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ABSTRACT

There is a need to improve the definition and development of technological ecosystems in order to solve the main problems detected in
previous studies. To achieve this goal, it is required to identify and analyse the solutions available in the literature in the field of
software engineering applied to ecosystems. The research in software ecosystems is a relatively young research area, but there are
already several works that analyse the literature associated. To conduct a new systematic Jiterature review is necessary to ensure that
there are no studies that do the same, namely, that do not answer the same research questions. The identification of the need for a
review was done through a study focused on systematic literature reviews and mapping studiesabout software ecosystems. This work
aims to describe the mapping conducted as part of that study. It provides a global,state of-the art of this kind of studies in the area of
software ecosystems.
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1 INTRODUCTION

The metaphor of ecosystem, which ¢omes from the\area of biology, is used in different contexts to convey the evolutionary nature of
processes, activities, and relationships. From ‘a.technological point of view, Iansiti and Levien [1] are the first to relate technology to
business ecosystems by claiming that they evolve around a platform. According to Manikas [2] the research in software ecosystems
(SECOs) starting in 2005 with the book by Messerschmitt and Szyperski [3].

There are different definitions of SECO in the literature [4-8]. Moreover, although software ecosystem is the most common term,
there are some authors that use other terms such as digital ecosystem [9, 10], service ecosystem [11] or technological ecosystem [12, 13],
among others, to talk about a set of software components that are related to each other in some way to give rise to more complex
systems. Each term has different shades. Specifically, the authors of this work use the term “technological ecosystem” to highlight the
evolutionary characteristics and the human factor as part of the ecosystem, which is composed by heterogeneous software components
without a central platform or element.

There is a need to improve the definition and development of technological ecosystems in order to solve the main problems detected
in previous studies [12, 14]. To reach this goal, it is required to identify and analyse the solutions available in the literature in the field of
software engineering applied to ecosystems.

The systematic literature review (SLR), a methodology proposed by [15], provides the guidelines to identify and analyse the literature
associated with a specific topic. The first activity defined by this methodology is the identification of the need for a review. Before
planning and conducting an SLR about solutions of software engineering for defining and developing software ecosystems, it is required
to identify if there are other SLR in the literature with the same objective. To do this, an SLR focused on systematic literature reviews
and mapping studies about software ecosystems was conducted.

This work aims to describe the mapping conducted to complement the systematic literature review about SLR of software
ecosystems.



The paper is divided into five sections. The first part describes the planning phase of the mapping study. The second part presents the
data extraction process. The third part answers the mapping questions. The fourth part analyses the results. Finally, the last part
summarizes the main conclusions of this work.

2 RESEARCH METHOD

This research is based on the guidelines provided by Kitchenham and Charters [15] for systematic literature reviews and the guidelines
provided by Petersen [16, 17] for mapping studies. In particular, the process is organized in three main phases: planning, conducting and
reporting the study.

2.1 Research questions
The overall research objective of this study is to find and analyse the systematic literature reviews and mappings about software
ecosystems. In particular, the systematic mapping aims to answer the following questions:
e  MOQI1. How many studies were published over the years?
e  MQ2. Who are the most active authors in the area?
e  MOQ3 What type of papers are published?
e MOQ4. In which sources appear this kind of studies?
e  MQ5. Which are the most common databases used in this kind of studies?
e MQ6. Which search terms are used to define the search string in this kind of studies?
e  MQ7. In which domains are the studies focused?
e MQ8. Which years cover the review and mapping studies?
e MQ9. What type of review are published?
Then, the PICOC method proposed by Petticrew and Roberts [18] was used to,défine. the scope of the review:
e  Population (P): systematic literature reviews and mappings.
e Intervention (I): conduct a systematic literature review about software ‘architecture and model driven engineering in technological
ecosystems.
e  Comparison (C): no comparison.
e Outputs (O): the systematic reviews and mappings about technological ecosystems.
e  Context (C): contexts related to technological and seftware ecosystems.

2.2 Inclusion and exclusion criteria

A set of inclusion and exclusion criteria-was defined¢to select those works that are relevant to answer the defined research questions.
Specifically, five inclusion criteria (CI) and the corresponding five exclusion criteria (EC) was defined:

e IC1: The paper describes a literature review or mapping focused on software or technological ecosystems AND

e IC2: The presented literature review of mapping follows a systematic process AND

e IC3: The paper is written in English AND

e IC4: The paper is published in peer review journals, books, conferences or workshops AND

IC5: The full version of the paper is available through the authors’ institution or through an authors' membership to an association.
Regarding the exclusion criteria:

o EC1: The paper does not describe a literature review or mapping focused on software or technological ecosystems OR

o EC2: The presented literature review or mapping does not follow a systematic process OR

o EC3: The paper is not written in English OR

o EC4: The paper is not published in peer review journals, books, conferences or workshops OR

o EC5: The full version of the paper is not available through the authors’ institution or an authors' membership to an association.

2.3 Search strategy

First, the selected sources to search are four electronic databases: Scopus, Web of Science (WoS), IEEE Xplorer and ACM Digital Library.
These databases were chosen according to a set of requirements:

e Itis a reference database in the research scope.

e Itisarelevant database in the research area in this mapping study.

e It allows using a search string equal or similar to the rest of the selected databases.

e It is a database available through the authors’ institution or an authors’ membership to an association.



Regarding the search terms, they were identified from the PICOC and the synonymous or alternatives used in the literature to talk
about systematic reviews and technological ecosystems.

In particular, the chosen search terms related to ecosystems are: technological ecosystem, software ecosystem, SECO, information
ecosystem, ERP ecosystem, open ecosystem, learning ecosystem.

On the other hand, the terms related to systematic literature reviews are: SLR, Systematic Literature Review, systematic mapping,
literature review.

2.4 Search strings

The search strings for each chosen source were defined from the search terms connected by boolean AND / OR operators. Moreover, the
wildcard (*) was used in Scopus and WoS to include both singular and plural of each term.

No restrictions about time were applied in the search. Namely, the results were not limited by publication year of the papers.
Regarding the thematic areas or categories, some restrictions were applied in WoS and Scopus to avoid papers related to biological
ecosystems. In particular, the “VETERINARY SCIENCES” and “AGRICULTURE DAIRY ANIMAL SCIENCE” categories were excluded in
WoS and the “Agricultural and Biological Sciences” and “Social Sciences” thematic areas in Scopus. Regarding the document types, only
papers in conferences, articles in journals, book chapters and reviews were included.

The chosen terms were searched in the title, the keywords and the abstract of the papers. The base query was the following:

(“technological ecosystem®” OR “software ecosystem*” OR SECO OR “information ecosystem*” OR “ERP ecosystem*” OR “open
ecosystem™” or “learning ecosystem*”) AND (SLR OR “Systematic Literature Review” OR “systematic mapping” OR “literature review”)

The search strings per each chosen electronic database are as follow:

K  WoS:

TS=((“technological ecosystem™” OR “software ecosystem™” OR SECO OR “informationecosystem™” OR “ERP ecosystem™” OR ‘open

ecosystem™” or “learning ecosystem™”) AND (SLR OR “Systematic Literature Review” OR\'systematic mapping” OR “literature review”))

e  Scopus:
TITLE-ABS-KEY ( “technological ecosystem™” OR “software ecosystem™” OR seco OR “information ecosystem™” OR “ERP ecosystem™ OR

“open ecosystem™” OR “learning ecosystem™”) AND TITLE-ABSKEY ( slr" OR “Systematic Literature Review” OR ‘“systematic mapping”
OR ‘literature review”) AND ( LIMIT-TO ( DOCTYPE, ‘“cp’) OR LIMIT-TO ( DOCTYPE, “ar”) OR LIMIT-TO ( DOCTYPE, “ch”) OR
LIMIT-TO ( DOCTYPE, ‘re”)) AND ( EXCLUDE ( SUBJAREA, ¥AGRI”) OR EXCLUDE ( SUBJAREA, “MEDI”) OR EXCLUDE (
SUBJAREA, “SOCI) }AND\( LIMIT-TO (LANGUAGE , “English”))

e IEEE Xplorer: :
(“technological ecosystem” OR “software ecosystem” OR SECO OR “information ecosystem” OR “ERP ecosystem” OR “open ecosystem” or

“learning ecosystem”) AND (SLR OR:“Systematic Literature Review” OR “systematic mapping” OR ‘literature review”)

e  ACM Digital Library:
((acmdITitle: (“technological ecosystem” OR “software ecosystem” OR SECO OR “information ecosystem” OR “ERP ecosystem” OR “open

ecosystem” OR “learning ecosystem”) OR recordAbstract: (“technological ecosystem” OR “software ecosystem” OR SECO OR “information
ecosystem” OR “ERP ecosystem” OR “open ecosystem” OR “learning ecosystem”)) AND (acmdlTitle: (SLR OR “Systematic Literature Review”
OR “systematic mapping” OR “literature review”) OR recordAbstract: (SLR OR “Systematic Literature Review” OR “systematic mapping” OR

“literature review”)))

3 DATA EXTRACTION

The data extraction process is an iterative and incremental process that was divided into several stages in which different activities are
carried out. To describe the process, a PRISMA flow [19] (Figure 1) is used.

First, the results obtained after applying the search strings were identified. For this, the results were downloaded in CSV (comma-
separated values) format, stored in a repository in GitHub [20] and organized in a spreadsheet in Google Sheets (http://bit.ly/2yz5n3Y).
The spreadsheet is configured to automatically detect duplicate titles in order to facilitate their search and removal. Also, each paper was
marked in what sources is present.



Secondly, the title, the abstract and the keywords of each paper were analysed, and the inclusion and exclusion criteria were applied.
The papers were organized in another sheet of the spreadsheet, and each paper was marked as a candidate or not depending on the
inclusion and exclusion criteria (http://bit.ly/2MJRvqu).

Finally, each candidate paper was fully read to decide if it fulfils a set of characteristics or quality criteria. During this analysis, the
following questions were answered:

e  Conduct a literature mapping?

e  Conduct a literature review?

e  Which is the domain?

e What aspects of the technological ecosystems analyse?
e  Which are the research questions?

e  Which years cover?

e  What are the sources used?

e  Which search terms are used?

After the full reading of the works, other relevant papers were identified. Concretely, one paper, which was also read in depth to
answer the questions described above. All the information was organized in a third sheet of the spreadsheet (http://bit.ly/2K3D0vP).
Table 1 shows the correspondence between the collected variables and the mapping questions.

Table 1. Relationship between collected variables and mapping questions
Variable Value Question

Mapping Logical field to indicate that MQ9
the study conducts a mapping

Review Logical field to indicate that MQ9
the study conducts a review Va
Domain Domain or domains on which MQ’J/
the study is focused / \ .
ya \\\ )
Period Range of years in which t /“ MQ8’

chosen studies were publishe \

\
Databases Electronic da abasest\K%b\\t/o | MQ5

N

Search terms Words used to define the MQ6

conduct the stu

search query

Authors Set of names of the authors MQ2

Year Publication year MOQ1

Type of One of the following values: MQ3
publication article, book, chapter and

conference paper.

Present in WoS  Logical field to indicate if the MQ4

paper appears in this database

Present in Scopus  Logical field to indicate if the MQ4



paper appears in this database

Present in [EEE  Logical field to indicate if the MQ4
Xplorer paper appears in this database

Presentin ACM  Logical field to indicate if the MQ4
Digital Library ~ paper appears in this database

Scopus WoS | IEEE | | AcM
(n=23) (n=16) (n=7) ' (n=16)

N v

Records identified through
database searching
(n=62)

!

Identification

'é“ Records after duplicates removed y Records excluded
c (n=43) s (n=19)
2
(v]
(%]
v
Records after agplyin.gin_clusion ) \ Records excluded
and exclusion criteria_ > RS
(n=31)
(n=12)

\ £

Eligibility

Studies included in quantitative synthesis
(n=12)

SLR about eosystems (n = 13)

— ;

AR
Q%\%y. PRISMA flow. Adapted from [19]

The results obtained after carrying out this precess are described through a PRISMA flow [19] (Figure 1):

. After applying the search strings in each source, 62 papers were collected, of which 23 are from Scopus, 16 from WoS, 7 from

IEEE Xplorer and 16 from ACM Digital Library.

. After removing duplicates, there are 43 papers.
. Once the criteria were applied to title, abstract and keywords, there are 12 papers (27.9% of the unique papers retrieved).
. One paper was added after reading the selected ones.

J Finally, a total of 13 papers were analysed (30.23% of the unique papers retrieved).

4 SYSTEMATIC MAPPING RESULTS

This section presents the data obtained after the data extraction process and the analysis of the selected papers. A Jupyter notebook
(http://jupyter.org) in Python was created as technical support of this process [20]. The notebook connects to the spreadsheet in Google
Sheets (http://bit.ly/2K3D0vP) and processes the data. The notebook is based on the work developed by Cruz-Benito http://bit.ly/2tS9JgF.



4.1 MQ1. How many studies were published over the years?

To answer the first mapping question, the number of selected papers per year were counted. The results cover from 2011 to 2018. The
last update of the revision was made in March 2018. Figure 2 shows visually the distribution of papers per year.
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Figure 2. Graph with the number of\publications per year
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4.2 MQ2. Who are the most active authors in the ea‘./

The second mapping question is focused on the authors of the selected works. The number of works published by each author was
counted to answer this question. Although is not typical“that an author publishes several systematic reviews or mappings about the
d

same topic, some authors have conducted more than one articular, Manikas appears in three works [2, 21, 22] and Alves [23,

24] and Andersson [25, 26] appear in two work authors appear only once in the context of this mapping study. Table 2
shows the complete list of authors and the number pers in which appear.

matic literature reviews and mapping studies about SECO

Table 2. Authors' name %\):y,st

Manikas, K v 3

Alves, C.; Andersson, J 2
Ameller, D; Axelsson, J; Barbosa, O.; Costal, D; Dias-Neto, AC; Duc, A.N.; Dyb4, T.; Fiedler, M; Fontao, AD; Fotrousi, F; Franch, 1
X; Franco-Bedoya, O; Fricker, SA; Gao, S.; Hansen, KM; Hanssen, G.; Hyrynsalmi, S; Jansen, S.; Jarvi, A; Le-Gall, F; Nokkala, T;
Oliveira, J.; Papatheocharous, E; Pettersson, O; Seppanen, M; Sindre, G.; Suominen, A; Vegendla, A.; dos Santos, RP

4.3 MQ3. What type of papers are published?

According to the inclusion and exclusion criteria, only papers that were involved in a peer review process to be published, either in
journals, conferences, books or workshops, are included.

Each electronic database provides metadata of each paper, the type of publication is part of this information. The nomenclature used
was unified in order to have a clear answer to the present mapping question. In particular, the type “Proceedings Paper” used in WoS
were replaced by the term used in Scopus, “Conference Paper”.



Table 3. Papers group by type of publication

Type Total Papers

Article 4 [2] [22] [27] [28]

Conference paper 9 [23] [29] [30] [31] [32] [26] [21] [25]
[24]

4.4 MQ4. In which sources appear this kind of studies?

This question allows to determine which of the four electronic databases chosen to conduct this study has the largest number of works
among those selected.

Table 4 shows in which database is available the final works after conducting the search protocol. All papers are available on Scopus
and most of them on WoS (9 papers). Only one final paper is available on IEEE Xplorer, and no final work is available on ACM.

Table 4. Papers group by electronic database

Type Total Papers
WosS . E]s][zz] [27] [30] [31] [32] [26] [21]

(2] [22] [27] [28] [23] [29] [30] [31]
[32] [26] [21] [25] [24]

IEEE Xplorer 1 [31]

ACM Digital \
. 0

Library

4.5 MQ5. Which are the most common databases used ‘in this

The first phase of a systematic literature review is focused on planhing the study and defining the search protocol. The selection of the
sources in which the study is conducted affects to the records ¢ ted. ‘This mapping question aims to know which are the electronic
databases chosen as sources in the reviews and mappings related to technological ecosystems (Figure 3).

The main sources are IEEE Xplorer that is used in 12, wed by ACM Digital Library and ScienceDirect that appears in 11
ex, that are available through Engineering Village which is used in 2
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Figure 3. Graph with the number of papers that use each source



4.6 MQ6. Which search terms are used to define the search string in this kind of studies?

Regarding the search terms, the most common term is “software ecosystem” which appears in 11 papers. The plural version appears in
conjunction with the singular version only in 5 papers. The term “software supply network” is used by 3 papers as a way to identify
software ecosystems. There are three terms that appear only in 2 papers — “business model”, “ecosystem” and “significance”. The other
terms appear only once in the context of this mapping study. Concerning the “technological ecosystem” term is not used in any of these
papers. Table 5 shows the complete list of search terms and the number of papers that use them.

Table 5. Number of papers which use each search terms

software ecosystem 11
software ecosystems 5
software supply network 3
business model 2
ecosystem 2
significance 2
1

FLOSS; FOSS; 1S042010; OSS; academic community; activity; advantage; advantages; analy™; analytic; android; app; apple;
application; applications; apps; area; areas; attribute; blackberry; businessmodel; challenge; challenges; characteristic; cloud
ecosystem; cloud supply network; communic* ecosystem; communic* supply network; consequence; consequences; digital
ecosystem; digital supply network; discipline; disciplines; document; documentations.documenting; eco system; eco-system;
elicit*; embedded; embedded software; embedded system; field; free software; ganie; games; google; health; ict ecosystem; ict
supply network; implication; implications; indicator; industry; innovation system;)ios; key characteristic; kpi; libre software;
limitation; limitations; maintainability; manag*; market; marketplace; measure; anetric; microsoft; mobile; mobile ecosystem;
mobile supply network; model; model*; modeling; negotiate; nokia; non-functional\requirement; open innovation; open source;
open-source; opensource; performance; platform ecosystem; product development; product line; product-line; productline;
quality attribute; reliability; requirement; restriction; restrictionsyrewardy safety; security; service ecosystem; service supply
network; software development; software engineering; software ‘intensive ecosystem; software intensive supply network;
software quality; software supply Industry; software supply industry; software vendor; software vendors; specif’; strategic
innovation; subject area; subject field; success factor; systems engineering; telecom® ecosystem; telecom® supply network
testability; third party; third-party; usability; valid*; verif*; view; viewpoint; windows

4.7 MQ7. In which domains are the studies focused?

The systematic literature review or mappings are focused on a specific domain to analyse its state of the art, but each domain can have
several subdomains or associated domains. Although\all the selected studies belong to the software ecosystems domain, some studies are
focused on a particular aspect or subdomain of\seftware ecosystems (Figure 4).

Most of the papers are focused on software ecosystems in general (9). The others are focused on a particular type of software
ecosystem according to two dimensions, license -/0Open source and proprietary - and device — embedded and mobile -. In particular,
regarding the license, 1 paper about open source software ecosystems and 1 paper about proprietary software ecosystems; and regarding
the device, 1 paper about embedded ecosystems and 1 paper about mobile software ecosystems.
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Figure 4. Graph with the number of papers per domain
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4.8 MQ8. Which years cover the review and mapping studies?
Another point of study in this work is the analysis of the period covering that the different studies cover. Figure 5 provides an overview
of the different periods; the x-axis represents the publication year of the oldest paper, and the y-axis represents the publication year of
the newest paper obtained after applying the search protocol in-each of the studies.
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Figure 5. Distribution of time periods covered by each study

4.9 MQ9. What type of review are published?

Finally, there are two types of studies, systematic literature review and systematic mapping studies. Also, it is possible to conduct both
studies together. Namely, some works combine research questions with mapping questions. There are more mapping studies (7 papers)
among the selected papers than systematic reviews (4 papers). Moreover, 2 papers conduct both studies. Table 5 shows the classification
of papers according to the type of the study conducted.



Table 5. Papers classified by type of study

Papers Type

[29] [24] [32] [21] Review
[27] [25] [31] [26] [30] [28] [23] Mapping
(2] [22] Review and mapping

5 DISCUSSION

There are 13 selected papers about systematic literature reviews and/or mapping studies about software ecosystems, but each study is
focused on different aspects of this kind of solutions (Table 6). For more details, a summary of the main findings of each study is
available in [33].

Table 6. Overview of selected studies

Paper What aspects of the technological ecosystems are
analysed?

[23] First systematic mapping about software ecos
identifies the characteristics and a set of limitati
challenges of software ecosystems. -

[29] It describes the theoretical founda on tware
ecosystems.

[2] Systematic  literature reV1e 01R\ software
ecosystems. It analyses t olutions to
improve software ecosystem

[30] It analyses the Key erform Indicators (KPI). It
identifies the goals of'softw ecosystems in which the
KPI are applied /

ems. It
s and

[32] Systematic revie octﬁed on the concept of
"ecosystem’ hea ", ich refers to a set of key
1nd1cat emg, longevity and performance of
the ftwa e €co

[26

}Qs a mapping of the literature focused on
dlfferet pects of ecosystems, product lines and

\sqs{r‘ate/gi innovations in the development of embedded
are

and systems products.
1] @T provides an overview of mobile software ecosystems
(MSECO). They identify their main characteristics and
determine the common areas that are investigated in
the literature.

[25] Systematic mapping about how software ecosystems
are described and documented.

[22] This work is a revisiting of [2].

[21] It performs an analysis of proprietary software
ecosystems using the publications identified in the
previous SLR.

[27] Systematic mapping study about open source software
ecosystems focused on what they are and how they are
modelled.

[24] It focuses on a particular aspect of software ecosystems,
the governance mechanisms of this type of
technological solutions.

[28] It performs a systematic mapping on requirements
engineering in software ecosystems.



Regarding the different domains in which each study is framed, there are two studies provide a general view about the state of
research in SECO, a systematic mapping carried out by Barbosa and Alves in 2011 [23], and an SLR conducted by Manikas and Hansen in
2013 [2] and update in 2016 [22]. There is a third work in 2012 about the theoretical foundations of software ecosystems [29], but it is a
short paper published in a conference and does not provide a full overview.

Also, there are 4 papers [21, 26, 27, 31] focused on the state of research, but in a particular subdomain of SECO. These papers analyse
the characteristics and the state of the art of a specific type of SECO (open source, proprietary, mobile and embedded).

Finally, there are 5 studies that go in depth in a particular characteristic or technique related to software ecosystems: 1 paper about
requirements engineering [28]; 1 paper that analyses the governance mechanisms in SECO [24]; 1 paper focused on key performance
indicators (KPIs) [30]; 1 paper about “ecosystem health” which refers to a set of key indicators of well-being, longevity and performance
of a SECO [32]; and 1 paper about how to document or describe SECOs [25].

The results of this mapping study confirm the statement of Manikas [2], the research in software ecosystems is in its infancy. The
distribution of dots in Figure 5 shows the period in which the field of software ecosystems is gaining in importance among the published
research. Most of the studies analyse papers published during the last two decades. This is understandable because of the first
publication in which appear the software ecosystem concept was in 2005 by Messerschmitt and Szyperski [3]. Moreover, most of the
analysed systematic literature reviews and mappings were published during the last four years (Figure 2).

Highlight that all studies are focused on software ecosystems, they put other concepts aside such as digital ecosystems or
technological ecosystems. Although some studies include these concepts in their search terms, 11 papers (84.62% of the final papers
selected) use the software ecosystem term. Furthermore, 4 papers only use software ecosystem term (singular or plural) to build the
search string, mainly the studies conducted by Manikas [2, 21, 22].

6 CONCLUSIONS

There are several works in the literature that describe a systematic literature review ora mapping study related to software ecosystems.
Some studies provide a full overview of this kind of solutions and others delve into’specific aspects, but some aspects still need attention.
In particular, some studies classify the different approaches to develop software ecosystems, such as architectural patterns or
metamodels, but there is no a systematic review focused on this software”architectures and model-driven engineering in software
ecosystems.

Regarding technological ecosystems, although this concept is framed in the field of software ecosystems, it presents different shades
that need solutions focused on the evolution of the ecosystem [12, 13, 34] and the inclusion of the human factor at the same level of
software components [35], but all analysed studies are focused-on software ecosystems.

This work provides a base to identify gaps and resedrch opportunities in the area of software ecosystems. It provides a global state of
the art through validated studies, taking as reference,points the systematic review conducted by Manikas [2, 22] and the systematic
mapping by Barbosa and Alves [53].

Finally, the analysis of the different studies lays the groundwork for conducting a systematic literature review focused on solutions in
the field of software engineering applied to software ecosystems, with special emphasis on technological ecosystems.
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