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Introduction and literature review  

Successful innovation is based on understanding customer needs and developing products that meet or exceed 
those needs. Because this information is difficult to express (“sticky”) and traditional market research often fails 
to access this information (Ogawa & Piller, 2006), both theory and practice suggest involving users in the 
innovation process to access and generate innovation-relevant knowledge (Wallin & Von Krogh, 2010). While 
several means to involve the user in the innovation process exist, co-creation or the process during which 
consumers take an active role and co-create value together with the company (Prahalad & Ramaswamy, 2004a), 
has received growing attention from both researchers and practitioners.  

The recent rapid evolution of information & communication technology (ICT) has strongly facilitated co-
creation and to date web 2.0 applications, e.g., user communities (Jeppesen & Frederiksen, 2006), have been  
the most widely applied despite their limited ability to support user interaction due to limited sensorial and 
interaction cues (Thomas Kohler, Matzler, & Füller, 2009). Recent years have seen, however, a rising interest in 
the 3D internet and in particular virtual worlds as offering promise in overcoming these limitations. Building on 
the co-creation paradigm put forward by Prahalad & Ramaswamy (Prahalad & Ramaswamy, 2004b), large 
multinationals such as Philips and Coca-Cola are integrating users of virtual worlds into interactive new product 
development processes to tap their innovative potential and knowledge. The concept of “avatar-based 
innovation”, or virtual world co-creation (Thomas Kohler, et al., 2009) has been explored only in a few cases 
where manufacturers collaborated with avatars to generate innovation value.  This can be attributed to the 
embryonic nature of virtual worlds and that academic research has only recently taken notice of this 
phenomenon. In this paper, we therefore investigate the following research question: what enables the co-
creation of innovation-relevant knowledge in virtual worlds? 

To investigate our exploratory research question, we developed a co-creation workshop within the virtual world 
of Second Life for a small to medium enterprise (SME) in the e-service industry. The case study insights 
enabled us to develop four propositions on how to leverage the affordances of virtual worlds over 2D internet 
and physical world settings to invoke co-creation and support the steps of Nonaka’s knowledge creation model 
in virtual worlds (I. A. Nonaka & Takeuchi, 1995). Below we present the research setting, methodology, and 
findings as well as the development of the propositions stemming from our findings before concluding. 

Research setting 

We collected data through a co-creation workshop found to be key to successful innovation processes (Lilien, 
Morrison, Searls, Sonnack, & Hippel, 2002). The workshop was conducted in Second Life due to its relative 
user-friendliness, the ability to easily create a process, and the ability to reach a diverse set of users across the 
globe (Thomas Kohler, et al., 2009). We then identified a company, RunAlong, a Swedish web-startup in the e-
services industry using the co-creation approach. RunAlong is developing an international web community for 
joggers, and the entrepreneur was looking for potential internet-based solutions to bring together runners from 
all over the world to discover their specific needs and values and to incorporate these into the development of 
her web community for joggers.  

In order to design the co-creation workshop, we turned to virtual customer environments literature (VCE) and 
specifically to the VCE model by Nambisan & Nambisan (2008) further refined by Kohler et al (forthcoming) 
as it focuses on the drivers of individual participation: 1) pragmatic, 2) sociability, 3) usability, and 4) hedonic. 
The result was a four-step workshop: 1) an immersion experience in the innovation topic, 2-3) discussions in 
two break-out sessions, 4) an in plenum brainstorming session. 

Methodology 

We collected data through three means: 1) direct of the four workshop sessions, that gathered 21 participants 
from different countries, 2) an online survey by the participants at the end of each workshop session, and 3) 
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participant interviews. Our analysis investigated the relationships between the four VCE experience 
components, flow, and innovation relevant-knowledge contribution.  

Findings and Discussion  

Through our analysis, it became clear that there were issues particular to the  virtual world affordances that went 
beyond the VCE model that were of relevance to the co-creation of innovation-relevant knowledge.  The first 
deals with the ability to design environments and events that may be unfeasible or difficult in the physical world 
or uninspiring in 2D. Second, the virtual world environment enabled people to communicate simultaneously 
through various channels as well as interact and create visual objects together. But overall the VCE model 
drivers identified in 2D environments very much hold for the 3D environments of virtual worlds.  Individuals 
who experienced the 1) pragmatic, 2) sociability, 3) usability, and 4) hedonic aspects and/or those who 
experienced a sensation of flow were more engaged in the workshop and contributed more innovation-relevant 
knowledge to the workshop discussions. Only when we looked more deeply into the investigation of our 
research question, we realized that a focus on Nambisan’s VCE model and other related literature had two 
drawbacks. First, this approach leads to the primary investigation of knowledge contribution at the individual 
level and not of the process of knowledge creation at the group level. We found that when we focused on the 
individual and his/her contributions, the knowledge creation process that occurs through the synchronous 
interaction among participants and the movement between individual and group levels of knowledge creation 
are lost. Yet it is this interactivity among co-creation participants and the changing of ontological levels that led 
to an enhanced level of knowledge creation in our workshop. Second, this approach limited our ability in seeing 
the affordances that virtual worlds offer co-creation processes over the physical world or over 2D virtual or 
physical representations.  As noted above, we found several issues related to telepresence, the use of avatars, 
multi-channel communication, etc. that affected the knowledge creation process. Thus, we decided to return to 
the knowledge creation literature as well as the virtual world literature to investigate how we might better 
understand and facilitate the co-creation of innovation-relevant knowledge in virtual worlds.  

In particular, we found that the SECI model of knowledge creation (I. Nonaka, Takeuchi, & Umemoto, 1996) 
helped to both structure and inform our investigation. The SECI process of knowledge creation describes four 
different modes of knowledge conversion: socialization, externalization, combination and internalization based 
on the classic distinction between tacit and explicit knowledge (Polanyi 1962), and describes the interplay 
between different ontological levels, e.g., individual, group, and organization levels. Additionally, Nonaka 
describes the concept of “Ba”, which concerns a combination of time and space in which the knowledge 
conversion processes can take place. Ba is not necessarily a physical place but can also be a virtual or mental 
space.  Nonaka & Konno (1999) describe a “cyber-ba” as a virtual space that supports the combination of 
explicit knowledge to generate new knowledge.  

We found that the participants went through three of the knowledge conversion processes in a condensed SECI 
model and that the virtual co-creation environment had the characteristics of cyber-ba. Moreover when we 
investigated the affordances of virtual worlds as discussed above, we found several features that went beyond 
what physical or 2D internet environments offer in the knowledge creation process. This new approach thus led 
us into an elaboration of the SECI model – placing it within the context of co-creation in a virtual world 
environment. Below we develop four propositions related to the relationships between specific features of 
virtual worlds as supported by extant virtual world research and the four modes of knowledge creation in the 
context of the co-creation. It is important to note that while the various virtual world affordances may be 
important throughout the knowledge creation cycle, we focus on the feature that is of particular importance 
within each specific knowledge conversion mode.  

The first mode is socialization, or the process of sharing and creating new tacit knowledge by individuals as 
they "indwell", “empathize” or "live in" the world and directly experience it (I. Nonaka & Toyama, 2003). Tacit 
knowledge is difficult to formalize thus actually experiencing the environment or being involved in hands-on 
tasks facilitates the acquisition of tacit knowledge by an individual (I. Nonaka, Toyama, & Konno, 2000). 
Socialization also takes place in informal meetings where tacit knowledge, such as viewpoints and experiences, 
can be shared that in turn helps to create mutual trust. In terms of co-creation in virtual worlds, as participants 
can come from diverse settings outside the company, the participants need to develop a shared experience 
related to the co-creation purpose as well as mutual trust in order for the knowledge creation spiral to start.  
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Studies in cognitive neuroscience have revealed that human brain responses do not differ if a place, person, or 
an object is represented in the form of a photograph, a “real” thing, or a sole mental image (Finke, 1979, 1980), 
and virtual worlds have been found to evoke experiences similar to real world experiences (Lakshmi et al 
Forthcoming). However, for a virtual world to evoke a real experience, the virtual world environment must 
generate compelling feelings of telepresence. Telepresence can, however, be achieved through a high level of 
both media richness and interactivity (Klein, 2003).  

Proposition 1: The more the virtual world co-creation environment and process enables telepresence, the 
greater the quality of socialization. 

The second mode is externalization in which individuals or groups articulate their tacit knowledge into explicit 
knowledge so that it can be shared by others to become the basis of new knowledge creation (I. Nonaka, 1994). 
One of the most effective methods for tacit knowledge articulation is dialogue since it is through dialogue 
between individuals that contradictions between one’s tacit knowledge and the structure or that contradictions 
among tacit knowledge of individuals are made explicit and synthesized (I. Nonaka & Toyama, 2003).  

Critical to the basis of interaction with others in virtual worlds is social presence (IJsselsteijn, de Ridder, 
Freeman, & Avons, 2000) – the sense of being together and communicating with someone. Previous research 
has found that participants with a strong sense of social presence have closer and more personal relationships 
with other participants in the virtual world (Animesh et al Forthcoming). However, we suggest that the more 
relevant discussion for knowledge creation in virtual worlds relates to the avatars themselves. Interactions in 
virtual worlds take place between avatars representing individuals and as such, the importance of body is 
brought into focus (Bray & Konsynski, 2007). Not only can participants choose to see their own avatar, but they 
can also see others’ avatars, and this can significantly impact how individuals interact and communicate with 
others in virtual worlds (Bray & Konsynski, 2007; Yee, Bailenson, & Ducheneaut, 2009). Virtual worlds 
generally enable people to freely choose or design their own avatar as an object, animal, or human being, and it 
is this mutability of our self-representations in online environments that is a fundamental aspect of a virtual 
identity (Turkle, 1995). One impact highlighted by the research on transformed social interaction (TSI) has 
found that the appearance of an avatar influences the behavior of others (Yee & Bailenson, 2007). For example, 
more attractive avatars encourage higher levels of involvement by others (Holzwarth, Janiszewski, & Neumann, 
2006) and are more likely to be included in conversations and interactions (O'Brien & Murnane, 2009).  

The above suggests that as co-creation tends to bring together unacquainted and even potentially acquainted 
individuals to interact through their avatars, the design and looks of the participants' avatars will affect 
externalization dynamics. Thus, serious thought must be given to co-creation design principles related to the 
looks of the avatars involved in co-creation and this leads us to our second proposition: 

Proposition 2: The greater the degree that the designs of avatars are in alignment with the purpose of virtual 
world co-creation, the greater the quality of externalization. 

In the third mode of combination, explicit knowledge is combined with other explicit knowledge. During this 
step both knowledge from inside and outside the organization is combined in more complex and systematic 
explicit knowledge (I. Nonaka & Toyama, 2003). Existing explicit knowledge can be found through all kinds of 
digital communication networks and databases. And as importantly, the results of combination can be shared 
through the same media so that others can find and use the new explicit knowledge in their knowledge creation 
activities.  

Research on communication in virtual worlds shows that the use of multiple cues and communication channels, 
e.g., using gestures, speech, text, and visualization, contributes to rich communication (Murphy, Owens, 
Khazanchi, Zigurs, & Davis, 2009). Some even claim that this multi-channel communication is as good or even 
better than face-to-face communication (Holmberg & Huvila, 2008). The combination of communication 
channels ensures that the right channels can be selected for the task at hand (i.e., media richness theory (Daft & 
Lengel, 1986). Another aspect of combination, collecting explicit knowledge, was not so much supported in our 
workshop, but virtual worlds do provide several opportunities to gather relevant information. For example, with 
today’s open platforms users can integrate media sharing functionality into virtual worlds, such as Google Docs 
into Second Life to support information sharing (Hancroft, 2010). Furthermore, it is possible to create objects in 
virtual worlds that provide access to information sources by use of scripting (Murphy, et al., 2009). Virtual 
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worlds enable a combination of the communication and information channels into one virtual collaboration 
space. It is this combination of the multiple channels related to a virtual space or ba that we believe can 
influence the outcome of the combination process. The quality of the combination process is especially affected 
if more communication and information channels are available. This leads to our third proposition: 

Proposition 3: The greater the variety of communication and information channels are available in virtual 
world co-creation, the greater the quality of combination. 

The final mode is internalization in which explicit knowledge is shared with others who then embody this 
explicit knowledge into tacit knowledge in a process closely related to “learning by doing” (I. Nonaka, et al., 
2000). While externalization and combination are primarily group level activities, internalization occurs at the 
individual level in which individuals try to understand and integrate new knowledge into their mental models of 
existing experiences and models through the application of knowledge in practical situations (I. Nonaka & 
Toyama, 2007). Simulation and experimentation facilitate this process (I. Nonaka & Toyama, 2007), and an 
important aspect when internalizing explicit knowledge from others is whether the receiver of the knowledge 
has a good understanding of the knowledge context. In virtual world co-creation, internalization can happen at 
an individual level, e.g., after the co-creation workshops take place. First, the potential users who participated in 
the workshop can experiment with the workshop outcomes in a simulated environment. Second, the individuals 
from the organization running the co-creation process can experiment and put “themselves into the shoes” of the 
users in simulated environments. One of the challenges of user innovation and co-creation is the stickiness of 
knowledge, or the ability of the user to communicate their needs and wants to the producer in a way that is 
useful (Von Hippel, 1994). The ability of both the users and producers to internalize the knowledge through 
simulation leads to the creation of shared mental models, which then can lead to a new spiral of knowledge 
creation when shared with others through socialization. Clearly this continued spiral depends on how the 
organization decides to continue the co-creation process after the first three modes of the SECI knowledge 
creation cycle. 

While simulation and “learning by doing” can be conducted in the physical world, research has revealed that 
immersive virtual environments such as virtual worlds are conducive to learning as they provide affordances not 
possible in face-to-face settings (Bailenson, et al., 2008). While there are numerous affordances, here we focus 
on those relevant to the internalization phase of co-creation: enhanced interactivity and behavior archiving. In 
terms of enhanced interactivity, virtual worlds enable an individual to easily and in real-time modify complex 
environments and the objects within. For example, an individual can improve his/her understanding of abstract 
concepts through the ability to create, alter, and rotate three-dimensional structures, such as those found in 
chemistry, architecture, or engineering (Perdomo, Shiratuddin, Thabet, & Ananth). Individuals can also 
experience virtual worlds through the eyes of others, e.g., gender swapping (Bruckman, 1996) or experiencing 
hallucinations of those with mental illnesses (Yellowlees & Cook, 2006), thus enabling insightful reflection. For 
example, one study found that young people who took on the first person visual perspective of senior citizens 
developed more empathy towards these elderly people (Bailenson, 2006).  

Second, virtual worlds enable the recording and archiving of all behaviors and actions performed by individuals 
in the simulated environment – from microbehaviors such as nonverbal gestures to macrobehaviors such as the 
ability to use an object or perform a task (Bailenson, et al., 2008). For example, one study of the interactions 
between teachers and students used network analysis to map out the relationships between actions, conceptual 
understanding, and context (Barab, Hay, Barnett, & Squire, 2001) while another collected gaze behavior to 
determine patterns of attention in a classroom (Rizzo, et al., 2000). The study of such data, especially those that 
cannot be collected in physical world settings (e.g., gaze behavior), facilitates not only the learning of the 
individual involved in the scenario but also of those observing, e.g., the product and/or service designers. The 
above thus leads us to our final proposition: 

Proposition 4: The greater enhanced interactivity and behavior archiving are leveraged in virtual world co-
creation, the greater the quality of internalization. 

Conclusion  

Informed by theories from the “flat world” of online co-creation and synthesizing the insights gained from 
researching co-creation workshops within Second Life, this study is an early step in understanding the enablers 
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of knowledge co-creation in the 3D context of virtual worlds. Our research has generated four propositions on 
how the design of virtual world co-creation relates to knowledge creation. Clearly our study suffers from 
limitations as it considers only one type of e-service within one virtual world and we had a limited number of 
participants, several of whom may have been biased in their views of the potential of virtual worlds. However, 
we see this research as a first step in understanding the potential of virtual worlds for innovation and thereby 
contribute to the literature seeking to investigate the use of technology for co-creation (Dahan & Hauser, 2002). 
Moreover, our insights into the affordances of virtual worlds have enabled us to contribute to the knowledge 
creation literature through the application of the knowledge creation spiral in a new setting.  
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