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Abstract
Software organizations that maintain mobile platforms (e.g. Apple, Google, andMicrosoft) open their infrastructure to attract and engage
external developers to meet the demands of users. This scenario has been investigated as Mobile Software Ecosystem (MSECO). In
MSECO, an organization provides content reuse repositories where users can search, download and evaluate apps, or where developers
can get support materials. Such repositories are commonly inspired by reuse mechanisms and help an organization to control and evolve
the whole ecosystem to keep it vibrant. In this scenario, it is important to understand how to govern MSECO as well as how reuse
mechanisms can support this goal. As such, we investigated governance strategies that emerge from content reuse repositories based on
four steps: (1) designing a governance process; (2) performing an initial evaluation of this process with managers who are experts in the
main existingMSECO (Apple, Google, Nokia,Microsoft, and Samsung); (3) interviewing 18MSECOmanagers to collect opinion about
the process; and (4) conducting an exploratory analysis of the MSECO reuse repositories’ structure based on the proposed governance
process. Three types of content reuse repositories (Apps’ Store, Developer’s Central, andApps’Management) were analyzed. As a result,
this research allowed us to define a governance process from a repository perspective containing 11 activities.
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1 Introduction

The new software development model based on mobile plat-
form has affected the way organizations deliver their products
and services and how they manage resources for market ex-
pansion. In other words, the increasing advance of mobile
technology based on Bapps^ has fostered the mobile device
market, where large companies such as Apple, Google and
Microsoft promote actions for leveraging applications devel-
opment. In this scenario, external developers are a key

resource for organizations that want to meet user demands
(Santos and Werner 2012). It comprises the following dimen-
sions: technical (software development process), social (inter-
action between organization and developers), and business
(balance between organization’s goals and developers’ expec-
tations). In the mobile platform context, it is known as a
Mobile Software Ecosystem (MSECO). MSECO is a cooper-
ative evolutionary system – similar to biological ecosystem –
that comprises several elements, for example: common tech-
nological platform (or just platform), mobile applications, mo-
bile application store, evangelists, users, keystone or central
organization, and external developers (Fontão et al. 2015).
MSECO context allows an organization to play in the mobile
industry with use of API, code reuse, market analysis, and
tools (Fontão et al. 2015b).

In a specific MSECO, external developers exchange ideas
and support community portals through some social mecha-
nisms. They also collaborate with a keystone (whomaintains a
technological platform) since they produce mobile applica-
tions or any other artifact (e.g. code snippets and wiki articles)
to support mobile application development and evolution
(Fagerholm et al. 2015). Developers also can reuse artifacts
available within the MSECO. For example, a developer who
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needs to build a similar feature in his/her mobile application
can reuse a code template. As such, a sample project can be
the starting point for a new mobile application, e.g. projects
available at the official website of a specific MSECO such as
Android Developers.1 Based on this mindset, some authors
argue that MSECO is an evolution of software reuse (Bosch
2009) (McGregor 2010)(Santos and Werner 2011). Software
reuse, i.e. Bthe use of existing engineering knowledge and
artifacts to build new software systems^ (Frakes and Fox
1996), is considered a key element to delivery high quality
software in time and on budget over the entire software devel-
opment, maintenance, and evolution lifecycle. In MSECO,
software reuse explores the social dimension: developer com-
munities produce mobile applications from existing artifacts
and then reuse and mature existing knowledge based on inter-
actions and content sharing via MSECO portals.

Since artifacts can be reused in MSECO, they should meet
some platform quality criteria to keep the ecosystem vibrant.
To do so, content reuse repositories can support apps’ search,
download and evaluation, and help developers get MSECO
materials. Such repositories attract developers/users and con-
tribute to the ecosystem resilience and productivity (Martin et
al. 2017). For this reason, MSECO organizations provide gov-
ernance strategies driven by content reuse repositories to sup-
port mobile application development and management, in-
cluding learning resources and project hosting (Genc-Nayebi
and Abran 2017). Examples of governance strategies involve
guidelines, values, practices, and standards. In this scenario,
interactions between MSECO elements and repositories in-
crease complexity in coordinating and maintaining a specific
MSECO through governance strategies towards a vibrant eco-
system. When an organization in an ecosystem is defining
governance strategies, management commitment is a key en-
abler for any reuse program (Santos et al. 2017). This com-
mitment supports reuse processes (Stol and Fitzgerald 2015)
and affects organizational change. As such, in-depth studies
on approaches to support external developer activities in mo-
bile application design, development and analysis are re-
quired. Such studies should address artifacts management
based on content reuse and architecture opening mechanisms
for those participants (Fontao et al. 2015b).

In this work, we investigated MSECO governance strate-
gies that emerge from content reuse repositories. To do so, we
designed and analyzed a governance process and evaluated it
with managers who work(ed) in the main MSECO organiza-
tions (i.e. Apple, Google, Microsoft, Nokia, and Samsung) to
identify the main governance activities, artifacts, and roles.
Next, we performed interviews with 18 experienced managers
to refine the governance process. Then, we analyzed the main
MSECO reuse repositories identified in our studies (Apps’
Store, Developer’ Central, and Apps’ Management) to

understand how reuse mechanisms and governance strategies
have supported keystone and external developers to contribute
to MSECO expansion.

This paper is organized as follows. Section 2 presents the
background regarding MSECO and governance. Related
work is discussed in Section 3. Section 4 presents the pro-
posed MSECO governance process as well as a study with
experts that allowed us to refine it. Section 5 presents a study
with experienced managers to evaluate the proposed MSECO
governance process. Then, Section 6 presents a study with
researchers to explore content reuse repositories as an instru-
ment to adapt governance strategies to keep the MSECO vi-
brant as well as to attract developers/users. Finally, Section 7
concludes the paper and points out future work.

2 Background

In this section, we discuss the main concepts regarding soft-
ware ecosystems, mobile software ecosystem, and ecosystem
governance.

2.1 Mobile Software Ecosystem (MSECO)

Relationships among components, infrastructures and ser-
vices developed by large companies and external developers
have changed software development mindset from a single
product to a large ecosystem platform. In this scenario, soft-
ware products’ suppliers and consumers create components
such as applications, extensions and plug-ins in a collabora-
tive way to generate value (Jansen and Cusumano 2012)
(Valença and Alves 2017). As a consequence, new business
models have emerged in software engineering to: redefine
roles and patterns of collaboration and innovation; support
complex networks of organizations or communities; and cope
with ecosystem platform engineering and management
(Hanssen 2012) (Manikas 2016). In this context, a software
ecosystem can be defined as a collection of software products
that have a certain degree of symbiotic relationship
(Messerschmitt and Szyperski 2003). The main elements are
described by Jansen et al. (2013):

& Keystone: organization that provides a technological plat-
form, sets standards and practices, and increases the value
through keeping a large number of contributors. A key-
stone maintains a stable and predictable set of common
assets used by external developers to build their own con-
tributions within the ecosystem; and

& Contributor: external organizations or developers who
use a keystone’s technological platform to generate
value-based software business fromwell-known standards
in a specific ecosystem. There are some roles, such as
hedger (who plays in several ecosystems to minimize1 https://developer.android.com
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risks), disciples (who recently adopted the platform and
published applications), and influencers (who change plat-
form characteristics, organize conferences and create
communities).

In order to reach a growing number of users, keystones
have sought alternatives to expand their ecosystems through
supporting new technologies and processes to ease application
development. As such, innovation processes are adopted since
integration and use of third-party contributions play an impor-
tant role in software development (Neto et al., 2017). For
example, to help users personalize and enjoy all mobile device
features, several types of applications have been developed for
different platforms (Ascate et al. 2017) (Pant and Yu 2017). In
order to maximize application production, keystones have
adopted technologies that ease user interaction to enhance
the use of several applications (Fontão et al. 2015b). Large
companies such as Google, Apple and Microsoft raise their
ecosystems from domain specific repositories – Google Play,
App Store and Windows Store, respectively.

A software ecosystem focused on mobile applications is
known as MSECO (Mobile Software Ecosystem). MSECO
consists of a cooperative evolutionary system comprising mo-
bile applications, developers and users that form complex re-
lationships and create market niches similarly to biological
ecosystems (Lin and Ye 2009) (Fontão et al. 2015). An
MSECO important element is the mobile application store,
i.e. a repository (seen as the ecosystem platform) with mech-
anisms to publish, store, search, retrieve and catalog applica-
tions. In MSECO, organizations need to add value to their
products (i.e., mobile devices and applications available in
application stores). However, these organizations can hardly
meet the entire demand of society only based on their internal
structure (Bosch 2009) (Valença and Alves 2017).

MSECO development process mainly involves developers,
their own mobile applications, and application stores (Bentley
and Lim 2012a). Other elements involved in this process are:
mobile application acceptance criteria, technological platform,
monetization strategies, marketing, user reviews, partners, re-
sources, documentation to support community activities, and
frameworks (Jansen and Cusumano 2012). Fontão et al.
(2015) present specific elements that form an MSECO:

& Platform: generic term for standard system architecture,
communication protocol, or any fundamental, shared
knowledge. A platform is a base on which several techni-
cal MSECO elements are built upon. It provides a support
for mass customization;

& Users: represent the MSECO target. They are responsible
for acquiring content from application stores and creating
new forms of interaction. They download and use mobile
applications, and provide feedback to developer. They al-
so can determine their favorite mobile application

features. The number of active users in an ecosystem re-
flects user satisfaction;

& Developer: responsible for providing MSECO ideas and
performing mobile application development to reach user
requirements. They can be an individual or an
organization;

& Community: a network of collaboration and activity coor-
dination within an ecosystem, composed by internal and
external actors. Some specific communities were identi-
fied, such as users’ community, developers’ community
and experts’ community – the latter helps developers to
extend and integrate MSECO products based on training/
mentoring services;

& Mobile Applications (apps): artifacts produced by devel-
oper(s) and acquired by users. They consist of basic soft-
ware units being grouped and categorized. A mobile ap-
plication must meet a minimum quality standard required
by an application store;

& Mobile Applications Store (app store): a distribution chan-
nel used to publish, store, search and retrieve mobile ap-
plications. It is a high competitive marketplace where de-
velopers provide software that will be used by a large
number of users; and

& Evangelist: leads trainings, lectures and development
competitions to attract and support new external devel-
opers to a specific MSECO. He/She can be part of an
experts’ community, i.e. he/she is a domain expert who
knows software development activities in a specific
ecosystem.

There are at least two repositories in an MSECO: Apps’
Store and Material Support Portal. Apps’ Stores are democrat-
ic spaces that allow users (developers) access (publish) mobile
applications over the world (Bentley and Lim 2012b). In turn,
Material Support Portals feed application development, in-
cluding platform tools, documentation, tutorials, videos, and
sample codes, and technical support by evangelists (Fontao et
al. 2015a). Developers’ communities work directly on the
mentioned repositories (Ahasanuzzaman et al. 2016) (Fontão
et al., 2017) so that the ecosystem approach can be used to
reduce development/maintenance costs (Manikas 2016). To
do so, a keystone can monitor the ecosystem to keep it bal-
anced from an interplay of all MSECO elements promoted by
governance strategies (Dhungana et al. 2010) (Alves et al.
2017).

2.2 Governance in MSECO

The governance is defined as the way an organization is man-
aged, including responsibilities and decision-making process-
es (Eckhardt et al. 2014). Governance involves assignment of
roles and decision rights, as well as measures and policies that
enable continuous assessment. Successful management and
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monitoring of ecosystem remain big challenges for software
ecosystem practitioners (Constantinou and Mens 2017). This
is partly because the software ecosystem research and practice
still lack proper management theories, tool support, and con-
solidated experience in this field (Manikas 2016).

Alves et al. (2017) define software ecosystem governance
mechanisms as managerial tools to support players in a software
ecosystem towards influencing the ecosystem health. Ecosystem
health refers to the sense that a software ecosystem is function-
ing well. Specific measurements may be introduced to get an
overview of the ecosystem status while at the same time allow
ecosystem comparison. In this scenario, there are three main
categories of governance mechanisms: Value Creation – to gen-
erate and distribute value; Coordination – to maintain
consistency/integration of activities, relationships, and structures
of the ecosystem; and Organizational Openness and Control –
to capture the tension between open and closed models.

Governing MSECO requires a slight balance of control
between platform provider and external developers (Song et
al. 2018). Moreover, a well-chosen platform provides consid-
erable competitive benefits, while a poorly-chosen one puts
them at a disadvantage. In this scenario, Valença and Alves
(2017) point out the need for understanding how platform
governance affects MSECO innovation. In other words, un-
derstanding how the implementation of specific governance
mechanisms affects the success of an ecosystem and its un-
derlying enterprise platform is an exciting problem for re-
searchers in the field (Alves et al. 2017).

Baars and Jansen (2012) state that ecosystem governance
can help a company achieve its goals, make better use of
available resources and can ultimately lead to increasing rev-
enue and lower risks. However, since it is a relatively new
field (Manikas 2016) (Mäenpää et al. 2017), many organiza-
tions do not know how to effectively manage their ecosystem,
or even how to make their ecosystem ready for a governance
strategy. Another point indicated by Schreieck et al. (2016) is
the difficulty in evaluating how data is used to govern plat-
form ecosystems in practice (and how to generalize the find-
ings). Therefore, research on ecosystem governance can help
scholars and practitioners to address a topic that is highly
relevant in practice (Axelsson and Skoglund 2016).

Finally, proper formalization for ecosystem governance is
lacking. There are several challenges to overcome in the per-
spective of ecosystem-driven organizations (Manikas 2016),
e.g. developers’ attraction and engagement. There is also a
need for a common vocabulary in ecosystem governance,
practical guidance, and developer governance strategies.

3 Related Work

Regarding information needs in ecosystems, Haenni et al.
(2013) investigated the nature of information needs from the

perspective of software developers who work in larger eco-
systems’ projects. To do so, the authors interviewed several
developers. Results showed that developers want to know:
how their code fits to the ecosystem platform; statistics about
the use of their software; how to subscribe to a mailing list to
keep up-to-date with a given issue; how to access source code
repositories; and how to use social media tools to visualize
and publish news about their projects. Developers also
claimed for available public support, documentation, real sam-
ple code, and APIs. However, the authors do not mention how
should be the design and availability of the artifacts that will
be consumed and extended by external developers.

Wareham et al. (2014) identified three constituent tensions
of the stability-evolvability equilibrium in ecosystems that
should be managed: standard-variety, control-autonomy, and
collective-individual. The authors also analyzed software eco-
system governance to accommodate such tensions based on
increasing and decreasing variance simultaneously within
(and between) different tensions and constituents. The ecosys-
tem governance can be designed to harness tensions as en-
abling forces that serve the overall platform’s needs.
However, the authors did not analyze the major roles involved
in an ecosystem governance process and how these actors can
work to keep the ecosystem healthy.

Manikas et al. (2015) argue that decisions related to gov-
ernance can influence the ecosystem health and can result in
fostering the success or greatly contributing to the ecosystem
failure. Based on existing literature of software ecosystem
governance and IT governance, the authors proposed the de-
composition of software ecosystem governance into three ac-
tivities: input or data collection (e.g. measures, information
sources), decision making (e.g. data processing, scenario in-
terpretation, alternative actions and their impact), and applied
actions. Five decision areas (Principles, Actor Interaction,
Software Interaction, Platform and Ecosystem Business, and
Products) were identified as well as also four archetypes
(Monarchy, Collective, Federal, and Anarchy) describing the
way decisions are taken for each situation. Despite the work
on understanding how governance can influence a healthy
ecosystem, the authors did not explore the structure of internal
repositories in the data collection activity.

Sadi et al. (2015) proposed a generic approach built upon
Android and iOS ecosystems to: identify types of developers,
analyze technical and non-technical requirements for collabo-
rations; and derive alternative solutions for designing an ap-
propriate collaboration. The authors found out that Android
developers choose an open-source platform to cultivate intrin-
sic motivations, such as skills development and reputation
enhancement. Regarding iOS developers, financial gain is
the main requirement to sustain a collaborative relationship
between developers and Apple. This study focuses on devel-
opers’ objectives and decision criteria but does not provide
specific guidance on how these activities can be performed.
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To demonstrate the feasibility of the proposed guidelines, ex-
perimentation in real case studies is required.

Manikas et al. (2016) focused on the creation of ecosys-
tems and proposed a process for designing, developing, and
establishing software ecosystems based on three basic steps
and a set of related activities. The authors observed that eco-
systems typically emerge from either a company deciding to
allow development on their product platform or from a suc-
cessful open source project. Their approach was demonstrated
in two case studies in which ecosystems can emerge from
more than one technological infrastructure (ecosystem plat-
form). Despite the analysis, this paper does not adequately
discuss software ecosystem governance, being useful to sum-
marize different ecosystems’ characteristics and scopes.

Based on the above studies and literature reviews on soft-
ware ecosystems (Barbosa et al. 2013) (Axelsson and
Skoglund 2016) (Manikas 2016) (Franco-Bedoya et al.
2017), MSECO (Fontão et al. 2015) and ecosystem gover-
nance (Alves et al. 2017), there is no governance approach
from the perspective of repositories, either internal to an
MSECO (e.g. Apps’ Stores and Material Support Portals)
and external to MSECO (e.g., GitHub and Stack Overflow).
On the other hand, a discussion on which artifacts are most
relevant from the organizational point of view and in which
repositories the artifacts should be made available is per-
formed in our study. Based on this critical gap, in the next
section we present research steps to investigate how gover-
nance takes place in MSECO from the perspective of
repositories.

4 MSECO Governance Approach

For the definition of the governance approach from the per-
spective of repositories, we applied the research methodology
shown in Fig. 1. It started with the execution of a literature
study to ground a body of knowledge for the extraction of
activities related to MSECO governance and definition of
our proposed approach. Next, we performed a peer review
study with 2 experienced MSECO managers to revise the
proposed approach. Finally, we conducted a cycle of inter-
views with 18 managers to evaluate the approach.

4.1 Analyzing MSECO Governance Process

In order to support governance strategies from content reuse
repositories, we proposed an initial version of an MSECO
governance process based on the knowledge body and peer
reviewwith twomanagers as described in Fig. 1. TheMSECO
governance process was grounded in a systematic mapping
study previously conducted and published in (Fontão et al.
2015). The objective of this process is to prepare, manage
and coordinate someMSECO elements – i.e. developer, evan-
gelist and mobile application – and its relationships (Fontão et
al., 2016). It also seeks to provide application development
guidelines to keep the ecosystem vibrant. From this body of
knowledge, the process was proposed with eight activities:
Specify the Platform, Define MSECO Guidelines, Provide
Interface Guidelines, Provide Development Tools, Provide
App Management Site, Define App Certification Criteria,
Create Incentive Policies, and Provide Apps’ Repository.
Since such activities were revised through a peer review study,
we will detail them later after presenting the revised MSECO
governance process later.

In turn, a peer review with MSECO managers was per-
formed to analyze the proposed governance process. It includ-
ed an evaluation on how governance strategies have been held
by repositories of mobile applications, projects and supporting
material, from the perspective of professionals from real eco-
system platforms with experience in MSECO management.
The set of questions for the peer review study were defined
as follows: 1) A description of the activity X was defined
correctly and described clearly in the MSECO governance
process; 2) The following activity is consistent; 3) The partic-
ipants of the activity X are correct; 4) The names of the arti-
facts involved in activity X are clear; 5) All consumed and
produced artifacts are consistent with activity X; 6) Activity
X belongs to a governance process; and 7) Is activity X useful?

Initially, characterization forms were prepared to better de-
fine the experience of each participant, labeled as KT1 and
KT2 (Table 1). The participants with the professional experi-
ence related to MSECO management were identified from
LinkedIn. We created two documents to support the evalua-
tion: 1) Review Document – contains the sequence of activi-
ties, descriptions and artifacts for the participant check if the

Fig. 1 Research methodology
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activities are (a) part of a common mobile application devel-
opment, (b) useful, and (c) have detailed descriptions; and 2)
ReviewWorksheet – aims to support the participant during the
evaluation procedure.

In the analysis of BDefine MSECO Guidelines^ activity,
KT1 mentioned that it is missing at least one review step
performed by an organizational technology strategy team.
For BCreate Incentive Policies^, KT1 mentioned that this ac-
tivity could be disregarded even being observed in the three
main MSECO (Android, iOS and Windows). On the other
hand, KT2 pointed out that BSpecify the Platform^ should
clearly request the specification of technologies and tools.
KT2 also included a suggestion to add an artifact containing
app store acceptance criteria in this activity. For BProvide
Interface Guidelines^, KT2 missed an explicit list of some
‘reference’ mobile applications (good cases).

In the activity BProvide Development Tools^, KT2 sug-
gested that UX (User Experience) team should be in-
volved in related tasks. KT2 also mentioned that mobile
application models to support those who will use the tool
shou ld be p rov ided . Rega rd ing BProv ide App
Management Site^, KT2 indicated that this activity shares
goals with BProvide Apps’ Repository ,̂ except the fact
that the site where a mobile application undergoes is not
the Apps’ Store repository where someone can purchase it
(KT1 suggested the inclusion of marketing team as a re-
lated role). Finally, KT2 suggested that BCreate Incentive

Policies^ should be carried out before BDefine MSECO
Guidelines^ since incentive policies can only be set from
MSECO guidelines. The inclusion of the marketing team
as a role in BCreate Incentive Policies^ has also been
suggested by KT1.

As observed in the interviews, MSECO governance
activities focus on the ecosystem health too. As such, they
support reuse mechanisms based on MSECO repositories
towards reaching the keystone’s goals and ecosystem evo-
lution. Activities also involve some keystone’s teams to
produce related artifacts: software development, design,
product marketing, marketing developers, legal, product
validation, evangelists, and operating system develop-
ment. Activities related to the definition of strategies
aim to support MSECO operation and reuse, including
threats or opportunities that may affect the ecosystem.
Table 2 shows the revision of MSECO governance activ-
ities based on participants’ suggestions.

After performing the peer review study, we identified two
artifacts that can serve as reuse mechanisms (or reuse reposi-
tories), as described below:

& Developer Central: a site that allows developers submit
mobile application, as well as application edition, removal
and update. This site should allow access to applications’
reports and users’ reviews (e.g. stars and comments).
Related links to platform, tools, documents, support,

Table 1 Participants’ profile – peer review

ID MSECOs Experience Profile

KT1 Windows (Microsoft), Symbian (Nokia), Meego
(Nokia), and Android (Google).

10 years High level of experience with mobile application project
management, developer community, evangelist team,
and partners (startups and companies). They have
experience in developer marketing industry projects as
well as high expertise in mobile application marketing
and management of incentive policies.

KT2 Windows (Microsoft), Android (Google), iOS (Apple),
Symbian (Nokia), Meego (Nokia), Gear (Samsung)
and Tizen (Samsung)

5 years

Table 2 Revision of MSECO governance activities based on experts’ suggestions

Activity Revised Element Before After Specialist

Specify the Platform Role Organization Development Team. Organization Development and Technology
Strategy teams.

KT1

Define MSECO Guidelines Role Developer Marketing Team. Developer Marketing and Technology Strategy
teams.

KT1

Provide Interface Guidelines Produced Artifact Interface Guidelines. Interface Guidelines and Reference List of Apps. KT2

Provide Development Tool Role Organization Development Team. Development and User Experience Teams. KT2

Provide Development Tool Required Artifact Platform Specification and
Interface Guidelines.

Reference List of Applications, Platform
Specification, and Interface Guidelines.

KT2

Provide App Management Site Role Organization Development Team. Development and Product Marketing Teams. KT2

Define App Certification Criteria Role Organization Product Validation
Team.

Product Validation and Development Teams. KT2

Create Incentive Polices Role Evangelists and Legal Team. Evangelists, Marketing and Legal Teams. KT2
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forums, wikis, and control & publishing information are
relevant to this artifact as well; and

& Apps’ Store: an environment in which an external devel-
oper delivers his/her mobile applications; a user acquires
mobile applications; and an ecosystem promotes a demo-
cratic place for applications.

The revised version of the proposed MSECO gover-
nance process is shown in Fig. 2. Activities are the basis
for a well-functioning MSECO, and the keystone is the
element responsible for those activities. Activities also in-
volve organizational teams that may contribute to the pro-
duction and reuse of artifacts as follows: software devel-
opment, design, product marketing, marketing developers,
legal team, product validation, evangelists, and operating
system development. The documents generated at the end
form the basis of a specific MSECO (artifact: MSECO
Guidelines). Such documents are: Platform Specification,
Interface Guidelines, Marketing Guidelines, Development
Tool, Developer Central, Apps’ Store, Apps’ Store
Criteria, MSECO Guidelines, and Incentive Policies.
Based on the revised version, we conducted a set of inter-
views to evaluate the proposed MSECO governance pro-
cess (Section 4.2).

4.2 Interview with MSECO Managers

To refine the revised MSECO governance process, we con-
ducted semi-structured interviews with 18 managers with pro-
fessional experience in MSECO management identified from
LinkedIn. We contacted a total of 60 managers identified in
LinkedIn – 18 answered our survey, giving 85% of confidence
level according to the Hamburg’s formula (Hamburg 1980)
and a response rate of 30%. The applied data collection strat-
egy was ‘probability sampling’ aiming to eliminate subjectiv-
ity and obtain a sample that is both unbiased and representa-
tive of the target population. All of them had/have worked in
at least one of the following ecosystems: Blackberry, Google
Android, iOS, Symbian, watchOS, andWindows. Participants
(Table 3) also work/worked in subsidiaries of those organiza-
tions in Brazil, Canada, China, Israel, Mexico, and USA. They
had an average of 6 (±3.06) years of professional experience
in MSECO management. We obtained a total of 18 sugges-
tions to MSECO governance that guided us to refine the
proposed process. To do so, we only used answers that
indicated some comment for refinement. The suggestions
are described next, as well as the actions taken to refine the
approach. The suggestions were classified into: Process,
Activities, and Goals.

Fig. 2 MSECO Governance Process – revised version
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Regarding the process, we identified eight potential points
of refinement according to the participants’ suggestions:

& BSomehow [the process] evidences the costs and risks that
are cited, and how the approach helps mitigate this.^
[P01]

Action: We agree with the participant, because there are
software projects that present a set of uncertainties (in
different degrees) that can cause problems within an
MSECO. To do so, we added the production of an artifact
called BRisk Management Plan^ in all activities. This
artifact consists of risks’ identification, analysis, plan-
ning, tracking and communication as well as how to mit-
igate them.

& BIt should consider developer segmentation.^ [P04]

Action: Developer segmentation consists of identifying
the niches an MSECO supports. To do so, we added a
goal to Activity 8: to identify communities of developers
to help the keystone to adapt its strategies and maintain
repositories according to niche needs.

& BI believe the author’s intent is clear and well communi-
cated, and I strongly agree with the proposed process. I
have minor feedback on the absence of a clear link be-
tween Bcontributing^, BattendingB and BrecognizingB in a
social project management and in a code sharing platform

like Github. I believe that social platforms as a part of the
proposed process should be a strong gain in the value
proposition. As an example of a developer environment
that does it well, I would like to cite the migration of
portions of Unity engine to official Github projects to-
wards leveraging the access to source and community
contributions.^ [P05]

Action:We accepted the participant’s suggestion and in-
cluded an activity related to the availability and use of
repositories that favor interactions among developers.

& BOverall my guess is that the presented approach makes
sense as a starting point.^ [P06]

Action: We agreed with the participant that one can un-
derstand that the proposed process could be used only once
(to start an MSECO). To do so, we created an activity
related to feedback to the process. This feedback can be
collected from information related to interactions and con-
tributions of MSECO developers based on repositories.

& BDeveloper Marketing work together with Developer
Relations, helping improve awareness of content, provid-
ing market research, supporting developer events, and
creating consistent branding.^ [P09]

Action:We have updated the list of roles involved in the
MSECO governance process to include BDeveloper
Relations^ team and to consider interactions with
BMarketing^ team.

& BIn my company there is an area called Developer
Relations (DevRel) which includes technology evange-
lism, community advocacy management, training and
documentation. DevRel is working with existing devs
and evangelism is getting the word out. Build trust by
helping other departments.^ [P12]

Action: We updated the list of roles involved in the
MSECO governance process to include BDeveloper
Relations^ team joining evangelists.

& BThe process must cover awareness, evaluation, buy in/
bui ld , publ ish, referral /advocacy^ [P14] and
BRelationships are two-way commitments and represent
a time investment from the influencing party. Leading
and strategic partnerships. Recognition: developers build
recognition and achieve their own goals, leading to posi-
tive interactions and closer relationships.^ [P10]

Action: Awareness covers the planning and execution of
strategies so that developers know the platform and keep

Table 3 Participants’ profile – interviews

ID Ecosystems Years Country

1 Android 4 Brazil

2 Android, iOS 2 Canada

3 Windows 4 Brazil

4 Windows 2 Mexico

5 Android, Windows 6 USA

6 iOS 2 Brazil

7 Android 2 Brazil

8 Android, iOS, Windows 3 Brazil

9 Android, Windows, Symbian, S40 5 Brazil

10 Android, iOS, Windows 7 Mexico

11 Windows 5 Canada

12 Windows, BlackBerry 3 Brazil

13 Android 4 Brazil

14 Android 9 China

15 Android, iOS, Windows 10 USA

16 Android, Windows, Nokia 13 Mexico

17 iOS 4 USA

18 Android, iOS, Web 11 Israel

150 Inf Syst Front (2019) 21:143–161



updated.Evaluation, buy in/build and publish are covered
by Activity 8. Referral/Advocacy indicated that an activ-
ity for creating/maintaining a Developer Relations team
should be added into the process. An activity for seeking
developers who can become community leaders is neces-
sary as well.

& BDeveloper Marketing involves: demand generation, cus-
tomer lifecycle, social campaigns, content calendar, email
campaigns, brand marketing, digital presence, contests,
events, SEO…Developer Relations: it’s a new hybrid role.
This is a software engineer who is also gregarious, out-
going and great at public speaking while also writing
flawless sample code […] he/she is active in online com-
munities and has great reputation… To consider: devel-
oper evangelism and developer advocacy.^ [P15]

Action: We updated information on the responsibilities
of Marketing teams regarding Developers and Developer
Relations.

Regarding the activities, we identified four potential points
of refinement according to the participants’ suggestions:

& BTo demonstrate the temporality of these activities.^ [P02]

Action: We have updated in the process description to
inform that activities should be performed more than
once as a way to collect feedback and evolve MSECO
governance strategies.

& BA ‘funel’ presents pretty much what real life is.^ [P03]

Action: the participant meant that a mass of developers
was initially reached in a Bbreath^ strategy (i.e.
hackathon or social media). However, during the engage-
ment tasks within an MSECO, the amount of developers
decreases as they specialize or give up of playing in the
ecosystem. This fact leads us to think that activities are
more related to awareness and onboarding rather than
focused on contribution and recognition, for example.

& BMy only concern is about the communication of this
schema to the developer’s network and how the conflict
management between mainly developers should happen.
Despite this point, I think it’s a good proposal.^ [P07]

Action: The process activities produce artifacts that make
the communication with developer community easier. In
addition, communication is supported by the availability
of artifacts in the MSECO repositories. Thus, the organi-
zation can explore related information to evolve the pro-
cess since the developers use the repositories.

& BI missed the following aspects being addressed in the ac-
tivities in a clearer way: i. Awareness - awareness regard-
ing the platform and what it does; ii. Acquisition - sign-up/
download/install; iii. Activation - actively using the plat-
form through using an application; iv. Retention - continue
to use the platform and new/additional features (and in new
apps); v. Revenue - pay to use the platform; vi. Referral -
tell others about the platform; and vii. Product - involve-
ment in building and getting feedback on product.^ [P13]

Action: We understand that the aspects are already cov-
ered by the existing activities. However, specifically in
Activity 9 (BCreate incentive policies^), aspects related to
retention and revenue aspects can become clearer. For
referral, we created an activity for team establishment/
management. The product aspect is considered when
collecting feedback on the existing contributions in the
MSECO from repositories.

Regarding the goals, we identified six potential points of
refinement according to the participants’ suggestions:

& BI would like to see the benefits of the organizational goals
for the organization and for the developers (more clearly).
Just stating more clearly what those goals represent for
the organization in terms of gain (users, revenues, visibil-
ity etc.).^ [P01]

Action: We updated activities’ descriptions to represent
the benefits indicated by the participant.

& BI would include some goal related to sales; after all that
is the purpose of the organization.^ [P02].

Action: We updated the text related to the process’ ob-
jectives in order to cover this suggestion. In addition, we
verified whether the sales’ goals were involved in it.

& BPretty much complete, just the loop is not clear.^ [P03]

Action: We created an activity that allows the process
feedback control through the use of repositories. In addi-
tion, we made it clear that each activity also covers
monitoring.

& BI think they are good enough too. It’s very important to
keep in mind that these relations must be a win-win model
and, for developers, what’s the real impact of his/her work
and an expectative to be rewarded (at the same level).^
[P07]

Action: This suggestion became a recommendation of
the Activity 9.

Inf Syst Front (2019) 21:143–161 151



& BMy suggestion that the process goals must cover the fol-
lowing areas: (1) Technology Awareness: spread the word
out, generate leads for marketing, pure technological pub-
lic relations; (2) Technology Education: Make developers
love your tech, breed community advocates, ease the load
on support; and (3) Technology Feedback: report to sales,
report to marketing, report to product.^ [P12]

Action: We updated the texts from the process’ objec-
tives and roles.

& BDeveloper evangelists may focus much more on activities
that result in acquisition, such as docs, blog posts, event
sponsorship, and talks. If a company prioritises gathering

product feedback from developers, then advocacy may be
the better approach. Developer advocates may undertake
all the above activities as part of their developer relations
programme.^ [P13]

Action: This goal was associated with a new activity
related to ‘building and training evangelism and advoca-
cy teams’.

From the interviews, we produced a refined version
(Fig. 3) of the proposed MSECO governance process.
To do so, we have made updated in roles, teams, and
activities. The role responsible for the proposed process
is:

The roles involved in the proposed process are:

The artifacts produced in the proposed process are:

Role: Keystone

Description: Responsible for provisioning standards/practices and identifying opportunities.

Role: Development Team

Description: Responsible for developing the MSECO platform.

Role: Design and UX (User eXperience) Team

Description: Responsible for defining MSECO platform interface standards.

Role: Product Marketing Team

Description: Responsible for announcing the MSECO platform and products built on top of it.

Role: Developer Marketing Team

Description: Responsible for announcing MSECO developers and promoting their contributions.

Role: Technology Strategy Team

Description: Responsible for proposing, defining and analyzing technologies to the keystone.

Role: Product Validation Team

Description: Responsible for defining quality requirements for contribution acceptance in the platform.

Role: Legal Team

Description: Responsible for caring of the legal part regarding the MSECO elements.

Role: Developer Relations Team

Description: Responsible for caring of the liaison between keystone and developers. It is part of an experts’ community within the keystone. Developer
evangelists may focus much more on activities that result in acquisitions, such as docs, blog posts, event sponsorship, and talks. If the
keystone prioritizes gathering product feedback from developers, then advocacy may be the better approach. Developer advocates may
undertake all the above activities as part of their developer relations programme.

Artifact: Platform Specification

Description: Describes how theMSECOplatform is organized as well as its level of openness to external developers. In anMSECO, this artifact should
describe the allowed mobile devices and their characteristics, programming language, supporting technologies, APIs, SDKs, and the
market position (especially to retain users).

Artifact: Interface Guidelines

Description: Describes user interface patterns based on mobile devices allowed to communicate with the MSECO platform as well as application-user
interactions (e.g. screen patterns and visual elements, components, animations, interaction gestures, messages).
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Activities related to the definition of strategies aim to sup-
port MSECO operation and reuse processes, considering
threats or opportunities that may affect the ecosystem. As
the BPlatform Specification^ artifact is input to all activities,
for visualization purposes, we do not place the link as inputs to
all activities. All activities should be analyzed for identifying
possible risks (and how to mitigate them). To do so, a key-
stone counts with evangelists, advocates and other

organizational sectors. The following activities compose the
proposed process as shown in Fig. 3:

1. Specify the platform: supports details on the com-
mon technological platform. The goal is to describe
the mobile devices supported by the MSECO plat-
form as well as their characteristics, technologies, de-
velopment languages, APIs, SDKs, and market
position.

(continued)

Artifact: Marketing Guidelines
Description: Describes how to optimize access to in-store applications and how to list tools and guidelines for disclosure soon after publication.
Artifact: Development Tool
Description: Allows the application development based on MSECO platform languages, APIs and SDKs. It also allows developers create application

binary and package that can be made available in the apps’ store.
Artifact: Developer Central
Description: Enables access to platform-related links, tools, documents, support, forums, wikis, and apps’ store’s publishment control.
Artifact: Apps’ Store
Description: It is a democratic environment for publishing and acquiring MSECO applications.
Artifact: Apps’ Store Criteria
Description: Describes the acceptance criteria for quality assessment of MSECO applications. These criteria are based on functional requirements.
Artifact: MSECO Guidelines
Description: Synthesizes and aligns all other artifacts generated in the MSECO governance process through a coherent set of guidelines to developers

play within the ecosystem.
Artifact: Incentive policies
Description: Describes a set of policies to make the strategies defined by the keystone feasible in order to motivate and engage developers to contribute

to the MSECO based on keystone’s goals (e.g., publishing application or sharing content/knowledge).
Artifact: Feedback about MSECO
Description: Describes information about developers (including their interactions), artifacts (e.g. apps, code template) and technical questions and

answers. This report helps the keystone evolve and tailor its governance strategies.

Fig. 3 MSECO Governance Process – refined version
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a. Participants: Development Team, Technology
Strategy Team;

b. Required Artifacts: not applicable;
c. Produced artifacts: Platform Specification;
d. Recommendation: The specification must have

versions for keystone’s internal access (more
restricted information) and external developers’
access in order to not expose confidential
information.

2. Provide Interface Guidelines: supports user interface
as the MSECO platform identity. It is important to pub-
lish guidelines to help developers create/develop solu-
tions that meet design standards and platform interface.
This activity aims to maintain good user interaction and
platform standards.

a. Participants: Design and UX (User eXperience)
Team;

b. Required Artifacts: Platform Specification;
c. Produced Artifacts: Interface Guidelines;
d. Recommendation: Considerations on the platform’s

limitations and potentials should be done in this
activity.

3. Provide Marketing Guidelines: supports mobile appli-
cation (and developer) visibility. A set of tabs should be
created to quickly deliver applications to the market. In
addition, there should be tools to foster application’s and
developer’s popularities.

a. Participants: Product Marketing Team, Developer
Marketing Team;

b. Required Artifacts: Platform Specification, Interface
Guidelines;

c. Produced Artifacts: Marketing Guidelines;
d. Recommendation: The following marketing guide-

lines should be considered in this activity: marketing
within the Apps’ Store; marketing outside the Apps’
Store; and marketing within the supported mobile
devices.

4. Provide Development Tools: supports tools for build-
ing applications on top of the MSECO platform.

a. Participants: Development Team, Design and UX
(User eXperience) Team;

b. Required Artifacts: Platform Specification;
c. Produced Artifacts: Development Tool;
d. Recommendation: A development tool should al-

low the following tasks: access to platform
guides; development of a complete application;
testing planning and execution, at least at the unit
level; application code debugging; packet genera-
tion in debug and delivery modes; interaction with
platform device emulators.

5. Provide App Management Site: supports a website for
application management and delivery.

a. Participants: Development Team, Product Marketing
Team;

b. Required Artifacts: Platform Specification;
c. Produced Artifacts: Developer Central;
d. Recommendation: At that time, a developer is a con-

tent publisher and MSECO repositories should con-
tain all the information and/or links that can help his/
her during the application submission and manage-
ment tasks.

6. Provide Apps’ Repository: supports a distribution
channel for developers (application delivery), for users
(application acquisition), and for the ecosystem (demo-
cratic environment that supports the social network).
There should be an application management portal
based on the MSECO platform specification and inter-
face design guidelines.

a. Participants: Development Team;
b. Required Artifacts: not applicable;
c. Produced Artifacts: Apps’ Store;
d. Recommendation: The environment must be demo-

cratic from the following points of view:

i. Developer: it should support participation of many
types of developers (individuals or companies), of-
fering options to make an application available for
free or paid;

ii. User: it should support a store that allows applica-
tion search, recommendation, acquisition, and
reviewing. The user can purchase free/paid apps
and apps in testing.

7. Define App Certification Criteria: supports the defini-
tion of quality assurance criteria for mobile applications
to ensure they meet platform and user interface
requirements.

a. Participants: Product Validation Team, Development
Team;

b. Required Artifacts: Platform Specification, Interface
Guidelines, Marketing Guidelines;

c. Produced Artifacts: Apps’ Store Criteria;
d. Recommendation: Certification criteria should con-

sider mobile devices supported by the MSECO plat-
form, including hardware/software specification, in-
terface design guidelines, and countries’ legislations
for digital content access issues.

8. Define MSECO Guidelines: supports the set of ar-
tifacts produced in previous activities to create a sin-
gle document. Such document should be available at
the MSECO portal or website (quick and easy
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access). Keystone must work on identifying devel-
opers who belong to ecosystem communities. This
will favor the planning of strategies that more effec-
tively affect developers’ engagement.

a. Participants: Developer Marketing Team, Technology
Strategy Team;

b. Required Artifacts: Platform Specification, Interface
Guidelines, Marketing Guidelines, Development
Tool, Developer Central, Apps’ Store, Apps’ Store
Criteria;

c. Produced Artifacts: MSECO Guidelines;
d. Recommendation: Guidelines shouldmake a coherent

link among all artifacts generated in previous activi-
ties and they should be easily accessible for any po-
tential external developer.

9. Create and Evolve a Developer Relations team: sup-
ports the keystone as a team of professionals with tech-
nical experience and good communication with the de-
veloper community. This team aims to strengthen the
organization’s relationship with the MSECO developer
community.

a. Participants: Developer Relations Team;
b. Required Artifacts: MSECO Guidelines;
c. Produced Artifacts: not applicable;
d. Recommendation: The purpose of the keystone is to

leverage sales. Therefore, this team must include ex-
perts in business, technical and social dimensions of
an MSECO.

10. Create Incentive Policies: supports definition, planning
and execution of MSECO strategies, e.g. how to ensure
developer motivation and recognition, a productive eco-
system, and stable platform architecture. This activity
aims to define policies that encourage developer
participation/engagement within a specific MSECO;

a. Participants: Developer Relations Team, Legal Team,
Developer Marketing Team;

b. Required Artifacts: MSECO Guidelines;
c. Produced Artifacts: Incentive Policies;
d. Recommendation: Policies should recognize contri-

bution and developer, support developer engagement,
define rules for stakeholders including those respon-
sible for developer support (evangelists), and be val-
idated by the legal organization based on regulation
mechanisms. It is very important to keep in mind that
these relations must be driven to a win-win model and
to developers, informing the real impact of their work
and possible rewards.

11. Monitor MSECO repositories: supports the keystone
to collect repository indicators regarding artifact usage
information and developer interactions. Developer

Relations team can do it and communicate to the other
organizational teams.

a. Participants: Developer Relations Team;
b. Required Artifacts: MSECO Repositories (Developer

Central and Apps’ Store);
c. Produced Artifacts: Feedback about MSECO;
d. Recommendation: Information collected from

MSECO repositories serves for ecosystem monitor-
ing and also for providing the keystone with feedback
on the MSECO products/tools.

After presenting the refined MSECO governance process
based on interviews, we describe an exploratory study to an-
alyze how the MSECO content reuse repositories identified
from the previous studies can contribute to the process as well
as and how they can be monitored in the next section.

5 Exploring Content Reuse Repositories
to Support MSECO Governance Process

This section presents an exploratory study planned and exe-
cuted with the goal of analyze the structure of the MSECO
content reuse repositories in order to characterize in relation
to their common characteristics from the point of view of
researchers in the context of Apple, Google and Microsoft
MSECO. The analysis of MSECO content reuse repositories’
structure can helps us to know their common characteristics
regarding, for example, how ecosystems compete, compari-
son between governance strategies and effects on applications
or developer communities. As such, a keystone can adapt
governance strategies to keep the ecosystem vibrant as well
as to attract developers and users (Axelsson and Skoglund
2016).

In this context, we performed an analysis of those reposi-
tories indicated by MSECO managers in the study presented
in Section 4. Based on this study, we observed that the repos-
itories used in the main existing MSECO in industry (Fontão
et al. 2015) are: mobile applications (App Store from Apple,2

Google Play from Google,3 and Windows Store from
Microsoft4), support material (Apple Developer,5 Android
Developers,6 and Microsoft Developers7) and mobile applica-
tions management (from each platform).

In the first step, a software engineering researcher
(MSECO expert) accessed each repository and set up the re-
positories’ structure through a mind map. Next, in the second

2 https://itunes.apple.com/us/genre/ios
3 https://play.google.com/store?hl=en
4 https://www.microsoft.com/en-us/store/apps/windows-phone
5 https://developer.apple.com
6 https://developer.android.com
7 https://developer.windows.com
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step, common elements were entered into a new mind map to
produce a MSECO content reuse repositories’ common struc-
ture. Since the previous steps were performed by the same
researcher, a further step was executed to reduce the bias of
researcher subjectivity and failure in the construction of the
common structure. As such, in the third step, four researchers
(MSECO experts) evaluated the built mind map. After these
steps, those five researchers (Table 4) produced the final mind
map (Fig. 4) with the MSECO content reuse repositories’
common structure.

After analyzing the selected repositories, it was revealed
that a governance process artifact called BDeveloper
Central^ (Fig. 3) was splited into two artifacts: BDeveloper
Central^ and BApps’Management^. In the following sections,
we discuss the characteristics of such three repositories.

5.1 Apps’ Store

Mobile applications should be approved by the MSECO plat-
form’s acceptance criteria defined by the keystone. After that,
they can become available so that users can download them.
In this regards, Apps’ Store is an MSECO content reuse re-
pository that comprises information on applications and de-
velopers, but focuses mainly on users. Apps’ Store lets devel-
opers easily deliver applications to users over the world as
well as integrate advanced features. It is composed by:
Categories (e.g. Entertainment, Health & Fitness, Education,
Finance), Featured (slots to enhance visibility of selected ap-
plications), Top Paid Apps/Games, Top Free Apps/Games,
New Releases (new applications available at Apps’ Store),
Updates (user notifications on applications), and Collections
(e.g. Christmas, Football Lovers, and Winter).

Apps’ Store works as a physical product store, where the
window (Bbalcony^) is organized as described above. The
keystone designs the catalog exhibition to attract users and
engage those who have already downloaded and evaluated
mobile applications. As such, users have an active role in the
store, because they evaluate mobile applications with
comments/stars after acquired them. Comments/stars serve
as information for keystone and developers to better meet user
demands within the ecosystem.

5.2 Developer Central

Developer Central is an MSECO content reuse repository that
provides and hosts materials to support external developers in
their activities. The artifact BMSECO Guidelines^ are avail-
able to developers through this repository. Based on the
MSECO content reuse repositories’ common structure,
Developer Central categorizes materials related to the sections
(that comprised different repository elements of functions as
describe next): Platforms, Design, Development, Distribution,
and Support.

In Platforms section, materials are related to existing op-
portunities within the ecosystem, information regarding plat-
form features, interface and APIs, new resources, and videos
highlighting platform strengths. In Design, resources are re-
lated to teach how to design and code interfaces for mobile
devices supported by the MSECO platform. Material avail-
able to the external developer supports the typography (visual
representation of the application language), usability (tips for
a good user experience), accessibility (accessible applications
for people who have any limitation), and adaptability (appli-
cation content should be displayed correctly in different mo-
bile devices). In order to support interface design and con-
struction, reusable components can be provided as well as
instructional videos that help developers to learn about them.
All mentioned MSECO repositories offer packages with code
templates and documentation.

In Development, there are ‘how-to’ articles, instructions
and code examples for all tasks, such as transferring and con-
suming data over a network, geolocation services, and navi-
gation between screens. In this regards, a keystone wants to
stimulate developers to bring their ideas to life, creating mo-
bile applications to expand the ecosystem. In the Developer
Central, the keystone provides tools to support application
development (e.g. XCode, Android Studio, and Visual
Studio) with free and paid versions, patterns that should be
adopted in the platform development, and standards for
assessing application performance. In training, developers
will find classes on how to accomplish a specific task with
code samples he/she can reuse in his/her application. Classes
are organized into several groups.

Table 4 Participants’ profile – exploratory study

ID Ecosystems Experience Years
(Research)

Experience Years
(Industry)

Profile

R1 PhD 14 10 Software Engineering, Software Ecosystem and Software Reuse

R2 PhD 14 6 Software Engineering, Software Testing, Empirical Software Engineering

R3 PhD Candidate 5 7 Software Engineering, Mobile Software Ecosystem, Developer Governance

R4 PhD Candidate 6 4 Software Engineering, Software Testing, Empirical Software Engineering

R5 PhD Candidate 5 4 Software Engineering, Empirical Software Engineering
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Also regarding Development, application program inter-
face (API) is a set of routines and protocols that specify how
components should interact. There are sample codes available
in Developer Central section, including a category-based sec-
tion in which contributors can browse sample code and learn
how to build different components for his/her applications.
Such code samples show simple solutions for common prob-
lems and simple recipes to help developers implement new
mobile application features. For example, user interface sam-
ple codes contain demos, experiments and prototypes. There
is a collection of ‘helper’ functions, custom components and
application services created byMSECO developers, including
documentation and packages.

Extra tasks are also covered by Development. ‘Services’
provide an easy and secure way to perform a set of activities,
e.g. to pay for physical goods and services such as groceries,
clothing, and tickets through mobile applications. Other ex-
amples are services that allow developers to read/write health
and activity data to their health-domain applications. As such,
during application development, it is also necessary to ensure
that a test & deploy section is available to help developers in
debugging and testing activities, describing how to improve
performance and use tools (e.g. emulators/devices), APIs (e.g.
Junit), techniques (e.g. unit tests).

Distribution section refers to all resources that help de-
velopers in publishing their mobile applications at an Apps’
Store. ‘Publishment’ supports developers to prepare their
application submission including: guidance for enrolling in
a publisher program, configuration services available only
for applications submitted to the Apps’ Store, procedure to
upload application metadata and support user search/retriev-
al, and tips on how to release and maintain an application
after submission. When a developer requires resources to
make money with his/her applications, ‘Monetize’ describes
potential strategies and offers a variety of tools to support
monetization. Strategies includes: increase revenue by using
services to display banner ads and video interstitial ads; offer
products and features that users can buy only from an ap-
plication; and limit features in a free trial version to induce
users to buy an application.

Moreover, ‘Marketing’ section comprises how to ‘Get
Users’, ‘Engage & Retain’, and ‘Analyze’ them in their inter-
action with mobile applications. Resources available in ‘Get
Users’ refers to attract users, i.e. best practices for getting
successful applications (e.g. use ads, improve marketing, ex-
pand to newmarkets, and understandwhere users come from).
In turn, it is necessary to ‘Engage & Retain’ users. For exam-
ple, Android Developers section mentions that keeping active
users is the key for a successful application. As such, several
tools and techniques to keep users coming back to the appli-
cation are suggested: build useful widgets, engage users based
on their language, notify users to keep them informed, in-
crease usage with easy search, and encourage user competi-
tion. Finally, ‘Analyze’ the users’ engagement refers to invite
users to tell what they think about an application as well as to
follow up and connect with user by responding their reviews
either publicly or privately. ‘Stories’ has articles and/or videos
where developers share experience over the MSECO platform
and Apps’ Store. Developers share how they get successful
over the Apps’ Store and what they have learned along the
way.

Finally, another important common section is Support. It
refers to a technical advice channel personalized with enroll-
ment, membership, development, and tools. In this section,
‘Developer Forums’ consist of a social environment where
developers can post questions and share thoughts with fellow
developers and evangelists. Support also allows developers
play as ‘Bug Reporters’, informing bugs and requesting en-
hancements to APIs and developer tools.

5.3 Apps’ Management

Apps’Management refers to an MSECO content reuse repos-
itory that allows developers to submit and manage their appli-
cations. This repository differs from Apps’ Store because
Apps’ Management also keeps mobile applications that were
not published at the store. Some elements compose such re-
pository: Acquisitions, Ratings, Reviews, Usage, Channels
and Conversation, Monetization, Push Notifications, and
Submissions/Packages. These elements are described below:

Fig. 4 The final mind map produced by researchers after analyzing MSECO content reuse repositories
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& Acquisitions: it allows developers to see who purchased
their applications, along with demographic and platform
details. Data can also be visualized in the online dash-
board. In a download report, acquisition means that a user
has obtained a license for a developer’s application;

& Ratings: allows developers to see distribution of how
many users’ ratings their mobile applications have. In this
report, classification means the number of stars (1 to 5)
that a user gave to a developer’s application in the Apps’
Store. This report does not include information on all in-
dividual comments left in the Apps’ Store as reviews. It is
possible to apply filters (by date, market niche and
device);

& Reviews: it allows developers to see user comments on
their mobile applications in the store. Each user opinion
contains: title and text (opinion) provided by the user;
review date; name, user country/ region; application pack-
age version; user operating system; and device name;

& Usage: it allows developers to see how many people are
using their mobile applications. Each user session is a
distinct period when a user interacted with an application.
Developers can analyze the number of users who used the
application (and screens) in a given period of time. This
section also helps to understand user behavior and user
value over time. Developers can explore what makes dif-
ferent groups of users unique and how such groups re-
spond to application content, features, and monetization
strategies;

& Channels and Conversion: a channel refers to how a user
finds a mobile application (e.g. navigation and search over
Apps’ Stores, links to external site, or links to custom
campaigns). A page view means that a user visited an
App’s Store listing page (Web-based or Mobile-based).
In turn, a conversion means that a user recently obtained
a license for an application (either paid or free). The fol-
lowing types of channel are included: Traffic store – a user
was browsing or searching the store when visualized ap-
plication details; External site – a user followed a link
(without the custom campaign ID) to access application
details at a website; Search engine – a user followed a link
to application details that was returned by an online search
engine; and Custom campaign – a user followed a link that
has the custom campaign ID;

& Monetization: it is used to access control settings and add
parameters required for each advertising network/
purchase used by an application. Advertising control al-
lows developers to optimize revenue;

& Push Notifications: it engages users at the right time and
with the right message as a success factor for a mobile
application. Apps’ Management provides a data-driven
user engagement platform a developer can use to send
out push notifications to all users (or only those who meet
any user segment criteria). Developers can use push

notifications to encourage users to take an action, such
as rating an application, buying an add-on, trying a new
feature, or downloading another application;

& Submissions/Packages: refers to application information
used for all MSECO platforms. It contains information
about Name, Privacy Policy URL, Primary Language,
Screenshots, Description, Keywords, Rating, License
Agreement, Pricing, and Availability. Packages must con-
tain the following status: In progress; In Store; or Not
available in Store.

Our goal with this study was to identify a standard
framework among Android MSECO, iOS MSECO, and
Windows Phone MSECO. The identification of the com-
mon structure favors ecosystem comparison and analysis
of competition or how such ecosystems collaborate. An
important aspect to be investigated is how ecosystems
differ in relation to their internal content reuse repositories
and how their characteristics affect the MSECO health as
well as its constituent elements. Regarding an awareness
strategy based on repositories, the analyzed ecosystems
cover the following aspects: ecosystem platforms, inter-
face standards (how contributions can be made at the
platform), the best contribution distribution strategy, and
marketing and technical support for developers’ commu-
nity (i.e. individuals, partners companies, and startups).
Regarding the Apps’ Store, further studies are required
to evaluate the window display differentiation for each
MSECO and how it attracts users and allows developers
to address impact information from other applications.
Discussion surrounding the store also involves whether
it could be considered as an information reuse repository
from the developers’ perspective. Our analysis along with
the previous studies presented in this paper allowed us to
realize that the migration of functionalities between dif-
ferent stores or MSECO platforms can support a reuse
strategy. In this context, Apps’ Stores can be useful in
recommending what features a developer could imple-
ment, and what strategy can best suit a particular devel-
oper’s landscape so that he/she can achieve success in the
ecosystem.

In this work, we analyzed the main internal content
reuse repositories indicated by the participants of the
previous studies (peer review and interviews). There are
several researches that look at MSECO external reposi-
tories, such as StackOverflow (Novielli et al. 2014)
(Calefato et al. 2015) (Serva et al. 2016) (Fontão et al.
2017) and Github (Casalnuovo et al. 2015) (Vasilescu et
al. 2015) (Constantinou and Mens 2017). As a conclu-
sion, a further analysis should address how the informa-
tion linked between internal and external content reuse
repositories can favor keystone’s decisions and developer
community engagement.
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6 Threats to Validity

In this section, we identify possible threats to the validity of
our review results based on the taxonomy of Wohlin et al.
(2013).

Constructo validity: the main threats in this category are
related to the construction of the MSECO governance
process and the questionnaires used for both initial stud-
ies (peer review and interviews with the managers). To
reduce such threats, we used data from (Fontão et al.
2015) and (Manikas 2016) to build the initial version of
the proposed process since both references are systematic
mapping studies on MSECO and software ecosystems.
Moreover, the proposed process was revised and refined
through studies with experts as presented in Section 4.
Both questionnaires were elaborated following the guide-
lines for conducting these types of studies proposed by
Wohlin et al. (2013). Finally, in the exploratory study, the
materials analyzed by the five researchers consisted of the
official repositories of the existing MSECO in industry
(Section 5).
Internal validity: for this study, we proposed to select
managers who work in the main existing MSECO in the
software industry. Thus, we assumed that they are repre-
sentative for the population of MSECO managers and
helped to revise and refine the proposed process from a
real scenario perspective.
Conclusion validity: it was accomplished through sim-
ple demonstration of presence (or not) of activities, arti-
facts and roles defined in the proposed MSECO gover-
nance process.
External validity: it refers to issues that affect the
strength to conclude that the studies can be repeated with
the same results. As mentioned in internal validity, par-
ticipants play in the main existing MSECO in the soft-
ware industry. However, new rounds of studies could be
performed with moreMSECOmanagers. We believe that
our study can be replicated following the steps described
in Sections 4 and 5.

7 Conclusion and Future Work

InMSECO, central organizations – also known as keystones –
need to find mechanisms to manage and monitor external
developers and their contributions to the ecosystem. As such,
keystones should use governance strategies to attract, engage
and retain developers towards a vibrant MSECO. In this pa-
per, we investigated MSECO governance strategies that
emerge from content reuse repositories. To do so, we designed
and analyzed a MSECO governance process and evaluated it

with managers who work(ed) in the main MSECO organiza-
tions to identify the main governance activities, artifacts and
roles. Next, we performed interviews with 18 experienced
managers to refine the governance process. Then, we analyzed
the main MSECO reuse repositories to understand how reuse
mechanisms and governance strategies have supported key-
stone and external developers to contribute to MSECO
expansion.

In the proposed process, we identified different forms to
manage knowledge and contributions within a specific
MSECO. From MSECO content reuse repositories, gover-
nance strategies were explored through analyses of Apple
Developer, Android Developers, Windows Developer, App
Store, Google Play, and Windows Store. To do so, five
researchers (MSECO experts) derived a content reuse re-
positories’ common structure describing shared character-
istics obtained from those repositories: (1) Developer
Central repository joins information on platforms, design,
development, distribution, and official support channels;
(2) Apps’ Store offer applications and work similarly to a
physical store, distributing applications by categories, col-
lections, featured, top paid/free applications or games, best
rated, news, and updates; and (3) Apps’ Management re-
pository supports application projects to be stored, offering
usage, ratings, reviews, and download reports. Each con-
tent reuse repository can help keystones to know how eco-
systems compete, compare governance strategies and be
aware of effects on applications or developer communities,
as described in Section 5. Based on this exploratory study,
we can conclude that ecosystem health indicators can be
further investigated in MSECO. Moreover, further studies
regarding the MSECO governance process will be con-
ducted with developers and users.

As a contribution, our research concluded that MSECO
content reuse repositories are crucial for the ecosystem expan-
sion since reuse must be managed and monitored by the key-
stone (organization that maintains the MSECO platform). In
this regards, artifact quality is an important concern to be
explored since it serve as the basis for external developers
creating/evolving contributions, e.g. study of bad smells in
sample codes. As future work, we intend to investigate how
MSECO content reuse repositories can be mined to identify
communities, user behavior, quality of contributions, and de-
veloper interaction. Another future work refers to explore how
social network analysis can help to refine and assess MSECO
governance strategies. Finally, developers’ experiences with
sample codes, tools, MSECO portals and documentation
should be studied from the point of view of Developer
eXperience (DX). Similarly, user experiences with applica-
tions in the Apps’ Store can be analyzed from the point of
view of User eXperience (UX). In this regards, MSECO ex-
ternal repositories such as GitHub, Codeplex and
Stackoverflow can be analyzed together withMSECO content
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reuse repositories (internal) in order to identify sided effects
and opportunities to expand an MSECO.
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