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Unveiling the Intellectual Origins of Social Media-based Innovation:

Insights from a Bibliometric Approach

Abstract

This article uses a bundle of bibliometric and text-mining techniques to provide a systematic assess-
ment of the intellectual core of the Social Media-based innovation research field. The goal of this
study is to identify main research areas, understand the current state of development and suggest po-
tential future directions by analysing co-citations from 155 papers published between 2003 and 2013
in the most influential academic journals. The main clusters have been identified, mapped, and la-
belled. Their most active areas on this topic and the most influential and co-cited papers have been
identified and described. Also, intra- and inter-cluster knowledge base diversity has been assessed by
using indicators stemming from the domains of Information Theory and Biology. A t-test has been
performed to assess the significance of the inter-cluster diversity. Five co-existing research streams
shaping the research field under investigation have been identified and characterized.
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1 Introduction

The term Social Media denotes highly interactive platforms via which individuals and communities
share, co-create, discuss, and modify user-generated content (Kaplan and Haenlein, 2010). Examples
of Social Media platforms include blogs (Blogger, Wordpress), microblogs (Twitter), collaborative
wiki-projects (Wikipedia), forums (Harley Davidson user groups, Microsoft MSDN), professional
networking sites (LinkedIn, Xing), and social networks (Facebook, Google+) (Kaplan and Haenlein,
2010; Cortizo et al., 2011). While the aforementioned applications are dominated by text, other appli-
cations are dedicated to other forms of media, like photographs (Flickr, Picasa), videos (YouTube,
Vimeo) or music tracks (last.fm, ccMixter). Social Media today have also expanded into virtual worlds
(Second Life) and online gaming (World of Warcraft, Farmville). A new field in Social Media appli-
cations is based on the usage of mobile data and the rapid adoption of smartphones (Nomad Social
Networks, Foursquare).

These applications have been used by both small and large firms to improve internal operations and
collaborate with customers, business partners, and suppliers in new ways (see e.g. Martini et al.,
2014). According to Culnan and co-authors (2010), companies engage in Social Media applications to
support a variety of activities, including marketing (e.g., to build customer loyalty and/or increase cus-
tomer retention); sales (e.g., to increase revenues); customer service/support (e.g., to increase customer
satisfaction); and product development and innovation (e.g., to increase fit to market).

This paper focuses on the use of Social Media by companies for product development and innovation.
Most of the literature agrees that the advent of Social Media - coupled with the paradigm shift from
closed to open innovation (Chesbrough, 2003) - has changed the landscape of innovation for compa-
nies. In a variety of ways, Social Media allow for the involvement of external actors in innovation
processes on an extended basis and with limited costs. Regardless of their size and location, this makes
open innovation a real opportunity for firms, but not without presenting specific risks and challenges
(Kaplan and Haenlein, 2010). Many organizations find it challenging to integrate Social Media effec-
tively into organizational innovation practices because Social Media are primarily complex, informal
and episodic (He and Wang, 2015).

Despite difficulties, the literature provides clear examples of companies that were able to seize this
opportunity by changing their business model to open their innovation processes and leverage Social
Media. The case of Lego is emblematic as they were able to turn threat into opportunity; they allowed
customers to modify their products motor’s software after it was hacked to make unauthorized modifi-
cations. Results included a middle-school curriculum using Legos to teach children robotics (Hienerth
et al., 2011; Chesbrough, 2011).

A key driver of value added by Social Media is the formation of online customer communities (Piller
et al., 2012). However, beyond attracting a critical mass of participants who consistently engage with
the firm and/or other community members, firms must also develop dedicated processes in order to
benefit from customer-generated content (see e.g. Martini et al., 2013). Without this second condition,
Social Media do not create value for a firm (Culnan et al., 2010). Today, online communities have be-
come central to the product or service development process. Examples range from sports equipment
(Filler et al., 2007) to the games industry (Jeppesen and Molin, 2003) and from the catering industry
(Gallagher and Ransbotham, 2010) to the PC industry (Di Gangi and Wasko, 2009; Di Gangi et al.,
2010). Social Media change the role of customers. They are not only the final recipient of a firm’s
product or service; they become co-creators as well as a means of communication (that can either
promote or even boycott products and services). In this context, Social Media represent both a locus
for customers to express their opinion about a firm’s products or services and a place where new prod-
ucts or services can be created.

However, the literature is fast-growing and despite few qualitative reviews are providing evidence on
specific characteristics of the topic (Khan, 2013; Effing and Spil, 2016; Bolton et al., 2013; Ngai et al.,
2015a, 2015b; Gan and Wang, 2015), they are silent on the intersection between Social Media and
Innovation. A brief overview of these reviews will reveal the gap we want to address.



Khan (2013) focuses on Social Media-based Systems (SMS), pinpointing the specific Information
System/Computer Science research stream. Indeed, the author defines SMS as ‘the application of a
wider range of social software and social media phenomenon in organizational and non-organization
context to facilitate every day interactions (p. 159).” Author uses both qualitative and quantitative ap-
proaches. His selection concerns the Computer Science Information Systems domain in the Web of
Science (WoS) database only. Our selected sample is different in that our focus is on the Innovation
side of the Social Media phenomenon, and we did not limit ourselves to WoS. Effing and Spil (2016)
focus on the assessment of Social Media strategies. Their review — qualitative in nature - is mixed with
interviews and retrieve the 66 key papers from both Scopus and WoS. They advance a Social Media
“strategy cone” on the basis of some key elements such as target audience, channel choice, goals, re-
sources, policies, monitoring, content activities. Instead, we advance a comprehensive identification
and characterization of the most relevant inputs, processes, and outputs; accordingly, their insights
would target the Firms’ motivations and antecedents (Input) as a way of getting better Firms’ perfor-
mance and changes (Output). Our sample is still larger and more comprehensive. Bolton et al. (2013)
focus on the way(s) Generation Y people use Social Media, providing implications at individual, firm,
and societal levels. Their review is exclusively qualitative in nature and provides the reader with an
interesting framework which would target our Input section (Users’ motivations and antecedents),
Process section (Users’ behaviours; Firms’ behaviours), and Output section (Firms’ performance
and/or changes). It also deals with environmental factors which we call External Contingency Factors
(i.e. economic environment, technological environment, cultural environment, legal/political environ-
ment, etc.). Ngai et al. (2015a) carry out a qualitative literature review with ‘the aim of developing a
conceptual framework to explain how social media applications are supported by various social media
tools and technologies and underpinned by a set of personal and social behaviour theories or models
(p. 769).” Their focus is on what we labelled the Social platforms’ characteristics and aims (Process
section) in that authors explore the potential of a wide range of Social Media applications in the Mar-
keting, Customer Relationships Management, Knowledge sharing, collaborative activities, organiza-
tion communications, education and training domains. They also go through the different technologies
at their basis (e.g., social bookmarking sites, virtual/online communities, media sharing sites, etc.).
Ngai et al. (2015b) perform a systematic and structured literature review, by scrutinizing 46 articles on
Social Media research, for a period spanning from 2002 to 2011. Their review is qualitative in nature
and aims at generating a causal-chain framework based on antecedents, mediators, moderators, and
outcomes. A partial overlapping is visible when it comes to consider their Antecedents and Outcomes
sections and our Inputs and Outputs sections. However, our sample is larger and the review is more
robust in that it starts with an objective selection of the sources and investigates their references. Fur-
thermore, their focus is quite different in that they unveil which theories and models are used in social
media research. On our side, we wants to show which research streams originated the field; and each
research stream is necessarily described by a bundle of theories and models. Finally, Gan and Wang
(2015) provide the reader with a study aiming at unveiling the intellectual origins of the social media
research in China, by considering a time span from 2006 to 2013. They apply both a bibliometric and
co-word analysis to a set of 3,178 papers downloaded from the China Academic Journals Full-text
Database. Clusters are generated by using the most relevant keywords and a two-dimensional map was
created in order to map the research topics on social media in China. A social network analysis was
carried out on the basis of a co-occurrence matrix built on keywords occurrence frequencies. No
treatment of the references of the 3,178 papers was implemented; also, authors exclusively focus on
the Chinese context in a limited period (2006-2013).

Extensive literature on Social Media-based innovation exists outside the organizational context. An
example of this is so-called bottom-up online communities, which develop around a common passion
or love of a brand (see e.g., Fiiller et al., 2007). In this paper, we aim to provide an extensive analysis
of the research streams which, over time, pave the way to the Social Media-based innovation, i.e. in-
novation developed through Web 2.0 applications. These applications are heterogeneous and include
innovation contests (e.g., Piller and Walcher, 2006; Ebner et al., 2009; Bullinger et al., 2010; Fiiller,



2010; Hutter et al., 2011), online toolkits (e.g., Von Hippel and Katz, 2002; Franke and Piller, 2003;
Jeppesen, 2005), and varying types of communities (e.g., Franke and Shah, 2003; Fiiller et al., 2008).

Then, the idea of this paper is to unveil the origins of Social Media-based innovation by analysing the
references in the most important academic contributions. They discuss Social Media applications to
support new product development and innovation, yet they do not limit this to use of Social Media by
firms. Our strategy aims at analysing a larger number of journals and articles, from a comprehensive
selection of databases. We use a mixed strategy (objective and subjective) in terms of methodological
approaches in order to assure robustness and replicability. A preliminary Input-Process-Output (IPO)
framework is described by identifying the state-of-the-art. Finally, a comprehensive description of the
originating research streams is provided by linking them to the elements of the IPO framework. The
existing contributions on the topic may be considered as deep (and complementary) explorations of
specific sections of our IPO framework.

The paper unfolds as follows. Section 2 presents the methodology used for the systematic analysis.
Section 3 describes results and introduces the originating research fields. Section 4 provides the dis-
cussion on how the originating research streams shaped the intellectual core. Section 5 illustrates the
main conclusions and Section 6 shows the limitations and avenues for future research.

2  Methodology

The methodology behind this research entails a four-step analysis: 1) data collection, and identification
and interpretation of the intellectual core (McCain, 1990; Small, 2003; David and Han, 2004); 2) bib-
liometric analysis (Document Co-citation Analysis) of the references belonging to the intellectual core
with the identification of the main clusters using VOSviewer 1.6.1 (Appio et al., 2014; Chen et al.,
2010; Van Eck and Waltman, 2010); 3) content analysis of the identified clusters by using VOSviewer
1.6.1 (Van Eck and Waltman, 2011); 4) diversity analysis of the identified clusters by calculating the
Shannon-Wiener diversity index and performing a t-test (Magurran and McGill, 2011; McDonald and
Dimmick, 2003). Data collection, screening and analysis strategy are explained in the following sec-
tions.

2.1 Step 1: Identifying and characterizing the intellectual core

Social Media is an open field which is based on numerous and relevant exchanges with other disci-
plines such as organizational behaviour, innovation, and marketing. Consequently, selecting the most
relevant journals becomes challenging. Various authors have commented on the difficulty of selecting
the most relevant journals in whatever field of study (DuBois and Reeb, 2000; Lu, 2003). To avoid
subjectivity in journal selection, we first identified the academic journals considered to be the most
relevant to address the topic under study by making reference to the ABS Academic Journal Quality
Guide v.4 categories' (Harvey et al., 2010): General Management, Information Management, Innova-
tion, Marketing, Organization Studies, Social Science, Strategic Management. The ABS Journal
Quality Guide (v.4) provides wide journal coverage; has high levels of internal and external reli-
ability; is sensitive to small variations in the ratings of journals, and is generally accepted as a fair
means of ranking journals within its user community (Morris et al., 2009).

Within the described domain, we adopted and adapted a screening routine (Appio et al., 2014; David
and Han, 2004) in order to identify the core articles. Since several terms may potentially refer to So-
cial Media-based innovation, we used a number of words or phrases as well as Boolean combinations

! Within the ABS Journal Quality Guide v.4, we searched for top journals with a Quality Rating of 3, 4, and 4* publishing
original and well-executed research papers. We filtered out journals with a Quality Rating below 3.



of these in searching titles and keywords®. Data were extracted from the Science Citation Index Ex-
panded (SCIEXPANDED); Social Sciences Citation Index (SSCI); Arts and Humanities Citation In-
dex (A&HCI) database of the Web of Science (WoS). The review was performed on articles published
between 2003 and 2013. By reading abstracts and conclusions, relevance and consistency checks were
performed; we also excluded papers that had both ‘innovation’ and ‘Social Media’ among keywords
but did not really use Social Media to pursue innovation. As a consequence, from a total of 221 arti-
cles, 155 were selected as constituting the intellectual core. In Table 1, information concerning the
number of journals and the number of articles, both before and after the screening routine, are reported
in the timespan of reference.

Table 1. No. of journals and articles before (b_s) and after (a_s) the screening routine

#Journals #Articles Timespan

b s as b s as

92 59 221 155 2003-2013

We then mapped these 155 articles® against the journals in which they were published (Table 2): data
followed Bradford’s law*.

Table 2. No. of core articles per journal

#Articles Journals %  Cum. %
10 CREATIVITY AND INNOVATION MANAGEMENT 6% 6%
9 INNOVATION-MANAGEMENT POLICY & PRACTICE 6% 12%
8 R&D MANAGEMENT 5% 17%
8 JOURNAL OF PRODUCT INNOVATION MANAGEMENT 5% 23%
8 ORGANIZATION SCIENCE 5% 28%
8 TECHNOVATION 5% 33%
7 LONG RANGE PLANNING 5% 37%
7 MIT SLOAN MANAGEMENT REVIEW 5% 42%
6 INTERNATIONAL JOURNAL OF TECHNOLOGY MANAGEMENT 4% 46%
5 HARVARD BUSINESS REVIEW 3% 49%
4 MIS QUARTERLY 3% 52%
4 RESEARCH POLICY 3% 54%
3 CALIFORNIA MANAGEMENT REVIEW 2% 56%
3 INDUSTRY AND INNOVATION 2% 58%

2 Topic=((("'social media" OR "social media-based" OR "social platform" OR ( "social network" AND (Facebook OR Twitter
OR Flickr OR Linkedin)) OR “Facebook” OR “Twitter” OR “Flickr” OR “Linkedin” OR "Web-based platform*" OR "Web
2.0" OR "social software" OR "toolkit*" OR "open innovation software" OR “open innovation platform” OR "semantic web"
OR "R&D platforms" OR "design platform*" OR "idea* platform*" OR "online communit*" OR “brand communit*” OR
“user communit*” OR “virtual customer” OR “virtual worlds” OR “virtual environment” OR “virtual integration” OR
“crowdsourcing” OR “digital consumer” OR “virtual team™) AND (innovation OR "idea generation" OR "product develop-
ment" OR "ideation" OR "idea evaluation" OR "idea execution" OR “customer participation” OR “co-creation))). Refined
by: Web of Science Categories=( MANAGEMENT OR BUSINESS ) AND Document Types=( ARTICLE OR REVIEW ).
Timespan=2003-2013. Databases=SCI-EXPANDED, SSCI, A&HCI, CCR-EXPANDED, IC.

3 The complete list of 155 core publications is provided as Supplementary Material.

4 This law proposes that a few journals, publications, scientists, etc. contain the majority of articles, citations (Garfield, 1980).
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1 TOTAL QUALITY MANAGEMENT & BUSINESS EXCELLENCE 1% 100%
155

As one can notice, the distribution is highly skewed highlighting that only 12 journals (~20%) contain
84 (~54%) of the 155 selected articles. It also emerges that Creativity and Innovation Management,
Innovation Management Policy & Practice, and R&D Management are the key players in publishing
Social Media related articles. However, there is a very long tail which contains the most cited articles
in the sample (see APPENDIX 1): the most cited articles are 27 out of 155 (~17%). Comparing the
numbers in Table 1 and APPENDIX 1, an interesting preliminary conclusion can be derived: some of
the relevant papers in APPENDIX 1 belong to journals which show up in the long tail of the distribu-
tion of Table 1. Almost all the 17 journals publishing the highest number of articles are in APPENDIX
1 (except for Creativity and Innovation Management, International Journal of Technology Manage-
ment and Harvard Business Review), with only Organization Science having 50% of its articles con-
tributing to the intellectual core. So, the ‘long tail’ emerging from Table 1 contributes relatively few
publications to the topic, yet matters in term of relevance to the purpose of the intellectual core.

When it comes to considering the distribution of the articles over time (Figure 1), the Social Media
literature tends to show a plateau at the beginning (2003-2008) with a peak in 2007; after 2008, the
number of publications starts to increase at an average pace of 6 publications per year till 2012. The
last two years do not show the same trend; rather, a plateau seems to occur echoing the same dynamics
of the early years.

Figure 1. No. of core articles per year

In terms of topics, the following IPO framework is identified by reading keywords, abstracts and con-
clusions of the 155 core contributions:

o nput (preconditions influencing the process of Social Media-based Innovation)
o Users’ motivations and antecedents
o Firms’ motivations and antecedents
e Process (occurring while Social Media-based Innovation activities develop)
o Users’ behaviors
o Social Platform characteristics and aims
o Firms’ behaviors
e Qutput (product of the process)
o Platform performance
o Firm performance and/or changes

Transversal to the [PO elements, a number of contingency factors are present. We refer to those inter-
nal (e.g., size of organization, goals) and external (e.g., customers, competitors) variables moderating
or mediating the effects of Social Media-based Innovation.

2.2 Step 2: Identifying and characterizing the originating research streams

This study proposes the use of a mixed two-steps procedure: first, an objective selection of the main
contributions and a bibliometric approach called Document Co-citation Analysis (DCA) applied on
their references aiming at identifying the main clusters; second, a subjective screening of the identified
clusters in order to reduce them in number, aggregating them around some key research streams. Rely-
ing on a subjective procedure applied to an objective selection of articles and clusters may mitigate the



risks of starting subjectively and then applying some objective procedures (clustering/text-mining) on
the resulting corpus.

Bibliometrics refers to “the collection, the handling, and the analysis of quantitative bibliographic da-
ta, derived from scientific publications” (Veerbek et al., 2002). One of the most common bibliometric
techniques is co-citation analysis, a method used to examine relationships among articles or authors
contributing to the development of a research field (Di Stefano et al., 2010; Vogel, 2012; Appio et al.,
2014). Specifically, DCA studies a network of co-cited references (Small, 2003). The fundamental
assumption is that co-citation clusters reveal the underlying intellectual structures; as such, the study
of a co-citation network focuses on interpreting the nature of a cluster of cited documents and interre-
lationships between clusters (Chen et al., 2010).

With this methodology, our study aims at identifying the structure of the most important contributions
to the field of Social Media. This structure shows the organization of the different research streams
and whether or not these are linked together. This kind of analysis provides a useful tool for the study
of possible ‘research holes’ and the orientation of future research lines. Finally, this article also aims at
being a quick reference that allows new researchers to become familiar with this field of inquiry (Ace-
do and Casillas, 2005).

All DCA can do is identify influential authors/documents and display their interrelationships from the
citation record. The strength of each document pair changes according to how many times it is cited in
the literature selected. However, it is no substitute for extensive reading and fine-grained content anal-
ysis (White and McCain, 1998). Rather, it is complementary. The mixed two-step approach allows us
to highlight both those items that underlie the deepest roots (in space and time) and those less deep but
acting differently and having different purposes. Differently from purely subjective literature reviews,
our approach let one notice the presence of well-established research streams, but also those whose
debate is more horizontally distributed among different actors who struggle to assert their own rea-
sons. Most importantly, DCA can be complemented by diversity analyses, which might provide the
basis for further characterizing clusters in terms of knowledge base. This diversity (both within and
between clusters) and its significance might further prove a sound basis for considering them as differ-
ent originating Social Media streams.

In this study, we use VOSviewer version 1.6.1 (Van Eck and Waltman, 2010) to create, visualize, and
explore bibliometric landscapes of science. Four parameters will help us in defining the final clusters
configuration:

e clustering resolution, a non-negative value determining the specific level of detail we want to
get from the set of our co-cited references (Waltman et al., 2010);

o normalization method (Van Eck and Waltman, 2009);

o minimum cluster size, identifying the minimum number of items within each cluster at the
same time entailing a relatively large sample of words allowing for the analyses in Step 3;

o maximum number of iterations namely, the maximum number of iterations performed by the
optimization algorithm of the VOS mapping technique.

2.3 Step 3: Assessing the qualitative diversity of the originating research streams

A qualitative assessment of the identified clusters was performed. This was done through a content
analysis by using the text-mining routine in VOSviewer 1.6.1 (Van Eck and Waltman, 2011) consider-
ing Titles and Abstracts of the selected contributions. A term map is a two-dimensional map in which
terms are located in such a way that the distance between two terms can be interpreted as an indication
of the relatedness of the terms. In general, the smaller the distance between two terms, the stronger the
terms are related to each other. The relatedness of terms is determined based on co-occurrences in
documents. To create a term map based on a corpus of documents, VOSviewer distinguishes several
steps:



e Identification of noun phrases (Van Eck et al., 2010): this is done by performing a part-of-
speech tagging with The Apache OpenNLP toolkit. A filter is used to identify noun phrases.
Finally, it converts plural noun phrases into singular ones.

o Selection of the most relevant noun phrases: for each noun phrase, the distribution of co-
occurrences over all noun phrases is determined. This distribution is compared with the over-
all distribution of co-occurrences over noun phrases. The larger the difference between the
two distributions (measured using the Kullback-Leibler distance), the higher the relevance of a
noun phrase. Hence, it is assumed that in a co-occurrence network noun phrases with a high
relevance are grouped together into clusters. Each cluster may be seen as a topic.

o  Mapping and clustering of terms (Van Eck et al., 2010; Waltman et al., 2010; Waltman and
Van Eck, 2013): this is done using the unified framework.

e Visualization of the mapping and clustering results: LinLog/modularity normalization was
performed (Newman, 2004; Noack, 2007, 2009).

For each cluster, the full counting method was used and three was selected as a minimum number of
occurrences of a term.

2.4 Step 4: Assessing the quantitative diversity of the originating research streams

Once the clusters were qualitatively described by using the text-mining routine in VOSviewer, a
measure of intra- and inter-cluster diversity needs to be provided. This analysis was performed on the
papers constituting the clusters, with the aim of better understanding how much and to what extent the
knowledge base characterizing each cluster is diverse. In order to conclude whether a certain cluster is
more diverse than another one, a t-test is used to test for differences in their diversity (Magurran and
McGill, 2011). In the early 1960s, the concept of diversity was approached by measuring the infor-
mation content of a long string of symbols, in the wake of some information theorists studies (Pielou,
1975). The basic idea of the analogy is to view an ecological sample of species as a ‘message’ with
individual organisms as pieces of ‘information’ (Maurer and McGill, 2011). In this paper, the ecologi-
cal species would refer to the references belonging to the five clusters; whilst, the number of individu-
al organisms would indicate their relative abundance. A general measure of information content for an
infinitely large set of symbols is called Renyi entropy of order a. The value of interest for this study is
the limit of the equation (Hill, 1973; Pielou, 1975) when a approaches 1, which yields:

H' =Ri=—Yipilogp; (1)

where p; is the proportion of individuals found in the i-th species. This is the well-known Shannon-
Wiener measure of species diversity®, which is widely used in a number of different areas (Stirling,
1998; McDonald and Dimmick, 2003). The Shannon-Wiener diversity index is used to assess dual-
concept diversity as the quantification of diversity reflects both the number of classes and the degree
of evenness of the apportionment (Junge, 1994). Keeping this definition in mind, we used the follow-
ing measures to assess intra- and inter-cluster diversity:

e Shannon-Wiener diversity index H’ (see equation 1): the value of this index is usually found to
fall between 1.5 and 3.5 and only rarely surpasses 4.5 (Margalef, 1972);

o FEvenness E: the maximum diversity (Hmax) Which could possibly occur would be found in a
situation where all species are equally abundant, in other words if H> = Hmax = /n S (wWhere S

3 For a comprehensive mathematical justification of the index derivation and characterization, refer to Pielou (1969), Hutche-
son (1970), Bowman et al. (1971).



represents the species richness and indicates the total number of species identified in the sam-
ple). The ratio of observed diversity to maximum diversity can therefore be taken as a measure
of evenness (E) (Pielou 1969). E is constrained between 0 and 1.0 with 1.0 representing a situ-
ation in which all species are equally abundant.

e Richness S: the total number of species identified in the sample. It is among the simplest de-
scriptors of community structure.

To calculate these three indices, we first collected all the papers within each cluster®, matched their
names, and calculated their relative abundance.

3 Results

3.1 Document Co-citation Analysis

In order to understand which knowledge bases the intellectual core (155 articles) build upon, we per-
formed a DCA on a corpus of 6,258 references’. Concerning the four parameters, we chose the lowest
value allowed for the clustering resolution (=1); the selected normalization method was based on nor-
malizing the adjacency matrix of the network by using the association strength measure (Van Eck and
Waltman, 2009); the minimum cluster size was set to 5; finally, the maximum number of iterations
was set to 1,000. From the implementation of the VOSviewer technique, the following co-citation
network can be extracted (see Figure 2):

Figure 2. Co-citation network of the Social Media references

Each dot on the map represents an article cited by at least one core article. The dimension of each dot
denotes how many times a certain article appears in the references’ dataset. Resulting co-citations
range from 1 to 45. We only show those from whom 20 links depart (see APPENDIX 2 for a list).
Franke and Shah (2003) is the paper that can be considered the one from which 45 links depart. How-
ever, this does not mean that all co-citations departing from this paper are relevant. To gain insights on
the importance of the co-citation link, we calculate the normalized co-citation weight (see APPENDIX
3 for a list). Indeed, it is shown that although Franke and Shah (2003), for example, is the one of the
most cited articles, it does not show up in any of the most important co-cited links. We may conclude
that if, on the one hand, Franke and Shah (2003) is an important document, on the other hand, it does
not tend to build up important intellectual bridges.

VOSviewer identified 12 clusters. Further insights can be gained by visualizing the density of clusters
based on the papers’ proximity analysis. It allows us to identify a very limited set of papers, which are
both at the center of very dense co-citation networks and the strongest connectors among clusters. It
can also show how clusters evolved over time. To this purpose, three progressive time windows were
considered: 2003-2006, 2007-2010 (which includes the first one) and 2011-2013 (which includes the
first and second ones). Thusly, we were able to produce the density maps of the co-cited references of
the intellectual core (Figures 3-5):

Figure 3. Co-cited references in the 2003-2006 time window

Figure 4. Co-cited references in the 2003-2010 time window

¢ Complete tables are available on request.

7 The minimum number of citations of a cited reference is two. Out of 6,258 cited references, 1,019 meet the threshold.
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Figure 5. Co-cited references in the 2003-2013 time window

Red stains represent areas of greatest activity; font size relates to a certain paper’s frequency of occur-
rence; and the position of papers in relation to each other represents the degree of relatedness of terms
they have. Consequently, these figures offer insights into both the frequency of terms and their associ-
ation to substantial research activity, as well as the relationship different important items have to one
another. The item density of a point in a map depends both on the number of neighbouring items and
on the weights of these items: the larger the number of neighbouring items and the smaller the distanc-
es between these items and the point of interest, the higher the item density. Also, the higher the
weights of the neighbouring items, the higher the item density. Paper densities are then translated into
colours using a colour scheme. Red corresponds to the highest paper density and blue corresponds to
the lowest paper density. Basically, colours indicate the amount of attention researchers pay to some
specific references located in the various areas of a concept map (Van Eck and Waltman, 2010).

The temporal evolution of the co-cited references shows that early contributions on Social Media
(2003-2006) rely upon four distinct active areas revolving around some few key contributions, namely
Jeppesen and Molin (2003), Von Hippel (2001), Thomke and Von Hippel (2002) for the biggest area;
Brown and Eisenhardt (1995) and Burke et al. (2001) for the less active — but still recognized — area;
Alavi and Leidner (2001) for the active to the right; Davis (1987) and Agrawal et al. (2001) for the
upper area. As interest around this topic started growing, the four distinct areas of interest coalesced in
a single large active area where important publications increased, as did key players in the field. Some
authors remained leaders in this field (e.g., Von Hippel, Franke, Jeppesen) and further consolidated
their attractiveness by publishing other interesting contributions; indeed, by looking at Figure 4, the
contribution having the highest number of co-citation links are Franke and Shah (2003) (45 co-cit.
links), Von Hippel (2005) (35 co-cit. links), Jeppesen and Frederiksen (2006) (34 co-cit. links), Von
Hippel (2002) (31 co-cit. links). However, other authors (e.g., Chesbrough, Shah, Ebner, Muniz) en-
tered the field later on, providing contributions which broadened the semantic characterization of the
topic. These preliminary bibliometric analyses show that not only did some authors identify the intel-
lectual core of the topic under study, but they were also often co-cited, becoming a reference point for
future contributions which will shape the research field.

3.2 Qualitative assessment

After an accurate screening of the constituting articles, the 12 clusters were reduced to five by search-
ing for similarities in terms of content (see APPENDIX 4-8 for a list) and implementing the text-
mining routine of VOSviewer. The relevance and occurrence of key terms were worked out. Labels

and a short description follow.

Cluster 1: Organizational Learning

Cluster 1 was clearly identified and its density view is shown in Figure 6:

Figure 6. Relevance and occurrence of important terms in Cluster 1
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This group includes 169 papers in a time window 1934-2011. Most papers deal with the topic of or-
ganizational learning i.e. on how organizations create, retain, share and transfer knowledge, at differ-
ent units of learning (individual, group, organizational and inter-organizational). It mainly contains
papers based on social, collective, practice-related and community-centred understandings of
knowledge creation and learning. Knowledge is held by individuals, but it is considered as embedded
in the organizing principles through which individuals cooperate and learn within a social community.
Such a community could be a group, an organization or a network (e.g., Sawhney and Prandelli, 2000;
Wasko and Faraj, 2005). A strong focus is devoted to practices, at a micro level of investigation (e.g.
Brown and Duguid, 1991). Qualitative research prevails, as testified by the many occurrences of
Yin’s paper (2003) about case study research design, Miles and Huberman’ s book (1994) about quali-
tative data analysis and Eisenhardt and Graebner’s (2007) contribution about theory building from
cases. Many papers date back to the 1990s. The seminal work of March (1991), which considers the
relation between the exploration of new possibilities and the exploitation of old certainties in organiza-
tional learning, is also among the references having a higher weight.

Cluster 2: Open and Distributed Innovation

Cluster 2 is the result of the unification of original Clusters 2 and 6. Its density view follows in Figure
7:

Figure 7. Relevance and occurrence of important terms in Cluster 2

This group includes 239 papers in a time window 1955-2012. The thematic orientation of this cluster
of references is best captured by the label ‘Open and Distributed Innovation’ as most publications in-
cluded address the emergence of the new research stream for innovation from a managerial and organ-
izational perspective. It includes the theoretical foundations of open and distributed innovation.
Chesbrough (2003), von Hippel (2005), von Hippel and Katz (2002), Nambisan (2002), Dahan (2002)
are the most cited contributions, as well as the Howe (2008) book on Crowdsourcing, a term that he
coined in a June 2006 Wired article. Among the theoretical foundations, the cluster also includes
Raymond (1999) that describes the “bazaar” of software developing and debugging based on an open
peer to peer network, i.e. the Linux community. The paper uses the Linux experience to discuss the
power of open and collaborative innovation processes with respect to the building of “cathedrals”,
carefully crafted by individuals or small isolated teams. More recent publications in the cluster deal
with application open and distributed innovation principles in different contexts and present several
case studies. Some of these are now considered research paradigmatic of open innovation (see e.g.,
Fuller, 2010; Ebner, 2009; Ogawa and Piller, 2006; Huston and Sakkab, 2006, Kohler et al., 2009).
Cluster 2 also includes recent theoretical contributions on the conceptualization and value of open and
distributed innovation (see e.g., Jeppesen and Lakhani, 2010; Dahlander and Gann, 2010) and on the
different modes of collaboration involving different strategic trade-offs (Pisano and Verganti, 2009).

Cluster 3: Value (Co)creation

Cluster 3 originated from the convergence of Clusters 3, 4 and 9; its density is represented in Figure 8:

Figure 8. Relevance and occurrence of important terms in Cluster 3
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This group includes 293 papers in a time window 1958-2011. This group mainly includes literature
dealing with the concept of value creation (especially in its further extension, i.e. value co-creation) at
the interface of the firm and the customer. Although Vargo and Lusch (2004) - which introduces a re-
vised logic for marketing focused on intangible resources, value creation, and relationships - is among
the references with a higher weight in the cluster, most of the papers broaden horizons further. In val-
ue creation, value is created in the firm and then exchanged with the customer, whereas, in value co-
creation, value is co-created by the firm in collaboration with the customer. Many papers refer to the
concept of community and its recent development of web community (e.g., Sawhney et al., 2005;
Fuller et al., 2006; Fuller et al., 2008), which is no longer restricted by geography. The focus is on the
social mechanisms, practices, motivations and peculiarities of value co-creation by means of custom-
ers’ collaboration. Attention is also payed to toolkits, which may support value co-creation (e.g.,
Franke and Piller, 2004). The cluster is characterized by a high relevance of qualitative research, par-
ticularly netnography, as testified by one of the references having a higher weight (Kozinets, 2002).
Indeed, it is considered the paper that introduced this technique to study web communities. Many pa-
pers date from 2000. In many papers value co-creation is equated with co-innovation (e.g., Fuller et
al., 2006; Fuller et al., 2008).

Cluster 4: User/customer involvement in innovation processes

Cluster 4 is the result of the unification of original Clusters 5 and 11. Its density view follows in Fig-
ure 9:

Figure 9. Relevance and occurrence of important terms in Cluster 4

This group includes 157 papers in a time window 1945-2010. The thematic orientation of this cluster
of references is best captured by the label “User/customer involvement in innovation processes”, as
most publications in this cluster address the concept of user and his/her role in the innovation process.
Many papers focus on the role of lead users i.e. on individuals or organizations who experience needs
for a given innovation earlier than the majority of the target market (von Hippel, 1986). Some papers
investigate the role of lead users in developing new industrial products (e.g., Urban and Von Hippel,
1988), others focus on the role of lead users in developing new consumer products (Morrison et al.,
2000). Some papers focus on high-tech sectors (e.g., Lilien et al., 2002) while others on low-tech sec-
tors (e.g., Herstatt and Von Hippel, 1991). Some papers focus on the concept of lead user itself (e.g.,
von Hippel, 1986), others on the so-called lead user method i.e. on the market research method built
around the idea that just a few lead users hold the richest understanding of new product and service
needs (Lilien et al., 2002). It is not surprising that many papers in the cluster are authored or co-
authored by Eric von Hippel, who originally developed the term lead user in a seminal paper (von
Hippel, 1986), which is also included. Further publications investigate the economics of products de-
veloped by users, the impact of sticky local information (von Hippel, 1994; von Hippel, 1998), the
impact of lead user involvement at different stages of the innovation process (e.g., Gruner and Hom-
burg, 2000) and the idea of outsourcing innovation tasks to users after equipping them with innovation
toolkits (von Hippel, 2001; Franke and von Hippel, 2003; Thomke and von Hippel, 2003). Despite
papers on lead users represent the majority inside the cluster, a few papers focus on other user types
such as ordinary users (e.g., Balachandra, 1997; Novak et al., 2000).

Cluster 5: Knowledge Sharing in Communities

Cluster 5 is the result of the unification of original Clusters 7, 10 and 12. Its density view follows in
Figure 10:

Figure 10. Relevance and occurrence of important terms in Cluster 5
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This group includes 161 papers in a time window 1979-2013. The thematic orientation of this cluster
of references is best captured by the label “Knowledge Sharing in Communities”, as most publications
in this cluster address the phenomenon knowledge sharing and collaboration in communities. Most of
the papers investigate motivational processes to participate in shared innovation efforts on voluntary
basis within communities. Several contributions refer to open source projects (see e.g., Hertel et al.,
2003; Shah, 2006; Hars, 2002), but this is not the rule. Jeppesen and Frederiksen (2006) consider the
case of a firm-hosted user community of computer-controlled music instruments and investigate the
intrinsic motivations of users to invest time and resources to contribute to the community, e.g. through
free-revealing of innovation. Corrocher (2002) investigates the factors associated with the intensity of
use of Web 2.0 services— video sharing, social networking and social bookmarking — by looking at the
users' characteristics and at the technological features. It relies upon a theoretical framework that com-
bines the diffusion of innovation model with the technology acceptance model. Frequently these pa-
pers are deeply rooted in social cognitive theories, such as self-efficacy by Bandura (1977) or group-
level determinants of virtual communities participation — group norms and social identity - (Bagozzi
and Lee, 2002), that are also included in the cluster. Some papers investigate the new economic and
innovation model within Web 2.0 communities (von Hippel and von Krogh, 2003; Lerner and Tirole,
2004).

Bridges between clusters

Among the 80 most co-cited pairs, we detected 7 bridges among different clusters. Cluster 5 and Clus-
ter 4 are the most connected with 3 connections each, Cluster 1 follows with two connections, whilst
Cluster 3 and Cluster 2 have only one connection. This comes as no surprise. In fact, Cluster 5 and
Cluster 4 deal with quite broad topics that are central to the issue of Social Media-based innovation, as
they constitute their basic components: Web 2.0 Communities and Users with their needs.

For instance, Cluster 5 includes two papers (Corrocher, 2011; Cooke and Buckley, 2008) that bridge
with the same paper in Cluster 1 (Bjelland and Wood, 2008). Bjelland and Wood (2008) is focused on
lessons learned by IBM corporation with the “Innovation Jam™ experience, that is a global innovation
forum of stakeholders. Thus, it is a paper rooted in organizational learning discipline (Cluster 1) but
absolutely close to Web 2.0 Community issues (Cluster 5). Moreover, Cluster 5 is connected - by
means of the same paper (Chiu et al., 2006) - to Cluster 4 (Prahalad and Hamel, 1990) and to Cluster 3
(Hsu et al., 2007). Chiu et al. (2006) investigate knowledge sharing in virtual communities integrating
social capital and social cognitive theories. Thus, it is logically connected to both Cluster 4, for what
concerns user needs/motivation to participate, and to Cluster 3 for what concerns the aspects of social
capital and value co-creation.

Figure 11. Clusters (most co-cited) bridges

It is worth noticing that the papers that are frequently co-cited with papers of other clusters (the bridg-
es) are quite general in nature and consequently are not so representative of their own cluster. This is
not surprising, on the contrary it seems to be a distinctive characteristic of bridges.

33 Quantitative assessment

Once the five clusters were identified using the VOSviewer technique, a measure of intra- and inter-
cluster diversity was provided. The Shannon-Wiener diversity index, evenness, and richness were cal-
culated (see Table 3):

Table 3. Diversity, Evenness, and Richness per cluster

Cluster Shannon-Wiener Div. Ind.* Evenness** Richness
[H'] [E] [S]
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CLi: Organizational Learning 2.515 0.701 36
CL2: Open and Distributed Innovation 4.447 1.000 79
CLs: Value (Co)creation 3.848 0.859 88
CL4: User/customer involvement in innovation processes 4.035 0.977 62
CLs: Knowledge Sharing in Communities 3.181 0.801 53

*Jack-knifed estimation (Magurran and McGill, 2011); 1< H' <4.5 (May, 1975; Margalef, 1972)
**0< E <1 (Pielou, 1969)

Table 3 shows that only the diversity value for Clusters 2, 3 and 4 fall beyond the threshold of 3.5,
meaning that these two clusters rely on very highly diverse sources of information to formulate theo-
ries and interpretations. Cluster 1 shows a low diversity value, meaning that the underlying knowledge
base is quite homogeneous. Concerning Evenness, all clusters show a moderate-to-high apportionment
among categories, meaning that they all contribute to creating the meaning of the clusters. Cluster 2
contains the highest number of categories (79), whilst Cluster 1 the lowest (36).

In order to increase further the precision of the measurements, a jack-knifed estimate of the diversity
indices was worked out. Jack-knifing is a technique which allows the estimate of virtually any statistic
to be improved (Magurran and McGill, 2011). The method was applied to diversity statistics by Zahl
(1977). Adams and McCune (1979) and Heltshe and Bitz (1979) have also investigated its effective-
ness in this context. The method’s advantage is that it makes no assumptions about the underlying dis-
tribution. Instead, a series of jack-knifed estimates and pseudo values are produced. These pseudo val-
ues are normally distributed and their mean forms the best estimate of the statistic (Magurran and
McGill, 2011).

Next, we decided to assess whether the diversity among clusters was significant. Hutcheson’s t-test®
allows the diversities of the five clusters to be compared (Magurran and McGill, 2011). The null hy-
pothesis HO states that “two Shannon diversity indices come from two communities with equal species
diversity”. Basically, not rejecting HO would mean having two clusters sharing a homogenous
knowledge base; rejecting HO, on the contrary, would mean proving that the two clusters under study
represent two different communities or research streams. T-tables quickly revealed that all paired
comparisons resulted in a highly significant difference in their inter-cluster diversity (Table 4):

Table 4. T-test to assess inter-cluster diversity

H'1, i H'"2, ik H'3, jx H's, 3x H's, jx
H'1, 0k
H'z, IK skksk
H!3’ JK kkk sksksk
H's 1k ook sk *
H'S,JK kkk skkk skkk kkk

p<.01***; p<.05**; p<.1* (Hutcheson, 1970)

8 A note of caution: the Shannon-Wiener diversity index is a non-parametric index. Hence, no assumptions are made about
the shape of the underlying species abundance distribution (Southwood and Henderson, 2000; Magurran and McGill, 2011).
A substantial error can arise when the sample does not include all the species in the community (Peet, 1974); however, as the
true species richness of an assemblage is usually unknown, an unbiased estimator of the Shannon-Wiener index does not
exist (Lande, 1996). Hutcheson (1970), by assuming that each population is normally (or nearly normally) distributed and
that the values of real variances are not known, advanced a test with a statistic following an approximate t-distribution with
specific degrees of freedom. Deviations from these assumptions may invalidate t-test results; assessments concerning signifi-
cant differences of cluster diversities may rely on absolute (jack-knifed) values of the Shannon-Wiener index only.
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We thus provided statistical evidence that the five Clusters are significantly different; indeed, the di-
versity of their knowledge base is a remarkable sign of cluster heterogeneity. Cluster 3 and 4 show a
partial overlap in that their knowledge bases are not highly significantly different (see Table 4). Ac-
cordingly, we may argue that the five clusters could constitute five competing scientific research
streams (Small, 2003). Although claiming this for a relatively young research field may be risky on the
basis of our data, it is reasonable to argue that such dynamics are still undergoing. These results are
confirmed even when outliers are dropped out from each cluster.

4 Linking originating research streams and intellectual core

Having identified and characterized through the IPO framework the 155 contributions delineating the
intellectual core of the Social Media-based Innovation research field, and having described the five
originating research streams, we then link them providing the reader with a comprehensive map of the
development of the field (Figure 12).

Figure 11. Clusters contribution to the development of the field

The majority of the papers defining the first originating research stream (Cluster 1) flow into the
Firms’ motivations and antecedents (Input), Firms’ behaviours (Process), and Firms’ performance
and/or changes (Output). It emerges that this originating research stream, grounded on the Organiza-
tional Learning, has transversal influence but mainly focuses on the Social Media-based innovation
from the side of the firms. The second originating research stream (Cluster 2) has contributions which
transversally impact the same pillars of the [PO framework of the Cluster 1, but it also contributes to
define the Users’ behaviour pillar (Process). This is consistent with the content of Cluster 2 in that the
Open and Distributed Innovation research stream entails considerations on the innovation processes at
both the individual and firm levels. The third originating research stream (Cluster 3) has the highest
number of contributions and the largest impact on the IPO pillars namely, Users’ and Firms’ motiva-
tions and antecedents (Input), Social platforms’ characteristics and aims Firm’s behaviours (Process)
and Platform performance (Output). This stream seem to shape the way we conceptualize the Value
(Co)creation by mainly focusing on the Social Media platform in itself. The fourth originating re-
search stream (Cluster 4) has at its core the user theory and creates the link between the Users’ motiva-
tions and antecedents (Input) and the Social platforms’ characteristics and aims (Process). Finally, the
fifth originating research stream (Cluster 5) focuses on topics related to knowledge sharing in commu-
nities and its contributions shape the way we currently see described the link between Users’ behav-
iour (Process) and the Platform performance (Output).

5 Conclusions and implications

In this article, we have provided a systematic analysis of the most influential contributions shaping the
Social Media-based innovation research field. A decade of contributions was scrutinized by imple-
menting a four-step routine.

We first identified the contributions constituting the intellectual core through a systematic routine: 155
contributions were selected; their main topics were characterized in terms of an IPO framework. Sec-
ond, a mixed two-steps procedure was applied on the main references of the 155 core contributions:
first, we applied a DCA to their knowledge bases (1,094 references) to unveil the most important co-
cited pairs and clusters; then, a qualitative assessment of clusters followed in order to reduce them in
number (from 12 to 5) on the basis of results coming from a content analysis. Afterwards, the main
bridges between clusters have been identified. Emerging results from these two steps complement and
cross-validate existing qualitative reviews. Indeed, our systematic assessment provides quite a rich
overview of the research streams shaping the first decade of Social Media-based innovation. A peculi-
ar outlook on the heterogeneity of knowledge bases characterizing it is provided as well, whilst the
VOSviewer text-mining routines were instrumental to unveil the relevance and occurrence of the most

16



important terms. Then, we worked out a quantitative assessment of the five resulting clusters provid-
ing the reader with an objective measure of intra- and inter-cluster diversity, as well as testing for its
significance. Finally, we linked the originating five research streams to the state of the art of the topic
represented by the 155 core contributions. Interesting insights emerged.

First, based on a DCA, our analysis reveals that Social Media-based innovation is rooted in five co-
existing research streams whose knowledge bases point towards five different knowledge areas: Or-
ganizational Learning (Cluster 1), Open and Distributed Innovation (Cluster 2), Value (Co)creation
(Cluster 3), User/customer involvement in innovation processes (Cluster 4), Knowledge Sharing in
Communities (Cluster 5). In terms of richness (S), Social Media-based innovation is mainly influenced
by studies in Open and Distributed Innovation along with Value (Co)creation. These two clusters, and
the one labelled as User/customer involvement in innovation processes, have very highly diversified —
but evenly distributed — knowledge bases; on the contrary, the others show moderate diversity.

Second, but it comes as no surprise, the great majority of the knowledge bases characterizing this topic
are quite general in nature; this reveals that Social Media-based Innovation is a relatively new field of
investigation. Time is needed in order to see more focused research streams emerge.

Third, and as a consequence, these five research streams are shaping different pillars of the IPO
framework. Some of them have a quite transversal impact: Clusters 1, 2, and 3 shape the content of the
pillars related to the users’ and firms’ antecedents (Input), users’/firms’ behaviours and platform char-
acteristics (Process), and platform/firm’s performance (Output); Clusters 4 and 5 are respectively more
focused on the link between Input and Process, and Process and Output. It also becomes visible the
partial overlapping between Cluster 3 and Cluster 4. All in all, although there is a good balance be-
tween the components of the IPO, the pillars that are more impacted by the five originating research
streams are those belonging to the Process one. It may be because research concerning the users’ be-
haviour, firms’ behaviours, and social platforms’ characteristics and aims are more complex as they
need to be enacted by a complex combination of originating streams.

Fourth, almost all originating research streams contain papers dating back mainly to the 1930s-1950s
time window: on average, it took more than 50 years for the Social Media-based innovation to emerge
as the distinctive body of knowledge characterized by the 155 core contributions. And as Social Me-
dia-based innovations are seen to be quite promising in their impact we may argue, in line with Golder
and co-authors (2009), that it is radical in nature both from a technological (Papagiannidis and Bou-
lakis, 2015) and innovative (Ooms et al., 2015) standpoints. However, as the five research streams run
in parallel, we may say that the Social Media-based innovation will probably undergo some funda-
mental changes and then its full impact has yet to concretize. After all, and consistently, some recent
contributions are pointing towards reading the Social Media phenomenon and its link with innovation
process through the complexity (and paradox) lenses (Jalonen, 2015).

Finally, some papers which are quite general in nature act as bridges among different clusters. They
represent part of the background knowledge on which the Social Media-based innovation research
field stands. Cluster 5 and Cluster 4 are the most connected with 3 connections each and this comes as
no surprise as they basically deal with quite broad topics that are central to the issue of Social Media-
based innovation (i.e. Web 2.0 Communities and Users with their needs). The fact that few bridges are
detected is due to the inherent diversity of clusters to which their extremes belong (correctly detected
by our diversity indicators); this also signals that the signals of convergence of these research streams
are weak but existing.

6 Limitations and ideas for future research

Some limitations need to be mentioned. The first one is that the paper’s attention was focused only on
the most influential academic journals in the field. The value of non-academic contributions (e.g.,
books, proceedings, working papers) should also be assessed in order to have a more comprehensive
picture. A second limitation is that, when retrieving the sample, an attempt was made to include all
commonly-known keywords related to Social Media phenomena; however, Social Media is a fast
evolving phenomenon and some keywords may have not been included in our knowledge base. Fur-
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thermore, DCA is valid only as a partial analysis and presents only an archival view of a field. This is
why its analyses should complement a literature review carried out with subjective approaches. Also,
this study sets out a starting point for further analyses that aim at better understanding the Social Me-
dia-based innovation research field.

In turn, to refine the outcomes of this study, further research should be undertaken to identify how the
different approaches (clusters) have evolved over time by means of objective procedures instead of
solely expert opinions. This idea can be used to explain the evolution of the science and the competi-
tion of the research streams (Chen et al., 2002; Small, 2003; White, 2003). Finally, a wider range of
document typologies (e.g. books, working papers, research notes, proceedings) should be considered
in order to obtain a more detailed description of the Social Media-based innovation research field.
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APPENDIX 1. Most cited articles in the set of 155 intellectual core

We identified the articles of the dataset which have been mostly cited by means of the UCINET soft-
ware. The number of citations per paper was normalized by means of an algorithm that takes into ac-
count the “age” of the article (Sidiropoulos et al., 2007). This correction was needed to reduce the time
penalty afflicting more recent articles:

S(i,t):LC(i,t); t>t
(t—t +1)

Where ¢, is the publication year of article i, C(i, #) is the number of citations for the article i at time ¢.
Thus S¢i, ¢) is the number of citations that article i received normalized by the coefficient 4. We identi-
fied a subset of 27 papers (about 20% of the total), which received about 80% of the citations. Below,
the distribution of the most cited articles is reported:

Journal # Articles | Journal # Articles
Organization Science 4 MIT Sloan Management Review 1
J. of Product Innovation Management 3 J. of Macromarketing 1
R & D Management 3 Industrial Marketing Management 1
California Management Review 2 MIS Quarterly 1
Long Range Planning 2 Innovation Management Policy & Practice 1
Technovation 2 Technology Analysis & Strategic Management 1
J. of Management Information Systems 1 J. of Business Research 1
J. of Marketing 1 Research Policy 1
Management Science 1 Tot. 27
APPENDIX 2. Most co-cited references (within 155 intellectual core)

ID | cited reference Co-citation links
1977 | franke n, 2003, res policy, v32, p155, doi 10.1016/50048-7333(02)00006-9 45
5903 | von hippel e., 2005, democratizing innova 35
2921 | jeppesen lb, 2006, organ sci, v17, p45, doi 10.1287/orsc.1050.0156 34
5860 | von hippel e, 2002, manage sci, v48, p821, doi 10.1287/mnsc.48.7.821.2817 31
5902 | von hippel e., 1988, sources innovation 30
3373 | lakhani kr, 2003, res policy, v32, p923, doi 10.1016/s0048-7333(02)00095-1 29
5861 | von hippel e, 2003, organ sci, v14, p209 27
4122 | muniz am, 2001, j consum res, v27, p412 26
5904 | von hippel e.,2005, democratizing innova 26
3597 | lilien gl, 2002, manage sci, v48, p1042, doi 10.1287/mnsc.48.8.1042.171 25
4993 [ sawhney m, 2005, j interact mark, v19, p4, doi 10.1002/dir.20046 25
3516 | lerner j, 2002, j ind econ, v50, p197 24
4146 | nambisan s, 2002, acad manage rev, v27, p392, doi 10.2307/4134386 24
1978 | franke n, 2004, j prod innovat manag, v21, p401, doi 10.1111/j.0737-6782.2004.00094.x 23
2609 | hertel g, 2003, res policy, v32, p1159, doi 10.1016/s0048-7333(03)00047-7 23
4990 | sawhney m, 2000, calif manage rev, v42, p24 22
1062 | chesbrough h., 2003, open innovation new 21
4526 | piller ft, 2006, r&d manage, v36, p307, doi 10.1111/j.1467-9310.2006.00432.x 21
1181 | cohen wm, 1990, admin sci quart, v35, p128, doi 10.2307/2393553 20
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3890
5147
5556

mcalexander jh, 2002, j marketing, v66, p38, doi 10.1509/jmkg.66.1.38.18451 20
shah sk, 2006, manage sci, v52, p1000, doi 10.1287/mnsc.1060.0553 20

thomke s, 2002, harvard bus rev, v80, p74

20

APPENDIX 3. Most co-cited pairs (top 20)

ID;  Referencei* ID; Reference;*
161 allen t., 1984, managing flow techno 5554  thomke s, 2000, j prod innovat manag, v17, p128,
doi 10.1016/s0737-6782(99)00031-4
663 bjelland o. m., 2008, mit sloan manage rev, v50, 1251 corrocher n, 2011, technol forecast soc, v78, p547,
p31 doi 10.1016/j.techfore.2010.10.006
2088  gallaugher j, 2010, mis q exec, v9, p197 2454 hansen mt, 2007, harvard bus rev, v85, p121
2454 hansen mt, 2007, harvard bus rev, v85, p121 3616  linder jc, 2003, mit sloan manage rev, v44, p43
663  bjelland 0. m., 2008, mit sloan manage rev, v50, 1222 cooke m, 2008, int j market res, v50, p267
p31
822 brown la, 1991, cytopathology, v2, pl, doi 5062  schrage m., 2000, serious play worlds
10.1111/.1365-2303.1991.tb00377.x
1222 cooke m, 2008, int j market res, v50, p267 1251 corrocher n, 2011, technol forecast soc, v78, p547,
doi 10.1016/j.techfore.2010.10.006
2454 hansen mt, 2007, harvard bus rev, v85, p121 3076 kelley sw, 1990, j retailing, v66, p315
152 alexy o, 2012, calif manage rev, v54, p116, doi 2454 hansen mt, 2007, harvard bus rev, v85, p121
10.1525/cmr.2012.54.3.116
271 aral s, 2011, manage sci, v57, p1623, doi 1502  dellarocas c, 2010, j manage inform syst, v27, p127,
10.1287/mnsc.1110.1421 doi 10.2753/mis0742-1222270204
271 aral s, 2011, manage sci, v57, p1623, doi 5165  shapiro c, 1998, inform rules strateg
10.1287/mnsc.1110.1421
1502  dellarocas c, 2010, j manage inform syst, v27, 5165  shapiro c, 1998, inform rules strateg
p127, doi 10.2753/mis0742-1222270204
3543 levy m, 2009, j knowl manag, v13, p120, doi 4803  riegner c, 2007, j advertising res, v47, p436, doi
10.1108/13673270910931215 10.2501/s0021849907070456
891  burtr.s., 1992, structural holes soc 3496  leonard d., 1999, sparks fly igniting
891  burtr.s., 1992, structural holes soc 5827  verona g., 2002, european management, v20, p299,
doi 10.1016/50263-2373(02)00046-4
2088  gallaugher j, 2010, mis q exec, v9, p197 3616  linder jc, 2003, mit sloan manage rev, v44, p43
4770  resnik aj, 1983, j marketing, v47, p86, doi 5567  thompson cj, 1997, j marketing res, v34, p438, doi
10.2307/3203430 10.2307/3151963
822 brown la, 1991, cytopathology, v2, pl, doi 4219  nonaka i, 1998, calif manage rev, v40, p40
10.1111/.1365-2303.1991.tb00377.x
3543 levy m, 2009, j knowl manag, v13, p120, doi 3888  mcafee ap, 2006, mit sloan manage rev, v47, p21
10.1108/13673270910931215
3888  mcafee ap, 2006, mit sloan manage rev, v47, p21 4803  riegner c, 2007, j advertising res, v47, p436, doi
10.2501/s0021849907070456

*VOSviewer reports only the first author of the extracted reference

APPENDIX 4. Cluster 1 “Organizational Learning”

IDcL1 | Referencecri™ Co-citation links
4990 | sawhney m, 2000, calif manage rev, v42, p24 22
817 | brown js, 1991, organ sci, v2, p40, doi 10.1287/orsc.2.1.40 14
3992 | miles mb, 1994, qualitative data ana 11
5982 | wasko mm, 2005, mis quart, v29, p35 11
3191 | kogut b, 1992, organ sci, v3, p383, doi 10.1287/orsc.3.3.383 10
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3804 | march jg, 1991, organ sci, v2, p71, doi 10.1287/orsc.2.1.71 10
6188 | yinr., 2003, case study res desig 10

*In a cluster made of 169 references, only references with co-citations links > 10 are reported.

APPENDIX S. Cluster 2 “Open and Distributed Innovation”

IDcrs | Referencecrs* Co-citation links
5903 | von hippel e., 2005, democratizing innova 35
5860 | von hippel e, 2002, manage sci, v48, p821, doi 10.1287/mnsc.48.7.821.2817 31
4146 | nambisan s, 2002, acad manage rev, v27, p392, doi 10.2307/4134386 24
1062 | chesbrough h., 2003, open innovation new 21
1980 | franke n, 2006, j prod innovat manag, v23, p301, doi 10.1111/j.1540-5885.2006.00203.x 17
2748 | howe j., 2008, crowdsourcing why po 16
1358 | dahan e, 2002, j prod innovat manag, v19, p332, doi 10.1111/1540-5885.1950332 16
2053 | fuller j, 2010, calif manage rev, v52, p98 14
3433 | laursen k, 2006, strategic manage j, v27, p131, doi 10.1002/smj.507 14
3200 | kohler t, 2009, technovation, v29, p395, doi 10.1016/j.technovation.2008.11.004 14
2924 | jeppesen lb, 2010, organ sci, v21, p1016, doi 10.1287/0rsc.1090.0491 13
2920 | jeppesen lb, 2005, j prod innovat manag, v22, p347, doi 10.1111/j.0737-6782.2005.00131.x 13
4628 | prahalad c. k., 2004, future competition ¢ 13
2049 | fuller j, 2007, technovation, v27, p378, doi 10.1016/j.technovation.2006.09.005 12
1682 | ebner w, 2009, r&d manage, v39, p342, doi 10.1111/j.1467-9310.2009.00564.x 11
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Abstract

This article uses a bundle of bibliometric and text-mining techniques to provide a systematic assessment of
the intellectual core of the Social Media-based innovation research field. The goal of this study is to identify
main research areas, understand the current state of development and suggest potential future directions by
analysing co-citations from 155 papers published between 2003 and 2013 in the most influential academic
journals. The main clusters have been identified, mapped, and labelled. Their most active areas on this topic
and the most influential and co-cited papers have been identified and described. Also, intra- and inter-cluster
knowledge base diversity has been assessed by using indicators stemming from the domains of Information
Theory and Biology. A t-test has been performed to assess the significance of the inter-cluster diversity.
Five co-existing research streams shaping the research field under investigation have been identified and
characterized.

Keywords: Social Media, innovation, bibliometric analysis, content analysis, diversity analysis
Mathematics Subject Classification: 91-02
JEL codes: 032, M15
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