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Platform Provider Roles in Innovation in Software
Service Ecosystems

Kibae Kim and Jörn Altmann

Abstract—Following a new innovation strategy, software ven-
dors move their software onto their software service platforms and
open up their platforms to third-party software service vendors.
Although many studies state that enlarging the scope of software
service offerings is the goal of the platform providers, only a
few studies have focused on the roles that the platform providers
take on to achieve the goal. These studies identified that the plat-
form providers not only manage the platform but also promote
and regulate third-party software. In this article, we extend this
research by analyzing the activities of how platform providers
promote innovation. For the analysis, we use empirical data about
software services gathered from AppExchange of Salesforce. The
analysis identifies the clusters and positions of software services of
Salesforce and third-party vendors in the software service network.
Our analysis results show that Salesforce promotes innovation by
provisioning software services that are in core positions or that
are bridges between service clusters. Third-party vendors release
software services that are complementary to those of Salesforce.
Overall, the results suggest that platform providers need to position
strategically their software services to build successful software
ecosystems, and that research on innovation needs to analyze the
roles and efforts of the platform providers in detail.

Index Terms—Open innovation, platform leadership,
Salesforce.com, social network analysis, software industry,
software-as-a-service, software services.

I. INTRODUCTION

ONE of the most interesting software innovation strategies
is that software vendors create software service plat-

forms for offering their software as a service and open up
their platforms to attract third-party software vendors. Previ-
ously, software vendors sold their software with on-premises,
perpetual software license. By moving toward software ser-
vice platforms, software vendors benefit from the collective
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intelligence of platform users [1], [2]. Collective intelligence
enables the creation of new ideas through the voluntary sharing
of knowledge and innovation resources of the platform users
with each other, stimulating innovation beyond the individual
stakeholder capabilities [1], [3]–[5]. This way, software can be
reused to create new software, which would not emerge due
to the limitation in resources otherwise. For example, if it is
possible to reuse software, a single software vendor, who has to
focus on implementing a few features due to the development
cost for software [6], can focus on the implementation of new
innovative features instead of reimplementing existing features.

The key to successful platform strategies is to attract third-
party vendors developing applications and end-users (con-
sumers) consuming these applications. The revenue generated
from their transactions can be shared between the different
stakeholders of the platform ecosystem [7], [8]. To design such
a platform architecture and the corresponding business model, a
platform provider needs to address the technological and busi-
ness challenges. From a technical viewpoint, a platform provider
needs to define the software services and the interfaces between
them. In particular, a platform provider needs to distinguish
the core software services, which it wants to offer, from those
software services that it wants to leave to third-party vendors
[9]–[11]. From a business viewpoint, the platform provider
needs to identify the commercial side and the subsidy side of
the market, regulate their transactions [12], [13], and to control
the openness of the innovation resources on the platform [14],
[15].

Prior research assumes that third-party vendors vigorously
create new software applications if a platform provider designs
a well-defined architecture and business model. However, recent
studies on platform-related innovation suggest that innovation
on a platform requires an assiduous involvement in the activity
of third-party vendors [10], [16]. Especially, a platform provider
needs to release applications of its own to promote third-party
vendors’ innovations. For example, Apple has released software
applications (i.e., map and payment applications [16]) that are
fundamental to the applications that third-party vendors develop.
Gawer and Cusumano [10] called this platform provider’s de-
signing of architecture and business model “coring” and its
continued endeavor of promoting third-party vendors’ innova-
tions “tipping.” Furthermore, while a lot of previous studies
introduced theoretical propositions and empirical findings on
platform architectures and business models of platforms, only
few studies investigated the roles of platform providers related
to regulation and promotion. Among those, the activities of a
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platform provider on stimulating participation of its third-party
vendors (i.e., as a source of collective intelligence) in innovation
has not fully been investigated.

The objective of this article is to address this shortcoming by
determining the activities of platform providers. In particular,
the objective is to identify how the platform providers participate
in the innovation process within a software service ecosystem
by investigating the position of software services released by
platform providers and third-party vendors within an entire
software service network, within the clusters of services of a
software service network, and between the clusters.

To achieve this objective, we investigate the innovation on
a software service platform with respect to the structure of
its software service network. As a network structure emerges
through the resources available, the value of resources, and
the activities of stakeholders, the analysis of a network struc-
ture (i.e., the positions of resources within the network) can
reveal important stakeholders or the important characteristics
of resources. For our purpose, the network structure analysis
is intended to reveal the additional mechanism behind inno-
vations on software service platforms. The software service
network analyzed in this research is defined as a tuple of a
set of nodes and a set of links. While each node represents a
software service, a link between a pair of nodes denotes the
existence of a complementary relationship between the software
services corresponding to the nodes. Social network analysis is
conducted using empirical data gathered from AppExchange,
an open platform for customer relationship management (CRM)
software, which is managed by Salesforce.com1 [17]. In particu-
lar, we measure the degree centrality of software services within
the entire software service network, the z-score of software
services within clusters of the software service network, as
well as the connectivity of software services in a cluster with
nodes outside the cluster [18]. Finally, we compare the network
positions of services released by the platform provider with
those released by third-party vendors, using the Wilcoxon Rank
Sum test.

Our main findings show that the network positions of software
services released by the platform provider are different from
those released by the third-party vendors. That is, the software
services of the platform provider locate at the center of the
entire network compared to those of the third-party vendors. In
addition to this, the platform provider releases software services
locating at the core positions of service clusters and at the
bridge positions that connect service clusters. Software services
released by the third-party vendors are connected with software
services released by platform provider, indicating that software
services of the third-party vendors are likely to be complemen-
tary to software services seeded by the platform provider. In
summary, the results suggest that a platform provider develops
software services, which lead the innovation in the entire service
ecosystem through seeding service clusters and demonstrating
the value of combining services of different clusters.

Our findings suggest both academic and managerial impli-
cations. From an academic perspective, our findings suggest

1[Online]. Available: http://www.salesforce.com

that the role of a platform provider should be refined. Prior art
proposed that opening the resources of a platform provider to
third-party vendors could lead to their participation in innovation
on the platform. Our findings imply, instead, that providing
software services for seeding a cluster of services could be added
to the roles of a platform provider. This extension of the platform
provider role leads to a managerial implication. While prior
research suggests that a platform provider implements strategies
for developing an ecosystem on the ground of its platform (e.g.,
separating the sides of a market [13] and tipping after coring
[10]), our findings suggest to add the strategy of participating in
the innovation that has been dedicated in prior research to the
role of third-party vendors. Moreover, our findings help a plat-
form provider to develop its ecosystem through releasing core
software services and bridge software services that aggregate
the third-party vendor software services (i.e., building a cluster
of services) and guide the third-party vendors to connect those
software services released by the platform provider.

The remainder of this article is structured as follows. Section II
describes the conceptual background of the social network anal-
ysis that is used as the research method. The collection of the
empirical data and the process of analysis are described in Sec-
tion III. Sections IV and V lay out the analysis results and a de-
tailed discussion of the analysis results, respectively. Section VI
concludes this article.

II. THEORETICAL BACKGROUND

A. Platform-Related Innovation

A new trend of innovation that has been identified in the early
2000s is that software leaders form “platform-based software
ecosystems” [19]. A platform provides a base of software com-
ponents (i.e., software applications) that support core functions
and can be extended through external software components
that use the standardized interfaces of the platform [19], [20].
These software component extensions can even be modified by
developers for creating further extensions, avoiding complexity
due to the interoperability of these services [21]. If extensions
are added to a platform, the extensions not only complement
the overall offerings for the platform users but also compete
with other extensions, forming a software ecosystem [7], [19],
[22], [23].

If a platform provider opens access to its innovation resources,
platform customers (i.e., platform end-users and third-party
vendors) can utilize them for their innovations [7]. The benefits
are twofold. On the one hand, the platform provider harnesses the
collective intelligence of third parties, achieving its innovation
at a low cost [1]. Thereby, the platform provider gains benefit
through the extension of the scope of their software applications
[8]. On the other hand, the third-party vendors might collaborate
with each other without any benefit to a platform provider
[26]. To address this, some platform providers allow access to
basic functions of their platform at no cost, while functions
enabling sophisticated collaborations are only available under
a commercial license (see “Security Check Fee” in Fig. 1). This
allows them to gain revenue without limiting the innovation

http://www.salesforce.com
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Fig. 1. Software service ecosystem that is based on Salesforce.com.

through collective intelligence [12]. The success of a platform-
based software ecosystem relies on how vigorous the third-party
vendors participate in the innovation [24], [25].

Prior research emphasized that the roles of platform providers
are not only about making their resources available but also de-
signing an architecture and a business model for its platform [8],
[9], [11], [14], [15], [27], [66], [67], [68]. The roles of the plat-
form providers can be distinguished into the technology-related
and business-related roles. With respect to technology-related
roles, a platform provider designs the architecture of its platform
through the definition of components (i.e., “components of a sys-
tem in which elements are densely connected”) and the interfaces
between the components [9], [11]. With respect to business-
related roles, a platform provider determines means to attract
end-users and motivate third-party vendors to innovate in a “mul-
tisided market” [14]. One of the key instruments is to adjust the
openness of the platform by balancing the platform provider’s
power for charging and the third-party vendors’ environment for
innovating [15].

Additionally, platform providers participate in developing
new software applications on their platforms. For this, Gawer
and Cusumano [10] proposed two strategies for platform leader-
ship (i.e., “coring” and “tipping”), addressing the technological
and business challenges to promote third-party vendor partici-
pations. That is, the development of software applications are
not only performed by the third-party vendors but also by the
platform providers. Furthermore, Ghazawneh and Henfridsson
[16] showed in their case study of Apple iPhone that a platform
provider releases applications that can be seeds for developing
third-party vendors’ applications so that the diversity of appli-
cations enhances. In our case, Salesforce.com, which owns the
software services platform, also participates as a software vendor
in the innovation (see Fig. 1).

In summary, a platform can provide an environment for
“open innovation,” so that the knowledge permeates across the
organizational boundaries [3], [28]. Third-party vendors access
the resources of a platform provider for their innovation, while
the outflow of their resources permits spin-off innovation on the
provider platform. The incentives for the platform provider is
the additional revenue from selling additional software services

through the creation of a variety of software services and a crit-
ical mass of platform users. The critical mass, in turn, provides
incentives to the third-party vendors to participate in the open
innovation platform. Without this critical mass, third-party ven-
dors cannot generate sufficient revenue to cover their software
development cost [13]. Furthermore, subsidizing one side of the
market (in order to achieve a critical mass) does not mean that a
platform provider incurs a loss. The platform provider can gain
sufficient revenue from the other side of the market (i.e., the
money side of the market) through economic activities between
the two sides [13], [15], [29], [30].

B. Position of Nodes in a Network

Prior research pointed out that innovation could depend on the
system rather than individuals involved [31], [32]. This idea can
also be applied to open innovation on software service platforms,
which cultivate innovations by providing the possibility of com-
bining innovation resources (i.e., software services) through
third-party vendors. Following this idea, previous studies started
to examine software services from a network perspective [33],
[34], [69]. Defining a node and a link to represent a software
service and a new software service codevelopment, respectively,
the authors described the topology of a software service network
and traced the change of positions of the nodes in the network.
Different to this approach, we represent a software service as
a node and the coinstallation of a pair of software services
within the account of a platform user as a link between the two
software services [71]. Our definition follows two assumptions:
First, a platform user utilizes a set of software services, which
complement each other in addressing the need of the platform
user. Second, a cooccurrence of software services simply means
that a technological proximity or a cognitive proximity between
software services exists.

As a network structure emerges depending on the resources
available, the value of resources, and the stakeholder activities,
the analysis of a network structure (i.e., the analysis of the
positions of resources within the network) can reveal stakehold-
ers or the characteristics of resources, which are important to
the innovations within the system. Therefore, network structure
analysis (using social network analysis) could reveal mecha-
nisms behind innovations on software service platforms, which
cannot be detected otherwise.

As a platform provider can access its platform earlier
than any third-party vendor can, it has a first-mover advan-
tage in developing software services. Therefore, a platform
provider can release a set of software services, which rep-
resent core software services that provide value to the plat-
form users. As third-party vendors do not have this advantage,
software services of third-party vendors rationally build their
software services with those of the platform provider. As a
result, software services released by the platform provider might
be used by customers more often than those developed by the
third-party vendors. Consequently, it is expected that the soft-
ware services developed by the platform providers are probably
located more central than those of the third-party vendors. Based
on this, we establish the first hypothesis:
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Hypothesis 1. The software services released by a platform provider
locate at more central positions in a software service network than
those released by the third-party vendors.

C. Network Position Within a Cluster

Network studies have shown that some nodes in a network
are connected more densely than other nodes. These groups
of densely connected nodes are called clusters [35]–[37]. The
process of forming clusters is affected by the preferences of
people for similarity [38]. Examples of clusters can be found
in networks about the physical distance between houses [39],
academic background of researchers [36], and demographic
properties (e.g., gender and race) of people [40], [41].

Innovation studies focus on the process through which knowl-
edge is created within and between communities (i.e., clusters)
[42]–[44]. Knowledge is constructed within a community, in
which agents share their academic backgrounds, norms, perspec-
tives, and methodologies [45], as well as between communities.
For example, innovation is achieved if a community with a
problem hard to solve finds a solution to this problem with
the knowledge from another community [43]. In this process,
an agent with a connection to the other community obtains
the knowledge from the other community and disseminate it
to its own cluster [42], [46]. This agent locates at a position that
mediates the communities (clusters) in a network. This position
in the network structure is called “structural hole” [42], [47].

Similar to those social networks, software services tend to
be connected with other software services that share identical
attributes [48]. Software services within the same service cat-
egory are more likely to be combined than software services
belonging to different service categories. Furthermore, software
services are likely to be connected with those software services
that have been released by the same vendor. Following Kim
et al. [48], we also assume that a software service network
contains several clusters, in which software services are closely
connected. Innovation is achieved within these clusters of the
software service network in the same way as in traditional social
networks. If a platform provider intends to promote innovation
of third-party vendors on its platform, one of the best strategies
is to develop software services that build their own communities.
In this case, the software services released by the platform
provider would be at the center of clusters. Following this line
of argument, we establish the following hypothesis:

Hypothesis 2. The software services released by the platform
provider locate at more central positions within a cluster than those
released by the third-party vendors.

D. Network Position Across Clusters

A network evolves as clusters emerge, merge, or disappear.
That is, a network adapts to a changing environment [44]. The
evolution of a network depends on the interactions between
the clusters. An empirical study shows that the probability of
an organization’s survival increases if subgroups (i.e., clusters)
in the organization interact with each other [49]. This corre-
lates with innovation processes. Innovation is mainly achieved

through interactions within clusters [49], while solutions to hard
problems of a cluster might be found in another cluster [43], [46].

The prior research suggests that, as it is impossible for a
software service platform provider to catch each innovation
trend in detail and to invest in all potential services, a platform
provider needs to attract third-party vendors that take over this
task [3], [7]. However, as third-party vendors would face cogni-
tive limitations in reusing and recombining unfamiliar software
services [50], they might be captivated in providing slightly
advanced software services within a service clusters initiated
by the platform provider. That is, it is the role of the platform
provider to open the opportunity of bridging distant clusters
of software services. In this environment, third-party vendors
can develop software services complementary to the bridge
services released by the platform provider [7], [24]. Based on
this discussion, we suggest the following hypothesis:

Hypothesis 3. The software services released by the platform
provider are more likely to be connected with the nodes outside
their clusters than those software services released by the third-party
vendors.

III. METHODOLOGY

A. Salesforce.com’s Offering of a Software Service Platform

Salesforce.com focuses on CRM systems. It provides its CRM
software as software services (also known as Software-as-a-
Service (SaaS)) so that end-users can outsource their CRM
for their businesses. Furthermore, it provides a platform with
its CRM services for third-party vendors to customize their
services and develop new services on it [17], [51]. In other words,
third-party vendors participate in the innovation and utilize the
innovation output from the software service platform provided
by Salesforce.com. It is similar to Apple iOS and Google An-
droid, which are platforms for developing and utilizing mobile
apps. Therefore, Salesforce.com, its third-party service vendors,
and their end-users form a software service ecosystem (or “soft-
ware ecosystem” as defined in [52] or “digital ecosystem” as
defined in [26]). In this software service ecosystem, innovation
is performed by the cooperation and interaction among the
stakeholders.

Fig. 1 illustrates the software service ecosystem of Sales-
force.com, which is based on the software service platform,
AppExchange, of Salesforce.com. The ecosystem comprises a
software service platform provider (Salesforce.com), third-party
software service vendors, the Salesforce Lab (SFL) software ser-
vice vendor, and end-users, who consume software services cre-
ated by software service vendors. Platform users (i.e., software
service vendors and end-users) are charged based on the usage of
the software service platform. Software service vendors can offer
their software services to the platform users free-of-charge or for
a fee. That means, a software service vendor can also utilize the
software services created by other vendors. If a vendor charges
a fee to the platform users, Salesforce.com requests a security
check fee from the software service vendor. Salesforce.com also
creates software services, using the name SFL. All software
services of the platform are enlisted in a directory. If customers
install software services under their accounts to support their
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Fig. 2. Example of a software service network constructed from the data of
AppExchange of Salesforce.com.

own business, they are charged for the service usage according
to the business model of the software service vendor.

B. Data Collection

The data for the empirical analysis have been collected from
the service installation and service developer information pages
of AppExchange of Salesforce.com.2 Each entry on the infor-
mation page about a software service contains information about
the provider of the service, the software service name, the release
date, the pricing plan, the service categories, the reviews, and
the rating of the software service. The information that is used
for the analysis includes the software service name, the provider
of the service, and the release date. The information about the
software service coinstallations comes from the information that
has been made available by the software service vendors. The
information about software service coinstallations comprises the
name of the vendor (i.e., the Salesforce.com account) and the
list of services that the software service vendor has installed.

Based on this data, the software service network has been
constructed. The software service network is defined as a tuple
of a set of nodes and a set of links. While the nodes represent the
software services operating on the Salesforce.com platform, the
links represent the software service coinstallations. That means,
the link between a pair of nodes represents the complementary
relationship between two software services as used by a platform
user (i.e., service vendor or end-user). That is, all software
services used by a platform user are complementary to each
other. Fig. 2 illustrates an example of this kind of the software
service network. The example shows SFL, which is operated
by Salesforce.com (left-hand side of Fig. 2) and has released
“mass update and mass edit from list view” and “survey force”
(corresponding to Software Service 1 and Software Service
2, respectively). Two third-party software service vendors re-
leased “inside view free” and “conga composer” (corresponding
to Software Service 3 and Software Service 4, respectively).
Platform user A installed Software Service 1 and Software
Service 2, and platform user B installed Software Service 2,
Software Service 3, and Software Service 4. Then, the example
leads to a software service network with 4 nodes and 4 links
(i.e., links between Software Service 1 and Software Service 2,
Software Service 2 and Software Service 3, Software Service 3
and Software Service 4, and Software Service 4 and Software
Service 2 (right-hand side of Fig. 2)).

2[Online]. Available: http://appexchange.salesforce.com

C. Identifying Clusters in a Network

A cluster is a subset of a network, in which the nodes are more
similar than the nodes outside the cluster [36], [37], [53], [54].
We use the simulated annealing algorithm to detect the clusters in
the software service network [54]. This algorithm stochastically
finds globally optimal clusters using metaheuristics so that the
clusters have a high modularity with respect to the number of
links that nodes generate within and across the clusters [54]. This
approach yields clusters whose nodes are densely connected
within the clusters and sparsely connected across the clusters.

D. Measuring the Network Position

Centralities measure the network position of nodes. There are
a variety of centralities including the degree centrality [55]. As
the degree centrality of a node measures the number of nodes
connected to the node, it is a most intuitive and simple way
to measure how deep the node is embedded in its network. The
degree centrality is normalized by the maximum number of links
(g− 1) that it can possibly have in a network of size g. Assuming
that aij = 1 represents the link between two nodes i and j, then
the normalized degree centrality di of node i in a network of size
g is defined as

di =

g∑

j=1

aij
g − 1

assuming that aij = 0 if node i and node j are not connected. If
a node i is isolated from any other node, the degree centrality is
di = 0.

Based on this definition of degree centrality, we define the
z-score zCi of a node i within a cluster C, as proposed by Guimerà
and Amaral [54]. For this, we define the degree centrality dCi of
node i within a cluster C to be the number of links to the other
nodes within the cluster (i.e.,

∑
j∈C aij). Furthermore, for the

cluster C containing node i, we define d̄C and σdC
to be the

average of all dCj with j ∈ C and the standard deviation of all dCj
with j ∈ C, respectively. Using these definitions, the z-score of
node i can be calculated as

zCi =
dCi − d̄C
σdC

.

In addition to this, the external connectivity of node i belong-
ing to cluster C measures the number of links to nodes outside
the cluster. It is normalized by the maximal possible number of
links (g − c) for a cluster C with size c in a network of size
g. In detail, the normalized external connectivity d¬Ci of node i
belonging to cluster C is defined as

d¬Ci =
∑

j∈¬C

aij
g − c

.

IV. ANALYSIS RESULTS

A. Data Description

The data collected show that about 1000 software service
vendors registered on the AppExchange platform and 74 of
those vendors published their information about their software

http://appexchange.salesforce.com


KIM AND ALTMANN: PLATFORM PROVIDER ROLES IN INNOVATION IN SOFTWARE SERVICE ECOSYSTEMS 935

Fig. 3. Number of software services on Salesforce.com’s AppExchange.

service installations. These are the users of software services
released on the AppExchange of Salesforce.com. The 74 ven-
dors utilized 206 software services. These 206 software services
were created by 99 different vendors. Among the 206 software
services, 88 software services were released by SFL, a brand
of Salesforce.com. The remaining 118 software services were
released by 98 third-party software service vendors. The total
number of new software services per month increased steadily
during the study period from July 2005 to April 2013 (see Fig. 3).

In detail, Fig. 3 depicts the trend of the number of software
service released by SFL and the trend of the number of software
service released by the third-party vendors. The number of
software services, which have been released by SFLs, steadily
increased from 11 software services in January 2006 to 77
software services in November 2010 but slowed down since then.
At the end of the study period, only 88 software services have
been released in total. In other words, the rate of contribution of
SFL (i.e., the number of software services released compared to
the total number of software services) decreased gradually over
time.

The increase in the number of software services, which have
been released by the third-party vendors, shows a different trend.
The number of software services released by the third-party
vendors was two software services in January 2006 and 51
software services in November 2010. Afterward, it increased
faster than the number of software services released by SFLs.
The third-party vendor contributions surpassed the number of
software services released by SFLs in May 2012. The number
of software services of the third-party vendors is 118 at the end
of the study period.

B. Network Topology

For the software service network that has been formed, Fig. 4
shows the cumulative distribution of the degree centrality in
base-e log–log scales (and log-e log-linear scales in the small
box). The cumulative degree distribution seems to decay by a
power function with a concavity. The topology of the Sales-
force.con software service network looks different from a net-
work with a usual power-law distribution, considering that the

Fig. 4. Cumulative degree distribution in base-e log-log scales of the 206
software services (The graph in the small box depicts the same data in base-e
log-linear scales.)

cumulative distribution of a power law fits to a linear line in
log-log scales [56].

To check the similarity of the decay with an exponential func-
tion, we fitted the cumulative degree distribution in a log-linear
scale (the graph within the small box of Fig. 4). The results
show that the cumulative degree distribution decays following
an exponential function in the low-degree area but not in the
high-degree area. The high-degree area contains “mass update
and mass edit from list view,” “field trip,” “appirio cloud sync for
google apps,” “mass delete,” and “conga composer.” They have
no common property with respect to the service category and
payment schemes. The categories of these services are different
from each other. Two of them are charged for, and the remaining
three are free of charge. However, it is interesting that these
software services have been released by the third-party vendors.

The topology results suggest that the degree distribution of
the service network can be characterized as a combination of
a power-law function and an exponential function. The power-
law distribution is generally formed through the evolution of
the network. The evolution is based on a positive feedback to
the degrees in previous time periods, i.e., through a preferential
attachment [57]. An exponential distribution is the result of a
random selection process [35]. Consequently, we can state that
the software service ecosystem of Salesforce.com evolves due
to the random selection of software services and a selection that
is driven by a few hubs.

C. Clusters in the Software Service Network

Using the simulated annealing algorithm [54], we identified
ten clusters that yield the modularity 0.40641. Fig. 5 depicts
the descriptive statistics of those clusters in two dimensions:
size of cluster and density within cluster. The size of a cluster
represents the number of nodes belonging to the cluster. It varies
from 2 to 37 for the 10 clusters identified. The density within a
cluster, which is defined as the number of links within the cluster
divided by the total number of links possible, varies between 0
and 10.0962 percent. The density within a cluster appears to
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Fig. 5. Descriptive statistics of clusters.

have a positive correlation with the size of a cluster except for
an outlier whose size and density are 26 nodes and 10.0962
percent, respectively. One cluster shows 0 density. There are
no links among the 4 nodes within the cluster, as the simulated
annealing algorithm of the article presented in [54] aggregates
the isolated nodes in one cluster.

D. Hypotheses Tests Results

To compare the network position of the software services
released by the platform provider (group SFL) with those of
the third-party vendors (group TPV), we split the data (206
software services in total) into two sets (i.e., the set consisting of
a software service released by the platform provider and the set
representing the software services released by the third-party
vendors) and test their differences. Our dataset contains 88
software services in group SFL and 118 software services in
group TPV.

Before comparing the two groups with respect to the degree
centrality, z-score, and external connectivity, we test their nor-
mality and homoscedasticity to determine whether or not we
can apply the algorithm of analysis of variance [58]. We imple-
mented the Kolmogorov–Smirnov test for testing the normality
of our empirical data [59] and Levene’s test for the homoscedas-
ticity [60]. The Kolmogorov–Smirnov test compares the cumu-
lative distribution between the empirical dataset and the ideal
normal distribution to determine whether the empirical dataset
fits to a normal distribution as a null hypothesis. The Levene’s
test compares the variances of two samples to determine whether
their variances are homogeneous as a null hypothesis.

Table I depicts the results of Kolmogorov–Smirnov tests and
Levene’s tests. The Kolmogorov–Smirnov statistics are signifi-
cant for all indicators within a 1% significance level apart from
the z-score indicator for group SFL. The results mean that, except
for the z-score indicator for group SFL, the samples do not follow
a normal distribution. The Levene statistic for comparing groups
SFL and TPV for the z-score indicator is significant within a
5% significance level, while the Levene statistics for the degree
centrality and external connectivity are insignificant. The results
mean that the groups SFL and TPV have homoscedasticity in the
degree centrality and external connectivity. In summary, it is hard

TABLE I
RESULTS OF THE NORMALITY TEST (KOLMOGOROV–SMIRNOV STATISTICS)

AND THE HOMOSCEDASTICITY TEST (LEVENE STATISTICS)

a Degree of freedom is 88 for SFL and 118 for TPV.
b Parentheses depict the degree of freedoms.
∗Significant at 10% level.
∗∗Significant at 5% level.
∗∗∗Significant at 1% level.

TABLE II
WILCOXON RANK SUM TEST RESULTS FOR SFL AND TPV

∗Significant at 10% level.
∗∗Significant at 5% level.
∗∗∗Significant at 1% level.

to say that our datasets fulfill the normality and homoscedasticity
conditions. Therefore, the parametric analysis of variance (or
t-test for comparing two samples) is not recommended for our
inference.

As an alternative method, we use the Wilcoxon Rank Sum
test for testing the difference in the network position of software
services between the platform provider (SFL) and the third-party
vendors (TPV). The Wilcoxon Rank Sum test compares the
sum of ranks in an ascending order between two groups to
determine their rank sum is identical as a null hypothesis. If
the two groups have different sample size, the algorithm builds
pairs for according to the size of the smaller group. We apply this
algorithm to the three indicators that we defined above (i.e., the
normalized degree centrality in the entire network, the z-score,
and the normalized external connectivity).

Table II shows the results of the Wilcoxon Rank Sum test. The
Wilcoxon’s statistics are considerably large for all indicators
(i.e., for the degree centrality, the z-score, and the external
connectivity), suggesting that the two groups (SFL and TPV)
are significantly different within the 1% of significance level
with respect to those indicators. In detail, the degree centrality
of group SFL (average at 0.1273) is significantly higher than
the one of group TPV (average at 0.0900). The results suggest
accepting Hypothesis 1. Likewise, group SFL shows a larger
z-score (average at 0.2763) and a larger external connectivity
(average at 0.0897) than group TPV (average at −0.1242 in
z-score and 0.0616 in external connectivity). Therefore, Hy-
pothesis 2 and Hypothesis 3 are also accepted according to our
analysis results.
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V. DISCUSSION

A. Theoretical Implications Derived From the Platform
Providers Stimulating Interactions Between the Third-Party
Vendors Through Their Vendor Role

From the traditional view of open innovation and management
science, a platform provider could achieve sustainability if it
develops an innovation ecosystem by opening up its innovation
resources to third-parties and allowing third-parties to be a part
of its innovation process [3], [7]. In this view, a platform provider
allows its platform users to utilize its innovation resources,
and the platform users develop goods complementary to the
provider’s goods. Moreover, the platform provider can increase
the quality of its goods effectively by concentrating on the inno-
vation of its core technologies and leaving the complementary
goods developments to the platform users. Then, the quality and
complementarity of the group of goods on the platform attract
more end-users (customers) than it would without opening up
resources [7]. Consequently, platform providers increase their
profits.

While management science is interested in strategies of plat-
form providers using an open innovation approach, network
science has investigated mechanisms on how the platform users
self-organize a software ecosystem through collective intelli-
gence. It has been discussed that the evolution of the network
follows an internal mechanism (e.g., preferential attachment
mechanism and random rewiring mechanism) [35], [57]. Be-
cause of these internal mechanisms, the ecosystem of open inno-
vation grows on a platform. The platform provider just supports
the innovation of third-party vendors but does not contribute
through the release of own software services. Networks, which
are the result from these mechanisms, show specific topologies
(e.g., scale-free topologies or random topologies). Examples of
these networks are coauthorship networks [61], WWW [32],
and the Internet [62]. Moreover, real networks contain clusters,
in which the nodes are densely connected [44], [59], [63]. It
means that the agents belonging to the same cluster normally
interact more frequently than the agents belonging to different
clusters. However, a significant innovation can only emerge if
an agent connects to another agent in another cluster enabling
the flow of new ideas between the different communities [46].

These previous studies do not directly connect research about
the platform provider’s side and research about the platform
users’ side. No research considered that a stakeholder could
take roles on both sides. In management science, the platform
users are only objects that move according to the strategy of the
platform provider. In network science, the rules for forming a
platform are already given, leaving no room for the provider to
interfere with the interaction of the platform users. In real life,
however, the platform providers continuously adapt their strate-
gies to make their platforms more attractive. They open up their
platforms and their development environments for the different
platform users (i.e., third-party vendors, integrators, and end-
users) [64]. Furthermore, they try to horizontally and vertically
integrate their platforms with other platforms to compete with
its rivals by achieving a critical mass [65] and enhancing their
interoperability [65], [68].

Our analysis addresses this shortcoming by showing that a
platform provider can also contribute to the network evolution
and the initial setting of the network. The contributions of the
platform provider motivate third-party vendors to participate in
the innovation through the platform. Our analysis results show
that a platform provider can lead the software ecosystem by
providing software services, which locate at the core of clusters
and/or bridge those clusters (e.g., the SFL software services
“mass update” and “mass edit from list view”). These software
services allow third-party vendors to bring in innovation through
the release of software services that are complementary to those
core and bridge software services. These results suggest extend-
ing the existing theories on management science and network
science.

B. Managerial Implications for Software Service Providers

The results discussed are also relevant for providers of soft-
ware service platforms from a managerial perspective. In most
of the current models of software innovation through collective
intelligence, the role of a platform provider is separated from
the roles of third-party vendors. According to these models,
third-party vendors share their innovation resources, reuse, and
recombine them for innovation, while the platform provider
simply prepares the environment for the interaction between
the platform users. That means the ecosystem according to the
existing open innovation theory allows third-party vendors to
access the core technologies of platform providers [7]. The
platform provider, who simply prepares the platform, does not
lead the innovation through third-party vendors. It is assumed
that they do not take on an active role in the innovation process.

The key to success of a software service platform is to attract
platform users (i.e., software service vendors and end-users)
[12]. End-users gather on a platform, if the quality of soft-
ware services and the variety of complementary services on
the platform are good. Software service vendors will come to
the platform, if there is a large number of potential customers
for their software services, guaranteeing the revenue that covers
development costs [13], [66], [70]. It is based on the indirect
network effect (i.e., the profit of the software vendors and the
utility of the end-users) [61], [67]. A software platform will
be sustainable, if a critical mass of platform users participates.
Otherwise, it will fail. In particular, it is hard to attract software
service vendors during the initial period due to the lack of plat-
form end-users, and it is hard to attract end-users due to the lack
of software services. In these cases, the platform does not reduce
the innovation cost as open innovation promises [3]. However,
as this is critical to the success of a platform, it is recommended
that a platform provider actively participates in the innovation
process initially. A platform provider should provision an initial
set of its own software services, in an approach similar to those
presented in the articles [10] and [16]. This way, they attract a
critical mass of platform end-users and, in turn, a critical mass
of software services.

Our empirical analysis results also indicate that a software
service platform provider, who participates in the innovation
process during the early time period of the platform, can provide
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incentives to platform end-users to join and, in turn, through the
existence of platform end-users, make the platform attractive
to third-party vendors. The platform provider Salesforce.com
released more software services than the third-party vendors
only in the beginning (see Fig. 3).

Furthermore, combining software services of a platform
provider with software services of third-party vendors is a direct
way of delivering software services of a platform provider to end
users. Software services released by a platform provider became
not only central in the entire network but also core in service
clusters (i.e., service segments) and bridges between the clusters
(see Table II). Those software services released by the platform
provider guide the innovation of third-party vendors. Based on
these results, the suggested strategy for platform providers is
not only to take on the role of a vendor but also to guide
third-party vendors in releasing software services around one
or more segments of software services.

In conclusion, the strategy of a software service platform
provider needs to be more comprehensive than the previous
innovation studies in management science and network science
expected. A platform provider does not just need to provide the
platform, on which third-party vendors can offer and sell their
services, and lead the innovation trend in the software ecosystem
by forming the network but also needs to position strategically its
software services. Third-party vendors will achieve innovation
through the release of software services complementary to the
core software services and bridge software services of platform
providers.

VI. CONCLUSION

In this article, we compared the positions of software services
of a platform provider in a software service network with those
of the third-party vendors. For the analysis, we used empirical
data gathered from the AppExchange of Salesforce.com. The
analysis results showed that the software services released by
the platform provider locate at a central position in the entire
network, at the core positions in service clusters, and at the
bridge positions between the clusters, while software services
released by the third-party vendors were complementary to those
software services of the platform provider. A central position in
the entire network meant that software services at this position
lead the entire software service ecosystem. A software service
goes to a central position as more platform users use the software
service. A software service linked to the software services of
other clusters meant that it bridges service clusters, allowing
new knowledge to flow into the clusters.

The novelty of our findings is that it demonstrats that the
platform provider does not just provide a platform, on which
the third-party vendors can innovate, but also participates in
the innovation process itself. Moreover, the role of the platform
provider is to lead the innovation process within the ecosystem.
The platform provider needs to motivate third-party vendors to
innovate through the provisioning of complementary services
near to the core and bridge services that the platform provider
made available. This was an aspect, which prior research had
missed and what decision makers would likely miss without

this research. This understanding will help platform providers
to design strategies (e.g., based on incentives) for making
third-party vendors create valuable software services on their
platforms. Therefore, our findings are expected to steer research
on innovation from a pure analysis of the behavior of platform
users (collective intelligence) in networks toward the analysis
of the roles and activities of platform providers.
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