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Abstract

For a firm in an open source software (OSS) ecosystem, the requirements engineering (RE) process is rather multifaceted.
Apart from its typical RE process, there is a competing process, external to the firm and inherent to the firm’s ecosystem.
When trying to impose an agenda in competition with other firms, and aiming to align internal product planning with the
ecosystem’s RE process, firms need to consider who and how influential the other stakeholders are, and what their agendas
are. The aim of the presented research is to help firms identify and analyze stakeholders in OSS ecosystems, in terms of their
influence and interactions, to create awareness of their agendas, their collaborators, and how they invest their resources. To
arrive at a solution artifact, we applied a design science research approach where we base artifact design on the literature
and earlier work. A stakeholder influence analysis (SIA) method is proposed and demonstrated in terms of applicability
and utility through a case study on the Apache Hadoop OSS ecosystem. SIA uses social network constructs to measure the
stakeholders’ influence and interactions and considers the special characteristics of OSS RE to help firms structure their
stakeholder analysis processes in relation to an OSS ecosystem. SIA adds a strategic aspect to the stakeholder analysis process
by addressing the concepts of influence and interactions, which are important to consider while acting in collaborative and
meritocratic RE cultures of OSS ecosystems.

Keywords Open source - Software ecosystem - Requirements engineering - Stakeholder analysis

1 Introduction

Firms that use open source software (OSS), e.g., as part of
their supporting infrastructure, product strategy, or business
model, need to consider the requirements engineering pro-
cess of the OSS itself [1]. This second, external to the focal
firm, RE process is facilitated by the software ecosystem (cf.
OSS community [2]) that surrounds the OSS [3]. Firms that
are users of the OSS may also be involved in its development
and maintenance and can be considered as members of the
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ecosystem, as well as stakeholders to the OSS. We refer to
Glinz & Wieringa’s definition of a stakeholder as “...a per-
son or organization who influences a system’s requirements
or who is impacted by that system” [4]. In our context, we
consider a person or an organization as the members of an
OSS ecosystem, and the system being the OSS that under-
pins the ecosystem, using the definition by Jansen et al [3].

RE practices in OSS ecosystem may be described as
informal and decentralized. There is often no central
repository with requirements defined in the problem space,
describing the product of need, along with heavy processes
and tools for examining the requirements for completeness
and consistency [5]. Instead, RE may be considered as a
lightweight and evolutionary process of requirements refine-
ment [6]. Practices such as elicitation, specification, and
prioritization overlap and are done collaboratively through
iterative and transparent discussions and negotiations includ-
ing up-front implementations [6—8]. These discussions and
implementations of requirements are spread out over a num-
ber of requirements artifacts, each with its own repository.
Examples of these artifacts (cf. informalisms [7]) include
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reports in an issue tracker, messages in a mailing list, or
commits in a version control system. Prioritization is com-
monly conducted by stakeholders with central positions in
the ecosystem’s governance structure [9, 10]. To gain such a
position in OSS ecosystems with a meritocratic governance
structure, a stakeholder needs to prove merit by being active,
contributing back, and having a symbiotic relationship with
the OSS ecosystem [11].

Hence, the focal firm is one stakeholder among many
within an open and fluctuating population in the OSS eco-
system [12]. This can result in conflicting agendas and
lack of control, e.g., in regard to which requirements to be
implemented and prioritized, render misalignment with
internal RE processes [13], and complicate contribution
strategies [1]. The focal firm may, therefore, have to gain
the influence necessary to affect the RE process in an OSS
ecosystem according to its own agenda.

The Merriam-Webster dictionary' defines influence as
“the power to change or affect someone or something”.
In our context, this relates to the power of a stakeholder
to change or affect the RE process in an OSS ecosystem.
This notion of influence aligns naturally with what defines a
stakeholder [4], and as a characteristic enables firms to, e.g.,
see the requirements in which stakeholders hold a certain
interest, and from there be able to create an overview of their
agendas in the ecosystem [14]. Further, this understanding
enables the focal firm to analyze how these stakeholders
invest their resources in order to satisfy their agendas [14].
By also considering other stakeholders’ interactions within
the ecosystem, firms may identify possible partners and
competitors [15]. Moreover, this can help firms to learn how
to adapt their own strategies and processes with the OSS
ecosystem’s and how to build their own influence and posi-
tion the ecosystem’s governance structure [10]. The knowl-
edge output can then be leveraged toward other stakeholders
through the politics and negotiations that take place in the
ecosystem’s RE process [16].

These aspects highlight the importance of stakeholder
identification and analysis as input to the continuous and
complex decision-making process which RE constitutes [17]
by helping to answer questions as which other stakehold-
ers exist in the ecosystem, what are their agendas, and
how do they aim to achieve them [14]. However, current
practices [18] are not adapted to consider these strategic
aspects [19] in the context of OSS ecosystem [1] and its
informal and collaborative RE process [6, 7], specifically
the importance of understanding stakeholders’ influence
and interactions. Involved firms are no longer the vantage
point, and instead, form part of a larger set of interdepend-
ent stakeholders [15]. We address this gap with a design

! http://www.merriam-webster.com/dictionary/influence.
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science research approach [20, 21] and define it as a design
problem [20]:

DP How to characterize the influence of stakeholders on
the OSS ecosystem’s RE process, so that a focal firm
can understand other stakeholders’ agendas, collabo-
rations, and resource investments in pursuing these
agendas?

The contribution of our work is the proposal of the stake-
holder influence analysis (SIA) method. Its aim is to help
firms to analyze an OSS ecosystem to identify its stake-
holders’ influence by the impact they have with respect
to the requirements that get implemented in the OSS. We
base SIA on social network analysis constructs [22-24]
that have proven to be useful in characterizing the influence
of stakeholders [15, 25], but also effective when analyz-
ing a firm’s participation in OSS ecosystems [25, 26] and
requirement-centric stakeholder collaborations [27-29]. An
analysis approach used in an earlier reported case study of
the Apache Hadoop OSS ecosystem [30] is formalized to
consider how requirements may be informally represented
in multiple artifacts in decentralized repositories present
in OSS ecosystems [6, 7]. The influence analysis is then
operationalized with a stakeholder mapping approach based
on earlier work [31-33]. To demonstrate SIA’s applicability
and utility, we present a case study of the Apache Hadoop
OSS ecosystem.

The rest of this paper is structured as follows: In Sect. 2,
we describe the research approach used in the develop-
ment of SIA. In Sect. 3, we give a detailed presentation of
SIA, while in Sect. 4, we demonstrate its applicability and
utility with a case study. In Sect. 5, we discuss alternative
approaches to characterize influence and threats to validity.
Finally, we conclude the paper in Sect. 6.

2 Research approach

To develop SIA, we used a design science research
approach [20, 21] where research is conducted iteratively
through design cycles. A design cycle consists of three
phases: problem investigation, artifact design, and artifact
validation [20]. Below we describe these steps in detail.
Problem Investigation phase: Here, the research goal
and the problem context are (re-)analyzed before any artifact
is designed, or any improvements implemented [20]. In pre-
vious work [30], we explored how centrality measures could
be used to characterize the influence of stakeholders within
an OSS ecosystem, and how this evolved over time. Findings
helped to create an understanding of the problem context and
helped define the design problem (DP) as stated in Sect. 1.
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Fig. 1 Overview of SIA’s seven steps (S1-S7) divided in purpose and scope, data gathering, processing, and analysis

In order to further understand the problem context, a litera-
ture survey was conducted to identify related work on:

— the informal and collaborative RE processes within OSS
ecosystems (e.g., [2, 6,7, 9, 12]),

— how awareness of the dynamics behind stakeholder inter-
actions and interrelationships may be used to analyze
their agendas (e.g., [1, 10, 14, 15, 18, 34, 35]), and

— how social network constructs may be used to character-
ize the stakeholders’ interactions and influence on the RE
process of the OSS ecosystem (e.g., [15, 22-26, 28, 29,
36, 37]).

Surveyed literature provided conceptual foundations, which
together with findings from previous work [30] constituted a
knowledge base for the artifact design process.

Artifact Design phase: Here, knowledge gained from
the previous phase is used as input to the design of an arti-
fact with the hypothesis that it may act as a treatment for
the design problem [20]. The stakeholder influence analysis
(STA) method was formalized and structured as seven steps,
as presented in Sect. 3 (S1-S7) and in Fig. 1. S1-S2 involves
setting the purpose and scope of the analysis. S3 concerns
data gathering, while S4-S6 concerns data processing.
Finally, S7 regards the analysis of the processed data.

Artifact Validation phase: Here, the previously designed
artifact is tested in the problem context in order to evaluate
its treatment of the design problem [20]. To test SIA, we
apply it in a proof of concept demonstration that it is func-
tional and practical, through a case study on the Apache
Hadoop OSS ecosystem (see Sect. 4). It can be seen as an
early form of descriptive validation where information from
the knowledge base, and detailed scenarios can be used to
demonstrate an artifact’s applicability and utility [21]. The
Apache Hadoop OSS ecosystem was chosen due to the high
concentration of firms in the ecosystem, and because it is the

Apache project with the highest number of committers.” The
case study further helped to evolve and refine SIA and its
seven steps as can be expected by an iterative design process.

3 The stakeholder influence analysis (SIA)
method

SIA aims to help firms involved in OSS ecosystems to struc-
ture their stakeholder identification and analysis process sys-
tematically when bridging their internal RE process with
that of the ecosystem’s (see Fig. 1). The focus is specifically
on identifying and characterizing stakeholders’ interactions
and influence on the RE process in the OSS ecosystem. As
proposed by Glinz and Wieringa [4], SIA considers both
individuals and organizations as stakeholders but primarily
from an organizational level, meaning that the individuals in
an OSS ecosystem should be aggregated to their organiza-
tional affiliation as far as possible. Below, we give a detailed
overview of SIA and its seven steps, as outlined in Fig. 1
and Table 1.

Determine the purpose of the analysis process (S1):
The first step is to determine what questions are of interest
to answer based on the stakeholder analysis, e.g., to identify
potential partnerships or competitors, to identify and learn
from stakeholders in a certain position, or to identify con-
flicting agendas in regard to certain requirements.

Limit the analysis’ scope based on its purpose (S2):
Based on the purpose of the analysis process, limitations
may be implied that can affect how the analysis should be
narrowed down in terms of what requirements artifacts
should be included in the analysis, e.g., is the analysis lim-
ited to:

2 https://projects.apache.org/projects.html?number.
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Table 1 Overview of SIA and its seven sequential steps (S1-S7) along with related descriptions and examples

Purpose could include:

— Understand how an ecosystem is set up in terms of power structure and general
collaboration patterns

— Identify potential partners or competitors as input to contribution strategies or
collaborations

— Identify stakeholders with aligning or conflicting agendas in regard to RE-related
activities and negotiations

— Identify influential stakeholders to learn from in order to raise one’s own influ-
ence in the OSS ecosystem

Regards boundaries for what data that should be collected and is determined by the
purpose of the analysis process. For example, is the interest limited to:

— a certain component or set of features of the OSS?

— a certain individual or set of stakeholders?

— a certain time period or set of releases?

Refers to the main repositories through which stakeholders interact in regard to the
RE process. For example,

— IRC or other chat-based communication

— Issue trackers

— Software code repository
— Discussion boards

Concerns identification of organizations to which individual developers are affili-
ated. For example, by

— Interacting and studying the communication within an OSS ecosystem

— E-mail domain analysis

— Heuristically through social media and public electronic sources

— Identity pattern matching

If no affiliation can be found or exists, the individuals can either be considered
either as individual stakeholders or as an aggregated group

For each requirement artifact repository, a directed and weighted affiliation network
is created. Stakeholders are represented as nodes and are connected by edges if
they have interacted on a common requirements artifact, e.g., commented on the
same issue or mail thread. To reflect investment and influence, edges are weighted
based on the size of each stakeholder’s participation

To characterize stakeholders’ influence on the RE process in the OSS ecosystem,
a set of network centrality measures are calculated based on the interaction
networks, and used to create an overall influence score. Together, they form an
influence profile for each stakeholder. The centrality measures include:

— Out-degree centrality

— Betweenness centrality

— Closeness centrality

— Eigenvector centrality

Step Description
S1 Determine the purpose of the analysis process
S2  Limit the analysis’ scope based on its purpose
S3  Mine requirements artifact repositories

— Code review

S4 Classify individuals per their affiliation
S5 Create stakeholder interaction networks
S6 Create influence profiles
S7 Influence analysis of stakeholder interaction networks

Based on influence profiles, stakeholders are ranked on overall influence score, and
cross-compared on the centrality measures. Stakeholders of special interest are
investigated further in regard to their relationships. With qualitative analysis of
stakeholders’ agenda alignment with the focal firm’s, stakeholder mapping can be
used with the influence/alignment matrix. The analysis should be directed by the
purpose defined in S1

— acertain component or set of features of the OSS?
a certain individual or set of stakeholders?

— acertain time period or set of releases?

and code reviews [6, 7]. When these are identified, the repos-
itories should be mined to collect the necessary data. This
can either be done either manually or with the help of exist-
ing® or custom-made tools.

Mine requirements artifact repositories (S3): In the third
step, the goal is to identify and mine the repositories that are
mainly used by the OSS ecosystem. Examples include issue
trackers, mailing lists, IRC logs, source code repositories,

@ Springer

Classify individuals per their affiliation (S4): In
the fourth step, the individuals that are involved in OSS

3 See e.g., https:/metricsgrimoire.github.io/.


https://metricsgrimoire.github.io/

Requirements Engineering

ecosystem need to be classified in regard to their affilia-
tion. This is a necessary step as firm-affiliated individuals
may be assumed to represent the agenda of their sponsor or
employer [38, 39]. However, not all individuals involved
in an OSS ecosystem have to be affiliated and may rather
represent their own personal agenda. These affiliations can
be identified and triangulated by qualitative and quantitative
means, e.g., through involvement and discussions, and by
analyzing meta-data from the requirements artifact reposi-
tories and cross-checking against other information sources
(e.g., social media and electronic archives) [30, 40, 41].

If no affiliation can be found or exists, the individuals
can either be considered as individual stakeholders or as an
aggregated group. For example, say, John, Mark, Lucy, Kate,
and Mary are involved in the Apache Hadoop OSS ecosys-
tem as developers. John and Kate work for a firm called
Hortonworks and therefore have a common agenda. They are
therefore aggregated and viewed as one stakeholder repre-
sented by the firm Hortonworks. Mark, Lucy, and Mary are
all independent with the difference that Lucy is a relatively
active user in the ecosystem, while Mark and Mary are more
involved on a hobby basis. Lucy could, therefore, be seen as
an independent stakeholder, while Mark and Mary could be
aggregated to one group of hobbyists and be considered as
one stakeholder. This type of classification and separation
is rather subjective and needs to be done on a case-by-case
basis for each ecosystem.

Create stakeholder interaction networks (S5): In the
following step, an interaction network for each requirements
artifact repository needs to be created in order to visual-
ize the interactions between stakeholders. To create these
networks, the interactions between the stakeholders to the
requirement artifacts within a requirements artifact reposi-
tory must be identified. As an example, consider a number
of individuals (stakeholders) that discuss the need for as
well as potential implementations of a new feature in an
OSS project. The feature request is represented by an issue
(requirements artifact) on the OSS ecosystem’s issue tracker
(requirements artifact repository). The discussions (interac-
tions) between the individuals concerning the feature’s evo-
lution and refinement are recorded and persisted in the issue.
This continuous discussion may be referred to as an “event”
in social network theory [22]. The individuals partaking in
the discussions may be referred to as “participants” of the
same event [22].

These events and their participants can furthermore be
represented by networks of actors. Two actors within a net-
work are connected by an edge if they have participated in
the same event (as a network may include several events).
If a network was created based on the previous example, all
individuals who partook in the discussion of the issue would

be represented by an actor in a network with an edge con-
necting each one of them. If there was a related discussion
of the feature on the OSS ecosystem’s mailing list, a similar
network may be created based on the concerned mail thread.
The two networks could then be analyzed in conjunction
to get a more complete overview of the stakeholders to the
requirement and their interactions (cf. requirement-central
networks [27]).

In a similar fashion, sets of requirements may be ana-
lyzed by aggregating requirements artifacts in a repository
to a network. Returning to the example, a network could be
created that included all of the issues in the issue tracker
that are related to a certain release, created in a certain time
span, or belonging to the same sub-module. A corresponding
network could be created based on the mailing list given that
the same conditions apply. By creating corresponding net-
works of all the relevant requirements artifact repositories,
the analyst may get a complete overview of what stakehold-
ers that are involved and how they interact.

It should be noted that one stakeholder’s participation
in the event (e.g., RE-related discussions of an issue) may
be of a relatively different size than the other stakeholders’.
A stakeholder with a higher degree of participation may
be considered to have a larger investment and interest in
the event. These differences in the investment of time and
resources need to be considered in order to give a fair view
of a stakeholder’s stake in a requirement. The relative size
of the investment also helps to give a fairer dataset when
doing an influence analysis of the interaction networks. As
suggested by Orucevic-Alagic et al. [25], weights can be
calculated to describe the relative size of the participation
to an event.

Following Orucevic-Alagic et al. [25], for a set of stake-
holders V = {v,,v,,...,v,} and a set of requirements arti-
facts (events) U = {u,, u,, ..., u,,}, we define a weight W of
an edge between one stakeholder v; and all other stakehold-
ers that collaborate on an artifact u, as:

X(v;,u,)

W,u) = ———
Doc X(eouy)

where X(v;, u,) denotes the number of times a stakeholder
v; has participated in the collaboration on the requirements
artifact u,.

Continuing from Orucevic-Alagic et al. [25], this means
that the weight of the edge W(v;, v;) for all requirements arti-
facts that two stakeholders v; and v; have collaborated on
together equals:

W(Vi’ VJ) = Z W(Vi’ vj7 u[)

t=1
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Fig.2 Example of network with three stakeholders v, vg and v, and
connecting weighted edges. Adopted from [30]

As an example, when creating an interaction network based
on an issue tracker, each issue represents a requirements
artifact and number of posted comments may represent the
size of participation (X) of a stakeholder. Given that three
stakeholders v, vz and v, comment on the issue, they are
all considered as actors in a network with edges connecting
them. The weights would, therefore, consider the relative
number of comments of each stakeholder as the size of their
participation. Say v, commented 1, vy commented 2, and v,
commented 3 times. This results in the edge weights:

— Wy, vp)&Wvy,ve) =1/5
- W, vp)&W(g,ve) =2/5
— W(Vc, VA)&W(VC’ VB) = 3/5

If two stakeholder participated in an equal number of
times, the size of each participation can be made further
fine-grained. In another example, when considering an inter-
action network based on patches submitted to a software
code repository, the size of a stakeholder’s participation
(X) can be quantified with the number of changed lines of
code (LOC) of its patches. A simplified example is shown in
Fig. 2 where three stakeholders v, v, and v each created
various number of patches that were contributed to a certain
issue. v,’s patches contain 50 LOC in total. v;’s patches
contain 100 LOC in total, while v.’s patches contain 150
LOC in total. Aggregated, 300 LOC were contributed to the
issue. Resulting in the following edge weights:

— Wy, vp)&W(vy,ve) =50/300
- Wg,vp)&W(vg,ve) = 100/300
- WEe,v)&W(We,vp) = 150/300

By constructing this kind of networks (i.e., weighted and
directed affiliation networks [22, 23]), stakeholders’ interac-
tion in an OSS ecosystem’s RE process may be visualized on
different abstraction levels across the different requirements
artifact repositories identified in S3.

@ Springer

Create influence profiles (S6): In a network, a stake-
holder is more prominent if it has a central position with
edges that make it extra visible and important to others [36].
In social networks, centrality measures are commonly used
to analyze an actor’s position and prominence relative to
others [22]. Faust [23] breaks down the notion of central-
ity into how an actor is central given that they are active in
the network, can communicate with others in the network
efficiently, are able to mediate and control flows of informa-
tion between others in the network, and have relationships
with others that are central. These four aspects, respectively,
relate to the centrality measures of out-degree, between-
ness, closeness, and eigenvector centrality. SIA uses these
measures as the foundation for analyzing the influence of
stakeholders.

These four centrality measures can be adapted in differ-
ent ways to provide further facets of influence in regard to
the interaction networks. As the interaction networks are
described in S5, the edges that connect two stakeholders
have weights attached to them. These weights allow the
measures to take account of the relative size of each stake-
holder’s participation of the requirements artifacts on which
the network is based on. For example, out-degree central-
ity (see Table 2) refers to the sum of weights attached to
out-going edges from the focal stakeholder and its adjacent
stakeholders [42]. This gives an overall number in regards
to the size of the focal stakeholder’s participation in the set
of requirements artifacts covered by the network. A high
out-degree centrality may indicate that the focal stakeholder
has a high influence on its adjacent neighbors and is good at
communicating its views relative others in the network [25].
However, this way of measuring out-degree centrality does
not provide information about the total number of connec-
tions of a stakeholder, which may better show the number
of collaborations and opportunities to spread one’s opin-
ions [43]. Hence, we recommend that the proposed centrality
measures are used both in the case where the edges have the
relative weights attached to them, and in the case where they
are considered either present or not [44].

In Table 2, we describe the foundation for these measures
and how they may be interpreted in terms of a stakeholder’s
influence in the RE process of an OSS ecosystem.

As described by Faust [23], centrality may be broken
down into multiple aspects. Centrality measures, in turn,
use different definitions and sets of criteria in regard to what
classifies an actor’s position as central. Hence, one meas-
ure can present a different social structure than another and
different measures provide different perspectives on who
are the most active [25]. In smaller and simpler network
structures such measures may co-vary, while in larger and
more complex networks, they may characterize actors very
differently [45].
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Zone A Zone B

Agenda Alignment

Fig.3 Influence/agenda alignment matrix to be used for stakeholder
mapping. Adapted from earlier work [31]

Therefore, measures presented in Table 2 could be seen
as complementary to each other and may be used together to
give each stakeholder (v;) an influence profile (IP,), a 4-tuple
consisting of each centrality measure (i.e., out-degree cen-
trality (ODCL,i), betweenness centrality (BCl,l), closeness
centrality (CC, ), eigenvector centrality (EC,)).

IP, = (ODCV,., BC,,CC,, ECVi)

Such a profile can then be used when analyzing a stakehold-
er’s interaction network in step S7. For example, a stake-
holder in a certain interaction network may have

— a high ODC indicating a high activity with many col-
laborations,

— alow BC indicating that the stakeholder does not have a
broker’s position, but

— ahigh CC indicating that the stakeholder can more easily
reach out with its communication, and

— a high EC indicating that the stakeholder knows other
influential stakeholders.

When comparing stakeholders and their influence profiles,
it would be convenient to define, for each stakeholder v;, an
aggregated influence score IS, . Such a score could be used
to divide stakeholders in to two groups, those with a high
and low level of influence (see upper and lower zones in Fig.
3). One way to do this aggregation is to simply add the nor-
malized weights of each element in the profile, resulting in a
ratio-scale number between 0 and 1, as given by the formula
below, and then group stakeholders based on a threshold,
e.g., less than or equal to 0.5 denotes low influence:

CcC EC,
+ — + + :
BC CCmax Ecmax >

max

V; Vi

|/ 0ODC,  BC
15, = 4 (ope

" 4\ ODC,
There are other ways of aggregating the different measures,
using, e.g., ordinal-scale ranks, a vector space distance
metric (e.g., cosine similarity), a normalized exponential
function (softmax), or applying some kind of weighting

scheme to reflect, e.g., that centrality is considered more
interesting. Another option is to qualitatively compare the
IS, 4-tuple of measures in combination with some visuali-
zation technique, such as spider diagrams or similar. Future
work should investigate which aggregation method that
would best help to partition the stakeholders into high- and
low-level category.

In addition to comparing the stakeholders’ influence pro-
files and overall influence scores within a specific stake-
holder interaction network, it is equally important to com-
pare between the networks. For example, if the analysis
includes multiple requirements artifact repositories (e.g.,
issue trackers and mailing lists) or covers multiple releases,
these could be cross-compared. A stakeholder may have a
high overall influence score in one requirements artifact
repository, and less in another. Further, the influence and
interactions may shift with time why temporal analysis may
give important insights. Also, it may be that one reposi-
tory is more important than another (e.g., issue tracker over
mailing list), as a result, the former should be given more
attention in a cross-comparative analysis of a stakeholder.

Influence analysis of stakeholder interaction networks
(S7): In the influence analysis, the interaction networks and
influence profiles from S5 and S6 are used to address the
purpose defined in S1. First, stakeholders are ranked on their
overall influence score to get an overview of the stakeholder
population. Stakeholders of interest, e.g., a top list of those
most influential, can then be cross-compared based on the
centrality measures from their influence profiles, and ana-
lyzed in detail, e.g., in regard to their relationships. Table 2
provides descriptions of how the centrality measures may be
interpreted in terms of a stakeholder’s influence in the RE
process of an OSS ecosystem.

As a support in the analysis, and to help address the pur-
pose as defined in S1, stakeholder mapping can be applied
with the use of an influence/agenda alignment matrix (see
Fig. 3). The matrix, based on earlier work [31-33], is
adapted to consider the power and politics [14] that play a
central part in the RE process of OSS ecosystems [1, 34].
The Y-axis represents the level of influence and the X-axis
how well their agenda in the OSS ecosystem aligns with that
of the focal firm. Both dimensions range from low to high.
The four quadrants Zone A-D in the figure are explained
subsequently.

The level of influence of a stakeholder is based on the
influence score from S6. The threshold for when a stake-
holder’s influence score ranks as high is set by the analyst
in relation to the total number of stakeholders in the net-
work. Agenda alignment, which is the second dimension,
is determined by qualitatively investigating the previously
identified stakeholders’ engagement in the OSS ecosystem,
e.g., by reviewing comments made by the stakeholder in
the set of issues which the analysis considers (as defined in
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S1 and S2). The investigation should seek to answer if the
stakeholder and the focal firm want the same thing, and to
what extent.

The classification puts a stakeholder into one of four
quadrants (A-D) of Fig. 3, each indicating a different rela-
tionship and possible engagement that the focal firm should
establish and maintain with the stakeholder. Stakehold-
ers with a high level of influence and high level of agenda
alignment (Zone D) may pose as (potential) partners, both in
regard to general collaboration and RE-related activities and
negotiations. Stakeholders with a high level of influence and
low level of agenda alignment (Zone C) may pose as the key
opponents and may require active engagement in negotia-
tions in the RE process of the OSS ecosystem. Stakeholders
with a low level of influence (Zone B and A) may not pose
as having high importance, but may still require monitoring
as they can move their position with time. Those in Zone B
may pose as future collaboration opportunities, while those
in Zone A as potential threats.

If competitors are identified among those with high influ-
ence, this may signal that they have a high interest in the
ecosystem and scope of the investigation. If they are found
in Zone D, there might be an opportunity for co-opetition.
In either case, whether they have aligning agendas or not,
consideration should still be taken to the differential value
of what is contributed and how resources are invested. By
studying stakeholders in Zone C and D, a focal firm can
potentially strengthen its own influence by learning from
these stakeholders, in how they invest their resources and
with whom they collaborate. This may lead to further col-
laboration and other potential partners, and how interest may
overlap between multiple stakeholders.

4 Case study of Apache Hadoop OSS
ecosystem

In this section, we describe a first evaluation of SIA in our
design methodology. We demonstrate the applicability and
utility of SIA in a case study [49] on the Apache Hadoop
OSS ecosystem. The case study takes the perspective of a
(fictive) focal firm that provides scalable and secure infra-
structure on which Hadoop can be deployed for customers.
This is a new product offering, and the focal firm is now
interested in becoming active in the Apache Hadoop OSS
ecosystem. As they are new to the ecosystem, they want
to do an initial stakeholder analysis to see if there are any
potential partners to collaborate with, and potentially learn
from (S1). First, they want to get a general overview of the
stakeholder population to see who is present and how the
ecosystem functions in terms of the power structure and
collaboration patterns. Second, they will look for potential
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Fig.4 Number of committers and members in the Apache Hadoop
PMC aggregated per firm

partners among those most influential and investigate how
they work, and what interests they have in the ecosystem.

The Apache Hadoop project® is a widely adopted OSS
framework for distribution and process parallelization of
large data, originating from Yahoo in 2006. The frame-
work consists of four modules: Hadoop Common Modules,
Hadoop Distributed File System (HDFS), Hadoop YARN,
and Hadoop MapReduce.

The Apache Hadoop project is part of the Apache Soft-
ware Foundation which is an umbrella organization for a
large number of OSS projects and their ecosystems. A com-
mon trait for these projects is the use of meritocracy in terms
of culture and governance.’ This is reflected in the govern-
ance structure among the Apache projects, as in Apache
Hadoop which is governed by a Program Management
Committee (PMC) that consists of representatives from the
Apache Software Foundation and of elected members from
the project’s ecosystem. Further, the PMC members are also
classified as committers, i.e., they have been granted write
access to the project. A member may be elected as a new
commiitter by the existing ones. Being elected as a commit-
ter does, however, not imply membership of the PMC. To
become a committer or member of the PMC, an individual
need to show merit, e.g., by contributing and actively par-
ticipating in the development of the project. Hence, power
may be earned by showing a long-term commitment and
having the competence needed (i.e., meritocracy). In Fig. 4,
the distribution of members of the committers and the PMC
are presented based on affiliation per firm.

4.1 Overview of stakeholder interaction
and influence

To get a recent view on who the most influential stakehold-
ers are, the scope of the analysis is limited to requirements
included from release 2.2.0 (15/Oct/13) to 2.7.1 (06/Jul/15)
(S2). To get a view on both social and technical interaction,

* http://hadoop.apache.org/.
3 https://www.apache.org/foundation/how-it-works.html#meritocracy.
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Table 3 Characteristics of comments and patch networks

Comments network Patch network

Stakeholders 122 86
Collaborations 1096 260
Per stakeholder 9 3

the issue tracker is analyzed in regard to requirements arti-
fact repositories (S3). The issues contain both comments
(the social dimension) and patches (technical). The patches
are committed by authorized users, once they have been
approved. To identify the organizational affiliation of indi-
viduals that have interacted via the requirements (S4), an
analysis is done of e-mail sub-domains, complemented
with cross-checking against other information sources (e.g.,
social media and electronic archives) [30, 40, 41]. For a
subset of individuals, an organizational affiliation could not
be determined. These individuals were aggregated into two
separate groups, either independent (if this could be deter-
mined) or unidentified.

Creation of Stakeholder Interaction Networks (S5):
Based on the scope specified in S2, and the repository iden-
tified in S3, two interaction networks are generated: a com-
ments network to include stakeholders who commented on
common issues, and a patch network to include the stake-
holders who contributed patches to the same issues (S5).
The patch network was presented in earlier work [30], and
a similar data collection and cleaning approach were used
in order to create the comments network, as is also pro-
posed in SIA (see Sect. 3). The comments network shows

activity and collaboration of a stakeholder in regard to the
social interaction and discussion that revolves around a
certain issue, and the patch network shows same charac-
teristics for a stakeholder in regard to suggesting technical
implementations.

In each of the two networks, a stakeholder is represented
by a node, and the collaborations between them are repre-
sented by the edges connecting the nodes. The comments
network consists of 122 stakeholders, compared to 86 stake-
holders in the patch network (see Table 3). In both cases, this
includes two groups of developers classified as independ-
ent or as unidentified. The comments network has a higher
degree of collaboration with an average of 9 collaborations
per stakeholder, compared to the patch network, which has
an average of 3 collaborations per stakeholder. Both net-
works are visualized on a high level in Fig. 5a, b. Labels are
of firms and of relative size to their weighted out-degree, a
reason for which only those with the highest values may be
readable.

Creation of influence profiles. (S6): To measure the
influence of, and collaboration among, the stakeholders (S6),
two SNA measures were leveraged: weighted out-degree and
betweenness centrality. Other centrality measures presented
in Table 2 were excluded due to space considerations in this
paper. In Fig. 6, the two measures are presented in two sepa-
rate diagrams. The diagrams contrast the respective meas-
ures for the comments and patch networks in regard to the
15 top stakeholders (considering the overall influence score).

Influence Analysis of the Stakeholder Interaction Net-
works (S7): As presented in Table 2, the measures meas-
ure different aspects of influence and collaboration among
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Fig.6 Visualizations of normalized centrality measures for the 15 top influential firms across the comments and patch networks. Each diagram
is sorted in a descending order based on respective centrality measure from the comments network

Table 4 Top ten stakeholders based on influence score based on com-
ment network, considering only the out-degree and betweenness cen-
trality

Stakeholder Out-degree Betweenness Influence score
(norm) (norm)

Hortonworks 0.66 0.86 0.76
Cloudera 0.44 0.4 0.42
Ntt data 0.28 0.22 0.25
Huawei 0.26 0.10 0.18
Yahoo 0.25 0.10 0.18
Intel 0.19 0.11 0.15
Undefined 0.11 0.09 0.10
Twitter 0.14 0.06 0.10
Altiscale 0.11 0.07 0.09
Wandisco 0.13 0.02 0.8

the stakeholders. Below, the two measures are compared in
regard to the two networks and their stakeholders.
Out-degree centrality:Figure 6a illustrates the normal-
ized out-degree centrality which may be considered as rather
equal for most stakeholders with the exception of those most
influential: NTT Data, Yahoo, Hortonworks, and Cloudera.
Both NTT Data and Yahoo have a notably higher influence
in regards to technical implementation suggestions, while
Hortonworks and Cloudera have a higher influence and
activity through social interaction and discussion. Consid-
ering the distribution of stakeholders from the different user
categories, a heavier representation of product vendors (Hor-
tonworks, Cloudera, and Huawei) can be seen in the top five,
in regard to both the comments and patch networks.
Betweenness centrality: In Fig. 6b, it can be seen that the
normalized betweenness centrality varies notably between
the comments and patch networks for the top stakehold-
ers. Hortonworks has the highest betweenness centrality in
regard to both the technical and social aspects and com-
pared to Cloudera and Yahoo, it has double the betweenness

centrality in the comments and patch networks, respectively.
Contrasting Cloudera and Yahoo, a clear difference in focus
and importance is shown. Cloudera values technical imple-
mentation suggestions over social interaction and discussion,
while Yahoo focuses on social interaction and discussions.

Cross-comparison of centrality measures: To simplify
the cross-comparison, the influence score is used to get an
overview of the top 10 most influential stakeholders consid-
ering the two centrality measures (see Table 4). Comparing
the two centrality measures for these ten, both similarities
and differences may be found. Although it has higher activ-
ity in the comments network, Hortonworks has high influ-
ence in regard to both technical and social interaction, if
both centrality measures are taken into account. This indi-
cates that Hortonworks has a high impact in regard to what
is implemented and how. This firm can be classified as well
connected both directly and indirectly and has a good posi-
tion to act as an authority in regard to information spread
and coordination. NTT Data and Yahoo both clearly have a
higher degree of activity and influence in the patch network.
As with Hortonworks, they also have a similar distribution
among both of the two measures. This may indicate that
they have a high impact in regard to what is implemented
and how, but focus their resources on contributing technical
implementation suggestions and solutions. As with Horton-
works, they can be classified as well connected both directly
and indirectly, and have a good position to act as an authority
in regard to information spread and coordination. Regarding
the out-degree centrality, a group of stakeholders forms just
below the top.

Considering the influence/agenda alignment matrix (see
Fig. 3), these stakeholders could be considered as key stake-
holders and qualify for either Zone C or D. They could pose
either as potential partners or threats depending on how their
agenda aligns. Also, depending on if they are competitors or
not, consideration should also be taken when constructing
contribution strategies [13]. The focal firm should, therefore,
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Table 5 Binary out-degree of Wandisco for Apache Hadoop’s four
modules. Values aggregated for releases R2.2-2.7 per network type.
Relative ranking within parenthesis

Table 7 Top collaborators with Wandisco in the comments network
of the HDFS module

Stakeholder Number of com- Total number of Weight
Common HDFS YARN MapReduce ments comments
Comments 11 (11/64) 20 (5/48) 4 (32/59) 1(33/39) Hortonworks 227 1109 0.20
Patches 0 5(7/24) 0 0 Cloudera 98 663 0.15
Intel 91 679 0.13
Pivotal 42 79 0.53
Yahoo 34 313 0.11

Table 6 Weighted out-degree of Wandisco for Apache Hadoop’s four
modules. Values aggregated for releases R2.2-2.7 per network type.
Relative ranking within parenthesis

Common HDEFES YARN MapReduce
Comments 1.87 (12/64) 2.82(6/48) 0.73 (19/59) 0.24 (26/39)
Patches 0 297 (7124) 0 0

monitor and form an understanding of how these stakehold-
ers’ agendas align with their own.

4.2 Investigating collaborations and agenda
of a potential partner

From the previous analysis, the focal firm could identify
WAN(disco as a stakeholder with a similar business model
and a potential partner in terms of collaboration and similar
interests (Zone D in Fig. 3). The goal in this second step is
to do a more thorough analysis focusing on WANdisco’s
collaborations and high-level agenda (S7).

Looking at WANdisco’s influence profile, their over-
all influence score gives them an ordinal rank of 10 (see
Table 4) when analyzing the comments network. They have
an equal level of social and technical activity, on similar lev-
els as Twitter, Altiscale, eBay, and Microsoft (see Fig. 6a).
They have a relatively high level of control and coordination
considering the betweenness centrality. All things consid-
ered, they have a relatively high influence and interest in
Apache Hadoop, but much lower than the key-stone play-
ers, Hortonworks, Cloudera, NTT Data, Huawei, Yahoo,
and Intel.

WAN(disco entered the Apache Hadoop ecosystem in
2012 by acquiring AltoStar. Their product is a platform that
allows for distribution of data over multiple Apache Hadoop
clusters, similar to that of the focal firm. WANdisco has 14
active developers in the investigated set of releases in regard
to comments and patch contributions. One developer is also
a member of the PMC and Committers group.

To learn more about WANdisco’s interests in Apache
Hadoop and its collaborators, the focal firm investigates
if WANdisco has shown a special focus in regard to any
of the four modules of Apache Hadoop: Common, HDFS,

@ Springer

YARN, and MapReduce (S2). The analysis is still focused
on requirements included in releases R2.2-R2.7. Regarding
S3—4, they are identical to the previous example. When cre-
ating the interaction networks (S5), one patch network and
one comment network are created for each of the modules.

When creating the influence profiles (S6), the analysis is
limited to examining the out-degree to get a view of their
activity and comprehension of their relative influence in
regard to the modules. Values for binary and weighted out-
degree are presented in Tables 5 and 6, respectively. The
former specifically indicates the number of other stakehold-
ers that WANdisco has interacted with, and the latter a better
relative measure of their influence. As can be noticed for
values regarding the patch network, it can be concluded that
WAN(disco has a specific interest in the HDFS module. The
out-degree values for the comments network further confirm
a specific interest in the HDFS module with a relative rank-
ing of 5 and 6, respectively, out of 48. Some interest can also
be observed for the Common module.

Regarding collaboration, the analysis is limited to the
HDFS module as this is where their main interest of WAN-
disco lies. In regard to the patch network, there are only
five collaborators, as indicated by the binary out-degree
in Table 5. These consist of Hortonworks, Huawei, Intel,
Yahoo, and Intel. In regard to comments network, WAN-
disco had interacted with 20 other stakeholders. Out of
these, Hortonworks, Cloudera, Intel, Pivotal, and Yahoo
were the top five in regard to the number of comments
made by WANdisco on common issues, see Table 7. The
table further presents the weight of the outgoing edge from
WAN(disco to each respective stakeholder. In the example of
Pivotal, this may be interpreted as WANdisco having made
53 percent of the total number of comments on issues where
both WAN(disco and Pivotal have collaborated on.

An outcome of this analysis is that WANdisco holds their
main interest and invest their resources in the HDFS com-
ponent, both from a technical and social perspective. Con-
sidering the influence/agenda alignment matrix in S7 (see
Fig. 3), a qualitative investigation needs to be performed,
e.g., of their comments and code commits, in order to deter-
mine e.g., what features they value or prioritize. Such an
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investigation will help to determine the agenda alignment
further and if WANdisco belongs to Zone C or D, i.e., if
they make up a potential opponent or partner. Based on their
active collaborations, Pivotal should be investigated further
in terms of their interest and activity.

5 Discussion

Below we first discuss different alternatives to characterizing
a stakeholder’s influence, followed by a discussion regarding
limitations and threats to validity in our demonstration of
SIA’s utility in the analysis of the Apache Hadoop ecosystem
stakeholder influence.

5.1 Alternatives to characterizing a stakeholder’s
influence

The three questions stipulated by Frooman [14] highlight
the strategic importance of stakeholder identification and
analysis: Firms need to identify and characterize present
stakeholders in terms of their influence, identify their agen-
das primarily in terms of alignment with one’s own, and
how they are planning to achieve it. The latter of the three
is important as it informs of a firm’s possible strategies for
contribution and interaction. SIA helps to address these
questions by characterizing the stakeholders’ collaboration
and influence within the OSS ecosystem. The quantitative
outcome which is generated is best complemented with
qualitative insights which may be gained through observing
or even taking part in the communication of the ecosystem.

In the stakeholder mapping process, which is part of the
influence analysis of SIA (S7), both the quantitative and
qualitative aspects are needed. In the proposed influence/
agenda alignment matrix, the influence profiles and influ-
ence scores may be used to determine the level of influence.
As mentioned in Sect. 3 and the description of (S6), the
proposed influence score is one approach to get a simpli-
fied overview of which stakeholders are the most influential.
However, as the different centrality measures provide dif-
ferent aspects, these measures should still be investigated
qualitatively to get a more fair view over how influential the
stakeholders can be considered to be relative others.

On a general level, one can also look at which stakehold-
ers hold a seat in the different committees of the ecosystem
governance structure. However, these do not have to align
as a firm can influence both by having representatives in
and outside leadership positions, of which the latter is the
more common [50]. This phenomenon can be noted when
comparing firms with members on the PMC and Com-
mitters group in the Apache Hadoop OSS ecosystem (see
Fig. 4) with firms that have the overall highest influence
score (based on out-degree and betweenness centrality, see

Table 4). NTT Data, with a relatively high activity both in
regard to the patch and comments networks (see Fig. 5), have
a very limited number of places on both the PMC and Com-
mitters group. Furthermore, when changing the scope of the
analysis (e.g., a certain set of releases or a component—see
Sect. 4.2), the governance structure may give an even less
representative overview as different stakeholders have dif-
ferent interests, why the network approach proposed by STA
may prove more valuable.

Another approach to measuring influence with other than
centrality measures would be to use pure count-based meas-
ures of a developer’s activity, e.g., number of comments and
code commits. As highlighted by Joblin et al. [51], these,
however, give a simplified view of a developers position
and do not consider the inter-developer relationship. By
considering the latter, an analysis can investigate, for exam-
ple, how active the developers are, how efficiently they can
communicate with others, how they are able to mediate and
control the flow of information between others, and have
relationships “with others that are themselves” central [23].
As further shown [51], network-based measures are equally
good, and in certain cases better than count-based meas-
ures at describing how influential a developer is. Certain
count-based aspects are however included in SIA as it does
recommend the use of binary edges as a complement to the
weighted edges. As is mentioned in S6 (see Sect. 3), a high
out-degree centrality based on weighted edges may indicate
that the focal stakeholder has a high influence on its adjacent
neighbors and is good at communicating its views relative
others in the network [25]. However, this way of measuring
out-degree centrality does not provide information about the
total number of connections of a stakeholder, which may
better show the number of collaborations and opportunities
to spread one’s opinions [43].

Furthermore, it may be noted that there are other central-
ity measures available [22] than those proposed in the CSF.
We based our choice of out-degree, betweenness, close-
ness, and eigenvector centrality measures on the suggestion
of Faust [23] as explained in Sect. 3. These are generally
adopted in explaining the centrality and importance of an
actor when analyzing OSS ecosystems (e.g., [25, 52, 53]).

5.2 Limitations and threats to validity

As a proof of concept demonstration that SIA is functional
and practical in stakeholder analysis in a large ecosystem,
we described a case study on the Apache Hadoop OSS eco-
system. The ecosystem has a community-managed govern-
ance model, meaning that the OSS project is owned and
managed by the community [54], and a meritocratic author-
ity structure, meaning that influence is gained by proving
merit [2] and by establishing a symbiotic relationship with
the ecosystem [11]. Another important characteristic of the
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chosen ecosystem is the high concentration of firms among
its stakeholders, as we are interested in identifying and ana-
lyzing stakeholder on the organizational level.

This application of SIA in our case study, however, is not
without a number of threats to validity. A threat to the inter-
nal validity concerns the way how weights are calculated
(see S5, Sect. 3). The consideration taken to the relative
size in regard to changed lines of code does account for the
net amount (i.e., added and removed lines), but commits
containing larger amounts of non-meaningful content may
give a non-fair view. Thus, it may be valuable to compare
interaction networks and influence profiles based on both
weighted and binary edges. Also, comparing networks based
on different requirement artifact repositories (as exemplified
in Sect. 4) can help to give a more nuanced view.

A related threat is that we consider issues in general as
“requirements,” which may be further extended in our rea-
soning of requirements artifacts in general. This is based on
the nature of RE in OSS as informal and decentralized [6].
Requirements consist of fragmented representations, such
as issues, mail thread discussions, and commits [7]. Further
mitigation of this threat could include textual and natural
language processing of the content in each of the require-
ments artifacts. This is a vibrant topic in the research field
of mining software repositories. However, we consider this
topic as out of the scope of SIA as we focus on the identifica-
tion and stakeholder analysis process in its form and struc-
ture. We do acknowledge the topic as complementary quality
aspects that should be further researched and integrated with
our proposed process in future research.

A further threat concerns the determination of organi-
zational affiliation of individuals in the OSS ecosystem.
We adopted a heuristic approach as suggested by earlier
research [40, 41], starting with an analysis of e-mail sub-
domains and complementing with second- and third-level
sources such as social network sites as LinkedIn and Face-
book, as well as blogs, community communication (e.g.,
comment-history, mailing lists, IRC logs), web articles
and firm websites. We acknowledge this is a delicate and
complex process that is best mitigated by “knowing” the
ecosystem and actively interacting with its communication
channels. In SIA, we recommend using a mix-method trian-
gulation with both qualitative and quantitative approaches.

The case study we described exemplifies how the dif-
ferent steps of SIA can be applied and the insights that
can be gained. We acknowledge that a single case study
is not sufficient to prove validity in terms of repeatability
and utility, and that this is only a first step in the artifact
validation phase of our design science research [20]. The
characteristics of the Apache Hadoop OSS ecosystem, i.e.,
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community-managed, meritocratic, and multi-vendor, do
however indicate what types of OSS ecosystems might ben-
efit from a stakeholder analysis using SIA. Further investiga-
tion of SIA’s utility and repeatability is out of the scope of
this study and instead left for future work. Future research
should consider applying SIA from a focal firm’s perspec-
tive and study different types of OSS ecosystems with a
more nuanced authority structure, e.g., as both autocratic,
democratic, and meritocratic coordination processes can act
in parallel [55]. This falls naturally in the design science
research approach as it is an iterative search process for an
artifact that will solve the stated problem [21].

6 Conclusions

This study proposes the stakeholder influence analysis (SIA)
method which aims to help firms involved in OSS ecosys-
tems to characterize ecosystem’s stakeholders according to
their level of influence on the ecosystem’s RE process. This
is an important attribute due to the collaborative and infor-
mal nature of the OSS ecosystem’s RE processes, and often
meritocratic governance structure. SIA, therefore, allows
firms to see in which requirements a stakeholder holds a
certain interest, and thereby create an overview of a stake-
holder’s agenda. This also allows firms to understand how
stakeholders invest their resources, and with whom they col-
laborate according to their agenda. Thus, SIA offers input
to how firms involved in OSS ecosystems should construct
their contribution strategies and act in the politics and nego-
tiations of the ecosystem’s RE process in order to align it
with their internal RE process and product planning. It can
be concluded that SIA shows potential through the case
study on the Apache Hadoop OSS ecosystem, while further
work is needed in regard to external validity.

In future work, we therefore aim to refine and vali-
date SIA quantitatively and qualitatively through further
design cycles involving additional OSS ecosystems, and
from existing focal firms’ perspectives. Further, we aim to
investigate how the stakeholder analysis processes result-
ing from SIA may be used as an input to the construction
and execution of contribution strategies [13].
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