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ABSTRACT Nowadays, Free/Libre/OpenSource Software (FLOSS) is becoming a strategic option for many
organizations in the public and the private sector. The lack of well defined guidelines for IT managers
may jeopardize the FLOSS adoption process. FLOSS adoption procedures are developed ad-hoc in every
organization, hence, leading to potential wheel reinvention situations. Identifying factors that influence
and determine adoption is crucial. In this article, we survey existing literature through systematic review
methodologies to make visible the technical, organizational and economic factors that must be evaluated
in the adoption process. We also provide hints for researchers on publications and the type of research that
already covered this topic in the past. We studied almost 500 papers from which we selected a final set
of 54 primary studies directly related to FLOSS adoption. We found twenty-two different adoption factors
categorized as technical (nine), organizational (nine) and economic (four). This article aims to provide the
basic building blocks to step into the creation of a guide for the FLOSS adoption. All the data we used
in this study is available at this online repository: https://github.com/jagalindo/rea.victor.19-foss and doi:

https://doi.org/10.5281/zenodo.2632543

INDEX TERMS Free software adoption, open source adoption, libre software adoption.

I. INTRODUCTION
Free/Libre/OpenSource Software (FLOSS) is becoming
ubiquitous. The ability to achieve a higher degree of vendor
independence, interoperability and potential cost reductions
are motivating organizations to consider FLOSS adoption
[14],[18],[19]. A annual surveyl highlights that 90 percent of
respondents have already adopted FLOSS for their business
in some way. According to this survey, adoptions are rapidly
happening with no formal process and effective management.
Problems in the adoption of FLOSS may set a bad precedent
in the organization that may increase resistance for migrat-
ing to more FLOSS solutions among organization members,
or even lead to a roll back to proprietary software solutions in
some cases.

Identifying factors that influence the FLOSS adoption is
a fundamental initial step to define guidelines. This allows
IT managers and experts to evaluate potential risks and to
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allocate the necessary resources to mitigate possible down-
sides. Factors such as compatibility with existing data formats
in use in the organization, ease of use of the FLOSS software,
availability of documentation, external support, maintenance
and training among many others need to be conveniently
evaluated. This problem is not new and it has already been
covered, from different perspectives, in a significant amount
of literature review contributions in the last two decades [1],
[12], [21] and, according to the results that we provide in
this article, we consider it an active domain of research. We
define a set of factors that generally cover aspects relevant to a
FLOSS evaluation. This article is intended to be an important
basis for the construction of a guide for the adoption of
FLOSS in public and private institutions.

This article revisits primary source literature through sys-
tematic review procedures to identify and to classify factors
that literature highlights as relevant in the FLOSS adoption
process. We followed a systematic review process inspired
by the guidelines of [2] and [3] to extract relevant literature
on FLOSS adoption. We filtered from more than 2,000 papers
from the last twelve years to finally obtain 54 primary stud-
ies from which we gathered data and analyses. As a result,
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FIGURE 1. Systematic process definition [3], [4].
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FIGURE 2. First phase of the study [3], [4].

we discovered twenty two different factors that influence
on the FLOSS adoption decision making. Nine technolog-
ical, other nine organizational and four economic factors.
In addition, we also define and describe these factors and we
classify them by relevance according to the appearance in the
literature review. We provide a number of realistic adoption
scenarios to be used as examples and that are described in
the selected literature. Moreover, this article provides hints
for researchers that are interested in this problem in case
they want to direct their contributions to conferences and
publications that have already covered this topic.

The rest of the paper is organized as follows: Section V
outlines related works that describe FLOSS adoption expe-
rience in organizations as well as formal models to adopt
and to evaluate the impact of FLOSS adoption. Section II
describes the methodology for the systematic review that
we performed in this research work, this covers review
planning procedures, identification of relevant studies, data
extraction and classification; and threats to validity. Then,
Section III describes the organizational, technical and eco-
nomic factors to adopt FLOSS according to the primary
source articles that we have selected. We also provide what
type of research works are covering FLOSS adoption factors
and the number of publications in the last twelve years in
Section IV. Finally, Section VI provides conclusions on this
work.

Il. SYSTEMATIC PROCESS DEFINITION
The systematic process that we have followed for this study
is based on the guidelines proposed by Kitchenham [2], and
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Petersen er al. [3]. Figure 1 summarizes the different phases
we followed:
1) Planning the review, whose main output is the search
protocol that affects all the other phases.
2) Study identification, where the studies are selected
according to the defined search protocol.
3) Data extraction and classification, where the data from
the studies are extracted and the papers are classified.

Next, we describe more in details each of the phases.

A. PHASE 1: PLANNING THE REVIEW
This phase is composed of two process as shown in Figure 2:

1) Protocol definition: where we decide how to do the
literature review.

2) Research questions definition: where we define the
questions that we want to answer and focus our research
scope. We defined the following research questions:

« RQ1. What factors influence the adoption of

FLOSS?

o RQ2. What is the scope of the research in adoption
factors in FLOSS solutions?

— RQ2.1 What type of research works are cover-
ing FLOSS adoption?

- RQ2.2 How many publications related to
FLOSS were published in the years covered by
this review?

In RQI, we want to identify the factors that influence
the adoption of FLOSS in organizations according to
what the literature reports. In RQ2, with this general
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FIGURE 3. Second phase of the study [3], [4].

question, we intend to gather knowledge on the scope of
the research in FLOSS adoption and more specifically
in the sub questions:

RQ2.1, with this question, we search for the type of
studies related to the adoption of FLOSS. Likewise,
we intend to detect research gaps that allow researchers
to identify the downsides in the research dedicated to
FLOSS.

RQ2.2, this question tries to determine how papers have
evolved according to the publication types. We want
to identify the current state and tendencies of a topic
to find opportunities of further collaboration in the
FLOSS adoption area.

B. PHASE 2: STUDY IDENTIFICATION
This phase involved the execution of four process as shown
in Figure 3:

1) Conducting search, where we performed a search on
several databases which are relevant to our research
topic.

2) Filtering studies, which consists of applying the inclu-
sion and exclusion criteria to filter out what we do not
consider relevant, and to collect what we do consider
useful for our goals.

3) Deep search, where new studies were added manually
to broad the sample of primary studies.

4) Quality assessment, where we performed a quality
assessment of the final set of selected articles to ensure
that they are relevant to this research.

In what follow, we explain how we identified the studies
included in the systematic process.

1) CONDUCTING SEARCH

For this first process we design specific search queries.
Specifically, we relied on relevant keywords and some of
the most common synonyms. Search was conducted over
four databases with a great coverage in the field of Software
Engineering [5]. They are: ACM Digital Library (Expanded
ACM Guide to Computing Literature), IEEE Xplore Digital
Library, Scopus and Web of Science.

Results obtained in each database are presented in Table 1,
where it is may be seen that 4429 works were obtained. It is
also noted that search queries were formulated with aim to
achieve all the relevant results related to adoption (including
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TABLE 1. Results from the search conducted on the databases.

Database Search results

Query
IEEE (adopt*) AND ("free software”" OR "libre 516
software” OR "os software” OR "open
source software” OR floss OR foss OR

0SSs)
ACM ((+adopt*) AND ("free software" OR "li- 519
bre software” OR "free libre" OR "os
software" OR "open source software" OR
floss OR foss OR 0ss))
TITLE-ABS-KEY ((adopt*) AND ("free 2248
software” OR "libre software” OR "os
software" OR "open source software" OR
floss OR foss OR 0ss))
WOS TS= ((adopt*) AND ("free software" OR 1146
"libre software” OR "os software” OR
"open source software” OR floss OR foss
OR 0ss))

Total 4429

Scopus

its term variants) and FLOSS (including its most common
synonyms).

2) FILTERING STUDIES
To filter the different papers we obtained previously,
we applied a set of inclusion and exclusion criteria that are
described below.

Inclusion Criteria:

« Papers published between January 2008 and December
2019. The rationale behind this selection is our intention
to update the review conducted in [1], which covered
works until 2008.

o Peer reviewed articles journals. With this filter,
we assure that our results come from high quality
sources.

« Papers published and written in English.

o Papers are related to FLOSS adoption. During the fil-
tering process, we selected the candidate papers whose
title and abstract refer to FLOSS adoption. We also con-
ducted a series of meetings to validate that the selected
papers are relevant to the topic.

Exclusion Criteria:
« Papers published in Conference Proceedings or as Book

chapters.
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« Papers that while related to FLOSS adoption, do explic-
itly described adoption factors.
o Duplicated papers

The number of included and excluded studies at each stage
is shown in Figure 4. There, it can be seen that 2742 papers
resulted after removing duplicates. Further, 2259 studies were
excluded after applying the inclusion and exclusion criteria.
The remaining 483 were subject of title and abstract screening
and full-text reading, which allowed to identify 51 relevant
works.

In the different stages described above, authors were
divided in groups to double check the selection and, if needed,
discuss and reach a consensus.

3) DEEP SEARCH

To avoid missing relevant papers, we proceeded to perform a
snowball reading search, as suggested in [5], [6]. Of course,
we constrained our search to the same document type (journal
articles) and time period (2008-2019). We used both: back-
ward and forward snowball reading strategies. In this regard,
we found 3 additional papers that we added to the 51 papers
obtained from the previous step. Thus, 54 papers were con-
sidered to conduct the review. This process is depicted by
Fig 4.

VOLUME 8, 2020

4) QUALITY ASSESSMENT

Additional to the quality requirements considered in the
previous steps (e.g. papers from respectable databases and
published as journal articles), we assessed the quality of
the 54 primary sources encountered considering only papers
indexed in the Scimago Journal & Country Rank.? Then, for
each selected article, we gave a score from 1 to 5 (1 being the
least relevant and 5 the most relevant) according to our criteria
and experience selecting only those that scored from 4 to 5.
We assessed that all the 54 selected primary studies passed
this quality assessment.

C. PHASE 3: DATA EXTRACTION, SYNTHESIS AND
CLASSIFICATION

This phase involves the execution of two process as shown
in Figure 5. In this phase, we extracted the necessary data to
determine conclusions from the set of selected papers.

« Topic Keywording: We classified the papers using two
dimensions: i) the factors; ii) the type of research.
These dimensions are based on the process described
by Petersen et al. [3] which relies on a keywording
process to define the scope of a systematic research.
This keywording process consists of two parts. First,
we read the abstract to review and identify the keywords
that may contribute to our study. If the abstract does not
have relevant information, we may have to read other
parts of the article that we believe are necessary for
the understanding of the information to be collected.
With this information, we defined a set of categories
to perform a systematic process that identifies the main
contributions of our research study. As a result of this
keywording process, we defined the dimensions of the
FLOSS adoption factors:

— Technological Factor: These are the factors that are
related to technical characteristics of the products
that are considered for adoption.

— Organizational Factor: This refers to the fac-
tors related to organizational aspects and human
resources of the institution that adopt a product.

— Economic factor: This refers to the factors related
to economic aspect that are used to acquire, sell
or rent products and services that allow to satisfy
organizational needs.

To define the type of research dimension, we used the
proposal of Wieringa et al. [7] and Petersen et al. [3].
More specifically:

— Experience papers: They describe the experience
that was performed in practice (what and how). This
is author’s own experience on a given topic in real
situations. Papers reporting real FLOSS adoption
scenarios.

2http://scimagojr.com/
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— Validation research: This type of research eval-
uates techniques with end users that have not
deployed FLOSS in production.

— Evaluation research: This work covers an evalua-
tion of an existing FLOSS deployment. The result
of the study will help to define positive or negative
conclusions.

— Solution proposal: This type of research work pro-
poses a solution to the FLOSS adoption problem
following a new or existing methodology. This may
be applied to case studies without the need to be
validated or evaluated.

— Philosophical papers: This type of paper helps us
to define the area for our study through a classifica-
tion or conceptual framework.

— Opinion papers: They describe personal opinions
about techniques used. They are not based on
research methodologies.

Data Extraction and Mapping: It is composed of the
following steps:

1) We created a database with all the items to
be classified. We decided to consume a bibtex
database through a bibliographic reference man-
ager JabRef.?> The database contains the following
fields for each paper: i) title; ii) the facet of factors;
iii) the type of research; iv) factors.

2) Through coordinated meetings of the researchers
of this study, we analyzed the categories to be used
and we created a taxonomy of factors, grouping
them according to a topic.

3) We performed a synthesis of each factor where we
described a general concepts and examples that we
found in the literature.

4) Two of the authors of this study identified the
papers by each dimension individually and entered
them into a spreadsheet matrix.

5) A third author reviewed the work done in the pre-
vious step and, in a meeting where all the authors
of this study participated, we achieved consensus
of the criteria to define the proposed taxonomy.

3 http://www.jabref.org/
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D. VALIDITY

Although in this paper we followed a systematic mechanism,
there are some assumptions that we made that may affect its
validity [8]:

External Validity: We included papers that were cited
in journals from different databases as shown in Table 1,
we might have missed some relevant contributions not pub-
lished in such venues. Likewise, the decision not to include
documents published in Conference Proceedings could have
kept out relevant knowledge on the adoption of FLOSS.
We minimized the impact of this threat by performing the
snowball reading technique. We consider that the most impor-
tant threat to external validity are:

« Population validity, through the databases selected for
this research work, we obtained 54 documents that
are related to the adoption of FLOSS. These docu-
ments refer to the factors that we have defined in
this research work. Therefore, when searching these
databases, we did not identify that they contain different
factors related to FLOSS adoption. We assume that the
factors we did not select in our research are irrelevant
to the adoption of FLOSS solutions according to the
literature. We created manually this classification of
factors by reading our selected set of papers. For the
generation of graphs, we generated them semiautomati-
cally by extracting data from our local database, we also
selected the primary keys for each dimension.

« Ecological validity, is focused on possible errors in the
materials and tools used in the experiment. The manual
process for the classification of the factors could gen-
erate distrust among the researchers of the community.
To avoid this perception, all the authors of this study
individually performed the classification of factors and
then, we aggregated the results to build a general classi-
fication.

Internal validity is a measure that ensures that the design
of the researcher’s experiment follows the principle of cause
and effect. In this study of literature review, we performed
a systematically structured process. However, the grouping
of factors and a manual classification process of them may
result in errors. Once again, we considered pertinent that the
manual classification process was reviewed individually by
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each of the authors of this study to minimize the impact of a
misclassification.

IIl. FACTORS IN FLOSS ADOPTION
In this section, we address the first research question (RQ1)
that we defined in Section II-A:

RQI1: What Factors Influence the Adoption of FLOSS?
The factors that influence FLOSS adoption are classified into
technological, organizational and economic factors. We clas-
sified the papers in groups according to these factors in
sections III-A, I1I-B and III-C.

A. TECHNOLOGICAL FACTORS

These are the factors that are related to technical characteris-
tics of the products that are considered for adoption. We found
that this is a typical factor that is commonly addressed in the
literature.

Table 2 shows a summary of the papers within this cate-
gory. Concretely, we observed 49 related papers that represent
around 91% of the total of papers reviewed, of which there is
a high amount that make reference to the factor of compati-
bility, reliability, usability, customization and documentation.
We realized that in most papers the factors related to triability,
reusability and portability were not mentioned. Following,
we describe in detail the different technological factors found
in our study.

« Compatibility*: This factor refers to the compatibility
of the solution to be adopted with regards to the data
formats. We found 34 papers that refer to this factor.
This is the most referenced factor in the technolog-
ical group. For example, when adopting OpenOffice,
we could find compatibility problems with the existing
proprietary formats in the organization. In [10], some
compatibility problems were reported when importing
files in proprietary formats.

o Reliability: This factor refers to how a solution to be
adopted is used under some conditions for a given period
of time. Low reliability creates discomfort in the users
and it complicates operations in the organization, par-
ticularly, in early stages of the FLOSS adoption. For
example, Linux is a very popular and successful FLOSS
operating system that has been widely adopted because it
could be considered a reliable and well-tested operating
system that users will perform normally.

o Usability: This factor refers to how intuitive and satis-
fying the software user interface is. For example, when
deploying a system that registers patient blood tests in
a health center, it is important that that system to be
adopted is easy to use to ensure that the software is
successfully adopted. A common criticism of FLOSS
solutions is that they do not consider usability as a
first element when designing a software solution and,

4We only considered data format compatibility in this factor. We classi-
fied the OS compatibility (and any other software dependency) within the
portability factor which refers to the platform compatibility.
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although it can be well designed and implemented from
a technological point of view, the user experience is
laid aside. However, we can find examples such as the
Gnome desktop solution that claim usability to play a
critical.

Customization: This factor refers to the degree of per-
sonalization allowed by the software through changes
in its default configuration. Hence, it becomes easier
to fulfill new custom requirements. For example, the
FLOSS WordPress web platform > offers a wide range
of configuration options that allow changing from the
colours to the data base used. This can ease of The
adoption of FLOSS solutions.

Documentation: This factor refers to the quantity, avail-
ability and quality of the FLOSS documentation such
as user, administrator and developer documentation.
Scarce and incomplete documentation makes it harder
to adopt new software. For example, the office suite
OpenOffice © offers basic and advanced online docu-
mentation for users. Lack of documentation increases
the degree of dependence on external IT providers,
which may result in extra costs.

Maintainability: This factor refers to the amount of
resources that need to be dedicated to maintain the
FLOSS solution. This includes easy installation of soft-
ware updates to fix bugs, to support new features
and, therefore, to improve usability. A well-maintained
FLOSS solution by external IT provider is convenient.
Moreover, a ticketing system to report incidents to solve
problems and to assist users is also a desiderable option.
Maintainability also refers to security updates that may
compromise sensible user information.

Trialability: This factor refers to how easy is to prove
the solution to adopt. An easy installation and deploy-
ment of the solution allows technicians to evaluate the
adoption factors detailed in this paper. More specifically,
this factor is key to evaluate factors such as usability,
customization, reliability, mantainability or compatibil-
ity among others. For example, when making a FLOSS
adoption for a solution based on office solutions, it is
convenient to have a downloadable version that is easy
to install and try (e.g. OpenOffice). This allows the
preliminarily evaluation of the software to have a first
hand opinion on the software.

Reusability: This factor refers to the capability of
FLOSS solutions to be reused by different organizations
or units. One of the principles of FLOSS is that the code
can be copied and modified. We found eight papers that
refer to this factor. We conjecture that this is because is
an intrinsic property of FLOSS. For example, if a pro-
grammable statistical environment wants to be adopted
in public schools, using a FLOSS solution will allow to

5https://www.wordpress.com/
6https :/Iwww.openoffice.org/support/books.html
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TABLE 2. Classification of papers based on technological factors.

Technological Factors

Factors | Description

| Reference [ # Articles

Compatibility
regards to the data formats

The compatibility of the solution to be adopted with

[11] [12] [13] | 34
[14] [15] [16]
[17] [18] [19]
[20] [21] [22]
[10] [23] [24]
[25] [26] [27]
[28] [29] [30]
[31] [32] [33]
[34] [35] [36]
[37]1 [38] [39]
[40] [41] [42]
[43]

Reliability

The number of programming bugs that a user encoun-
ters when using computer software

[11] [13] [15] | 23
[16] [17] [18]
[19] [44] [45]
[24] [46] [30]
[29] [47] [31]
[33] [35] [36]
[38] [39] [48]
[49] [50]

Usability
face is

How intuitive and satisfying the software user inter-

[11] [13] [15] | 17
[17] [19] [20]
[45] [30] [28]
[47] [34] [35]
[48] [51] [52]
[50] [43]

Customization

The degree of personalization allowed by the software
through changes in its default configuration [15] [16] [17]

[11] [12] [13] | 17

[19] [46] [33]
[34] [53] [35]
[36] [51] [49]
[54] [50]

Documentation

The quantity and quality of the available documenta-
tion of the solution to be adopted

[11] [17] [19] | 12
[20] [44] [24]
[55] [34] [35]
[48] [41] [54]

Maintainability
maintain the FLOSS solution

The amount of resources that need to be dedicated to

[11] [12] [15] | 12
[16] [17] [44]
[24] [31] [53]
[35] [48] [49]

Trialability

The ease to prove the solution to adopt

[15] [19] [56] | 9
[57] [47] [33]
[35] [38] [48]

Reusability
and bundles

Amount of code that can be reused through libraries

[14] [17] [19] | 8
(58] [31] [35]
[48] [52]

Portability

The possibility of deploying a solution in more than
one platform, such as different operating systems

[11] [17] [31] | ©
[36] [51] [54]

Total

49

reuse any software that is developed in such environment
without paying any license fee.

o Portability: This factor refers to the possibility of
deploying a solution in more than one platform, such
as different operating systems. We found six papers that
refer to this factor and therefore it becomes the least
cited factor of the reviewed papers. A portable FLOSS
solution might be a desirable choice to promote inde-
pendence from the underlying platform. For example,
OpenOffice can be easily installed in different operat-
ing systems being a well known example of portable
FLOSS.

94600

B. ORGANIZATIONAL FACTORS

These are the factors that are related to organizational aspects
and human resources of the institution that adopts a product.
We found in our study that this is a typical factor that appears
in the literature. In this group, summarized in Table 3 and
described below, we observed 50 related papers that represent
around 93% of the total of papers reviewed. Support is the
most referenced factor. This might indicate that companies
need to have guarantees to solve problems to not lose time
in their activities. We also found factors such as training,
top management support, vendor locks-in or attitude towards
change among others. We also observed that the majority
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of investigations do not make reference to certain factors
such as: case studies of FLOSS adoption, time adoption, cen-
trality of IT and business processes reengineering. Follow-
ing, we describe in detail the different organizational factors
found in our study.

o Support: This factor refers to the availability of internal
and external technical support. Such support provides
expertise, knowledge and skills in the FLOSS solution to
be adopted in order to assist and to help solve problems
within an organization. Lack of technical support from
IT experts may jeopardize FLOSS adoption in an organi-
zation [21]. We found 45 papers that refer to this factor,
being the most referenced factor within the papers that
we selected in our study and in that sense being the most
important according to the literature that we reviewed.

o Training: This factor refers to training actions to
improve skills and knowledge of the users within the
organization. Training helps users solve technical prob-
lems by themselves. This also helps support other users
who are part of the organization. According to [10],
interviews with users and managers confirmed that train-
ing is essential to increase the acceptance of technology.
Lack of sufficient training is usually related to insuffi-
cient budget. Identifying skilled users that can train less
skilled ones is also important [10].

« Top Management Support: This factor refers to degree
of backing from the management to the decision of
adopting the FLOSS solution. The reviewed literature
describes two similar adoption scenarios, one where
management backs the adoption decision and another
where they do not [10]. Lack of backing from the man-
agement results in uncertainty among users. Without
proper management backing, users find it easy to express
resistance to change [9].

o Vendor Lock-In: This refers to dependencies on a spe-
cific software solution in a way that makes it costly to
change to an alternative one. Software vendors decide
when software products enters End of Life (EoL). From
that time on, the software becomes unmaintained, thus,
no more updates are available. This is particularly a
problem in terms of security, since vulnerabilities will
accumulate waiting to be exploited by attackers along
time, exposing the software to security breaches. Ease
of upgrading and well known EoL dates are fundamen-
tal to estimate upgrade costs. Diversity of providers is
convenient to have a wider supplier choice which allows
organizations to become more independent from the IT
provider.

« Attitude Towards Change: This factor refers to how
employees behave when they face technological changes
in the organization. It is convenient to evaluate the pre-
disposition of the members of the organization to adopt a
new software solution. Six articles (see Table 3) suggest
that organizations should consider incentives to reduce
the resistance towards change when planning for adopt-
ing FLOSS solutions. For example, when upgrading to a
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new platform, such as one based on the Linux operating
system, new equipment can be offered to the crowd if
they accepted to migrate their old desktops to Linux.
Successful FLOSS Adoption Cases: This factor refers
to existing successful stories of the FLOSS adoption
by similar organizations. Many IT providers show their
customer portfolios as a marketing strategy to attract
more new customers to adopt their software. They also
document successful stories regarding satisfactory prod-
uct deployment and improved operations. This includes
quotes from customer describing the outcome of the
FLOSS adoption.” Successful stories help organizations
consider FLOSS adoption in the decision making pro-
cess. For example, the Blind Audio Tactile Mapping
System (BATS) 8 provide access to maps for the blind
and visually impaired people. This success history of
Python programming language, may foster others poten-
tial users of a programming language to adopt this
FLOSS programming language solution.

Time to Adopt: This factor refers to the time that an
organization requires to deploy the FLOSS solution.
This factor depends on the training level and the skills of
the organization members, the availability of an external
IT provider which may help in the adoption process;
and the user resistance towards change. Longer times to
adopt may result in extra costs in the adoption process.
Compatibility between the older and new software solu-
tions is also a desired property.

Centrality of IT: This factor refers to the degree of
dependency of the organization on its own IT infrastruc-
ture. If the organization is highly dependent on the soft-
ware that is planning to replace, then the effectiveness of
the organization may be affected. For example, problems
in the deployment of a FLOSS-based VoIP/PBX solution
may have a negative impact on business operations in
case telecommunications are crucial to daily operations
of the organization. Therefore, switching to the new
software incurs in a high risk.

Business Process Reengineering: This factor may
appear when an organization is changing its internal
business processes due to any particular circumstance
(e.g. quality improvement, organizational restructure).
We found only one paper that refers to this factor, being
the least cited factor within the papers that we selected in
this group of factors. For example, if a business process
quality improvement is perform within an organization,
IT management may take the opportunity to integrate
new technologies so that FLOSS solutions could be used
to different tasks (e.g. generate documents in open stan-
dards). Users would be forced to use the new solution to
handle these documents, gaining then confidence in the
new technology [10].

7https :/lwww.python.org/about/success/
8https://WWW.python.org/success-stories/bats/
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TABLE 3. Classification of papers based on organizational factors.

Organizational Factors
Factors | Description | Reference [ # Articles
Support The availability of internal and external technical [11] [12] [13] | 45
support [14] [15] [16]
[17] [18] [19]
[59] [56] [21]
[60] [22] [61]
[45] [23] [26]
[27] [46] [55]
[30] [57] [28]
[471 [311 [32]
[62] [33] [34]
[53] [35] [36]
[38] [39] [40]
[48] [41] [51]
[49] [54] [52]
[42] [50] [43]
Training Actions to improve skills and knowledge of the users [14] [15] [17] | 25
in the organization [20] [22] [44]
[10] [23] [26]
[27] [55] [30]
[571 311 [32]
[34] [37] [38]
[39] [40] [48]
[41] [49] [54]
[50]
Vendor lock-ins Dependencies on a specific software solution in a way [15] [17] [19] 13
that makes it costful to change to an alternative one [60] [27] [46]
[31] [33] [34]
[53]1 [37]1 [41]
[50]
Top management sup- | Degree of support from the management to the deci- [15] [17] [19] 10
port sion of adopting the FLOSS solution [21] [60] [10]
[25] [26] [27]
[57]
Attitude towards | Behavior of employees related to technological [15] [20] [10] | ©
change changes to be adopted [45]1 [27] [33]
Case studies of | Existing successful stories of the FLOSS adoption by [14] [15] 2
FLOSS adoption similar organizations
Time adoption The time that an organization requires to deploy the [11][13] 2
FLOSS solution
Centrality of IT The degree of dependency of the organization on its [15] [10] 3
own IT infrastructure
Business  processes | A change in the solution motivated by an improve- [10] 1
reengineering ment in the quality of the service
Total 50

C. ECONOMIC FACTORS

These are the factors that are related to economic aspect that
are used to acquire, sell or rent products and services that
allow to satisfy organizational needs. Table 4 summarized the
papers within this group. We observed 32 related papers that
represent around 60% of the total of papers reviewed. Next,
we describe in detail the different economic factors found in
our study.

o Total Cost of Ownership (TCO): This factor,
according to the literature, refers to the licensing, oper-
ating and support costs among others. This is a general
factor that can be interpreted differently depending on
the organization. IT experts may just take licensing
costs into consideration, however, other costs associ-
ated, for instance with deployment and support are
also relevant. We categorized papers here when they
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explicitly referred to TCO without any other detail.
We found 19 articles that refer to this factor. For instance
in [33], some organizations considered migrating to
FLOSS solutions due to low hardware and software
costs. Five organizations that previously used Unix
stated that the use of Linux resulted in significantly
reduced hardware costs due to Linux is compatible with
Intel hardware, which is relatively cheaper than Unix
hardware.

— Licensing Costs: This factor refers to the cost of
acquiring a license of the software solution. In [21],
the IT Manager of a health center have observed
that licensing costs of privative solutions for a
clinical laboratory became more expensive along
time, while FLOSS costs remained much more
economical.
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— Operational Cost: This factor indicates the cost of
migration, maintenance and deployment. For exam-
ple, in [36], FLOSS is promoted as a solution for the
computerization of public health care institutions.
The FLOSS model allows for the sharing of devel-
opment and maintenance costs between institutions
that have limited funding resources and similar
goals.

— Support Cost: This factor refers to external support
and access to updates. Therefore, it is convenient to
survey in the market for companies that can provide
support for FLOSS solutions. We only found two
studies referring to this factor. For example, in case
of adopting the OpenOffice suite, there is a public
list of consultants that are available to provide exter-
nal support.”

To better explain the different factors in the subsequent
sections, we selected FLOSS adoption scenarios that are
described in the selected literature:

1) Adoption of office suite solution in public adminis-
tration: In [10], the authors describe the adoption of
OpenOffice by the public administration in the Alto
Adige-Sudtirol (North Italy). Among the relevant fac-
tors to be considered in the adoption of this solution are
the support for the existing document formats, the level
of user training and the licensing costs.

2) FLOSS Adoption in Health Care Organizations:
In [21], the authors describe an adoption model for
health centers and hospitals in Quebec. Experts from
the area of information technology in the health sector
and IT providers participated in this study. The reliabil-
ity of the solution to be adopted is a fundamental aspect
in this case since loss of medical records and problems
in the image visualization may severely obstruct daily
operation of health professionals.

3) Adoption of FLOSS VoIP/PBX telephony solution:
This document [19] detail the experience of adopting
FLOSS telecommunication solutions. In [19], explores
opportunities for adoption of FLOSS products such
as databases, application servers, etc., at the Swedish
organisation Telenor Norway IT. This study involved
experts from the IT department as application devel-
opers, systems specialists, area managers and man-
agers. In this case, IT solution support, top management
support, employee training and compatibility between
FLOSS products are essential factors considered for the
FLOSS adoption.

D. SUMMARY

In Table 5, we describe the factors that we identified in each
paper during our systematic study. In particular, the group of
organizational factors are considered the most relevant ones
since 93% of the selected papers refer to them. Likewise,
technological factors are also very relevant since they are

9https://WWW.openoffice.org/bizdev/consultants.html/
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described in 91% of the selected papers. Lastly, economic
factors are the least referenced factors referred in the 60%
of the studies.

Figure 6, depicts the ranking of factors according to the
information we discovered in this systematic study.

IV. RESEARCH SCOPE IN FLOSS ADOPTION
In this section, we address the second research question
(RQ2) previously defined in Section II-A:

RQ2: What is the scope of the research in adoption fac-
tors in FLOSS solutions? With this question, we aim to
provide guidelines for FLOSS researchers to explore new
research lines. We split this question into three more specific
questions:

o« RQ2.1: What type of research works are covering
FLOSS adoption factors? (see Section IV-A)

« RQ2.2: How many publications related to FLOSS have
been published in the years covered by this review? (see
Section IV-B)

A. WHAT TYPE OF RESEARCH WORKS ARE COVERING
FLOSS ADOPTION FACTORS?

This research question aims to find areas that are lacking
research contributions related to the FLOSS adoption in
organizations. Figure 7, presents a heatmap were we have
classified the number of papers that we collected based on
the two dimensions that we defined in Section II-C.

First, regarding research types, it is worth highlighting that
the high number of evaluation papers and the increase of val-
idation contributions reflects the maturity FLOSS adoption
studies. However, this research area is not yet to the point
of contributing experience reports. Second, regarding FLOSS
adoption factors we observe that most of the studies have
been focusing on the organizational and technological factors
leaving the economic factors not so well covered. We suspect
that this lack of research results in economic factors is due the
reluctance of companies to provide economic details. Also,
FLOSS experts consider that organizations are already aware
of the hidden costs when adopting FLOSS, and therefore, they
tend to focus more on researching technological and orga-
nizational factors. Additionally, we only found two solution
proposals related with economic factors and one with tech-
nological and organizational factors. We also observed that
validation research, opinion papers and philosophical papers
are gaining maturity in the FLOSS adoption area because we
found taxonomies, literature reviews and systematic maps.

B. HOW MANY PUBLICATIONS RELATED TO FLOSS WERE
PUBLISHED IN THE YEARS COVERED BY THIS REVIEW?

In this question, we present the evolution of different trends
depending on the year of publication (see Figure 8). The
axis y shows the percentage of papers by the factors, thus,
we extract the researchers’ interests per year. We observe that
there are areas that remain stable attention along time such as
the organizational and the technological factors. Nonetheless,
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TABLE 4. Classification of papers based on economic factors.

[£:] Technological factor
[L% Organizational factor
[f] Economic factor

25 30 35 40 45 50

Economic Factors

Factors | Description

Reference [ # Articles

Total cost of owner-
ship (TCO)

The licensing, operating and support costs

[11] [12] [13] | 19
[16] [17] [19]
[23] [26] [63]
[29] [31] [33]
[34] [39] [40]
[51] [49] [54]
[52]

Licenses costs
tion

The cost of acquiring a license of the software solu-

[12] [14] [15] | 16
[56] [21] [22]
[44] [46] [30]
[28] [47] [31]
[32] [53] [36]

[40]
Operational cost The cost of maintenance, development, deployment [60] [28] [36] | 4
and migration [38]
Support cost External support and access to updates [27] [39] 2
Total articulos 32

the economic factor experienced a greater variation in the last
years.

In this context, we want to highlight that the organiza-
tional factor has the highest number of papers per factors
with a total of 50 according to Table 3. We think that
researchers are more interested in identifying organizational
factors that may influence the FLOSS adoptions, because
these factors are related to the organization members that
participate in the FLOSS adoption decision making process,
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such as managers, IT experts and final users, among many
others.

Likewise, we observe that the technological factor and
the organizational factors are equally important since we
found a total of 49 papers according to Table 2. There is
one exception though in 2013, where the organizational factor
apparently started attracting more interest among researchers.
Finally, we observe that interest in economic factors have
remained variable. In 2009, 2014 y 2017 we observe that
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TABLE 5. Summary of identified factors by paper.

Top management supp
Business process reeng

Reusability
Triability
Training

Vendor locks-in
Attitude

Case study
Centrality IT
License cost
Operational cost
Support cost

Papers
Aversano et al. [11]
Ayala et al. [32]
Badampudi et al. [12]
Benlian et al. [13]
Bouras et al. [14]
Bouras et al. [15]
Choi et al. [52]
Daneshgar et al. [16]
Del Bianco et al. [17]
Dhir et al. [42]
D Macredie et al. [30]
Fitzgerald et al. [57] X
Gallego et al. [27]
Gangadharan et al. [18]
Gurusamy et al. [53] X X
Hanumappa et al, [41]
Hauge et al. [19]
Idrizi et al. [40]
Joia et al. [20]
Jusoh et al. [35]
Kimppa et al. [29]
Koloniaris et al. [54] X X X
Li et al. [26]
Lietal. [59]
Lundell et al. [56] X
is et al. [36]
Marsan et al. [21]
Meetoo-Appavoo et al. [37]
Mijinyawa et al. [38]
Munoz et al. [60]
Nagy et al. [22]
Paschali et al. [58] X
Petrinja et al. [44] X X X X X
Poba et al. [50] X X X
Ponelis et al. [28] X X
Qu et al. [62]
Rafiq et al. [55 X
Rafiq et al. [34 X X X X
Rossi et al. [10. X
Roumani et al. [61]
Safadi et al. [51]
Saghafi et al. [45]
Sarrab et al. [48]
Silic et al. [49]
Silic et al. [23]
Spagnoletti et al. [31]
Stol et al. [25]
Stol et al. [24]
Taha et al. [43]
Tome et al. [39]
Ven et al. [46
Ven et al. [47
Ven et al. [33 X
Zaffar et al. [63
Total 34 23 17 17 12 12 8 9 6 45 25 10 13 6 2 2 3 1
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the percentage of research papers have dropped considerably. hidden costs in the FLOSS adoption, therefore, it may be
We assume that this is due to organizations learning about of interest for researchers to explore the economic fields as
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TABLE 6. Comparison of related papers.

Review work Kind Year Context Period # papers studied  # factors Common factors

Marsan et al. [21] LR 2013 It develops a research model ~ 1992-2003 78 8 compatibility, support, top
to study the background of management support, license
FLOSS adoption decisions in cost
HCOs.

Badampudi et al. [12]  SLR 2016  Itidentifies factors that influ-  2004-2015 24 11 compatibility, customization,
ence the adoption decision to maintainability, support, to-
select between different soft- tal cost of ownership, license
ware components and solu- cost
tions

Ven et al. [33] LR 2012 Tt identifies factors that influ- 7 total cost of ownership,
ence the adoption of FLOSS compatibility, reliability,
products supporting an orga- customization, trialability,
nization’s server infrastruc- support
ture
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FIGURE 8. Temporary kind of the variability context facet.

well as keep focusing on the technological and organizational
factors.

V. RELATED WORK

In this section, we summarize related systematic reviews in
the context of FLOSS adoption. We identify the context,
the year, the kind of review (LR: Literature Review; SLR:
Systematic Literature Review). Also, the period of the papers
studied, the number of papers studied and the number of
adoption factors that were reported. Table 6 shows the sum-
mary of this comparison.

Marsan and Paré [21] presents a literature review (LR)
which do not follows a systematic method to investigate
existing work on FLOSS adoption in health care organiza-
tions. The purpose of this study is to develop a model to
investigate the background decision making process in this
kind of organizations. Marsan and Paré [21] use a conceptual
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framework based on the information systems literature on the
topic of organizational adoption of software. This work has a
specific focus on the health care domain while our review is
more general. They identify eight factors.

Badampudi et al. [12] present a Systematic Literature
Review (SLR) about software component decision-making:
In-house, FLOSS, commercial-off-the-shelf (COTS), or out-
sourcing. The purpose of this study is to identify fac-
tors that influence the adoption decision to select between
different software components and solutions. These fac-
tors are compared between COTS, FLOSS components
and home-built solutions. The adoption decision depend
on the evaluation of these factors. Note that this study
addresses aspects related to proprietary software and FLOSS
which differs from our research study that focuses only on
FLOSS solutions. They identified eleven factors in their
study.

VOLUME 8, 2020



V. R. Sénchez et al.: Open Source Adoption Factors

IEEE Access

Ven and Verelst [33] presents a review of the literature
without a systematic method. The aim of this research paper
is to identify factors that influence the adoption decision
in Belgian organizations. Ven and Verelst [33] uses a TOE
Framework through a case study to compare it with factors
already studied previously in the literature. This paper has
a specific focus on server infrastructure, while our study is
broader by not only considering one type of software. Seven
factors are identified.

In our systematic study, we identified primary sources in
the literature that describe factors that influence the decision
making process to adopt FLOSS in organizations. In this con-
text, we apply a systematic method inspired by the guidelines
described in [2] and [3]. In addition, we want to highlight
that this research study differs from existing research papers
since we define a group of factors that cover all the aspects
when evaluating FLOSS in the technological, organizational
and economic categories. Likewise, this research study can be
applied to any type of public or private institution. We iden-
tified 22 different factors while previous studies identified a
smaller number.

VI. CONCLUSIONS

In this article, we propose two research questions to under-
stand the state of FLOSS adoption research by applying a
systematic method of literature review. We identify groups
of relevant factors that may influence the decision to adopt
FLOSS; the type of research proposed; what is the trend about
the use of factors for FLOSS adoption that generated attention
by researchers in recent years; and the amount of publications
related to FLOSS that were published.

The most referenced factor support which gives hints
that is one of the major concerns when adopting FLOSS
solutions is the availability of internal and external
support.

The primary sources surveyed point out that the FLOSS
adoption is a topic that is the attracting attention of
researchers and that is leading to research in related topics
such as the creation of guides, policies and metrics to adopt
FLOSS in organizations.

However, according to the facts detected in the research
studies, IT managers are neither using any tool nor procedures
that allows them to evaluate the adoption of FLOSS solutions.
For this reason, this contribution can motivate researchers
to work on the creation and publication of guidelines for
adopting FLOSS. The purpose of this study is to guide future
research in the application of FLOSS in new domains as a
guide for the correct selection of FLOSS to help IT managers
make appropriate decisions for organizations, define policies
for FLOSS adoption, among others.
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