
 

1 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SEOUL NATIONAL UNIVERSITY 
College of Engineering 
Technology Management, Economics, and Policy Program  
 

T
ech

n
ology M

an
agem

en
t, E

con
om

ics, an
d

 P
olicy D

iscu
ssion

 P
ap

er S
eries

 

Role of Platform Providers in 
Software Ecosystems 

 
 
 

Kibae Kim, Jörn Altmann, Sodam Baek  
 
 
 
 
 
 
 
 
 
 

TEMEP Discussion Paper No. 2015:120 
 

공 과 대 학, 기술경영경제정책 대학원과정  
151-742 서울시 관악구 관악로 599 
 
Technology Management, Economics, and Policy Program 
College of Engineering, Seoul National University  
599 Gwanak-Ro, Gwanak-Gu, Seoul 151-742, South-Korea 
Phone: ++82-2-880-9140, Fax: ++82-2-880-8389  



 

2 

 

 

The Technology Management, Economics, and Policy Program (TEMEP) is a graduate 
program at Seoul National University. It includes both M.Sc. and Ph.D. programs, 
which are integrated into the graduate programs at the College of Engineering. 

The TEMEP Discussion Paper Series is intended to serve as an outlet for publishing 
research about theoretical, methodological, and applied aspects of industrial economics, 
especially those related to the institute’s areas of specialization, namely management of 
technology, information and communication technology, telecommunication, services, 
health industries, energy industries, as well as infrastructures for development. In 
particular, paper submissions are welcome, which analyze current technology and 
industry related issues, discuss their implications, and suggest possible alternative 
policies. The objective is to gain insights into important policy issues and to acquire a 
balanced viewpoint of policy making, technology management, and economics. It will 
enable us to identify the problems in industries accurately and to come up with optimal 
and effective guidelines. In addition, another important aim of this series is to facilitate 
communication with external research institutes, individual researchers, and policy 
makers worldwide. 

Research results disseminated by TEMEP may include views on policies for 
information and communication technologies, technology management, 
telecommunication, energy, health, and development economics, but the institute itself 
takes no institutional policy position. If appropriate, the policy views of the institute are 
disseminated in separate policy briefs. Thus, any opinion expressed in the TEMEP 
Discussion Paper Series is those of the author(s) and not necessarily the opinion of the 
institute. 

Finally, the current editor of this series would like to thank Prof. Dr. Almas Heshmati 
for establishing this working paper series in January 2009 and for guiding its 
development during the course of the first 55 issues. In particular, Prof. Heshmati 
provided invaluable contributions for setting up the local IT infrastructure, registering 
the series with RePEc, disseminating the working papers, and setting the quality 
requirements. 

 

Jörn Altmann, Editor 

Office: 37-305 
Technology Management, Economics, and Policy Program 
College of Engineering  
Seoul National University 
599 Gwanak-Ro, Gwanak-Gu 
Seoul 151-742  
South-Korea 

Phone: +82-70-7678-6676 
Fax: +1-501-641-5384 
E-mail: jorn.altmann@acm.org 

 



 

3 

 

 

Role of Platform Providers in Software Ecosystems 

Kibae Kim, Jörn Altmann, Sodam Baek 

Technology Management, Economics, and Policy Program 
Department of Industrial Engineering  

College of Engineering 
Seoul National University 

Seoul, South-Korea 
kibae36@snu.ac.kr, jorn.altmann@acm.org, bsodam@gmail.com 

January 2014 

Abstract: Through the advancement of information technology, a new type 
of innovation could emerge. This innovation type suggests a leading 
company to open up its software service platform to customers as well as 
competitors. Many innovation studies have been performed in the past, in 
order to understand the structure of this interaction among platform users 
from a network science perspective. By focusing on the internal mechanisms 
of software vendors only, these studies missed the role of platform providers 
in the innovation process though. In this paper, we fill this gap by 
investigating the impact of platform providers on the structure of a software 
service network. The empirical data about the software services network has 
been gathered from Salesforce.com AppExchange. It is used to identify the 
clusters in the network and the network position of each software service. 
Using the Kruskal-Wallis test, we infer from those results that the network 
position of the platform provider’s software services is different from the 
network position of software services of third party vendors. In particular, 
our results show that the software services released by the platform provider 
locate at hub positions, while those released by third party vendors locate at 
positions interconnecting clusters. These results imply a role division 
between platform providers and third party vendors in this innovation type. 
The former leads the overall innovation on the platform, while the third 
party vendors interconnect software services of different categories. 

Keywords: Open Innovation, Software Ecosystem, Platform-as-a-Service, 
Software-as-a-Service, Salesforce.com, Platform Leadership, Network 
Analysis, Kruskal-Wallis Test. 
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1. Introduction

One of the most important features of todays software innovation is that software
vendors open up their platforms to attract end-users to their innovation environ-
ment. By doing so, they benefit from the collective intelligence of the platform
users [1, 2]. Collective intelligence is a pool of innovation agents voluntarily en-
gaged in the cooperation with each other for innovation in an open environment, in
which the platform provider and the innovation agents share their knowledge and
innovation resources [1, 3]. With collective intelligence applied to an open platform,
ideas can be reused to create new ideas, which are unable to emerge otherwise. For
example, a single software vendor could not perform it due to the limitation of
development cost [4].

Since software users interact with each other on an open platform and their
interaction leads to innovation, a lot of studies investigated the structure of service
networks representing their interactions in a variety of contexts [5, 6, 7]. A research
defined a service network as an extension of a value chain model between service
providers and users [5]. Henneberg et al. [6] defined a service network, in which
new services link existing services through their combination. Previous innovation
studies of service networks also investigated the structure and evolutionary pattern
of networks [8, 9, 10], and the relationship between network characteristics and
innovation performance [11, 12].

In this prior research on service networks, the assumption is hidden that a
service network evolves only by the interaction among agents who participate in
the innovation through collective intelligence. This assumption is the fundamental
idea in network science that a complex network evolves by a simple rule correlating
with the interaction among the nodes such as the preferential attachment and
random rewiring models [13, 14]. However, the assumption in this prior research is
very far from the reality of innovation on platforms. It is common in business that
a platform provider strives for motivating the collective intelligence to innovate
[15]. For example, Google provides its users with software development tools and
an infrastructure to build a community of users, attracting users into its Android
ecosystem. In conclusion, previous research needs to be extended to understand
the contributions of a platform provider to service networks that evolve through
collective intelligence.

The objective of this research is to close this gap between the assumption of
previous studies and the real business on the role of platform provider in a software
ecosystem. To do so we investigate the innovation in a software service platform,
with respect to the structure of a software service network and to identify clusters
in the network and the network position of software services in those clusters. A
service network is defined as a tuple of a set of nodes and a set of links. While nodes
represent software services of the service network, links represent the relationships
between software services. For our investigation, we analyze the difference between
the network positions of software services released by the platform provider and
those by third party vendors. Based on these analysis result, we discuss the effort
of the platform provider in stimulating its users (i.e., as a source of collective
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intelligence) to participate in the innovation. With this discussion, we answer the
following two research questions related to the contribution of platform providers
to the evolution of software service networks: Where are the services of a platform
provider positioned in the software service network? Is the position of software
services released by a platform provider different from the location of the software
services that have been released by third party providers?

In order to achieve the research objective and answer the research questions, net-
work analysis has been conducted, using empirical data gathered from Force.com,
an open platform published by Salesfroce.com (http://www.salesforce.com). It is a
customer relationship management system. By analyzing the empirical data gath-
ered from the open platform, we explore what a platform provider endeavors for
promoting the growth of its software innovation ecosystem evolving its platform.
We identify the clusters through the clustering algorithm on the basis of link simi-
larity [16]. Then, we measure the degree centrality of services within clusters and
in the entire network, and the connectivity of a node in a cluster with the nodes
outside the cluster to identify the position of nodes over clusters [17]. Finally, we
compare the network position of services released by the platform provider with
the one released by the third party providers, using the Kruskal-Wallis test, a
nonparametric analysis of variance.

Our main findings show that the positions of software services released by the
platform provider are different from the positions of software services released by
the third party vendors. The degree centrality of software services released by
the platform provider in the entire network is significantly higher than the one of
the third party vendors. That is, the software services of the platform provider
locate at the center of the entire network comparing to the third party vendors.
Addition to this, a software service released by the third party is connected with
more software services outside its cluster than the software services released by the
platform provider. It means that the software services of the third party vendor are
likely to be a bridge compared to one of the platform provider. In summary, the
results suggest that the platform provider develops the software services leading
the innovation in the entire service network, while the third party vendors release
the software services at the niche among the software service clusters.

The remainder of this paper is structured as follows. Section 2 describes the
conceptual background of network analysis. The collection of the empirical data
and the process of analysis are described in Section 3. Section 4 and Section 5 lay
out the analysis results and a detailed discussion of the analysis results, respectively.
Section 6 concludes this paper with a summary and outlook.

2. Theoretical Background

2.1. Software Service Platform as a Service

Through the advancement of IT technology, an IT service user can utilize a comput-
ing service provided by a software vendor over the Internet. This type of computing
delivery is called cloud computing [18, 19]. A cloud computing provider achieves
economy of scale by operating a large data center [20]. And, with cloud computing,
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a software user can reduce the cost of computing by renting the data storage, com-
putation power, and network capacity from the cloud provider [21]. Moreover, a
user is able to aggregate existing services to create new services provided by several
cloud computing providers [22, 23].

Cloud computing can be classified into three types [24]: Software-as-a-Service
(SaaS), Platform-as-a-Service (PaaS), and Infrastructure-as-a-Service (IaaS). In de-
tail, in the PaaS model, a cloud computing vendor provides a platform and envi-
ronment for software development. The platform is represented on a browser and
the complexity of the virtualized infrastructure is hidden. Using this platform, the
platform users can concentrate on developing and commercializing their software
services [25, 26]. By using the online resource furnished by the platform provider,
platform users reduce the costs of software development and system maintenance.
And a platform provider gains its profit from the activity of the platform users [27].

Salesforce.com, which is a SaaS provider and PaaS provider, is a company that
provides a Customer Relationship Management (CRM) system. It provides its ap-
plications as SaaS services as well as a platform for software service development
and customization [28]. In other words, Salesforce.coms users participate in the in-
novation and utilize the output of the innovation from the open platform provided
by Salesforce.com. Therefore, Salesforce.com and its users form a service ecosys-
tem (“software ecosystem” as defined in [29], or “digital ecosystem” as defined in
[30]). In this service ecosystem, service innovation is performed by cooperation and
interaction among users and the platform provider.

Figure 1 illustrates the software service ecosystem of Salesforce.com. The
ecosystem comprises a platform provider (Salesforce.com) and users. A user can
further be categorized as a software service vendor (i.e., a user that develops soft-
ware services) and a customer (i.e., a user that consumes software services created
by software service vendors). A user can be both a software service vendor and a
customer. Customers are charged based on the usage of the software service plat-
form. Vendors can offer their software services to users free-of-charge or for a fee
on the platform. A vendor can also utilize the software services created by other
vendors. If a vendor charges a fee to customers, Salesforce.com requests a security
check fee from the vendor. Salesforce.com also creates software services, using the
name Salesforce Lab (SFL).

2.2. Platform-Related Innovation

The innovation in the service ecosystem of Salesforce.com is an example of “open
innovation”, a new trend of innovation identified in the early 2000s [3]. In open
innovation, a company, which wants innovation, invites third-party companies in
its innovation process to aggregate the innovation resources [3]. Contrarily to the
classical innovation process, in which a company invests in and commercializes
a product, third-party vendors on software service platforms utilize the resources
published by the platform provider for their innovation. Leading companies in in-
formation technology (IT) already apply this open innovation process for achieving
their innovation. For example, while Intel continues focuses on developing and up-
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Figure 1. The Software Service Ecosystem of Salesforce.com AppEx-
change

grading CPUs, Intel also opened up its interface to their hardware so that third
party innovators can get access to develop supporting technology quickly [15].

The success of open innovation for a platform relies on how vigorous the third
party vendors participate in the innovation [31]. The platform provider opens
the access to its innovation resources so that users can utilize it for free (i.e.,
can reuse the resources for innovation and collaboration) [15]. In this way, the
platform provider harnesses the collective intelligence of third parties, to achieve
its innovation with low cost [1]. On the other hand, the third-party vendors might
collaborate with each other without any benefit to the platform provider [30]. To
address this, some platform providers separate their platform into a commercial
version and a free-of-charge version. This allows them to gain benefit from the
commercial version without limiting the innovation through collective intelligence
[19].

It is notable that the prior research divides the roles of the stakeholders in the
open innovation process. That is, a platform provider provides the platform, on
which the third party vendors work, while the third party vendors achieve innova-
tion on the platform provided by the platform provider. However, the division of
role is difficult in the software services market. In the software services market, a
platform provider can also participate in the open innovation through the develop-
ment of software services. For example, Salesforce.com, which owns the software
services platform, also participates as a vendor in the open innovation (Figure 1).

The platform provider has two incentives to serve as a software service vendor in
its platform. First, the platform provider can generate revenue through the software
service that it develops on the platform. Second, the platform provider needs to
create a critical mass of software services and customers, in order to incentivize
third party vendors to participate in the open innovation platform. Without this
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critical mass, third party vendors cannot generate sufficient revenue to cover their
development cost through their innovation [32]. Therefore, the platform provider
releases useful software services on the platform to attract customers and third
party vendors. The question that rises is whether the output of the platform
provider is identical to or different from the third party vendors.

2.3. Position of Nodes in a Network

Innovation studies indicated that the network position could affect the innovation
performance, if the network structure is inhomogeneous [33]. The most popular
techniques of measuring network position is using centralities, e.g., degree centrality
[34]. Centralities measures determine how central a node is embedded in a network.
They imply the strength (e.g., social power, influence, advantage in information
flow) of each node in the network according to its own connectivity (node degree).

The network position of a node depends on the attribute of the node. For exam-
ple, looking at the pattern of interlocked directorates among the top 50 ecommerce
firms, it can be identified that their network position is different from the network
position of other dominant firms [35]. Moreover, the network position of a node
affects the innovation performance of the node. The links connecting nodes with
low degree centrality play an important role in innovation and are called weak ties
[11]. The effect of network position is also dependent on the context of innovation.
For example, a central position enables a high performance, if the innovator has
good capacity for absorbing innovation resources [12, 14].

Some previous studies examined the software service ecosystem from a network
perspective [36, 37]. Defining a node and a link to represent a software service and
a new service co-development, respectively, the authors described the topology of
an entire software service network and traced the change of positions of nodes in
the network. Their results show that software service networks show a power-law
topology like other real complex networks [38], and that the topology is invariant
as time goes on [37]. However, the position of a node changes within the topology
[36].

For the research presented here, we consider the effect of node attributes on
network positions, which has not been considered in this area of innovation research
before. The nodes of the software service network are distinguished according to
their ownership. One of the two groups of nodes consists of the software services
that have been released by the platform provider. The other group comprises
software services that have been released by third party vendors.

As a platform provider is familiar with its own platform and can easily gather
information on the innovation trend within its platform, the platform provider can
create software services of high value for customers easier than third party vendors.
As a result, software services released by the platform provider might be used by
customers more often than those developed by third party vendors. Consequently, it
is expected that the software services developed by platform providers are probably
located more central than those of third party vendors. Based on this, we establish
the first hypothesis:
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H 1. The software services released by the platform provider locate at more central
position in a software service network than those released by third party vendors.

2.4. Network Position within a Cluster

Complex network science has shown that some nodes in a network are connected
more densely than other nodes. These groups of densely connected nodes are called
clusters [14, 39, 40]. The process of forming clusters is affected by the preferences
of people for similarity. Examples of clusters can be found in networks about the
physical distance between houses [41], academic background of researchers [39], and
demographic properties (e.g., gender and race) of people [42, 43].

Innovation studies focus on the process through which knowledge is created
within and between communities [44, 45, 46]. Knowledge is not only constructed
within a community (cluster), in which agents share their academic background,
norm, perspective, and methodology [47] but also between clusters. For example,
innovation is achieved, if a community with a problem hard to solve finds the
solution with the knowledge from another community [45]. In this process, an
agent with low connectivity within a community but reach to another community
has the chance to obtain the knowledge and disseminate it to its own cluster [11, 44].
This agent locates at a position that mediates several communities (clusters) in a
network. It is called structural hole according to its feature of the position in the
network structure [44, 48].

Similar to those social networks, software services tend to be connected with
other software services that share identical attributes [49]. The software services
within the same service category are more likely to be combined than those in dif-
ferent service categories. Furthermore, software services are likely to be connected
with those software services released by the same vendor. According to Kim et al.
[49], we assume that a software service network also contains several clusters, in
which software services are closer than other software services. Innovation is mainly
achieved within the clusters of the software service network, as the innovation does
in a social network. If a platform provider intends to promote third party vendors
to innovate on its platform, one of the best strategies is seed the software services
that build their own communities. In this case, the software services released by the
platform provider would be at the center of the clusters. Therefore, we establish
the following hypothesis:

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

A network evolves as clusters emerge and decline. That is, an entire network
survives in a changing environment, while old clusters disappear and new clusters
appear [46]. The survival of an entire network is also dependent on the interaction
between the clusters. An empirical study shows that the probability of an organiza-
tions survival increases as subgroups in the organization interacts with each other
[50]. This correlates with the innovation process. Innovation is normally achieved
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within clusters, but a solution to a hard problem of a cluster could be found in
another cluster [45]. The interaction between clusters creates more innovation,
resulting in a high probability of survival [50].

An issue to the interaction between clusters is to identify the nodes that medi-
ate. It is impossible for a platform provider to catch each innovation trend in detail
and to invest in all potential services. This is why the platform provider invites
third party vendors in its innovation environment [3, 15]. In this open environment,
the platform leaders strategy is to develop core software services running on the
platform and to allow third party vendors to develop software services complemen-
tary to its core services [15, 31]. In this role, third party vendors release these
new complementary software services, which could also mediate between several
clusters designed by the platform provider. This could lead to novel innovation
based on the existing software service, fitting to the market demand. Based on this
discussion, we suggest the following hypothesis:

H 3. The software services released by third party vendors are connected with more
nodes outside their clusters than those software services released by the platform
provider.

3. Methodology

3.1. Data Collection

The data for the empirical analysis was collected from AppExchange, which is the
open software service platform of Salesforce.com (http://appexchange.salesforce.com)
for buying and selling software services. A customer can purchase and run services
that are needed. A vendor uploads and offers its software services to customers.
The marketplace lists software services offered. Each software service contains in-
formation 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 only the
software service name, the provider of the service, and the release date. The in-
formation about the software service co-installations that is used for the analysis
is the information that has been made available on the AppExchange platform
by software service vendors. The data comprises the name of the user (i.e., the
Salesforce.com account) and the list of services that the user has installed.

Based on the collected 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 Sales-
force.com platform, the links represent the software service co-installations. Figure
2 illustrates an example of the software service network. The example shows Sales-
force Lab, operated by Salesforce.com (left hand side of Figure 2). It released two
services (Software Service 1 and Software Service 2). The third party software ser-
vice vendors released two more software services (Software Service 3 and Software
Service 4). User A installed Software Service 1 and Software Service 2, and User
B installed Software Service 2, Software Service 3, and Software Service 4. Then,
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Figure 2. Example of a Software Service Network at AppExchange of
Salesforce.com

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, as well as Software Service 4
and Software Service 2 (right hand side of Figure 2)).

3.2. Identifying Clusters in a Network

A cluster is a subset of a network, in which nodes are more similar than with nodes
outside the cluster [16, 39, 40, 51]. We use a hierarchical clustering approach on
the basis of the similarity of links [16]. This approach resolves the vagueness of the
affiliation of a node densely connected with nodes in different clusters.

The process of identifying clusters starts with calculating the similarity between
a pair of adjacent links on the basis of the number of their common neighbors. Then,
links are agglomerated, if they have a similarity greater than a certain threshold.
These two steps are repeated for all pairs of links that have a common node.
Afterwards, all links have been assigned to a cluster. As a consequence of using
links is that a node could belong to multiple clusters. For finding the optimum
threshold, or the threshold that generates clusters, in which nodes are most densely
connected, we use the partition density recommended by Ahn et al. (2010). That
is, the optimum threshold of similarity is the value that maximizes the partition
density.

3.3. Measuring the Network Position

Centralities measure the network position of nodes. There are a variety of central-
ities, including degree centrality [34]. As the degree centrality of a node measures
the number of nodes connected with the node, it is 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 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:
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di =

g∑
j=1

aij/(g − 1) (1)

3.4. Nonparametric Method of Sample Comparison

If node i and node j are connected, aij = 1, otherwise aij = 0. If a node is isolated
from any other nodes, di = 0.

Based on this definition of degree centrality, we define the degree centrality
within clusters and the external connectivity of nodes within clusters. The degree
centrality within a cluster is the degree centrality of the network sub-graph that
is determined by the cluster. It is normalized by the maximal possible degree
(c − 1) for a cluster C of size c. Expressing this cluster degree centrality with a
mathematical formula, the normalized degree centrality dic of node i in cluster C
can be defined as:

dCi =
∑
j∈C

aij/(c− 1) (2)

In addition to this, the external connectivity of node i belonging 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−1) 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− 1) (3)

Analysis of variance (ANOVA) compares multiple samples according to their
means and variances for determining whether they are statistically different [52]. It
assumes that the distribution of samples are normal (normality), and their variances
are identical (homoscedasticity). Therefore, the Kolmogrov-Smirnov test [53] and
Levenes test [54] should precede ANOVA for determining the samples normality
and homoscedasticity, respectively. In some cases, the samples do not satisfy the
normality and homoscedasticity assumptions, and non-parametric methods should
be applied. The Kruskal-Wallis test compares the sum of ranks of cases instead of
comparing the means and the variances of samples [53]. This test can be used for
testing the difference between two independent samples. The null hypothesis of this
test is that the two samples are identical and, therefore, the alternative hypothesis
is that the two are different with a certain significance probability.

3.5. Procedure

For our analysis, we create the software service network from an empirical data set
and, then, identify clusters in the network according to Ahn et al. [16] method.
We measure three indicators about network position: the degree centrality in the
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entire network, the degree centrality in the cluster, and the external connectivity
to nodes outside the cluster. As the clustering procedure based on Ahn et al. [16]
agglomerate similar links, a node could belong to multiple clusters. To deal with
this, we calculate the degree centralities in the clusters that the node belongs to as
well as the external connectivity for each clusters that the node belongs to. Then,
for both measures, we calculate the average. Furthermore, we split the data set
into two sets of nodes: a set of nodes, which consists of software service released by
the platform provider, and a set of nodes that represents software services released
by third party vendors. Using the same three measures as before, we compare the
two sets of nodes. If the test of normality and homoscedasticity of the two sets
fails, we apply the Kruskal-Wallis test for comparing the two sets.

4. Analysis Results

4.1. Data Description

The data collected shows that 1000 vendors registered on the platform and 74 of
those vendors published their information about their software service installations.
The 74 vendors utilized 217 software services. These 217 software services were
created by 99 vendors (i.e., they participated in the innovation). Among the 217
software services, 88 software services were released by Salesforce Lab, the brand of
Salesforce.com. The remaining 129 software services were released by third party
software service vendors. However, the rate of contribution of Salesforce Lab (i.e.,
the number of software services released compared to the total number of software
services) decreased gradually over time. The total number of new software services
per month, however, increased steadily during the study period from July 2005 to
April 2013.
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Figure 3. Growth of the Software Service Network of Salesforce.com
AppExchange

Figure 3 depicts the trend of the number of software service releases of Salesforce
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Lab (SFL) and the trend of the number of software service releases of third-party
vendors (TPV). The number of software services, which have been released by
Salesforce Labs, 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. Compared to
this, the increase in the number of software services, which have been released by the
third party vendors, has been little during these periods. The number of software
services released by third-party vendors was 2 software services in January 2006
and 51 software services in November 2010. Afterwards, it increased faster than the
number of software services released by Salesforce Labs. The third party vendors
contributions surpassed the number of software services released by Salesforce Labs
in May 2012. The number of software services of third-party vendors is 129 at the
end of study period.

4.2. Network Topology

A software service network is formed with the data described above according to
the definition given in the previous section. Figure 4 shows the cumulative distri-
bution of the node degree in log-linear scales. The cumulative degree distribution
decays by a linear function, not considering the five outliers, which have a degree
centrality that is larger than 55. The results of the OLS regression of the distribu-
tion (excluding the five outliers) in log-linear scales depicts a slope of 0.0347. The
t-test statistic of the slope is 0.000. The adjusted R2 is 0.993.
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Figure 4. The Cumulative Degree Distribution in Log-Linear Scales

The topology results suggest that the degree distribution of the service network
fits to an exponential function with higher significance and explanation power than
a power function, if the five outliers are ignored. The results are extraordinary
compared to the traditional discussion of complex network analysis. Prior research
normally distinguishes scale-free networks, which consist of a few hubs connecting
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all nodes, and random networks, which do not have hubs at all [13, 14]. However,
our results show that the degree distribution in the service network looks mostly
exponential but involves a few outlier nodes with an extraordinarily large number
of links. Our conjecture on this topology is that the rule of evolution of the network
except the outliers is different from the one of the outliers. That is, the network
expect the outliers evolved by random selection like the model of Watts and Stro-
gatz [14], while there was a positive feedback for the outliers like the preferential
attachment model [55].

4.3. Clusters in the Software Service Network

Figure 5 shows the partition density of clusters changing according to the threshold
of similarity defined in Ahn et al. [16]. The partition density roughly increases
from 0.0034 to 0.0201 as the similarity threshold increases from 0.00 to 0.50, and
decreases to 0.0137 as the thresholds further increases to 1.00. That is, the partition
density peaks at 0.0201, if the threshold is 0.50. The results suggest that the
optimum threshold is 0.50 to identify clusters in the software service network. The
method of Ahn et al. [16] identifies 327 clusters in the network. The number of
cluster is larger than the number of nodes in the network. This is because the
clustering method we used agglomerates similar links instead of nodes. The size of
a cluster is 4.3 software services in average, and the largest cluster consists of 20
nodes and 19 links. Two hundred and fifty one clusters involve the software services
released by Salesforce Labs. The number of software services of Salesforce Labs in
a cluster is 1.661 in average. The average of the ratio of the number of software
services released by Salesforce Labs in a cluster to the cluster size is 0.400. That is,
40% of software services are released by SalesForce Labs. Because the algorithm of
Ahn et al. [16] identifies the clusters on the basis of links, a node could be involved
in multiple clusters.
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4.4. Hypothesis Test Results

The network position of software services released by the platform provider (group
SFL) is compared with those of the third party vendors (group TPV). The cumu-
lative degree distribution is linear in log-linear scale (Figure 4), and it means that
it is highly skewed in linear-linear scale. Therefore, we use the logarithm of the
normalized indicator in the test. The degree centrality in a cluster and the external
connectivity are also normalized and transformed by a logarithm function due to
the same reason.

Table 1 presents the summary of Kolmogrov-Smirnov test results [53] and Lev-
enes test results [54]. The Kolmogrov-Smirnov test results show that the signifi-
cance probability of two indicators are less than 0.05 for both groups SFL and TPV,
and the degree centrality in the entire network is less than 0.10. These mean that
the distributions of indicators do not follow a normal distribution. The Levenes
test results show that the significance probabilities of the indicators are all larger
than 0.10. These results mean that the distributions of indicators for group SFL
are not different from those for group TPV, therefore fulfilling the homoscedasticity
assumption of ANOVA. Although the homoscedasticity assumption works, as the
normality assumption is not given, the parametric ANOVA is not recommended
for our inference.

Table 1. Kolmogorov-Smirnov Test Results
Variable Group Kolmogorov-Smirnov Statistica Levene Statisticb

log di SFL 0.127* 0.414
TPV 0.093*

log dCi SFL 0.207*** 0.173
TPV 0.178***

log d¬Ci SFL 0.281*** 0.118
TPV 0.193***

a Degree of freedom is 73 for SFL and 139 for TPV.
b Degree of freedom 1 and degree of freedom 2 are 1 and 210, respectively.
* significant at 10% level
*** significant at 1% level

Therefore, we use the Kruskal-Wallis Test for testing the difference in the net-
work position of software services between the platform provider (SFL) and the
third party vendors (TPV). The dependent variables in the analysis are the log-
arithms of the normalized degree centrality in the entire network, the logarithms
of the normalized degree centrality in a cluster, and logarithms of the normalized
external connectivity out of a cluster.

Table 2 shows the analysis results for the three dependent variables. First, the
degree centrality in an entire network of software services belonging to group SFL
is significantly larger than those to group TPV. The average rank of the group
SFL is 118.56, while the average rank of group TPV is 100.17. Their difference
is statistically significant. It is smaller than 5%. This means that the network
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position of software services released by the platform provider is more central in
the entire network than the one by the third party vendors. That is, Hypothesis 1
can be accepted.

Table 2. Kruskal-Wallis Test Results
Variable Group Average Rank Kruskal-Wallis Statistica

log di SFL 118.56 4.317**

TPV 100.17
log dCi SFL 98.05 2.111

TPV 110.94

log d¬Ci SFL 94.58 0.040**

TPV 112.76
a The statistic follows χ2 distribution.
** significant at 5% level

Second, the degree centrality belonging to group TPV is significantly larger
than those to group SFL. The difference in the degree centrality in a cluster is not
statistically significant between groups SFL and TPV in 10% of significance. Its
significance probability is only 0.146. Therefore, Hypothesis 2 is not accepted. On
the other hand, the averaged ranks of the external connectivity to nodes outside of
clusters in group SFL and TPV are 94.58 and 112.76, respectively. Their signifi-
cance probability is smaller than 5%. This means that the external connectivity of
group TPV is significantly higher than the one of group SFL. That is, Hypothesis
3 is accepted.

5. Discussion

5.1. Releasing the Role of Platform Provider

While previous theoretical and empirical studies on open innovation concentrate
on opening innovation resources and on the environment of the platform leader
and users, we emphasized that the role of platform provider comprises more than
providing the platform.

From the traditional view of open innovation, a platform leader could achieve
sustainability, if it develops an innovation ecosystem through opening up its in-
novation resources to third party agents, inviting them to its innovation process
[3, 15]. In this model, a platform provider allows its platform users to utilize its
innovation resources, and the users develop goods complementary to the providers
goods. Moreover, the platform provider can increase the quality of its goods ef-
fectively by concentrating on the innovation of its core technologies and leaving
the complementary goods development to platform users. Then, the quality and
complementarity of the group of goods on the platform attract more customers
than when they are provided separately [15]. The key to this mechanism of open
innovation is making profit as well as attracting users. Therefore, the platform
provider divides its platform into a commercial version and free-of-charge version,
which is the strategy called two-sided market [19, 32].
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While management science is interested in the strategy of a platform leader for
open innovation, network science has investigated the mechanism how the platform
users self-organize a software ecosystem. It has been discussed that the evolution
of the network follows an internal mechanism (e.g., preferential attachment mech-
anism or random rewiring [14, 55]. As a consequence of these mechanisms, it must
be assumed that a platform provider does not contribute to the network evolution
besides providing and managing the platform. The networks resulting from these
mechanisms have a complex topology. For example, real networks self-organized
through collective intelligence are scale-free as we can see in the co-authorship net-
work (Wagner and Leydesdorff, 2005), WWW [13] and the Internet [56]. Besides,
real networks contain clusters, in which nodes are densely connected (Newman,
2001; 39, 51]. It means that agents belonging to the same cluster normally interact
more frequently than agents belonging to different clusters. Therefore, significant
innovation emerges, if an agent contacts another one in another cluster. In this
case, new ideas can flow between different communities [11].

What is interesting in the previous studies is that the research on the platform
provider side and the one on the platform user side are not directly connected. No
research considered that a stakeholder can take roles on both sides. In management
science, platform users are only objects that move according to the strategy of the
platform provider. In network science, a platform is already given, on which users
play, leaving no room for the provider to interfere. However, the results of our
research show that the platform provider also contributes to the network evolution
and the initial setting of the software service network. Their contributions motivate
third-party vendors to participate in the innovation through the platform. As
we can see from our analysis results, although platform providers position their
software services at central positions, leading the software ecosystem, they also
enables third party vendors to bring innovation through the establishment of links
to other software services of other clusters within the software service network.

5.2. Making a Software Service Ecosystem Successful

The results discussed are also relevant for software service platform providers from
a managerial perspective. In 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 the existing 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
users. That means, the ecosystem according to existing open innovation theory
allows third-party vendors access to core technology of platform providers [15].
The platform providers simply prepare the environment, not necessarily leading to
successful innovation through third-party vendors. The platform providers are not
considered to take on an active role in the innovation process.

The key to the success of a software ecosystem in a platform is gathering the
platform users, i.e. software vendors and software customers [19]. Software cus-
tomers gather on a platform, if the quality of software services and the variety of
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complementary services they use on the platform are good. The software vendors
come to the platform if there are a critical mass of customers, guaranteeing rev-
enue that cover their development cost [32]. It is based on the indirect network
effect (i.e., the profit of software vendors and the utility of software customers [57].
A software ecosystem remains sustainable if a critical mass of users participates.
It will fail, if the platform does not find the critical mass of users. It is hard to
motivate software vendors, especially in the initial period, because of the lack of
existing software services on the platform. The platform does not reduce the inno-
vation cost as open innovation promised [3], and the insufficient amount of software
customers does not guarantee the revenue for the third party vendors. However, as
this is critical to the success of the platform strategy, it is recommended that the
platform provider participates in the innovation process initially in order to attract
a critical mass of platform users. This can include the provisioning of some initial
software services that have been developed by the platform provider.

Our empirical analysis results indicate that the software service platform provider
participated in the innovation process during the early time period of the platform.
It provided incentives to platform customers to join and, in turn, through the exis-
tence of platform customers, to make the platform attractive to third-party vendors.
The results show that the platform provider released more software services than
the third party vendors in the beginning (Figure 3). Besides, the software services
released by the platform provider are central in the entire network, while those
released by the third party vendors connect clusters in the network (Table 2).

In conclusion, the participation of the platform provider is more active than
we expected. The platform provider does not just provide the platform, on which
third party vendors can offer their services, but also leads the innovation trend in
the software ecosystem. With existing software services and customers gathered
through the effort of the platform provider, the software vendors achieve innova-
tion through releasing software services complementary to the existing software
services.

6. Conclusion

In this research, we compared the position of software services of a platform provider
in a software service network with the position of the third party vendors. In the
analysis, we used the empirical data gathered from Salesforce.com AppExchange
marketplace. The analysis results show that the software services released by the
platform provider locate at the central position in the entire network, while the
software services released by the third party vendors are linked with the software
services outside the clusters involving them. There is no difference in the posi-
tion within clusters between the two providers. The central position in the entire
network means that the software services at this position lead the entire software
ecosystem. A software service goes to the central position as more customers use
the software service. A software service linked through external links to other clus-
ter means that it provides bridges between clusters, allowing new knowledge to flow
into the clusters. In summary, out analysis results show that the platform provider
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leads the software ecosystem and the third party vendors provide complementary
goods in the software ecosystem as prior research on platform leadership stated
[15].

The novelty of our findings is to demonstrate that the platform provider does
not just provide a platform, on which third party vendors can perform innovation
but also participate in the innovation process itself. Moreover, the role of the
platform provider is to lead the ecosystem, in order to motivate third party vendors
to innovate through the provisioning of complementary goods. This is a fact that
prior research has missed, and what decision makers are likely to miss.

Without considering the participation of platform providers in the innovation
as well as providing a platform, a decision maker may design a wrong strategy, or
provides a platform without any complementary goods not motivating the platform
users to participate in innovation in the platform. Therefore, our findings are
expected to lead the research on innovation studies from a pure analysis of the
behavior of people (collective intelligence) in networks towards the analysis of the
effort of platform providers.

In the future, we intend to extend our studies. We plan to investigate why
there is no significant difference in the position of software services within a cluster
with respect to the ownership (i.e., platform provider and third party vendors)
of the software service. It is different to our expectation, as we also see that
the software service network of Salesforce.com is still growing, and the amount
of software services offered by third party vendors has surpassed the one of the
platform provider in May 2012 already (Figure 3). A hypothesis is that the strategy
of the platform provider on network positioning has changed as the critical mass
has reached. The platform provider might have let third-party vendors take lead
in certain clusters. To validate this hypothesis, we need to investigate the change
of network position of software services of the platform provider and third party
vendors within the growing software service network.
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