degree O O O O
Impact @) O O O

Other Belief's Class

Belief 16. Developers believe that reuse increases the quality of a new application.

Zero Week Medium Strong
Agreement
degree o o o o
Impact O @) O O

Other Belief's Class

Belief 17. A systematic reuse process increases the developer’s productivity.

Zero Week Medium Strong
Agreement
degree O O O O
Impact @) @) O O

Other Belief's Class

Belief’s Class A5 - Complexity

The degree to which a system is perceived as relatively difficult understand. (Thompson
etal, 1991)

Belief 18.  Building reusable assets and assembling them to build future systems is
a complex activity.

Zero Week Medium Strong
Agreement
deores O O O O
Impact @) O O O

Other Belief's Class
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Belief 19. Reuse technology is complex because it involves the identification,
construction, and maintenance of assets availability.

Zero Week Medium Strong
Agreement
e O O O O
Impact O (@) O O

Other Belief's Class

Belief 20. Developers believe that reuse is an opportunistic “hunter/gatherer”
process that depends on the cognitive abilities of developers to locate the right
domains and components.

Zero Week Medium Strong
Agreement
degree O O O O
Impact O @) O O

Other Belief's Class

Belief 21. The use of assets of limited scope or wide scope require excessive effort
to adapt to the new context.

Zero Week Medium Strong
Agreement
degree O o o o
Impact @) @) O O

Other Belief's Class

Belief 22. The excess of parameterization of assets requires a high investment in
the testing process.

Zero Week Medium Strong
Agreement
degree o o o o
Impact @) @) O O
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Other Belief's Class

Belief’s Class A6 - Outcome expectations

Relate to the consequences of the behavior. (Compeau et al., 1995)

Belief 23. Developers suspect of the quality and performance of the assets to be
reused.

Zero Week Medium Strong
Agreement
degree o o O O
Impact @) O @) O
Other Belief's Class

Belief 24.  The failure of reusable components to meet the future needs of a domain
limits the success of technology adoption.

Zero Week Medium Strong
Agreement
degree o o o o
Impact @) @) @) O

Other Belief's Class

Belief 25. The lack of adequate assets documentation hinders and limits its use in
the development process.

Zero Week Medium Strong
Agreement
degree o o o o
Impact @) @) O O

Other Belief's Class

Belief 26.  Software developer's belief that reuse will inhibit creativity: the “Not
Invented Here” syndrome.

Zero Week Medium Strong
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Zero Week Medium Strong

Agreement O O O O
degree
Impact @) (@) O @)

Other Belief's Class

Belief 27. The evolution of the assets may create problems with older applications
that use them.

Zero Week Medium Strong
Agreement
degree o o o o
Impact @) O (@) @)

Other Belief's Class

Belief 28.  Architecture of many levels that can be used in different applications is a
critical factor for success of reuse implantation.

Zero Week Medium Strong
Agreement
degree o o o O
Impact O O O O

Other Belief's Class

Belief 29. A Quality Management assets approach has a significant impact on the
development process.

Zero Week Medium Strong
Agreement
degree O O O O
Impact @) O O O

Other Belief's Class

180



Belief 30. The quality of the assets is important to obtain the desired benefits such
as defect/time reduction .

Zero Week Medium Strong
Agreement
degree O O O O
Impact @) @) (@) O

Other Belief's Class

B. Normative beliefs

People form about individuals or groups important in their lives will approve or
disapprove the realization of the behavior. (Fishbein & Ajzen,
2010)

Belief's Class B1 - Image

The degree to which use of an innovation is perceived to enhance one's image or status
in one's social system. (Moore & Benbasat,1991)

Belief 31. To develop software with reuse is a positive differential for my company and
for me as a professional.

Zero Week Medium Strong
Agreement
st O O O O
Impact @) @) (@) O

Other Belief's Class

Belief's Class B2 - Visibility

The degree to which one can see others using the system in the organization (Moore &
Benbasat, 1991)

Belief 32. Participate in a project with reuse is a positive factor for my work in the
company.

Zero Week Medium Strong
Agreement
degree O O O O
Impact O (@) O O
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Other Belief's Class

Belief's Class B3 - Voluntariness of use

The use of the innovation is perceived as being voluntary or of free will (Moore &
Benbasat, 1991)

Belief 33. | use the reuse technology voluntarily in my work.

Zero Week Medium Strong
Agreement
dee e O O O O
Impact O O O O

Other Belief's Class

Belief’s Class B4 - Social Factors

The individual’s internalization of the reference group’s subjective culture, and specific
interpersonal agreements that the individual has made with others, in specific social
situations. (Thompson et al., 1991)

Belief 34. The use of the technology reuse will facilitate my interaction with other
technicians within and outside of my company.

Zero Week Medium Strong
Agreement
degree o o o o
Impact O O O O

Other Belief's Class

C. Control Beliefs

People form about the personal and environmental factors that can help or hinder their
attempts to perform the behavior. (Fishbein & Ajzen, 2010)

Belief’s Class C1 - Compatibility

The degree to which an innovation is perceived as being consistent with the existing
values, needs, and past experiences of potential adopters. (Moore & Benbasat, 1991)

Belief 35. The reuse activities have incompatibility with the methodology of
software development organizations.
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Zero Week Medium Strong

Agreement
degree O O O O
Impact O (@) O O

Other Belief's Class

Belief 36. The use of asset repository when it is not considered a critical factor of
success generates dissatisfaction with the use of technology reuse.

Zero Week Medium Strong
Agreement
degree O @) O O
Impact O O O (@)

Other Belief's Class

Belief 37. Elements such as the organizational structure of the reuse group and
their way to work hinder the deployment of technology reuse.

Zero Week Medium Strong
Agreement
sl O @) O O
Impact O (@) @) O
Other Belief's Class

Belief 38. The lack of an educational and training/mentoring program is a
complicating factor for reuse.

Zero Week Medium Strong
Agreement
degree o o o o
Impact @) O O O

Other Belief's Class

183



Belief 39. The organization is resistant to a structure required to support the reuse
technology which makes the adoption process very hard .

Zero Week Medium Strong
Agreement
degree O @) O O
Impact @) @) @) O

Other Belief's Class

Belief 40. Managerial difficulty to allocate the necessary resources to implement
the necessary infrastructure is an obstacle for adoption of reuse.

Zero Week Medium Strong
Agreement
decyen O O O O
Impact @) O O @)

Other Belief's Class

Belief’s Class C2 - Facilitating Conditions

Objective factors in the environment that observers agree make an act easy to
accomplish. (Thompson et al., 1991)

Belief 41.  Difficulty to locate reusable assets affects deployment.

Zero Week Medium Strong
Agreement
degree O O O O
Impact @) (@) @) O

Other Belief's Class

Belief 42. The lack of funding to allocate to staff for the development of reusable
assets hinders adoption.

Zero Week Medium Strong
Agreement
deies O O O O
Impact @) (@) @) O

184



Other Belief's Class

Belief 43. The quality model usage has a strong influence on reuse success.

Zero Week Medium Strong
Agreement
frastmes O O O O
Impact O O O O

Other Belief's Class

Belief 44. A repository of assets disintegrated from the development environment
significantly complicates the process of reuse.

Zero Week Medium Strong
Agreement
degree O o o o
Impact @) (@) O O

Other Belief's Class

Belief 45. The availability of technician’s talented creators of assets facilitates the
adoption process.

Zero Week Medium Strong
Agreement
degree O O O O
Impact O @) (@) O

Other Belief's Class

Belief 46. A pilot project success with metrics stimulates the adoption of reuse in
the organization.

Zero Week Medium Strong
Agreement
degree o o o o
Impact O O O O
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Other Belief's Class

Belief 47. The lack of a well-organized and indexed software repository with
appropriate search engines is a barrier to reuse adoption.

Zero Week Medium Strong
Agreement
Seyes O O O O
Impact O O O O

Other Belief's Class

Belief 48. A independent reusable assets development team has an influence on
reuse success.

Zero Week Medium Strong
Agreement
degree O @) O O
Impact @) O O O

Other Belief's Class

Belief 49. Lack of experience of the technicians to analyze and design solutions for
a range of applications of a specific domain rather than only one, hinders the adoption
of reuse.

Zero Week Medium Strong
Agreement
degree O ) O O
Impact O O @) @)

Other Belief's Class

Belief 50. The use of automated tools is important for reuse adoption.

Zero Week Medium Strong
Agreement
degree O O o O
Impact @) O (@) O
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Other Belief's Class

Belief 51. Organizations that develop software based on a product family have

advantages when compared to the software organizations that develop isolated
products.

Zero Week Medium Strong
Agreement
degree O O O O
Impact @) (@) (@) O

Other Belief's Class

Belief 52. Reusing assets extracted from existing products is the best way for success
in reuse adoption.

Zero Week Medium Strong
Agreement
dagree O O O O
Impact @) @) O O

Other Belief's Class

Belief 53. Configuration management is an essential element for a reuse program.

Zero Week Medium Strong
Agreement
degree O O O O
Impact O O O O

Other Belief's Class

Belief 54. Measuring the level of reuse in software is important for each adoption of
reuse.

Zero Week Medium Strong
Agreement
degree O O O O
Impact (@) (@) (@) (@)
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Other Belief's Class

Belief 55. Measurement of the reuse levels should show return on investment.

Zero Week Medium Strong
Agreement
e O O O O
Impact O @) O O

Other Belief's Class

Belief 56. The previous development of reusable assets is important for the reuse
process.

Zero Week Medium Strong
Agreement
degree O O O O
Impact @) @) O O

Other Belief's Class

Belief 57. Reuse has to be adopted in a bottom-up approach to be effective.

Zero Week Medium Strong
Agreement
degree O O O O
Impact O @) O O

Other Belief's Class

Belief 58. The principal focus of developers is in projects not in reuse.

Zero Week Medium Strong
Agreement
degree o o o O
Impact O O O O

Other Belief's Class
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Belief 59. A lack of a structured methodology to adoption is a bad factor for the
process.

Zero Week Medium Strong
Agreement
oy @) ©) ©) @)
Impact @) O O O

Other Belief's Class

D. Self-efficacy beliefs

The ability of people to produce certain levels of performance. (Bandura, 1991).

Belief's Class D1 - Ability and Skill

Judgment of one’s ability to use a technology to accomplish a particular job or task.
(Compeau et al., 1995)

Belief 60. Reuse education isn't common.

Zero Week Medium Strong
Agreement
degree o o o o
Impact O @) O O

Other Belief's Class

Belief 61. Developers use reuse individually or informally in a common way.

Zero Week Medium Strong
Agreement
i O O O O
Impact @) O O O

Other Belief's Class

Belief 62. Technicians use reuse without specific training.
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Zero Week Medium Strong

Agreement
degree O O O O
Impact O O O O

Other Belief sClass

Belief’s Class D2 - Past experience

Capacity to handle similar problems successfully

Belief 63. To have previous reuse experience is not necessary.

Zero Week Medium Strong
Agreement
dagyes O O O O
Impact O @) O O

Other Belief's Class

Belief 64. To have used a structured software development process is a success factor
for reuse use.

Zero Week Medium Strong
Agreement
degree O O O O
Impact @) O @) (@)

Other Belief's Class

Belief 65. The use of object orientation is important for the adoption of reuse.

Zero Week Medium Strong
Agreement
degree O O O O
Impact @) O O O

Other Belief's Class
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Belief 66. Reuse portions of code is a good practice.

Zero Week Medium
Agreement
degree o o o
Impact @) @) O

Other Belief's Class

Belief 67. The use of ready-made components has facilitated my work.

Zero Week Medium
Agreement
degree o o o
Impact O O O

Other Belief's Class

Belief 68. | had troubles using third party software.

Zero Week Medium
Agreement
degree O O O
Impact O O O

Other Belief's Class

Others Beliefs Sugested
Belief - Belief's Class - Agreement degree - Impact

Never submit passwords through Google Forms.
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This appendix presents the tabulation of the answeéthe questionnaire sent to the experts by

Google form.

TABULATION OF THE EXPERT OPINION
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Tabulation of Research interviews

Agreement degree Impact
Zero|Weak |MediuniStrong |Zero|Weak Mediun'JStrong
A. Behavioral beliefs

Technology Maturity
1. The reuse technology is mature. 3 2 2 ) 4
2. The reuse technology has a well-defined
development methodology of assets. 4 1 1 4
Relative Advantage
3. Reuse promises a quick time to market and a
reduction in cost. 3 2 3
4. The cost of adoption of reuse technology is
described as very high without significant short-
term returns. 2 2 1 ;| 2 2
S. Managerial levels think the investment with
reuse is accounted for indirect costs not directly
related to application development. 2 2 1 1 3 1
Perceived Usefulness
cost and time for the development of a new
application. 1 4 3 2
7. Reuse would require a structured process for
quality release of the assets which would slow
down the development process. 1 1 2 1 1 2 2
8. The benefits of reuse will depend on the
range of products the asset is planned to assist
and the stability of the domains. 5 5
9. The lack of metrics for reuse makes it
difficult to identify costs and benefits. 1 2 2 s | 1 3
10. Managers react to implementation reuse
due to lack of quantitative measures to assess the
benefits and costs of their utilization. 1 2 2 1 2 2
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Perceived Ease of Use

Zero|Weak

Mediunlstrong

Zero

Weak

MediurnlStrong

11. Reuse is difficult to implement in an
organization.

12. The use of object orientation facilitates the
creation of reusable assets.

13. The communication between creators and
users of assets facilitates the adoption process.

14. The cost of developing a reusable asset
depends on the technical competence of the staff
in the methodology used.

15. The cost of developing a reusable asset
depends on the quality of the development
methodology used.

16. Developers believe that reuse increases the
quality of a new application.

17. A systematic reuse process increases the
developer’s productivity.

Complexity

I8, Building reusablé assets and assembling
them to build future systems is an complex

ST

19. Reuse technology is complex because it
involves the identification, construction, and
maintenance of assets availability.

20. Developers believe that reuse is an
opportunistic “hunter/gatherer” process that
depends on the cognitive abilities of developers to
locate the right domains and components.

21. The use of assets of limited scope or wide
scope require excessive effort to adapt to the new
context.

22. The excess of parameterization of assets
requires a high investment in the testing process.

Outcome expectations

23. Developers are wary of quality and
performance of the assets to be reused.

24. The failure of reusable components to meet
the future needs of a domain limits the success of
technology adoption.

25. The lack of adequate assets documentation
hinders and limits its use in the development
process

26. Software developer’s belief that reuse will
inhibit creativity: the “Not Invented Here”

Isyndrome

27, The evolution of the assets may create
problems with older applications that use them.
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28. Architecture of many levels that can be used
in different applications is a critical factor for
success of reuse implantation.

29. A Quality Management assets approach has
a significant impact on the development process.

30. The quality of the assets is important to
obtain the desired benefits such as defect/time
reduction .

B. Normative beliefs

Zero|

Weak

MediuniStrong

Zero

Weak

Medium|

Strong

Image

differential for my company and for me as a
professional.

Visibility

32.To participate in a project with reuse is a
positive factor for my work in the company.

Voluntariness of use

33. | use the reuse technology voluntarily in my
work.

Social Factors

34.The use of the technology reuse will facilitate
my interaction with other technicians within and
outside of my company.

C. Control Beliefs

Compatibility

35. The reuse activities have incompatibiiity
with the methodology of software development
lorganizations.

36. The use of asset repository when it is not
considered a critical factor of success breeds
dissatisfaction with the use of technology reuse.

37. Elements such as the organizational
structure of the reuse group and their way to work
hinder the deployment of technology reuse.

38. The lack of an educational and
training/mentoring program is a complicating
factor for reuse.

39. The organization is resistant to a structure
required to support the reuse technology which
makes the adoption process very hard .

40. Managerial difficulty to allocate the
necessary resources to implement the necessary
infrastructure is an obstacle for adoption of
reuse.
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Facilitating Conditions Zero|Weak |MediuniStrong |Zero|Weak |Medium|Strong
41. Difficulty to locate reusable assets affects

deployment. 2 3 1 4
42. The lack of funding to allocate to staff for

the development of reusable assets hinders

adoption. 2 3 1 1 3
43. The quality model usage has a strong

influence on reuse success. 2 3 1 1 1 2
44. A repository of assets disintegrated from

the development environment significantly

complicates the process of reuse. 1 4 2 2 1
¥, 11E gvanaprinty or ecmnnoiarnn s arernea

creators of assets facilitates the adoption 2 3 2 3
46. A pilot project success with metrics

stimulates the adoption of reuse in the

loreanization 2 3 1 4

47. The lack of a well-organized and indexed

software repository with appropriate search

engines is a barrier to reuse adoption. 3 1 1 2 2 1
48. Independent reusable assets development

team has an influence on reuse success. 3 1 | 1 1 2 p |
49. Lack of experience of the technicians to

analyze and design solutions for a range of

applications of a specific domain rather than only

one, hinders the adoption of reuse. 1 2 2 2 3
50. The use of automated tools is important for

reuse adoption. 1 1 3 2 1 2
S1. Organizations that develop software based on

a product family have advantages when compared

to the software organizations that develop

isolated products. 1 4 1 s | 3
52. Reusing assets extracted from existing

products is the best way for success in reuse

adoption. J | 4 4 1
53. Configuration management is an essential

element for a reuse program. 5 1 3
54. Measuring the level of reuse in software is

important for each adoption of reuse. 2 3 1 1 3
55. Measurement of the reuse levels should show

return on investment. 1 4 2 3
56. The previous development of reusable assets

is important for the process of reuse . p | 2 2 1 2 2
57. Reuse has to be adopted in a bottom-up

approach to be effective. 3 2 1 2 2

58. The principal focus of developers are in

projects not in reuse. 1 4 2 1 2
59. A lack of a structured methodology to

adoption is a bad factor for the process. 1 3 1 3 2
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D. Self-efficacy beliefs

Zero|

Weak

Mediuni

Strong

Zero

Weak

Medium)|

Strong

Ability and Skil

60. Reuse education isn't common.

61. Developers use reuse individually or
informally in a common way.

62. Technicians use reuse without specific
training.

Past experience— capacity to handle similar
problems successfully

63. To have previous reuse experience is not
necessary.

64. To have used a structured software
development process is a success factor for reuse

65. The use of object orientation is important for the
adoption of reuse.

66. Reuse portions of code is a good practice.

67. The use of ready-made components has
facilitated my work.

68. I had troubles using third party software.
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