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Purpose. This paper investigates the role of design as a knowledge translation
mechanism in R&D-oriented open innovation. In particular, the paper intends to look at
how design can be used as a means of knowledge transfer among various stakeholders
who speak different languages and have divergent needs and interests in a process
where knowledge openly flew across the boundaries of a high number of organizations.

Methods. The paper combines the insights from theory with the empirical evidence
gathered by adopting an extreme case study approach: the detailed analysis of a case
study related to an R&D project funded by the European Commission and aimed to
investigate and produce innovative serious games in the area of healthcare. The project
gathered a large number of stakeholders and deliberately adopted design processes in
order to support an open innovation approach.

Findings. The paper provides insights into the use of design outputs such as artifacts,
sketches, visual representations or prototypes in order to translate ideas, theoretical
and technical requirements, documents and outputs into formats that can be more
easily understood and appreciated by various stakeholders. This supports and favors
coordination in open innovation projects where many different stakeholders are
engaged.

Research limitations. Although the adoption of an extreme case study approach offers
important implications to understand the role of design in R&D-oriented open
innovation, the use of single case study represents the basis both to explore hypothesis
and to provide first evidences, that need to be further tested with other qualitative and
quantitative analysis.

Practical implications. The paper offers practical implications about how design can
help individuals and organizations involved in R&D activities to better communicate and
share knowledge among various stakeholders by aligning their different needs, interests
and languages along the various phases of their project development.

Originality/value. The originality of the paper lays at the intersection of three different
fields: open innovation, knowledge management and design for innovation, thus
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integrating mature, but so far isolated research streams. It provides insights for theory
building by explaining the use of design as knowledge translational mechanism and
informs the practice by highlighting the power of design as a means to support
knowledge flows into open innovation-based R&D projects.

Keywords: Design, knowledge translation, open innovation, R&D projects.

1. Introduction

In a world of ever-changing corporate environments and reduced product life cycles,
organizations working in R&D and technology intensive industry cannot always afford
to innovate on their own (Chesbrough, 2003; Gassmann, 2006, Gassmann et al., 2010).
The complexity of contemporary production pipelines - articulated across multiple
sectors and oriented towards fast-changing and somewhat unpredictable market
conditions - calls for a new approach based on collaboration and interchange. Hence,
organizations open their innovation processes to incorporate knowledge flows
originated from or co-produced with external stakeholders (academia, research centers,
industry, government, NGOs, public institutions), that interact in specific organizational,
social, economic and cultural contexts (Chesbrough and Bogers, 2014; Dahlander and
Gann, 2009; Huizingh, 2010; Enkel et al., 2009; Ardito and Messeni Petruzzelli, 2017).
Characterizing knowledge in terms of flows means looking at knowledge as “a fluid mix
of framed experience, values, contextual information, and expert insight that provides a
framework for evaluating and incorporating new experiences and information”
(Davenport and Prusak, 2000, p. 5). In the past 20 years, scholars have proposed various
models that study how knowledge flows across the boundaries of a single organization,
for example being produced by multidisciplinary teams brought together to respond to
real-world problems and challenges (Nowotny et al. 2001; Gibbons 2000; Gibbons et al.
2011; Gibbons et al. 1994) and by the intersection of multiple reciprocal relationships
across academia, government and industry (Etzkowitz 2008; Carayannis and Campbell
2012). Open innovation occurs where knowledge flows beyond the boundaries of a
single organization and where a high degree of cross-border organizational
collaborations take place (Chesbrough and Crowther, 2006; Grimaldi et al., 2013; Rippa
et al, 2016). In the specific case of R&D contexts, this would favor knowledge co-
production processes where, for example, end-users, policy makers, industry and
academic institutions work together to advance scientific knowledge or to develop new
solutions and prototypes. Collaboration among distributed partners allows the creation
of something new starting from what already exists (Hargadon, 2002;-and innovation
occurs as a process of searching and recombining existing knowledge elements (Ardito
and Messeni Petruzzelli, 2017; Savino et al,, 2017).

The difficulties that organizations must face to effectively transfer, integrate and co-
create knowledge are widely recognized (Greer and Lei, 2012; Thorpe et al.,, 2005). An
organization needs mechanisms to acquire external knowledge, transfer it internally,
and integrate it with existing stocks (Hamel, 1991; Huber, 1991; Leonard-Barton, 1992).
In these contexts, problems might arise in relation to the differences among the various



organizations and stakeholders involved. There might be differences in terms of
interests, needs and languages. Not only it is necessary to recognize and balance the
different objectives of each stakeholder, thus ensuring that their needs and wants are
systematically addressed and balanced (Garrett-Jones et al., 2005), but also, as noted by
Chiesa and Piccaluga (1998), there is a need for knowledge translators between these
groups given the different objectives and languages prevalent in the diverse contexts.

Previous studies have investigated how design processes can support knowledge
translation in academic entrepreneurship (Simeone et al., 2016; Simeone, 2016). Design
can provide a key ‘interface’ role (Boren et al., 2012) by enabling a better collaboration
among stakeholders. As argued by Sainsbury: “The use of design helps scientists to
develop commercial applications for their work while it is still at the research stage or at
the outset of the technology transfer process” (Sainsbury, 2007, p 151). In particular,
design can help in translating ideas, concepts, requirements, needs, interests of multiple
stakeholders into visual and physical formats (e.g., a sketch, a graphic representation, a
physical prototype), that can be more easily understood and circulated. For example,
some computer scientists working with quite complex algorithms in acoustics can
explain the key outcomes of their research by producing a visual diagram which is
easier to understand. This visual diagram can help translating technical knowledge into
a format that can be appreciated also by people without a strong technical background.
This paper aims to explore if and how design can support knowledge translation in R&D
processes that rely upon open innovation. In spite of the increasing research in open
innovation, very few studies have examined the alignment among the different
stakeholders’ involvement in the knowledge flows supporting the innovation
development, especially in R&D projects.

In the attempt to cover this gap, this paper aims to provide an answer to the following
question: How can design support the process of knowledge translation in open innovation
processes occurring in R&D projects? In order to address this question, the insights of a
R&D project funded by the European Commission (3D Tune-In, which focuses on the
development of innovative serious games in the area of healthcare) build the empirical
ground to shed light on how design can contribute to integrate and align multiple
stakeholders into knowledge co-creation processes through the enhancement of
knowledge translation mechanisms. The findings provide evidences about the role of
design as a knowledge translation mechanism to engage a plurality of stakeholders in
the development of a R&D project leveraging open innovation practices.

The paper is organized as follows: Section 2 reviews the literature to introduce the
relationship between open innovation, knowledge transfer, knowledge translation and
design. Section 3 describes the research approach and the research context. Section 4
presents the findings of the study. Section 5 discusses the results. Finally, the last section
concludes the paper underlying the practical as well as the theoretical implications.



2. Literature review

2.1 A knowledge-based perspective of open innovation in R&D projects
Chesbrough et al. (2006) propose a quite broad definition of open innovation as the
“purposive inflows and outflows of knowledge to accelerate internal innovation and to
expand the markets for external use of innovation” (Chesbrough et al., 2006, p.1). Since
2003, there has been an abundance of research conducted into open innovation, even
though much of this research has focused on large-scale enterprises, leaving a gap in
R&D intensive industry (Kogut, 2000) and R&D projects (Kim et al., 2015). As also
Chesbrough et al. (2006, p. 287) noted: “Neither the practice of nor research on open
innovation is limited to the level of the firm. Innovations are created by individuals or
groups of individuals, usually within organizations, so, the sub-firm level of analysis is
particularly relevant in understanding the sources of innovation. The focus on individual
R&D project, i.e., the level at which the actual innovation takes place, is particularly
important since openness at the organizational level is determined by the openness of
individual R&D projects carried out by the organization (Enkel et al., 2009; Kim et al,,
2015; Horvath and Enkel, 2014) and no longer as a result of an autonomous and self-
managed process (West et al., 2014; Chesbrough and Bogers, 2014). In R&D intensive
projects, the open innovation model is based on the use of external knowledge in
conjunction with internal R&D (Almirall and Casadesus-Masanell, 2010; Chesbrough,
2003). Innovation is grounded on the creation of something new starting from what
already exists (Hargadon, 2002; Lo Storto, 2006). Firms search for knowledge
components coming from external partners, such as other organizations or individuals
not directly employed by the searching firm, in order to bring together knowledge
domains distributed across the world (Benkler, 2006; Dahlander and Gann, 2010; von
Hippel, 2001, 2005).

The research on open innovation pointed out that the most relevant sources of
knowledge typically include suppliers, research centres, universities, customers,
competitors, and companies with complementary offerings (Von Hippel, 1986).
Whereas open innovation is based on the premise of ‘abundant knowledge,
(Chesbrough, 2003, p. xxv), some form of integration is always needed to integrate the
organization’s own capabilities with the external knowledge that can be accessed
through open innovation (Jaspers and van de Ende, 2010).

There are different forms that companies can use to pursue the open innovation model,
including bilateral collaboration, networks, outsourcing R&D (Berkhout et al., 2006),
technology in-sourcing (Chesbrough, 2003; Chesbrough, 2006; von Hippel and von
Krogh, 2006) and external technology exploitation (Ulrich, 2008). Van de Vrande et al.
(2009) articulates the various practices related to open innovation into a paradigm
revolving around the two processes of technology exploration and technology
exploitation. Table 1 shows a synthetic summary of these practices.

Practice Definition

Technology exploitation



Venturing Starting up new organizations drawing on internal knowledge, and possibly
also with finance, human capital and other support services from the parent

enterprise.
Outward IP Selling or offering licenses or royalty agreements to other organizations to
licensing better profit from intellectual property, such as patents, copyrights or trade-
marks.
Employee Leveraging the knowledge and initiatives of employees who are not involved
involvement in R&D, for example by taking up suggestions, exempting them to implement

ideas, or creating autonomous teams to realize innovations.
Technology exploration

Customer Directly involving customers in innovation processes, for example by active
involvement market research to check their needs, or by developing products based on
customers’ specifications or modifications of products similar like yours.

External networking Drawing on collaborating with external network partners to support
innovation processes.

External Equity investments in new or established enterprises in order to gain access
participation to their knowledge or to obtain others synergies.
Outsourcing R&D Buying R&D services from other organizations, such as universities, public

research organizations, commercial engineers or suppliers.

Inward IP licensing Buying or using intellectual property, such as patents, copyrights or
trademarks, of other organizations to benefit from external knowledge.

Table 1. The Open Innovation paradigm ((Source: elaborated from Van de Vrande et al, 2009)

In R&D projects, all these practices of open innovation relate to the form of knowledge
transferred from one stakeholder to another. Firms participating in R&D alliances
should integrate geographically distant but from organizational point of view proximate
knowledge. By doing so, firms take advantage of the diversity and novelty that
characterise geographically distant knowledge (Capaldo and Messeni Petruzzelli, 2011;
Capaldo and Messeni Petruzzelli, 2015). The focus is on how knowledge moves across
the boundaries created by specialized knowledge domains (Argote and Ingram, 2000;
Gilbert and Cordey-Hayes, 1996; Carlile and Rebentisch, 2003). In other words, it is the
conveyance of knowledge from one place, person or ownership to another. The next
section will illustrate how knowledge transfer processes occur in open innovation
practices.

2.2 From knowledge transfer to knowledge translation in R&D projects

A number of interpretations have been provided for the concept and the process of
knowledge transfer, which is acknowledged as one of the key processes of open
innovation. The objective of a knowledge transfer process which takes place between
two or more actors (individuals or organisations) is to enable an actor to acquire the
knowledge of another actor (Albino et al., 1998). Knowledge can be shared through joint
engagement in social practices among groups, organizational units, and even the firm
(von Krogh, 2012); however, this could be further complicated by the fact that the



professional environment is increasingly virtual as globally dispersed organizational
and inter-organizational teams collaborate on R&D innovative projects (Angehrn et al,,
2009). For this reason, different mechanisms can be deployed in the context of R&D
project such as interaction of personnel, patent disclosures, publications, assets and
services exchange, and so on. A working definition of knowledge transfer which can be
adopted is the one provided by Christensen (2003, p. 14) who considers knowledge
transfer as the process of “identifying (accessible) knowledge that already exists,
acquiring it and subsequently applying this knowledge to develop new ideas or enhance
the existing ideas to make a process/action faster, better or safer than they would have
otherwise been. So, basically knowledge transfer is not only about exploiting accessible
resources, i.e. knowledge, but also about how to acquire and absorb it well to make
things more efficient and effective.” According to van den Hooff and de Ridder (2004),
knowledge transfer involves either actively communicating to others what one knows,
or actively consulting others in order to learn what they know. Successful knowledge
transfer means that transfer results in successful creation and application of knowledge
in organisations (Nonaka and Takeuchi, 1991). The process of knowledge transfer has
been described by many researchers using different models; among these one of the
most known is the knowledge conversion model introduced by Nonaka and Takeuchi
(1995), distinguishing between tacit and explicit knowledge (Koulopoulos and
Frappaolo, 1999; Polanyi, 1975). Where tacit knowledge is subjective and experience-
based that cannot be expressed in words, sentences, numbers or formulas, often
because it is context specific, involving that it can be transferred only through
socialization processes. While, explicit knowledge is objective and rational, then it can
be expressed in words, sentences, numbers or formulas and, consequently, it can be
transferred through externalization, combination and internalization (Cohendet et al,
1999).

The process of knowledge transfer is not, per se, mere transfer of knowledge (Liyanage
et al,, 2009). As Seaton (2002) explicates, it requires an additional type of knowledge:
“the knowledge about how to transfer knowledge”. In those cases where knowledge is
transferred across very diverse contexts (e.g., from academia to industry), knowledge
needs to be translated in order for it to be still interesting and relevant (Graham et al,,
2006). Processes of knowledge translation are particularly important when translating
research finding from R&D projects into practice and policy (Grimshaw et al.,, 2012).

Translating knowledge involves processing new knowledge, interpreting it according to
the needs and interests of a specific organization and transforming it into forms that are
more suitable for the specific organizational context of application. In this sense,
translation is a highly applicable analogy to explore and understand the nature of
knowledge transfer (Holden and von Kortzfleisch, 2004). Accordingly, this paper focuses
on knowledge translation processes occurring in open innovation process in R&D
project, and proposes the design as a translation mechanism supporting knowledge
transfer among diverse stakeholders. This provides an original contribution to the
management literature.



2.3 Design as a knowledge translational mechanism

We refer to design specifically as a symbolic practice where the very act of designing, for
example, a logo, a diagram, a prototype, a product or a service is a way to create
meaning (Krippendorff, 1989). Design comprises a set of practices and methods - such
as user research and user testing, rapid and frequent prototyping, visualization
techniques, task-based scenario building, attention to the brand experience - that also
mark a distinctive way of thinking, approaching and solving problems (Buchanan,
2004). Designers are clearly recognized as having value in collaborative activity, due to
their ability to visualize and think through prototypes and sketches (Brereton and
McGarry, 2000). Hargadon and Sutton (1997) explored innovation in an international
design firm, and showed that designers might act as technology brokers, due to
experience in working across multiple technology fields. Thus, they can transfer ideas
and concepts between different technology domains. In a R&D project, typical outcomes
of a designerly approach would be, for example, sketches, various visualizations (e.g., 3D
renders, data visualizations, motion graphics animations and videos) and prototypes at
various degree of refinement. The role of these design artifacts in supporting R&D
development projects have been studied by various authors (Bogers and Horst, 2014;
Gero, 1990; Jones and Jordan, 1998; Leonard and Rayport, 1997; Leonard and Sensiper,
1998, Rust, 2004; Rust, 2007). None of these authors, though, specifically focused on the
construct of translation. Yet, the concept of translation is not new in design research.
Some scholars employ the concept of translation simply to talk about translational
processes among the languages of different design methods or techniques (Singh and
Gu, 2012). Some others adopt translation in another quite commonly used connotation,
as to describe design processes and outcomes (such as sketches) in terms of ‘translation
of ideas’ (see for example: Yi-Luen Do et al, 2000; Leblebici-Basar and Altarriba, 2013).
In a perspective that also crosses anthropology, a process aimed to transform Taiwan
aboriginal cultural features into modern product design is characterized as based on
three phases: "identification (extracting cultural features from an original cultural
object), translation (transforming these features into design information and design
elements) and, finally, implementation (designing the cultural product)”(Lin 2007,
p-47). The role of design in building brand value and product identity - also through
semiotic processes of translation (e.g., translating the abstract core ideas behind a brand
into a visually-designed identity) is also quite frequently praised (Borja de Mozota
2003). These works tend to characterize the translation processes in terms of a linear
and quasi-literary sense.

Other studies adopt translation in a more extended sense to describe situations where
different stakeholders interact. In a widely-cited work, Leigh and Griesemer (1989)
introduce the concept of boundary objects to describe objects that can facilitate the
translation mechanisms across different cultural configurations and contexts. Boundary
objects are “scientific objects which both inhabit several intersecting social words” and
“which are both plastic enough to adapt to local needs and the constraints of the several
parties employing them, yet robust enough to maintain a common identity across sites”
(Star and Griesemer, 1989, p. 393). Other studies show how participation in design is
tied to “problems of interpretation and translation of varying user and expert
perspectives” (Reich et al, 1996, p. 177) and argue in favor of “increasing access to
technical knowledge and its translation for equal participation in a dialectical process”
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(Reich et al, 1996, p.174). Translation is seen as a complex process riddled with
negotiations (Cooper et al, 2003; Deni, 2015; Tomes et al, 1998) and where the
designers act as “intermediary between disparate ideas, viewpoints and even goals.
Being able to translate in this manner is an essential precondition for being able to
integrate many things” (Boyer et al., 2011, p.327).

Some studies explore the contribution of design in open innovation, for example
studying how organizations can work together with end-users in various open design
and manufacturing processes (von Hippel, 2005) or praising the potential of designerly
based approach to support open innovation fueled by scientific research (Ito, 2016;
Maeda and Ito, 2005). Acha (2008) concludes her report on design for open innovation
by stating: “Our analysis indicates that design provides the translation of understanding
and expectation between organizations engaged in open innovation practices. The
findings demonstrate that firms that actively undertake design activities for innovation
and use design to control the innovation process, are more likely to also pursue open
strategies for innovation” (Acha, 2008, p. 22). The concept of translation is here not
further operationalized and, consequently, the specific way in which design supports
translational processes in open innovation remains undisclosed.

Design as a translation mechanism can be seen in accordance with two perspectives: on
the one hand as a quasi-linear movement across various stages of design (i.e., a designer
who translates his/her idea into a sketch) and, on the other hand, as a more complex
and ambiguous interactions and negotiations among various stakeholders and partners.
Both perspectives help to frame how design can support processes of knowledge
translation for open innovation within a R&D context.

3. Research methods

This paper adopts an extreme case study approach (Eisenhardt, 2002; Eisenhardt and
Graebner, 2007; Yin, 1994) which allows to develop a holistic and contextualized
analysis. This method is properly suited for the exploratory nature of this research,
considering its novelty and complexity (Dell’Era, 2010) as well as the contribution to
theory building (Eisenhardt and Graebner, 2007). The focus is a R&D project where
design is used as a translational mechanism. The use of case study method allows the
identification of key insights through the investigation of a number of examples
(Pettigrew, 1990), in a situation where ‘how’ or ‘why’ questions are being posed within
some real-life context (Glaser and Strauss, 1967; Yin, 1994). This is specifically the case
of our research focusing on questioning the ‘how’ and ‘why’ of the use of design as a
knowledge translational mechanism. Focusing of a real life case study of an open
innovation within a R&D project offered the opportunity to gather managerially relevant
knowledge (Amabile et al., 2001; Leonard-Barton, 1990). This is consistent with Yin’s
(1994) view postulating that case based study approach enables: to accommodate single
cases or situations with small numbers of cases; to capture process and outcomes in a
causal logic model; to gather useful and intermittent feedback to program officials; to
adapt to the availability of different types of evidence; to assess outcomes and test
causal theories and rival theories; and to develop lessons generalizable to the major
substantive themes in a field. These are all elements characterizing the investigated



context of open innovation where a number of various stakeholders interacted by
transferring and combining complex knowledge dimensions.

3.1 The research context: 3D Tune-In

3D Tune-In is a R&D project funded by the European Commission started in 2015. The
specific goals of 3D Tune-In are: (1) to study whether various gamification mechanisms
can support healthcare related processes, and (2) to create videogames that can be used
by people with hearing aids to fine-tune their hearing devices, either directly on their
own or with the help of an audiologist. 3D Tune-In relies upon the idea that gamification
mechanisms can be used in non-leisure scenarios for learning and skill acquisition,
empowerment and social inclusion. The main idea behind 3D Tune-In is to set up a
consortium and bring together as core partners relevant stakeholders from traditional
videogaming industries (4 SMEs from Italy, Spain and UK: Reactify, Vianet, XTeam,
Nerlaska), research centers (Imperial College London, De Montfort University, the
University of Nottingham, the University of Malaga); a large European hearing aid
manufacturer (GN); and hearing communities (through NGOs such as Extra Care,
Hearing Link, Action Deafness, Accesibilidad y Personas Sordas and Ente Nazionale
Sordi) to produce digital games in the field of hearing aid. The number and the
heterogeneity of the stakeholders involved in the project, the cross-boundary
knowledge flows and the R&D nature of the project characterized the conditions
influencing the open innovation processes.

3.2 Data collection and analysis

A combination of methods - ranging from direct participant observation, semi-
structured conversations and archival research - have been adopted to gather data.
Ethnographic methods such as participant observation and conversations are a common
element of recent studies on organizations (Czarniawska, 2012). Following a grounded
theory approach, data emerging from the fieldwork was subsequently analyzed in order
to identify interpretation patterns. In operational terms, research material was collected
and generated through archival research, direct observation, the authors’ experience as
participants and various conversations with key members involved into the investigated
case study across 2015 and 2016. Moreover, official communication tools, like the
websites and other social network accounts connected to 3D Tune-In have also been
used. Multiple data collection methods were used to exploit the synergistic effects of
combining them via triangulation (Eisenhardt, 2002), which consists in the combination
of investigative techniques to reduce the bias of a single observation in comparison of
multiple data (Tarrow, 1995).

The research was enriched by a dozen semi-structured conversations with various key
informants (Kumar et al., 1993), including representatives of 3D Tune-In and external
stakeholders. These conversations were based on semi-structured schemas using a
flexible approach that allowed the gathering of the informants’ perspectives on specific
issues, or as a way of checking whether the informant could confirm insights and
information the researchers already held (Myers, 2008).

After collecting the data, the processes of data reduction, data display, conclusion
drawing and verification (Miles & Huberman, 1994) have been carried out. As argued by
Gilmore and Coviello (1999), in case study based investigations, this approach
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guarantees the highest degree of reliability. The analysis of data followed an inductive
and iterative process (Miles and Huberman, 1994; Strauss and Corbin, 1998). The field
source materials mainly consisted of notes and approximately 50 design artifacts. This
material was edited and organized in a single profile document in which photographs
were positioned in sequence with relative caption (date, caption). Notes from direct
observations were placed in a loose, thematic narrative structure, and design artifacts
were organized accordingly to coincide with this narrative. This resulted in the concise
textual and visual documentation of all the material which was subsequently elaborated
upon to write the draft of the final report.

The data were subsequently organised into tables to ease comparisons, and the
importance of some concepts representing the key elements of the analysis were
highlighted. The data was interpreted by seeking out relationships occurring between
the different stakeholders and identifying the way through which the translation
process was developed using design. Finally, as described by Eisenhardt (1989), a
further series of iterations between the data, both secondary and primary, and the
literature has been conducted to better ground the theoretical foundations of our
investigation into current scholarly work. The Table 2 summarizes the type of data
source, data analysis process used in the research and their contribution to the
development of case study.

Data collection Main contribution

and analysis

Description

Participant
observation

Initial data gathering. A series of about 50 design
artifacts (images, videos, 3D models, etc.) are collected.
For each design artifact additional notes on how this
artifact was used by the various stakeholders are
recorded.

Open innovation process
in 3D Tune-in

3D Tune-in typologies of
Design artifacts

Additional information in relation to both the artifacts
and the stakeholders are gathered from sources such as:

Archival analysis 3D Tune-in typologies of

Design artifacts

project deliverables and the websites of the 3D Tune-In | classification

partners.
First set of semi- | Six semi-structured conversations are conducted with | Process of knowledge
structured 3D Tune-In stakeholders to collect further information | translation in 3D tune-in
conversations in relation to the design artifacts and their role as seen | supported by the design

by these stakeholders.

artifacts

Stakeholders
interactions

knowledge

Data analysis,

Data is put into tables and analyzed in light of the

Knowledge transfer

reduction, theoretical constructs originated from our literature | processin 3D tune-in
display and review. The data analysis process is conducted through

identification of | a combination of sessions where each of the authors | Design ‘s role in
interpretation works individually and then shares their result with the | Knowledge transfer
patterns other researchers. Interpretation patterns emerged

from this process. Key findings are identified

Second set of

A second set of conversations with other five 3D Tune-

Cross-boundaries flows
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semi-structured In stakeholders allows collecting further evidence, also | and knowledge translation
conversations in relation to the key findings produced in the previous | in 3D Tune- In among the
phase. stakeholders

Further iteration | A second review of key literature allows to better | Key propositions about the

with literature ground the theoretical foundations of our investigation | contribution of design in
into current scholarly work. the process of knowledge
transfer

Table 2. Data collection, analysis and contribution

3.3 Validity

Four types of methods proposed by Yin (2009) to improve the validity of a qualitative
case research have been adopted: construct validity, internal validity, external validity
and reliability. Firstly, construct validity can be executed by utilizing a wide variety of
sources of evidence to establish reliable chains of evidence. In our case, we used a
combination of data collection methods, from ethnographic observation, up to different
types of archival documents, such as websites, articles and printed report and materials.
Using these different sources, it was possible to cross-check the findings and, therefore,
to create trustworthiness. Secondly, internal validity is assured by identifying causal
relationships and patterns in the case research. This is executed by relating empirical
data to existing research. Thirdly, external validity is proved by the generalization of the
study results. As the research only contains one case, the generalization of the findings
could be considered limited. Awareness of these limitations improves the external
validity. Finally, reliability has been improved in the following way: all the data utilized
in the research has been well documented into archival records eventually accessible by
other researchers.

Next sections will present and discuss the findings of the research.

4. Presentation of the case and findings

4.1 Open innovation processes in 3D Tune-In

3D Tune-In is articulated into a research component (i.e., elaborating novel audio
algorithms to be combined with gamification mechanisms) and a more applied
component (i.e., creating and distributing videogames to fine tune hearing aids). Both
these components benefited from cross-boundary knowledge flows, thus characterizing
3D Tune-In as an interesting case of open innovation in R&D. More specifically, these
processes were distributed almost across the entire spectrum of open innovation
categories provided by the already cited Van de Vrande et al. (2009).

Firstly, already starting from the initial phases of technology exploration, the 3D Tune-
In consortium was quite permeable. Reciprocal flows of information and knowledge
circulated among the various partners (e.g., academic partners were providing cutting-
edge research in audio technologies, videogame companies were providing their
expertise in gamification mechanisms) both within and beyond the borders of the
consortium. One of the main tenets of 3D Tune-In was that a big portion of the software
developed during the project would have to be released as open source. This would give
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the possibility not only to broadly disseminate the results of the project, but also to
involve external parties (e.g., organizations and/or developers that were not part of the
original 3D Tune-In consortium) in the design and development activities. A specific and
quite nuanced licensing strategy would give the possibility for external parties to
contribute to the code, maintain authorship and, potentially, also generate revenues
through a dedicated commercial licensing track. This dual nature of the open source
scheme adopted by 3D Tune-In would allow supporting multiple open innovation
processes:

e [External networking, with the possibility of drawing from the external
knowledge of organizations and developers that would decide to build upon the
released open source software and branch out in multiple directions. For
example, an external open source programmer who was not part of the original
3D Tune-In consortium would download the core 3D Tune-In software and
further develop some technical functionalities in order to create a new
application. A specific approach toward open source licensing would regulate
this external in order for it to keep benefiting the core 3D Tune-In software (e.g.,
maintaining and further developing functionalities) and, thus, supporting
reciprocal flows of knowledge across the core members of the consortium and
the external open source community. Github, with its over 12 million users?, was
the Internet platform used to host and distribute the 3D Tune-In software to the
open source developers.

e [nward IP licensing, with the possibility of embedding in 3D Tune-In existing
algorithms and software components, developed by external third party and
available within and for the open source community. This happened, for
example, in the case of the core engine for the 3D Tune-In software, which - in
its final articulation - embedded technological modules developed by third
parties.

e QOutsourcing R&D to external entities. This happened when a 3D Tune-In partner
started collaborating with an external research center specialized in sound
technologies. What was being produced within the 3D Tune-In consortium was
shared with this external research center and this research center offered the
possibility to use and build upon its own innovative technologies.

e (Customer involvement. 3D Tune-In adopted a dual strategy to involve two kinds
of customers: (1) end-users (hearing impaired and their families, relatives and
friends), who would access the games directly produced by the original 3D
Tune-In consortium and (2) external creative industries (e.g., videogame
companies) that would create new games and software applications based upon
the 3D Tune-In software. End-users were quite heavily involved in iterative
participatory design processes (various cycles where software specifications,
visual interfaces and core functionalities were collaboratively designed, tested
and refined). As for the second type of customers - the external creative
industries - in a spirit of open innovation 3D Tune-In decided to release for free
also various wrappers (i.e., specific interfaces that allow also non-programmers
to use the main functionalities of the 3D Tune-In software). For example, one of
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the wrappers is a plugin that integrates the core 3D Tune-In functionalities
(Head-Related Transfer Function binaural spatialization algorithm, sound
sources distance simulation and full-3D environmental simulation) into the
popular videogame development platform Unity2. Unity is a massively
distributed software platform that can be used also by non-programmers who
want to create videogames. In other words, any of the 4.5 million active users of
Unity3 would be able to use the 3D Tune-In wrapper, access to the 3D Tune-In
core technological features and, potentially, contribute to the project by
producing additional software applications or games aimed at hearing impaired.

In relation to the technology exploitation, a dual strategy in terms of intellectual
property management - both supporting free distribution and commercial distribution
- allowed to keep the door open not only to outward IP licensing, but also to venturing,
by giving the chance to various 3D Tune-In partners to start new companies and/or
non-profit organizations starting from what was being created in the project.

4.2 The role of design for knowledge translation in 3D Tune- In

The 3D Tune-In’s open innovation processes saw the collaboration of a large number of
stakeholders, both internal and external to the consortium: academic institutions, small
videogame companies, a large hearing aid manufacturer, other companies working in
healthcare, NGOs, audiologists, hospitals, people suffering from hearing loss, policy
makers, external developers from the open source community. The interplay of these
stakeholders was often troubled by differences in terms of interests, needs and
languages. Ultimately, each of these stakeholders was looking at the project from their
own perspective and building upon their own specialized knowledge: the companies
were much more expert in processes of commercial exploitation, but knew nothing or
very little in relation to hearing aid technologies; academic partners were quite expert
in advancement in sound technologies, but not so much versed into defining business
plans; the audiologists were quite at ease with the components of the project more tied
to health care issues, but could not always follow the scientific and business
technicalities, and so on. In a project that relies upon open innovation dynamics - and,
consequently, upon a quite high number of external stakeholders - these differences can
be an important obstacle to overcome. It was a quite common condition to have
stakeholders who would speak different languages; for example, audiologists would
tend to frame the challenges of 3D Tune-In using quite technical acoustics concepts,
such as ‘binaural spatialization’; other stakeholders were not familiar with these
concepts and had difficulties in understanding them. It was also quite common to have
stakeholders with contrasting needs and interests. For example, some stakeholders
from academia would be in favor of releasing almost all the software algorithms
developed in 3D Tune-In as freely available open source; conversely, some other
stakeholders - namely, some of the companies of the consortium - wanted to keep a
good portion of the software for internal use and avoid massive open source
distributions. At times during the project, these differences created troubles in
communication and in coordination.
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In these cases, 3D Tune-In adopted design as a mechanism for knowledge translation.
Throughout the open innovation practices, a great attention was put in consistently
using a designerly approach to ‘translate’ ideas, theoretical and technical requirements,
documents and outputs into various formats: sketches, various visual representations
including motion graphics videos, prototypes. These design-based translations were
mostly performed by the core members of the initial 3D Tune-In consortium. The
decision to use design methods was deliberate and based upon previous specific
experiences of some partners of the consortium.

Already during the first year of the project, the 3D Tune-In partners of the consortium
started presenting the project to external stakeholders, calling for their collaboration in
the spirit of open innovation. One important element to present was some detail on the
technological advancements of the project (e.g., the binaural spatialization engine and
the hearing loss and hearing aid simulators). These technological advancements were
initially codified in written language (e.g., in technical deliverables such as system
requirements or scientific papers). Subsequently, these technological advancements
were translated into various other formats in order for them to be simultaneously
presented to various target groups: (a) a motion graphics video and (b) some early
sketches, both targeted to a wide audience, including press representatives; (c) some
design-based artifacts (personas), which were the main characters of short stories
illustrating the advancements of the project and which were used while explaining 3D
Tune-In to end-users; (d) a visual diagram - termed ‘traffic light' - where the
technological work behind 3D Tune-In was framed in relation to various interactions
among open source license schemes. This visual diagram was mostly targeted to
organizations interested in exploiting 3D Tune-In. Figure 1 provides a representation of
the various translational processes occurred during the first year of 3D Tune-In.
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Design-based knowledge translation

Scientific knowledge and technological
advances of 3D Tune-In (originally
codified in written language as project
deliverables or academic papers)

Translafed into

v v v v

The cinematic Visual language Visual Visual language
language of a of early storytelling of of the ‘traffic
motion graphics sketches personas light’ diagram
video
{ { {

In order to become knowledge that is relevant to other stakeholders (external
creative industries, open source developers, end-users, audiologists, etc.)

Figure 1. Design-based translational processes occurred during the first year of 3D Tune-In

All these outcomes were aimed at different external stakeholders (other academics,
audiologists and medical personnel, videogame companies, policy makers from the
European Commission, open source developers) and, as such, were translating the
technological advancement of 3D Tune-In (as originally formulated in the written
language of the initial proposal) into various formats and languages: graphic
representations, the cinematic language of the motion graphics video, the visual
storytelling of the personas.
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X Close the game

These mosquitoes are all around you! Use
the to move around the room and
locate the position of the mosquito. You
can to throw your flip
plop and make the mosquito stop.
If you cannot hear well, remember that you
can always click on the button

and adjust the quality of the
sound.

Start the game now!

Level completed: 0% V¥V Tune Hearing

Figure 2. Early visualization of a videogame built using 3D Tune-In technologies (courtesy of
Vianet, one of the partners of 3D Tune-In)

Figure 2 shows one of these translations, an early visual representation of the user
interface for a videogame, where the player has to catch a mosquito that flies around a
room. During the game, the player (a) wears a virtual hearing aid (that simulates
hearing loss) and (b) cannot see the mosquito and, therefore, can only count on her
hearing to find the exact position of the mosquito. Figure 2 was the result of various
iterations of interaction and visual design processes performed by various partners of
3D Tune-In, including various SMEs and academic centers. A visual representation like
Figure 2 might ‘speak’ in a different way to an audience of software and game
developers, if compared to the language used in the academic paper contextually
written: “a custom binaural 3D audio engine will be developed and implemented,
including functionalities such as binaural reverberation, Head Related Transfer Function
selection and hearing loss and hearing aid simulation” (Picinali et al., 2015). Figure 2 is a
visual representation (a visual translation) of the same technological advances
described in the paper as embedded into the user interface of a videogame. Our analysis
Our processes of data analysis, reduction, display and identification of interpretation
patterns (described in Table 2) allowed to see how design artifacts such as Figure 2
translate the outcomes of 3D Tune-In into a language that can be more easily
understood and appreciated by (1) the various internal partners of 3D Tune-In (e.g.,
SMEs not specialized in acoustic technologies); (2) by the multitude of external
videogame companies potentially interested in the project, and (3) by the end-users
(e.g., videogame players suffering from hearing loss). In line with what the literature on
design for open innovation suggests (von Hippel 2005), these end users were actively
involved since the earliest stage of 3D Tune-In, through a series of collaborative sessions
where they were actively engaged not only in testing 3D Tune-In applications, but also
in contributing to the design and development stages at various levels.
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Figure 3 is another visual diagram, which looks at the technological advancements of 3D
Tune-In from a different perspective: the legal implications connected to various open
source licensing schemes.

Open license with strong copyleft approach: the author/s  YES YES INDRECT  NO YES YES YES
preserves her/his own Intellectual property rights. If he/she FORGPLV2
Integrates a new solution with GPL software under another
license type, the final source code should be under GPL. DIRECT FOR

GPLV3
Non-copyleft permissive license; includes an advertising YES Yes NO? YES NO NO (850 YES
clause. Incompatible with GPL. Mention to original authors modified,
and provide the source code Is non-obligatory YES, with

GPL)

Limited copyleft. Open source. Non compatible with GPL YEs YEs YES Yes Yes NO YES
Premissive open source license with limited copyleft YES YEs NO YES NO YES YES
Open source, permissive and non-copyleft licence. Patents  YES YES YES YES YEs(vi) 'NO YES
are allowed. Incompatible with GPL (Apache 2) NO (V2)
Open Source and weak copyleft. Incompatible with GPL YES YES YES YES YEs NO YES
Derived from GPL GNU. Copyleft. Alms to ensure the YES YEs YES NO YEs
community cooperation for web-based software

Figure 3. Visual diagram representing interplay of various open source licensing schemes
(courtesy of Nerlaska, one of the partners of 3D Tune-In)

A visual diagram like Figure 3 can translate quite technical legal frameworks into
formats, which are easier to understand and more relevant for external open source
developers. In the diagram, various colors - green, orange and red - are plotted into a
matrix to show potential conflicts in the application of various licenses and the interplay
among the licenses and various legal applications of use. Figure 3 originated from visual
design processes mostly carried out by a company within the 3D Tune-In consortium.
Figure 3 ‘translated’ a quite long written document where these legal conditions where
carefully studied. This document was written in a language that was not easy to
understand by people without a specific background in copyright law and, therefore, the
visual diagram was created in order to represent the key elements of the document into
a simplified format.

Figure 2 and Figure 3 represent two examples of the many design-based translation that
has occurred in 3D Tune-In. Moving from the recursive process of data analysis, data
display and of interpretation of patterns (see Table 2), and on the basis of the above
findings and reasoning, the following proposition is advanced:

P1. In the context of a R&D-oriented and open innovation project, where multiple
stakeholders speak different languages and have different needs and interests, design
artifacts can support processes where knowledge is translated into formats (e.g.,
sketches, mock-ups, videos, prototypes) that can be more easily understood and
appreciated by these different stakeholders.

4.3 Cross-boundaries flows and knowledge translation in 3D Tune- In
3D Tune-In saw the collaboration of a large number of stakeholders, which contributed
to the project offering their specific expertise and building upon their specific
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experience. Knowledge flew across the boundaries of the single organizations and the
individuals involved in the project. In some of these occasions, knowledge was simply
transferred, for example when a document internally produced by the 3D Tune-In core
partners (e.g., a written document containing system specifications) would be circulated
to external stakeholders. In some other occasions, knowledge needed to be translated
before being transferred. For example, if some documents internally produced were too
technical or too academic or too detailed for an external audience, then the 3D Tune-In
consortium would translate them into a different format (e.g., a simplified visual
diagram). Figure 4 shows a representation of the various internal and external
knowledge flows in 3D Tune-In.

3D Tune-In external
stakeholders

3D Tune-In consortium (core partners)

Research
centers Research centers End-users
Private companies . .
Wider public

Audiologists

Open source developers Creative industries

Legend

Kl > Bidirectional knowledge translation <———> Bidirectional knowledge transfer
---------- > Monodirectional knowledge translation ———— Monodirectional knowledge transfer

Figure 4. Cross-boundary knowledge flows in 3D Tune-In

Within the 3D Tune-In core partners, both bidirectional knowledge transfer and
bidirectional knowledge translation were occurring between research centers and
private companies. Both types of organizations were not only transferring their
specialized knowledge to each other, but were also translating this knowledge in order
for it to be more easily understood and/or relevant to the other partners (for example,
producing design-based translations like visualizations or prototypes). Both the
research centers and the companies were also using these translations while interacting
with the NGOs (i.e., the associations for hearing impaired). Thanks to these translations,
these NGOs could be more easily engaged into the project and could transfer their
specialized knowledge (e.g., their specific expertise with hearing aids) to the other
partners. This knowledge was generally transferred participating to some meetings and
workshops or answering to some questionnaires. The NGOs did not directly perform
any design-based translation, but were only the recipient of translations performed by
research centers and private companies.

While within the 3D Tune-In consortium the knowledge translation flows were
bidirectional, as most of the partners were actively producing and sharing visual

18



artifacts among them, the knowledge translation flows directed toward external
stakeholders were monodirectional. The 3D Tune-In consortium created various design-
based translations like videos, visual diagrams and prototypes to interact with all the
external stakeholders (other research centers and audiologists, open source developers,
creative industries, end-users and wider public). These translations were important
mechanisms to engage these stakeholders and activate mostly bidirectional knowledge
transfer flows, where these external stakeholders were not only receiving knowledge
assets from the 3D Tune-In consortium (e.g., new software algorithms for binaural
reverberation or strategies for Head Related Transfer Function selection), but were also
giving back knowledge to the consortium (e.g., an external research center would offer
its specialized knowledge on specific music file formats or an external programmer
would branch out and further develop some software functionalities in an open source
spirit).

The above findings suggest the following proposition:

P2. In the context of an open innovation R&D-oriented project where multiple
stakeholders interact, different cross boundaries knowledge flows can be at play:
monodirectional and bidirectional knowledge transfers and monodirectional and
bidirectional knowledge translations.

5. Discussion

Open innovation relies upon knowledge flows across the boundaries of single
organizations (e.g. Benkler, 2006; Chesbrough, 2003; Perkmann, and Walsh, 2007; von
Hippel, 2001). The knowledge transfer which takes place between two or more actors
(individuals or organisations) requires appropriate mechanisms to align the potentially
different needs, language and interests of these actors (Acha, 2008).

The illustrated case study of the 3D Tune-In R&D project shows how the gathering,
sharing and disseminating of project-related knowledge is quite challenging in relation
not only to the vast number of final potential end-users (according to the World Health
Organization over 360 million people worldwide currently suffer from hearing loss), but
also to the massive amount of users, which could build upon 3D Tune-In technologies
(e.g., 4.5 million Unity users; 12 million GitHub users; several thousand audiologists).

In a project like 3D Tune-In, what is important is not only to transfer knowledge to these
users, but, instead, to actively involve them into joint processes of knowledge creation,
where, for example, external GitHub programmers can branch out and further develop
the 3D Tune-In engines, or where Unity programmers can deploy these engines in
multiple contexts of use. The activity of these external users - the knowledge developed
by them while working on 3D Tune-In technologies - needs to be captured and
processed by the core members of the consortium in order, for example, to get feedback
on the technological components to be further developed or to get additional ideas for
exploitation. In order for these knowledge flows to happen across the various
organizational boundaries (Chesbrough and Bogers, 2014), it is important to translate
specialized knowledge from and to different domains. Stakeholders located in these
domains (e.g., videogame companies, audiologists, computer scientists, etc.) speak
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different languages and might have divergent needs and interests. Translational
processes are needed to help these stakeholders in understanding each other and
profitably working together.

Within this context, why is it that design artifacts were important for 3D Tune-In? The
consortium might have produced only written translations, for example creating various
texts that translated from the academic language or from the legal language into a
language more easily understood by layperson (e.g., through written summaries or
paraphrases). Why is it that these ‘written’ translations were not enough and design-
based translations were also needed?

Firstly, design would give the possibility to complement the written language producing
a variety of artefacts, spanning from visual representations to more tangible prototypes
(e.g., when some virtual reality demos were created). These design-based artifacts
translated the written, academic language in which 3D Tune-In was originally
formulated into forms that could be engaging, playful, easy to understand and easy to
circulate. These design-based artifacts could be quickly disseminated across various
communication channels, also the ones that build upon a combination of images and/or
videos and short texts (i.e., YouTube, Twitter, etc.). These channels were of great
importance to ignite and sustain interactions with external stakeholders, where
knowledge was transferred and exchanged.

Secondly, design would give the possibility to get to various degrees of accuracy or
ambiguity. Some visual artifacts were created with the idea of describing the key
elements of the project with great precision (e.g., Figure 2 or the motion graphic video
published on the home page of the 3D Tune-In website). Some other artifacts were, in
nature, more ambiguous, such as Figure 3, which could only hint at the complexity of the
legal interrelations among the various licensing strategies. The color schemes used to
represent potential incompatibilities among various open source licenses only offered
some preliminary indications, which from a legal perspective resulted quite
ambiguously specified. This ambiguity allowed each stakeholder to interpret Figure 3
considering their own ideas as regards the exploitation of the 3D Tune-In R&D results.
Ambiguity is not necessarily something to fight for the sake of clarity. On the contrary, in
some cases, ambiguity can help and support coordinated action among various
stakeholders. Ambiguity creates some adaptability, where stakeholders with different
needs and interests can interpret the same situation from their own viewpoints, thus
finding the way to collaborate despite the divergences. This was the case of the legal
framework of 3D Tune-In as captured in Figure 3 and its relatively low level of
stringency. The ambiguity of that representation allowed the various organizations
interested in the exploitation processes to look at the project through their own
perspectives and follow their exploitation trajectory according to quite flexible and
adaptable legal constraints.

It is also interesting to look at the various degrees of accuracy or ambiguity of design
artifacts in relation to different phases of the 3D Tune-In project. Figure 2 was an
accurate representation that emerged from the interaction (and the periodic face-to-
face meetings and Skype calls) of various internal partners of the 3D Tune-In
consortium. Figure 2 was created and shared already during the early phases of the

20



project. The level of accuracy of this figure offered a precise representation of the
technological possibilities of 3D Tune-In. Consequently, Figure 2 might have played a
role in aligning the various stakeholders involved in the project providing them with
clear indications in relation to the technological potential of the project. Conversely,
Figure 3 was created at a later stage of the project. Its ambiguity was meant to give the
project stakeholders the opportunity to find their own exploitation trajectory. While
Figure 2 supported convergence and alignment of various stakeholders, Figure 3 fueled
organizational and individual divergences in exploitation strategies. Both artifacts
translated knowledge in a way that could be shared among and appreciated by different
stakeholders, but, in different phases of the project, the specific stringency of translation
- oscillating between various degrees of accuracy and ambiguity - was peculiar and
oriented toward supporting convergence and divergence among stakeholders. This
reasoning brings us to the final proposition:

P3. The specific translational possibilities offered by design allow varying between
different degrees of accuracy and ambiguity in translation. Varying the specific
stringency of translation gives the flexibility to adapt the processes of knowledge
translation in relation to the need or the opportunity to support convergence or
divergence among the stakeholders in different phases of open innovation in R&D-
oriented projects.

6. Conclusions

Prior studies have indicated that an important opportunity to broaden the scope of open
innovation is to take into consideration the contexts of R&D intensive industry and R&D
projects (Kogut, 2000; Kim et al., 2015). Effectively managing transfer, acquisition and
co-creation of knowledge among different stakeholders and partners is therefore pivotal
to make open innovation a valid practice (e.g. Lichtenthaler, 2011; Natalicchio et al,,
2014), thus requiring effective knowledge transfer mechanisms. This study meets this
gap by integrating the open innovation and knowledge transfer literature through a
contribution deriving from design research. The concept of translation allows looking at
the strong complementarity that exists between these three research fields.

Open innovation occurs where knowledge flows beyond the boundaries of a single
organization and where a high degree of cross-border organizational collaborations take
place. Scholars have identified the external sources of knowledge suitable for fostering
knowledge creation: customers, suppliers, competitors, institutions and universities
(Fabrizio 2009; Sofka and Grimpe 2010). The main contribution of this paper is
precisely in relation to how design can support open innovation processes since it gives
the possibility to translate knowledge flows among different stakeholders in multiple
ways. At different stages of the R&D project and in relation to different stakeholders,
various design artifacts (sketches, data visualization and prototypes) can oscillate
between different degrees of accuracy, stringency and ambiguity. This creates some sort
of fluctuations in the interpretative processes, where the various stakeholders can
appropriate, adapt, recombine and transform the knowledge in a way that is more
relevant to their own needs and interests. The analysis of our case showed how a visual
diagram representing various open source licenses was plastic enough to make 3D
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Tune-In simultaneously appealing for both an academic center strongly advocating for
free software distribution and for a company more interested into commercial
exploitation. Another design artifact - a visual representation of the user interface - was
plastic enough in order to work as a technological demonstrator for a sound engineer
specialized in hearing loss technologies and for an end-user who does not have any
specific competency in this field. In other terms, design gives the possibility to translate
knowledge as to accommodate for potential divergences among the various involved
stakeholders. As such, design-based translations can support open innovation within a
R&D context in various ways. Translating the key outcomes of research into various
formats that can be easily interpreted by the various stakeholders in light of their own
perspectives and fuel convergence and divergence. Consequently, these stakeholders
can carve their own focus of interest and can be more motivated towards collaborating
in the project. Since these design-based artifacts can easily circulate not only across
various organizational boundaries but also through various media channels (e.g., videos
and visual representations can be widely disseminated through YouTube, Flicks,
Instagram, etc.), they are particularly suitable in relation to the high number of
stakeholders involved in open innovation.

Ultimately, design-based translations help streamlining openly distributed research and
development processes by coordinating and aligning a high number of stakeholders and
their divergent needs and interests.

Implications for theory and practice

This paper provides insights on how design can be deliberately used in an R&D context
characterized by cross-boundary knowledge flows. Scholars can use this study to
understand some key issues (such as the degree of accuracy and ambiguity) when
looking at design as knowledge translation mechanisms in R&D projects and, more
specifically, in the context of open innovation. This study also provides practical
suggestions to organizations and individuals interested in adopting open innovation
processes for their R&D projects. Creating design artifacts at various levels of accuracy
and/or ambiguity can play an important role in supporting knowledge transfer and
translation.

3D Tune-In is not a limited and isolated case as regards the adoption of open innovation
approaches and the involvement of a large number of stakeholders. Various institutions
- including the European Commission and the US National Science Foundation - are
pushing scientists and researchers to adopt open innovation processes. The analysis
provided by this paper suggests that design can help research projects in better
communicating with various stakeholders and in aligning their different needs, interests
and languages. As such, these translations are a way of expressing meaning in different
languages (e.g., translating state-of-the-art scientific advances into the visual language of
a sketch or the tangible language of a physical prototype), which can be more easily
understood by diverse stakeholders. Research coordinators, administrators and
researchers can, therefore, consider the possibility of hiring professional designers or of
adopting design methods in their projects. By studying flows of design-based knowledge
translations across a networked R&D project, distinct literature streams are taken
together: open innovation, knowledge management and design research. By integrating
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these three different fields of study, this paper aims to provide an original contribution
to the understanding of design as a knowledge-based translation mechanism to support
knowledge transfer and combination in open innovation.

Limitations and future research

We acknowledge that the use of a single case study can constrain the generalizability of
the research implications; however, it is important to point out that the insights of this
study are the result of an in-depth analysis of a three years’ R&D-oriented open
innovation research project, in a segment of application (hearing technology), which has
provided a significant context of investigation to explore the role of design as a
knowledge-based translation mechanism in open innovation. We call for further
investigations to contribute to theory building and empirical testing about the role of
design as a knowledge translation mechanism supporting knowledge processes in open
innovation. Particularly, the oscillation between accuracy and ambiguity in translation
deserves more attention and need to be more closely scrutinized as various modes of
using design as translation.

Acknowledgement

The authors are particularly indebted to the comments of the guest editors Prof. Antonio
Messeni Petruzzelli and Dr Lorenzo Ardito and of the two anonymous reviewers. We
would also like to thank the entire 3D Tune-In consortium for their support and
collaboration. The research leading to this contribution has received funding from the
European Community's H2020 Programme under Grant Agreement No. 644051. This
article reflects the authors' views. The European Commission is not liable for any use
that may be made of the information contained therein.

References

Acha, V. (2008). Open by Design: The Role of Design in Open Innovation. Department for
Innovation, Universities and Skills, England. Available at: www.dius.gov.uk/.

Albino, V., Garavelli, C.,, Schiuma, G. (1998) "Document Knowledge transfer and inter-firm
relationships in industrial districts: The role of the leader firm", Technovation, Vol. 19 No. 1,
pag. 53-63.

Amabile, T. M., Patterson, C., Mueller, ]., Wojcik, T., Odomirok, P. W., Marsh, M., et al. (2001)
"Academic-practitioner collaboration in management research: A case of cross-profession
collaboration”, Academy of Management Journal, Vol. 44 No. 2, pp. 418-431.

Angehrn, A. A, Luccini, A.M. and Maxwell, K. (2009) "InnoTube: a video-based connection tool
supporting collaborative innovation", Interactive Learning Environments, Vol. 17 No. 3, pp.
205-220.

Ardito, L. and Messeni Petruzzelli, A. (2017), “Breadth of External Knowledge Sourcing and
Product Innovation: The Moderating Role of Strategic Human Resource Practices.” European
Management Journal, Vol. 35, No 2, pp. 261-72.

Argote, L. and Ingram, P. (2000)," Knowledge transfer - A basis for competitive advantage in
firms", Organisational Behaviour and Human Decision Processes, Vol. 82 No. 1, pp. 150-169.
Almirall, E. and Casadesus-Masanell, R. (2010), "Open versus closed innovation: a model of

discovery and divergence", Academy of Management Review, Vol. 35 No. 1, pp. 27-47.

Benkler,Y. (2006). The Wealth of Networks: How Social Production Transforms Markets and
Freedom. New Haven, CT: Yale University Press.

Berkhout, A. ], Hartmann, D., Van Der Duin, P., & Ortt, R. (2006), "Innovating the innovation
process”, International Journal of Technology Management, Vol. 34 No. 3/4, pp. 390-404.

23



Borja de Mozota, B. (2003), Design Management: Using Design to Build Brand Value and
Corporate Innovation. New York: Allworth Press.

Boyer, B., Cook, ].W. and Steinberg, M. (2011), Recipes for Systemic Change. Helsinki (Finland):
Sitra / Helsinki Design Lab.

Boren, M., Chan, V. and Musso, C. (2012). The path to improved returns in materials
commercialization, McKinsey on Chemicals. Spring 2012, McKinsey Company. available at:
http://www.mckinsey.com/business-functions/operations/our-insights/the-path-to-
improved-returns-in-materials-commercialization. Accessed on 24th August 2016.

Brereton, M., B.M Garry. (2000), An Observational Study of How Objects Support Engineering
Design Thinking and Communication: Implications for the Design of tangible
Media.CHI2000,1-6 April 2000, pp. 217-224.

Buchanan, R,, (1992), "Wicked problems in design thinking", Design Issues, Vol. 8, No. 2, pp. 5-21.

Bogers, M., Horst, W., (2013), "Collaborative prototyping: cross-fertilization of knowledge in
prototype-driven problem solving”, Journal of Product Innovation Management, Vol. 31 No.7,
pp- 1-21.

Capaldo, A. and Messeni Petruzzelli, A. (2011), "In search of alliance-level relational capabilities:
Balancing innovation value creation and appropriability in R&D alliances", Scandinavian
Journal of Management. Vol. 27 No. 3, pp. 273-286.

Capaldo, A. and Messeni Petruzzelli, A. (2015) "Origins of knowledge and innovation in R&D
alliances: a contingency approach”, Technology Analysis & Strategic Management, Vol. 27 No.
4, pp. 461-483.

Carlile, P., and Rebentisch, E. (2003), "Into the black box: The knowledge transformation cycle",
Management Science, Vol. 49 No. 9, pp. 1180-1195.

Carayannis, E.G. and Campbell, D.F.J. (2012). Mode 3 Knowledge Production in Quadruple Helix
Innovation Systems. New York, NY: Springer.

Chesbrough, H. (2003), Open innovation: The new imperative for creating and profiting from
technology, Boston: Harvard Business School.

Chesbrough, H., Vanhaverbeke, W., and West, J. (2006), Open Innovation: Researching a New
Paradigm. Oxford: Oxford University Press.

Chesbrough, H. and Crowther, A. K. (2006),"Beyond high tech: Early adopters of open innovation
in other industries", R&D Management, Vol. 36 No. 3, pp. 229-236.

Chesbrough, H. and Bogers, M. (2014) Explicating Open Innovation: Clarifying an Emerging
Paradigm for Understanding Innovation in Henry Chesbrough, Wim Vanhaverbeke, and Joel
West, (eds.) New Frontiers in Open Innovation. Oxford: Oxford University Press, pp. 3-28.

Chiesa, V. and Piccaluga, A. (1998), "Transforming rather than transferring scientific and
technological knowledge - the contribution of academic ‘spin out’ companies: the Italian
way", In: Oakey, R.P. and During, W.E. (eds), New Technology-Based Firms in the 1990s, Vol.
5. London: Paul Chapman Publishing.

Cohendet, P.,, Kern, F.,, Mehmanpazir, B. and Munier, F. (1999), "Knowledge coordination,
competence creation and integrated networks in globalise firms", Cambridge Journal of
Economics, Vol. 23 No.2, pp. 225-241.

Cooper, R, Bruce, M., Wootton, A., Hands, D. and Daly, L. (2003), "Managing design in the
extended enterprise”, Building Research & Information, Vol. 31, No. 5 pp. 367-378.

Czarniawska, B. (2012), "Organization Theory Meets Anthropology: A Story of an Encounter”,
Journal of Business Anthropology, Vol. 1 No. 1, pp. 118-140.

Dahlander, L. and Gann, DM. (2010), " How open is innovation?", Research Policy, Vol. 39, No. 6,
pp.- 699-709.

Davenport, T.H. and Prusak, L. (2000). Working knowledge. How organizations manage what
they know. Boston, MA: Harvard Business School Press.

Dell'Era, C: (2010) "Art for Business: Creating Competitive Advantage through Cultural Projects”,
Industry and Innovation, Vol. 17 No. 1, 71-89, DOI: 10.1080/13662710903573844.

Deni, M. (2015). For a history of semiotics of design. In: Paris.

Enkel, E., Gassmann, O. and Chesbrough, H. (2009), " Open R&D and open innovation: exploring
the phenomenon", R&D Management, Vol. 39 No. 4, pp. 311-316.

Eisenhardt K.M., (2002), Building theories from case study research. In: Huberman A.M., Miles
M.B. (Eds.), The Qualitative Researchers’ Companion. Thousand Oaks, CA: Sage Publications.
Eisenhardt, K. M., and Graebner, M. E. (2007), “Theory Building from Cases: Opportunities and

Challenges.” Academy of Management Journal 50 (1), pp. 25-32.

24



Etzkowitz, H. (2008), The Triple Helix: University-Industry-Government Innovation in Action.
New York; Abingdon, Oxon: Routledge.

Fabrizio, K.R. (2009). Absorptive capacity and the search for innovation. Research policy, 38, pp.
255-267.

Garrett-Jones, S., Turpin, T., Burns, P. and Diment, K, (2005), "Common purpose and divided
loyalties: the risks and rewards of cross-sector collaboration for academic and government
researchers”, R&D Management, Vol. 35 No. 5, pp. 535-544.

Gassmann, O. (2006),"Opening up the innovation process: towards an agenda"”, R&D
Management, Vol. 36 No. 3, pp. 223-228.

Gassmann, O., Enkel, E. and Chesbrough, H. (2010), "The future of Open innovation", R&D
Management, Vol. 40 No. 3,pp. 213-221.

Gero, J. S, (1990), Design prototypes: a knowledge representation schema for design. Al Mag.11:
26-36.

Gibbons, M. (2000), " Mode 2 society and the emergence of context-sensitive science", Science
and Public Policy, Vol. 27 No. 3, pp. 159-163.

Gibbons, M., Limoges, C., Nowotny, H., Schwartzman, S., Scott, P. and Trow, M. (1994). The New
Production of Knowledge: The Dynamics of Science and Research in Contemporary Societies.
London; Thousand Oaks, CA; New Delhi: Sage Publications Ltd.

Gibbons, M., Limoges, C. and Scott, P. (2011), "Revisiting Mode 2 at Noors Slott". Prometheus, Vol.
29, pp. 361-372.

Gilbert, M. and Cordey-Hayes, M. (1996) Understanding the process of knowledge transfer to
achieve successful technological innovation, Technovation. Vol. 16 No.6, pp. 301-312.

Gilmore, A. Coviello, N. (1999), “Methodologies for Research at the Marketing/
Entrepreneurship Interface”, Journal of Research in Marketing and Entrepreneurship, 1, pp. 12-
20.

Glaser, B. G. and Strauss, A. L, (1967), The Discovery of Grounded Theory: Strategies for
Qualitative Research, Chicago, Aldine Publishing Company.

Graham, 1.D., Logan, ., Harrison, M.B,, Straus, S.E., Tetroe, ]., Caswell, W. and Robinson, N. (2006).
Lost in knowledge translation: Time for a map? Journal of Continuing Education in the Health
Professions, Vol. 26 No. 1, pp. 13-24.

Greer, C.R. and Lei,D. (2012). Collaborative innovation with customers: a review of the literature
and suggestions for future research. International Journal of Management reviews, 14, pp. 63-
84.

Grimaldi, M. , Quinto, I. and Rippa, P. (2013) "Enabling open innovation in small and medium
enterprises: A dynamic capabilities approach”, Knowledge and Process Management, Vol. 20
No.4, pp. 199-210.

Grimshaw, .M., Eccles, M.P., Lavis, ].N., Hill, S.J. and Squires, J.E. (2012). Knowledge translation of
research findings. Implementation Science [Online] 7. Available at:
http://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-7-50
[Accessed: 16 August 2016].

Jones, P. and Jordan, J., (1998), "Knowledge orientations and team effectiveness", International
Journal of Technology Management, Vol. 16 No. (1-3), pp. 152-161.

Hamel, G. (1991). Competition for competence and interpartner learning within international
strategic alliances. Strategic Management Journal, Vol. 12, Issue S1, pp. 83-103.

Hargadon, A., and Sutton, R.I, (1997), "Technology brokering and innovation in a product
development firm", Administrative Science Quarterly, Vol. 42 No. 4, pp. 716-749.

Hargadon, A.B. (2002). Brokering knowledge: linking learning and innovation. Research in
Organizational Behavior, 24, pp. 41-85.

von Hippel, E. (1986), "Lead users: a source of novel product concepts”, Management Science,
Vol. 32, No. 7, pp. 791-805.

von Hippel, E. (2001), "Innovation by user communities: learning from open-source software".
Sloan Management Review, Vol. 42 No.4, pp. 82-86.

von Hippel, E. (2005), Democratizing Innovation. Cambridge Mass.: MIT Press.

von Hippel, E. and von Krogh, G. (2006), "Free revealing and the private-collective model for
innovation incentives"”, R&D Management, Vol. 36 No. 3, pp. 295-306.

Holden, N. J. and von Kortzfleisch, H. F. 0. (2004). "Why cross-cultural knowledge transfer is a
form of translation in more ways than you think", Knowledge and Process Management, Vol.
11 No. 2: pp.127-136.

25



Hooff, B. v. d. and Ridder, ]J. A. d. (2004), "Knowledge sharing in context - the influence of
organisational commitment, communication climate and CMC use on knowledge sharing",
Journal of Knowledge Management, Vol. 8 No. 6, pp. 117-130.

Horvath, A. and Enkel, E. (2014), "When general recommendations fail: how to search in single
innovation project settings”, R&D Management, Vol. 44 No. 4, pp. 409-426.

Huber, G.P. (1991). Organizational learning: the contributing processes and the literatures.
Organization Science, 2, pp. 88-115.

Huizingh, E. (2010), "Open innovation: state of the art and future perspectives"”, Technovation,
Vol. 31 No. 1 ,pp. 2-9.

Ito, J. (2016), "Design and Science", Journal of Design Science [Online]. Available at:
http://jods.mitpress.mit.edu/pub/designandscience.

Jaspers, F. and Van den Ende, ]. (2010). Open innovation and systems integration: how and why
firms know more than they make, International Journal of Technology Management, Vol. 52
No. 3/4, pp. 275-294.

Kim, N., Kim, D. ., & Lee, S. (2015), "Antecedents of open innovation at the project level: empirical
analysis of Korean firms", R&D Management, Vol. 45 No. 5,pp. 411-439.

Kogut, B. (2000) "The network as knowledge: Generative rules and the emergence of structure”,
Strategic Management Journal, Vol. 21 No. 3, pp. 405-425.

Koulopoulos, T. and Frappaolo, C. (1999), Smart Things to Know about Knowledge Management.
Dover, NH, Capstone.

Krippendorff, K., (1989), "On the essential contexts of artifacts or on the proposition that “design
is making sense (of things)”, Design Issues, Vol. 5 No. 2, pp. 9-39.

Kumar, N., Anderson, ], and Stern, L., 1993. Conducting interorganizational research using key
informants. Academy of Management Journal, 36(6), 1633-1641.

Leblebici-Basar, D. and Altarriba, J. (2013), "The Role of Imagery and Emotion in the Translation
of Concepts into Product Form", The Design Journal, Vol. 16 No. 3, pp. 295-314.

Leonard-Barton, D. (1990), " A dual methodology for case studies: Synergistic use of a
longitudinal single site with replicated multiple sites", Organization Science, Vol. 1 No. 3, 248-
266.

Leonard-Barton, D. (1992). Core capabilities and core rigidities: a paradox in managing new
product development. Strategic Management Journal, Vol. 13, pp. 111-125.

Leonard, D. and Rayport, ].F., (1997), "Spark innovation through tempathic design", Harvard
Business Review, Vol. 75 No. 6, pp. 102-113.

Leonard, D. and Sensiper, S., (1998), "The role of tacit knowledge in group innovation", California
Management Review, Vol. 40 No. 3, pp. 112-132.

Lichtenthaler, U., Hoegl, M., and Muethel, M., (2011). Is your company ready for open innovation?
MIT Sloan Management. Review, Vol.. 53, pp. 45-48

Lin, R.T. (2007), "Transforming Taiwan aboriginal cultural features into modern product design:
A case study of a cross-cultural product design model", International Journal of Design, Vol. 1
No. 2, pp- 45-53.

Liyanage, C., Elhag, T., Ballal, T. and Li, Q. (2009), "Knowledge communication and translation - a
knowledge transfer mode", Journal of Knowledge Management, Vol. 13 No 3, pp. 118-131.

Maeda, . and Ito, J. (2005). Q&A. Design Management Review Vol. 26 No. 1, pp.10-14.

Miles, M. B., & Huberman, A. M., 1994. Qualitative data analysis: An expanded sourcebook (2nd
ed.). Thousand Oaks, CA: Sage.

Myers M.D., 2008. Qualitative Research in Business & Management. London: Sage.

Nonaka, I. and Takeuchi, H. (1991), The Knowledge creating company. Oxford, Oxford University
Press.

Nonaka, I. and Takeuchi, H. (1995), The Knowledge-Creating Company: How Japanese Companies
Create the Dynamics of Innovation. New York, Oxford University Press. ISBN 0195092694.
Natalicchio, A., Petruzzelli, A. M., & Garavelli, A. C. (2014). A literature review on markets for
ideas: Emerging characteristics and unanswered questions. Technovation, Vol. 34 No. 2,pp.

65-76.

Nowotny, H., Scott, P. and Gibbons, M. (2001). Re-Thinking Science: Knowledge and the Public in
an Age of Uncertainty. Cambridge-Malden: Polity.

Perkmann, M. and Walsh, K. (2007), "University-industry relationships and open innovation:
towards a research agenda", International Journal of Management Reviews, Vol. 9 No. 4, pp.
259-280.

26



Pettigrew, A. (1990). Longitudinal field research on change: theory and practice. Organization
Science, Vol. 1 No. 3, pp. 267-292.

Picinali, L., D'Cruz, M. & Simeone, L. (2015) 3D-Tune-In: the use of 3D visuals and sound to
facilitate use of hearing devices. Conference paper at EuroVR 2015, Lecco, Italy, 15 - 16
October.

Polanyi, M. (1975). Personal Knowledge. Chicago, University of Chicago Press.

Reich, Y., Konda, S.L., Monarch, L.A., Levy, S.N. and Subrahmanian, E. (1996), "Varieties and issues
of participation and design", Design Studies, Vol. 17 No. 2, pp.165-180.

Rippa, P. Quinto, I, Lazzarotti, V. and Pellegrino, L: (2016) "Role of innovation intermediaries in
open innovation practices: Differences between micro-small and medium-large firms",
International Journal of Business Innovation and Research, Vol. 11 No. 3, pp. 377-396.

Rust, C. (2004), "Design enquiry: Tacit knowledge and invention in science", Design issues, Vol.
20 No. 4, pp- 76-85

Rust, C. (2007), "Unstated contributions: How artistic inquiry can inform interdisciplinary
research”, International Journal of Design, Vol. 1 No. 3, pp. 69-76.

Sainsbury, D. (2007) The race to the top: A review of government’s science and innovation
policies, HM Treasury, London.

Savino, T., Messeni Petruzzelli, A. and Albino, V. (2017), Search and Recombination Process to
Innovate: A Review of the Empirical Evidence and a Research Agenda. International Journal of
Management Reviews, Vol. 19: 54-75.d0i:10.1111/ijmr.12081.

Seaton, R. A. F. (2002), "Knowledge Transfer". Strategic tools to support adaptive, integrated
water resource management under changing conditions at catchment scale - A co-
evolutionary approach. Bedford, The AQUADAPT project.

Simeone, L., Secundo, G., Schiuma, G. Technovation (2016),
http://dx.doi.org/10.1016/j.technovation.2016.12.001

Simeone, L. (2016) Design Moves: Translational Processes and Academic Entrepreneurship in
Design Labs. Doctoral Thesis, Malmo University.

Sofka, W. and Grimpe, C. (2010). Specialized search and innovation performance - evidence
across Europe. R&D Management, 40, pp. 310-323.

Singh, V. and Gu, N. (2012), "Towards an integrated generative design framework", Design
Studies, Vol. 33 No., pp. 85-207.

Star, S.L. and Griesemer, J.R. (1989), "Institutional Ecology, ‘Translations’ and Boundary Objects:
Amateurs and Professionals in Berkeley’s Museum of Vertebrate Zoology", 1907-39. Social
Studies of Science, Vol. 19 No. 3, pp. 387-420.

Strauss, A., & Corbin, J. 1998. Basics of qualitative research: Techniques and procedures for
developing grounded theory (2nd ed.). Thousand Oaks, CA: Sage.

Tarrow, S., (1995), "Bridging the Quantitative-Qualitative Divide in Political Science", American
Political Science Review, Vol. 89 No. 2, pp. 471-474.

Thorpe,R., Holt, R,Macpherson, A. and Pittaway, L. (2005) "Using knowledge within small and
medium-sized firms: a systematic review of the evidence", International Journal of
Management Reviews, Vol. 7, No. 4pp. 257-281.

Tomes, A, Oates, C. and Armstrong, P. (1998), "Talking design: negotiating the verbal-visual
translation”, Design Studies, Vol. 19, pp. 127-142.

Ulrich, L. (2008). Integrated roadmaps for open innovation, Research-Technology Management,
Vol. 51 No. 3, pp. 45-49.

Van de Vrande, V., De Jong, ]. P., Vanhaverbeke, W., & De Rochemont, M. (2009) "Open innovation
in SMEs: Trends, motives and management challenges”, Technovation, Vol. 29 No. 6, pp. 423-
437.

Von Krogh, G. (2012) "How does social software change knowledge management? Toward a
strategic research agenda." The Journal of Strategic Information Systems, Vol. 21 No.2, pp.
154-164.

West, ]., Salter, A., Vanhaverbeke, W., & Chesbrough, H. (2014), "Open innovation: The next
decade", Research Policy, Vol. 43 No. 5, pp. 805-811.

Yi-Luen Do, E., Gross, M.D., Neiman, B. and Zimring, C. (2000), "Intentions in and relations among
design drawings", Design Studies, Vol. 21 No. 5, pp. 483-503.

Yin, R.K. (1989), Case Study Research: Design and Methods, SAGE Publications, London.

Yin, R.K. (1991), “The case study method as a tool for doing evaluation”, Current Sociology, Vol.
40 No. 1, pp. 121-137.

27



Yin RK, (1994), Case Study Research. Design and Methods (2nd ed.). Newbury Park: Sage
Publications.

Yin, R. K., 2009. Doing case study research. 4th ed. Thousand Oaks, CA: Sage.

Zahra, S. A. and George, G. (2002), "Absorptive capacity - A review, reconceptualisation and
extension". Academy of Management Review, Vol. 27, No 2, pp. 185-203.

28



