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Abstract

Companies face considerable challenges when configuring their appropriability strategies while collaborating with
external partners as it is essential to capture the profits from their innovation activities. This study raises the important
issue of the openness-appropriability duality and examines how firms? appropriability choices and combinations should
be managed in order for companies to capture and appropriate the returns when collaborating with external partners.
Analyzing the data from a large scale U.K. innovation survey, results suggest that (1) for highly collaborative
manufacturing and services firms, the stronger the formal appropriability, the more effective collaboration breadth is on
innovative performance. However for low collaborative service firms only, the opposite holds true; (2) a strong informal
regime, on the other hand, at high levels of collaboration breadth is not associated with higher innovative performance
for manufacturing; the same being interestingly insignificant for services and (3) Firms would be better off deploying
more informal regimes at lower collaboration levels and a higher mix of formal at higher levels of collaboration. Also, for
services firms, standalone external collaboration is not associated with higher radical innovation but it would only be the
case when combined with appropriability strategies.
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Performance among U.K. Firms

ABSTRACT

Companies face considerable challenges when configuringaghiopriability strategies while
collaborating with external partners as it is ess¢hdi capture the profits from their innovation
activities. This study raises the important issue of thenoess-appropriability duality and
examines how firms’ appropriability choices and combinations should be managed in order for
companies to capture and appropriate the returns wherb@a@tng with external partners
Analyzing the data from a large scale U.K. innovation syriesults suggest that (1) for highly
collaborative manufacturing and services firms, thengfer the formal appropriability, the more
effective collaboration breadth is on innovative perfance. However for low collaborative
service firms only, the opposite holds true; (2) a strmfigrmal regime, on the other hand, at
high levels of collaboration breadth is not assodiatéth higher innovative performance for
manufacturing; the same being interestingly insignificantstrvices and (3) firms would be
better off deploying more informal regimes at lower callabion levels and a higher mix of
formal at higher levels of collaboration. Also, forngees firms, standalone external
collaboration is not associated with higher radioabivation but it would only be the case when

combired with appropriability strategies.

Keywords. Appropriability strategy, innovation, collaboration breadtimovative performance



INTRODUCTION

Capturing the value and appropriating the returns from innovation is an essential part of firms’
strategy as innovation constitutes a main driver forpaomes to prosper, grow, and sustain a
competitive advantage (Christensen 1997; Thomke, 2001). Witk than 50% of Fortune 500
companies adopting open innovation in new products or services development such as Pepsi’s
Mountain Dew, Apple’s iOS apps, and McDonald’s Just Stevinho Burger, external collaboration

is increasingly becoming a central part of anpeny’s strategy (von Hippel, 1988, 2005;
Chesbrough, West, & Vanhaverbeke, 2006). But at the same ttimeappropriation of the
returns from innovation activities necessitates dappyrotection strategies when companies
cross the boundary of the firm (Cassiman and Veugelers, 23&an and Nickerson, 2004);
Thus, the adoption of open innovation creates a dilenam&irms resulting in the paradox of
openness (Laursen and Salter, 2014) which should be carefriggad in order to mitigate the

risks of openness and appropriate the profits from innavaitivities.

From a firm level perspective, what still remains hidderow the use and combination of
appropriability strategies affect the relationship betweemmgms and innovative performance.
Firstly, little is known on the role of appropriability stegies in open innovation and its impact
on performance as there has been a call for morardsen value capture in the dynamics
between openness, appropriability, and performance (Hagedoorndatet,R012; Laursen and
Salter, 2014; West and Bogers, 20Dy, Leten,ard Vanhaverbeke, 2014). Indeed, previous
research has found a curvilinear relationship between ocoditibn and innovative performance
(Laursen and Salter, 2006) and between appropriability andboodition (Laursen and Salter,
2014), but did not address the interaction effects of usingraxidg appropriability strategies

for firms’ innovative performance. Hence the previous literature said only half of the story as



the “relationship between open innovation and performancellis)stiwell understood” (Du et

al, 2014) Secondly, the extant literature on both innovatiod appropriability has not been
adequately addressed for the nascent field of open semvigeation even though service firms
acount for 75% of OECD GDP (Chesbrough, 2011; World Bank, 2013). Besides services’
central role in modern economies, prior research fbaed that services also benefit from
external collaboration, investment in R&D, use of appedgiity regimes (particularly informal
as well as the element of tacit transfer of knowledgen@bo, 1997; Tether and Massini, 2007;
Miles, 2007; Leiponen, 2012). Also, there is an increasing bluoirtpe boundaries between
services and manufacturing giving the rise to the phenomeosfothe servitization of
manufacturing (Chesbrough, 2011; Leiponen, 2012); Hence, hettlarstanding the service

sector dynamics idsp important in order to better grasp the dynamics of matwriag.

In order to address these limitations in the innovati@ndiure, this paper explores how the use
and the combination of appropriability regimes (formal mforimal) moderates the relationship
between collaboration breadth and innovative performameng U.K. manufacturing and
service firms. V& adopt a quantitative approach in using the dataset fronf"theKZTommunity
Innovation Survey (2008-2010) which validity and reliability weonfirmed by considerable
testing across firms from different industries (Sm&@05). Tobit regression analyses ¢ethe
moderation effects of the strength and combination ofcap@bility strategy (high/low and/or
formal/informal) on the relationship between externallaboration breadth and innovative

performance (radical and incremental innovation).

This empirical study helps us to extend our knowledge abowt manufacturing and service
firms’ appropriability choices and combinations should be managed in order for firms to capture

and appropriate the returns from collaborating with retiepartners. Furthermore, this paper



helps to shed some light on the emerging field of opevicgeinnovation and its respective
appropriability dynamics as the majority of the extaerature has discussed IP protection in

manufacturing firms.

We found that the same appropriability strategy yield&diht moderating impact for services
and manufacturing firms when engaging in open innovatiastlys for highly collaborative
manufacturing and service firms, the stronger the forapgdropriability regime, the more
effective collaboration breadth is on innovative perfance. However for low collaborative
service firms, the weaker the formal regimes, the beffecompanies are when collaborating
with external partners. Secondly, deploying high informgimes at high levels of collaboration
breadth is not associated with better innovative perfoceaor manufacturing; the same
coefficient being surprisingly insignificant for serviceBhirdly, in terms of appropriability
combinations, firms would be better off deploying mareiimal regimes at lower collaboration
levels and a higher mix of formal at higher levels deexal collaboration. However, relying too
much on high appropriability regimes (e.g. high formal/high mialj is associated with a
diminished and barely positive moderating impact on inne@gterformance regardless of the
level of external collaboration. Also, for servicasn, standalone external collaboration is not

associated with higher radical innovation unless ibmilgined with appropriability strategies.

This paper is structured as follows: In Section 2, weadxphe conceptual background with
relevant literature review. In Section 3, we developlogrotheses. In Section 4, we outline data
and methods which are followed by the empirical analysiSelction 5, we discuss and conaud

the paper, highlighting limitations and avenues for futuseaech.



CONCEPTUAL BACKGROUND

Openness and Appropriability

The era of open innovation, as initiated by Chesbrough (20@®) redefined the boundary
between companies and its adjacent environment in the extamnse of external knowledge
sourcing and external pathways to the market, complengeotineven substituting in-house

R&D as per the closed model (Chesbrough, 2003; Chesbrough2&0éi; Lazonick, 2007).

As such, the firm level open innovation process would reqtie existence of external
interfaces making the firm entrenched in a network oiouar actors ranging from customers,
competitors, suppliers to universities in the aim of cemwmalising new knowledge
(Chesbrough, 2003; Powell and Grodal, 2005). Indeed, the type oflddge search and
collaboration breadth have been found to significantly impawvation performance (Katila,

2002; Katila and Ahuja, 2002; Laursen and Salter, 2006; Grimpe and, 200%).

Laursen and Salter (2006) analysed open innovation practieesd to search strategies and its
impact on firm innovativeness amongst a sample of 2,700 thatufacturing firms between
2002 and 2004. They found that innovation performance incresiteshe intensity of use
(depth) and diversity of knowledge sources (breadth) fagran inverted U-shape. This reveals
that, after a certain point, there is a trade-off flmrar-searching and innovation performance is

bound to drop.

As such, several scholars have stated that extestiaboration is becoming an integral part of a
company and managerial strategy and as a result, thealimo process is now more open and
distributed (von Hippel, 1988, 2005; Chesbrough, 2003; Coombs, Ha&é&ether, 2003;

Chesbrough et al., 2006). But previous research has alem shat, at the same time, companies



want to protect themselves when they engage in exterfiaboration outside its boundary

(Cassiman and Veugelers, 2002; Heiman and Nickerson, 2004).

Thus, this leads to the “paradox of openness”: innovation often entails openness, but the
appropriation of the returns necessitates protection. eauasd Salter (2014), drawing from a
sample of UK manufacturing companies found a concave relationship between companies’
breadth of external search and external collaboration, and the strength of the firms’
appropriability strategies. The “paradox of openness” as formulated by Laursen and Salter
(2014) was based on the “paradox of disclosure” by Arrow (1962) where he states that “there is a
fundamental paradox in the determination of demand forrmdtion; its value for the purchaser
is not known until he kows the information, but then he has in effect acquired it without cost”

(Arrow, 1962).

In light of this, firms and managers can respond to pligadox by using appropriability
strategies and protect their intellectual property rigldans and Stern, 2003). In fact, the
innovation literature differentiates between two typeapyropriability regimes: formal (patent,
industrial design, trademark, and copyright) and informatrecy, lead time, and complexity of
design) which can be seen as substitutes (Kultti, Takalknikka, 2007; Somaya, 2012) or also
as complements (Levin, Klevorick, Nelson, & Winter, 1986hén, Nelson, & Walsh, 2000;

Hall, Helmers, Rogers, Sena, 2014).

Hence, companies have to carefully plan how to deploy af éippropriability strategies vis-a-
vis their involvement with external collaboration fonovation activities. In fact, companies that
signal the usage of appropriability mechanisms are perceividetdon important information and

as a consequence can attract more external partrerssén and Salter, 2014). But at the same



time, the extant literature on open innovation shows ah@o strong focus on appropriability
strategies can have adverse effects on the collamoreith external partners (Laursen and
Salter, 2006; Chesbrough, 2006; Alexy, Criscuolo, & Salter, 208#zig and Puranam, 2009;

Laursen and Salter, 2014).

Thus far, the discussion advocates that the company’s level of external collaboration is
connected with the compaRy appropriability strategy. Firms need to figure out an
appropriability strategy in order to protect their Intelletteeoperty (IP) and appropriate the
returns from their innovations while at the same tommpanies may need to be open to various

external parties.

However, the extant literature on the duality between gguadoility and openness has broadly
been addressed for manufacturing companies. As such, thaoe asily a limited literature on
appropriability mechanisms and collaboration breadth kléate open innovation but also
especially related to open service innovation. Although previegesarch has found a curvilinear
relationship between collaboration and innovative perfooegLaursen and Salter, 2006) and
between appropriability and collaboration (Laursen ance6&014) in manufacturing firms, the
moderating role of appropriability has not been exploredoith goods and services despite its

implications for firms’ innovation strategy.

How is (Open) Service Innovation Different?

In order to better grasp the implications and characterisficgervice innovation on modern
economies, it would be beneficial to discuss first wiiettnd how innovation in services is any
different from manufactured goods. The extant liteefaovides contrasting views about the

topic. The assimilation approach considers that innovatioservices is no different than



innovation in manufacturing and as such the theory andegdual tools that were applied to
manufacturing can clearly be assigned to innovation in esvfBarras, 1986; Coombs and
Miles, 2000; Drejer, 2004; De Vries, 2006; Nijssen, Hillebrand, Velemed Kemp, 2006).
Thus, this approach aims at assimilating services intditdigeer stream of innovation studies
which has generated much of the studies related to innaviatgervices. Other scholars, in the
so-called demarcation approach, consider that servicege Mhstinctive features (e.g.
intangibility, co-production with customers, simultageiheterogeneity and perishability) and
thus are inappropriate to derive theories and concepts framuifacturing (Coombs and Miles,
2000; Gadrey, Gallouj, & Weinstein, 1995; Sundbo, 1997; Tether, 2008)is paper, we aim
to build on the recent stream of the synthesis appr@@aliouj and Savona, 2009) seeking to
construct a more integrative and holistic understandingnmvation beyond the boundaries of

services and manufacturing.

Why should services make open innovation any differesut tmanufactured goods or regular
R&D processes? First, following our review of service innowatservices have unique
characteristics (intangibility, heterogeneity, insepaitgbiland perishability) with distinct
taxonomies and schools of thoughts that should allowice=r\to be studied on their own (De
Brentani, 1991; Kotler, 1994; Gadrey et al., 1995; Sundbo, 1¥959ond, the value chain
constitutes a differentiating factor for services vemauufactured goods as it consists of an
iterative process of a customer experience in connettmgustomer to the desired outcome,
unlike Porter’s linear process value chain for goods where the service comes only at the end
(Chesbrough, 2011). Third, open service innovation is diffdrem traditional internal R&D as
service innovation process differs from manufacturingoling at some characteristics of

service firms, Tether (2003) shows that R&D is of a lessportance in services comparing to



manufacturers while intangible assets such as human gadigational features seem to be
more important. Fourth, it is in the process of engagemued co-creation that tacit knowledge is
produced both ways from and to the customer, making the efexhtacit knowledge a core and
differentiating factor on the unigqueness of services in i@r®it more importantly when it

comes to its applicability to the field of open innovatiohé€brough, 201

As for appropriability, the innovation literature has usuatikéd the service sector with the use
of more informal appropriability and practices when develg@ new service as this is usually
conducted by informal teams than regular R&D units (Sundbo, 188Wés, 2007). Also,
collaboration breadth and R&D investments are found to ebenomically significant
determinants of innovation for both service and manufag firms (Leiponen, 2012). In fact,
service companies adopt less IP rights than manufactunmg fArundel, Lorenz, Lundvall&
Valeyre 2007; Tether and Massini, 2007) but mainly rely on informal apjbitity
mechanisms (e.g. lead time and secrecy) although theyindagd use formal appropriability
regime such as patents (Bader, 2007) although most retyopyrights when they have the

possibility (Miles, Andersen, Boden, & Howells, 2000).

Even more relevant to open innovation, previous researstsi@vn that service firms utilise
more knowledge sources (Cainelli, Evangelista, & Savona., A@6er and Tajar, 2008; Hipp,
2010) and engage in more collaboration with their custoamassuppliers than manufacturing
firms (Tether, 205). Also, some scholars have examined service firms’ open innovation
collaboration and innovation performance which hasdgigh positive relationship (Leiponen,
2005; Mansury and Love, 2008; Love, Roper, & Hewitt-Dundas, 2010).nGhle potential
differences in the innovation process for both manufaguand service firms and the above

discussion on openness and appropriability, there seemsatgdgeto explore the respective role
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and combination of appropriability regimes when manufagguand service firms engage in

external collaboration.

HYPOTHESES

Without the possibility to generate profits from the coeneralisation of innovations, firms
would have little incentive to engage in innovative activiiesnnovation has been identified by
the extant literature as one of the main drivers donganies to prosper, grow and sustain a high
profitability (Christensen 1997; Thomke, 2001; Cefis and Ma26il§. One way to capture the
benefits of innovation, companies use a variety of ap@bipty regimes that can help the
innovator capture the respective profits (Teece, 1986hukitude of appropriability choices is
available, ranging from formal (e.g. patent, industrialigitestrademark, and copyright) and
informal (e.g. secrecy, lead time, and complexity ofgigs It is then crucial for manufacturing
and service companies to use and configure an adequate appriopsaitlegy in order to have

a stronger association with higher profits when engagitigexternal partners.

The extant literature has shown that the use of forapgropriability regimes, particularly
patents, can facilitate openness, disclose and protect knowdsdges, and enable a smoother
transfer of tacit knowledge (Ordover, 1991; Foray, 2004; PisawbTeece, 2007; Penin and
Wack, 2008. Also, companies engaged in open innovation seem to have a “strong preference for

the governance aheir open innovation relationships through formal contracts” and that their IP
rights are highly significant to signal and protect their wrative capabilities (Hagedoorn and
Ridder, 2012). In fact, formal appropriation mechanismsr affeigher degree of protection to
the innovation, and a strong appropriability regime iedly associated with more open

innovation and promotes vertical specialisation (Chesiiteet al., 2006). As a matter of fact,
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open innovation is found to be more present in manufattgomds companies with a high
appropriability regime than in manufactured goods companidslewt appropriability regimes
(Laursen and Salter, 2005). This argument suggests thatng stppropriability strategy is an
enabler for external collaboration and that ther@ c@mplementarity between collaboration and
the use of formal appropriability strategies as a stroggnes may facilitate the exchange of
knowledge assets. Following this line of reasoning, it sedat, when the formal appropriability
regime is strong, firms will benefit more from cokahting with various external partners than

when firms have low collaboration. Hence we hypothesiae t

Hla: The stronger the formal appropriability regimes in manufacturing firms, the more

effective external collaboration will be on innovation performance at higher levels of

collaboration

As for service firms, they also use various appropriablehanr@isms to protect their innovations:
formal and informal methods (Bader, 2008; Hanel, 2006) althoumgt service companies use
informal mechanisms such as lead time and secrecygiTatid Massini, 2007). Contrary to
what is expected given their unique characteristics, erfiicns may indeed use formal
appropriability regime such as patents (Bader, 2007) althoughraigon copyrights (Miles et
al, 2000). In the case of service firms, formal registexuld be adopted when the innovation has
an elevated level of knowledge codification and outjamgibility (Miles, 2008) such as in
insurance and software design (Bader, 2008; de Laat, 2005)actn the use of formal
appropriability regimes in knowledge intensive business cesv(KIBS) seems to have a
positive effect on new products and service development (HigpGaupp, 2005). Following

these arguments and those from Hla, we expect thateséirms, when having the possibility of
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deploying formal regimes such as copyrights, will do sd agnals valuable knowledge when

collaborating with external partners and will facilitéte exchange in open innovation.

H1b: The stronger the formal appropriability regimes in services firms, the niectivef

external collaboration will be on innovation performance at higher levels of collaboration

Companies do use both formal and informal appropriabilityméd regimes (e.g. patent,
industrial design, trademark, and copyrights) are mostgduo protect manufactured goods
innovation while informal regimes (e.g. secrecy, carptiesign, and lead-time) are used to
protect process innovation (Levin et al, 1987; Cohen €2Q)0). When it comes to informal
regimes, companies consider lead time and secrecy & important ways to protect their IP
than patents (Arundel, 2001). In this context, innovatogsthat exchanging strategic ideas and
secrets is most of the time mutually beneficial ay thaild dense networks of relations with
their customers, competitors, and suppliers (Von Hippel, 1988)vever, firms engaging in
collaborative R&D are likely to capture more value frdmit innovation activities through the
use of patents than secrecy (Granstrand, 1999). This sudggssedtrecy is less effective with
external collaboration as the risks of knowledge dggkbecome higher. More to this line of
thought, informal appropriability mechanisms can lead firmdirtat their interaction with
external actors in order to protect their ideas fromatois and competitors unlike formal
mechanisms where the risks of knowledge leakage arer lamg cooperation seen as more
attractive (Gans and Stern, 2003). Hence, these argumentststigdehe use of high informal
appropriability regimes will hinder firms’ from further collaborating with external parties
because of the danger of loss of control over knowleddgeaara result diminish the positive

effects of external collaboration on innovative parfance. Thus, we hypothesise:
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H2a: The stronger the informal appropriability regimes in manufacturing firms, the less

effective external collaboration will be on innovation performance at higher levels of

collaboration

With regards to service firms, the extant literature imsglly associated the service sector with
the use of more informal appropriability and practices whenlojewg a new service as this is
usually conducted by informal teams than regular R&D unitedB8o, 1997; Miles, 2007). Also
collaboration breadth and R&D investments are found to ebenomically significant
determinants of innovation for both service and manufax firms (Leiponen, 2012). Linking
the discussion to appropriability strategies, service corapanise less IP rights than
manufacturing firms (Arundel et al, 2007; Tether and M&s2007) but mainly rely on informal
appropriability mechanisms such as lead time and secrepyotect themselves (Tether and
Massini, 2007). However, informal appropriability mechanisms sacearecy can lead firms to
limit their interaction with external actors in orderprotect their ideas as the risks of knowledge
leakage in using secrecy are higher when companies arbarallize (Gans and Stern, 2003).
As per these arguments and H2a discussion, we suggest thatsehef high informal
appropriability regimes will hinder firms® from further collaborating with external parties
because of the danger of loss of control over knowledgeas a result weaken the positive
effects of external collaboration on innovative pemiance. And since services mainly rely on
informal regimes, we expect that the moderation effélttbe stronger and more negative for

services than manufacturing. Thus we hypothesise:

H2b: The stronger the informal appropriability regimes in service firms, the liessivef

external collaboration will be on innovation performance at higher levels of collaboration
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Several companies use formal and informal appropriabaigchanisms simultaneously and
adopt value capture strategy that combines a bundle ofamisals (Arora, 1997; Cohen et al,
2000; Howells et al, 2003; Arora and Gambardella, 2006; James, bei&léu, 2013). In fact,
companies’ reliance on a single choice of appropriability, either formal or informal, can be
problematic (Liebskind, 1997; Fleming, 2001; Murray and O Mahoney, 2Dadrsen and
Salter, 2014) and that a combination of appropriability regimeassociated with a higher
economic performance (Arora, 1997; Gans and Stern, 2003)d Basthe above discussion and
hypotheses (H1 and H2), we argue that the four way combinationwsghigh with
formal/informal both in manufacturing and services wilifetently moderate the relationship
between collaboration breadth and innovative performawie expect that when the formal
appropriability regime is high combined with a low informatmk will benefit more from
collaborating with various external partners than whemsf have low collaboration. This is
driven by the positive moderating effect of formal adioedl in H1. We also expect that when
the informal appropriability is high combined with a low folmgms will not benefit from
external collaboration. This is driven by the negathaderating effect of informal as outlined in
H2. When the combination is low/low and high/high, we expectfitmas will still benefit from
external collaboration than when firms have low alodiration. The positive moderating effect is
expected to be stronger for manufacturing vs. servicateas deploy more formal methods
(more positive effect) and less informal (less negaéffect) at higher levels of collaboration

Thus we hypothesise:

H3a: The combination of high formal/low informal regime positively moderates the
relationship between collaboration and innovative performance for both manufacturing and

services
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H3b: The combination of low formal/high informal regime negatively moderates the
relationship between collaboration and innovative performance for both manufacturing and

services

H3c: The combination of high formal/high informal regime moderates the relationship
between collaboration and innovative performance; the moderation being positive in

manufacturing and negative in services

H3d: The combination of low formal/low informal regime positively moderates the
relationship between collaboration and innovative performance; the moderation being

stronger for manufacturing than services
DATA AND METHOD
Data

The data set is drawn from th& T.K. Community Innovation Survey (CIS) with the data
covering the years between 2008 and 2010. The survey is fundedeaeloped by the U.K.
Department of Business, Innovation and Skills (BIS) and adteir@d by the Office for National
Statistics (ONS) as part of the UK’s contribution to the EU Community Innovation Survey
(CIS). The types and methods used in the questions usesl uimdiertaken surveys are described
in the OECD Oslo Manual (OECD, 2005). This data set has beghexsensively by previous
studies as its validity and reliability were confirmed by desmble testing before
implementation within various European countries and adioss from different industries

(Smith, 2005).
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The 7" U.K. CIS was administered in 2011 by the Office for Nati@tatistics (ONS), the U.K.
government official division for statistics (Robson and OrtmaB806). The survey was sent to
28,079 firms, of which 14,342 responded, a solid 51% response whiclavwtl non-response
bias (Armstrong and Overton, 1977). The sample of manufiagtand service firms comprised
of 5,624 and 22,276, of which we use around 1,070 and 2,410 companiesowithissing
values respectively.n order to circumvent any common method bias issue, we ran Harman’s
one factor test on the designated items in our study.lResiggest that the primary factor was
less than fifty percent of the variance (30% for mactuiang and 26% for services); hence we
can exclude any potential issues related to common methsdRpasakoff and Organ, 1986).
Besides, the survey questionnaire administered by ONS cochmrisearious questions types
such as Likert scales, percentage estimation / cétwolaand absolute numbers, which was

answered by companies’ managers.
M easures

Dependent Variable. We use two measuresimed at reflecting firms’ innovative
performance. First, radical innovation represents innovati@ave to the market where it is
calculated as a percentage of companies’ total turnover in relation to goods or services that are
new to the market. Second, incremental innovation rédensnovations new to the firm where it
is also measured as a percentage of companies’ total turnover in relation to goods or services that
are new to the firm. We then computed logarithmic transdbions for both of these variables in

order to enhance the normality of the distributions.

In this setting, we are capturing the radical and increahembovations by using single item

dependent variables which has already been applied in pramioanation research (Cassiman
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and Veugelers 2006; Laursen and Salter 2006; Ritala and Hurmeliokkaren, 2013). The
proxy of measuring innovative performance through a turnexsgghted measure can be the
subject of some concerns regarding its robustness andaliding this method yields valid
results when scholars “researchers seek to measure an object that in the minds of respondents
refers to a concrete object”, a check list that is applicable for the fraction of turnover (Rossiter,

2002; Bergkvist and Rossiter, 2007).

I ndependent Variables. Two multi-items explanatory variables were used to medbere
level of collaboration breadth and the strength of gmmbility strategies which will act as a
key moderating variable on the relationship between cmitdion breadth and innovative

performance

First, for collaboration breadth, firms were asked to report whetiesr had collaborated on
innovation activities with any of the six external pars (i) suppliers, (ii) customers, (iii)
competitors, (iv) consultants, (v) universities, aagl government or public research institutes.
Each of these six sources is re-coded as a binary vawéhl® representing no or minimal and

1 indicating medium or high collaboration breadth. \Went sum these six sources so the range
consists of 6 if firms collaborate with all exterradtors and O if firms do not engage in any

external collaboration on innovation activities.

Second, in order to measure appropriability regimes, we have ugpaelstion in the UK CIS
survey asking if the “business use/register for: (i) patent (ii) industrial degigrtrademark (iv)
copyrights (v) secrecy (vi) complex design (vii) lead-timeach of the seven sources is coded
as a binary variable where there is a score of 1nfsfihave used the respective protection

regime or O if it has not been used. From these sewarces of appropriability regimes, we
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categorise them into two categories: formal (patedystrial design, trademark, and copyrights)
and informal (secrecy, complex design, and lead)tithevin et al, 1987; Cohen et al, 2000;
Hall et al, 2014). We then sum the scores for the foamdlinformal regimes so the maximum is
4 for formal and 3 for informal if firms use all appropri&lilregimes while the minimum is 0

for both formal and informal if firms do not deploy any @aiton mechanisms.

Control Variables. In order to increase validity and robustness of the gading study,
we add several control variables that were used and valitaggevious innovation studies on

the determinants of innovative performance.

First, we include R&D intensity measured a firm R&D expendidixéded by turnover as to
control for absorptive capacity (Cohen and Levinthal, 199%ursen and Salter, 2006). We
calculated this variable by taking the data from the UK f6fShe R&D expenditure while total

turnover was provided by ONS register data.

Second, we add search breadth which represents the exterr@dssof knowledge utilised by
the firm in its innovative activities. We took the data from a question in the survey asking “how
important to this business's innovation activities was inftomafroni’ various sources of
information. Although the list of sources comprises of tHins, we include the six sources
where interaction with external partners is happening: ppkers, (ii) customers, (iii)
competitors, (iv) consultants, (v) universities, amg overnment or public research institutes.
This measure has been used extensively in previous studiesghand Salter, 2006, 2014;
Tether and Tajar, 2008; Grimpe and Sofka, 2009; Lee, Park, Yoonk& ZH 0; Leiponen and
Helfat, 2010; Garriga, von Krogh, Spaeth, 2013; Love, Roper, Btérg 2014 This variable

will take into account the effect of having a search sgyabe innovative performance.
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Third, we control for the number of employees which has bessformed into a logarithmic
expression (Cohen, 1995). The data for the firm size is dnamm ®NS register data which was
provided with the innovation survey. Fourtiwe account for the start-up factor where we
incorporate a measure on whether the company was founde@@0& although we the survey
does not provide information on companies with less tearemployees. Fiffrmarket size is
included to control for companies’ involvement in various markets such as U.K. local, U.K.
regional, U.K. national, or international. Sixth, welude 12 geographical dummies as well as 9
industries dummies for both manufacturing and services in order ritotdor potential

differences across industries and geographies when fiigage in openness.

Regression Analyses

Table 1 and Table 2 present descriptive statistics andlatiores for the above mentioned
variables for both manufacturing and service firms. Althonghe of the correlations are above
0.5, we have tested for multi-collinearity and found no singlF to be greater than 3, which
satisfies the rule of thumb of a maximum of 5 (or e¥®rin some cases). From these tables, we
can see that the mean of radical innovation (0.03[6wisr than that of incremental innovation
(0.049)in manufacturing; the same trend is confirmed in servideerevthe mean of incremental
(0.032) is higher than that of radical innovation (0.024si@es, manufacturing firms seem, on
average, to collaborate relatively more (1.19) than sesvi(0.70) although the standard
deviation is higher in manufacturing. As for appropriabiliggimes, manufacturing firms
deploy, approximately and on average, two times more foftdll) and informal (0.45)

regimes than service firms.
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Table 3 and Table 4 display average values for the strafgtbllaboration breadth, formal
appropriability, informal appropriability, and percentage of wai@mns that are new to the
market and new to the firm. We compare and contrast tbeseanufacturing and service firms
and observe that high R&D intensity manufacturing firmsy.(ehemicals, electronic) and
knowledge intensive service firms (information and commuioinaprofessional and scientific
activities) engage in higher external collaboration, meee formal and informal regimes, and
have higher fraction of sales due to radical innovatiBesides, Table 5 shows averages values
of formal and informal appropriability strategies as welradical and incremental innovation
for given levels of collaboration breadth. Although we cdrdraw inferences from descriptive
statistics, we can observe that, at a very high lgkiete is a sort of a broad pattern between
levels of appropriability, collaboration breadth, and e¢atland incremental innovations across

manufacturing and service firms.

In terms of statistical methodology, our dependent fgisof innovative performance is
measured as a percentage of total turnover which takesfimtidn values between 0 and 100.
As such, tobit regression analyses is best suited (Gre€0@; Wooldridge, 2002) to test the
various hypotheses and respective moderation effedteorole of appropriability strategy on the
relationship between collaboration breadth and innogagerformance. However, the data

should have a normal distribution under the tobit rhodhis is not the case for innovative
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performance as our data is skewed and concentrated towaodsheece not satisfying the
standard tobit requirements. As such, an alternative way te $bis problem is to apply a
logarithmic transformation (Filippucci, Drud& Papalia, 1996; Papalia and Di lorio, 2001,
Wooldridge, 2002; Laursen and Salter, 2006). Thus, we include a \aigsible, Y*, which is a
log-transformation of the dependent variable of innoeaperformance: Y* = In(1 + Y). it is
then this latent variable of innovative performance thdltserve as a function of the various

explanatory variables.

Table 6 and Table 7 show the result of the tobit regressianthe impact of appropriability
regimes on the relationship between collaboration bhneaioli innovative performance. Looking
at Model 2 in Table 6, we find support for Hypothesis Hla that stnonger the formal
appropriability regimes in manufacturing firms, the moredf’e collaboration breadth will be
on innovation performance at higher levels of collabion. The result is significant for radical
innovation both at high and low external collaboratewels (Graph 1). We also find support for
Hypothesis H1b (Table 7, Model 2) stating that the strotigeformal appropriability regimes in
service firms, the more effective external collaborawill be on innovation performance. The
result in services is significant for both radical anckemental innovation (Graph 2) Howeyer
at high levels of collaboration breadth, deploying higloranal regime is better while at low
levels of collaboration breadth, deploying low formadpeopriability strategies positively
moderates the effect of collaboration on innovativégperance.One way to explain this is that
radical innovations requires more attention to theafisgpropriability regimes than incremental
innovations as the former is like ‘the carrot of spectacular reward or the stick of destitution’
(Schumpeter, 1942/1987) and is associated with higher perfoemalnite the latter is more

common, more imitable, and with a lesser reward (Margill &alter, 2005; Ritala and



22

Hurmelinna-Laukkanen, 2013). The reason why we obtain a signifefett for radical

innovation in manufacturing where radical new product devedoprare important to protect
while we both radical and incremental innovations are fgmt for services as the latter use
less IP rights than manufacturing firms (Arundel et2807; Tether and Massini, 2007) given

also the unique characteristics (intangtlgjlsimultaneity, heterogeneity and perishability).

Looking at Model 3 in Table 6 and Table 7, we find contrastsuylts for the role of informal
appropriability regimes. We obtain significant result Fypothesis H2a so that the stronger the
informal appropriability regimes in manufacturing firmse tless effective external collaboration
will be on innovation performance; the result being vaéiddbr incremental innovation. In other
words, deploying high informal regimes at high levels olfaboration breadth will not yield
higher innovative performance than if low informal regimm® used at high levels of
collaboration (Graph 3). Despite that services mainly rely informal appropriability
mechanisms for their innovation activities (Tether Btassini, 2007), Hypothesis 2b did yield a
negative moderating effect on the relationship betweelakmyhtion breadth and innovative
performance but the moderation coefficient is not sigguit in itself despite that the standalone
informal appropriability coefficients (0.761 and 0.331 for ratlicand incremental) is highly

significant.

As for the combinations of different appropriability regegndd3 results suggest interesting
results for services where combinations of appropriabiitgimes moderate differently the
impact of collaboration breadth on innovative performanie find, when doing a three way

interaction effect regression in manufacturing (Mofjelthat the moderation coefficient is not
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significant despite having an inverted u-shape relationshiigrev the use of low/high
formal/informal display decreasing returns at higheele of collaboration breadth and hence
innovative performance slightly varies. For services, @@ain a significant three way
interaction effect for radical innovation (Model 4; p<Q.Graph 4)). Hypotheses H3a and H3b
are significant and validated so the combination of highhdéd/low informal regime positively
moderates the relationship between collaboration bremuihinnovative performance while the
combination of low formal/high informal regime negativeipderates the relationship between
collaboration and innovative performance for servidd® find that hypothesis H3c is also
significant but rather has a slight positive moderagfiect, contrary to our negative moderation
expectations. In other words, having a high formal/inforragime in service firms is positively
but very slightly correlated with higher innovative penfance at high levels of collaboration
breadth. Lastly, Hypothesis H3d, or the combination of fomnal/low informal regime, has a
significant positive moderation on the relationship betweetlaboration and incremental
innovation, although this combination is linked with the lawesgerall innovative performance

regardless of the strength of external collaboration.

DISCUSSION AND CONCLUSION

Capturing the value and appropriating the profits from innomadctivities is an essential but a
challenging part of any firms’ pathway to grow and maintain a competitive advantage when
engaging in openness. Indeed, innovation increasingly enkalsollaboration with various
external actors; but at the same time, the appragmiati the returns or profits from innovation
activities necessitates deploying protection strategiesnagchanisms. This empirical study
helps us to extend our knowledge about how firms’ appropriability choices and combinations

impact should be managed in order for firms to capture andopgte the returns from



24

collaborating with external partners. Furthermore, gaper helps to shed some light on the
emerging field of open service innovation and its respecppropriability dynamics as the
majority of the extant literature has discussed IP got@n in manufacturing firms. An
additional contribution is to explicate what level gfpeopriability strategies by services
companies will facilitate external collaboration and ewkannovative performance and whether
any of these appropriability mechanisms any different fneenufacturing when firms engage in
openness.This study points to the firm level and organisational emgjés that companies have
to deal with in in formulating and deploying their appropriabilityategy when engaging in
openness; Surprisingly, these challenges in managing an éeleap@opriability regimes is

often underestimated by managers (Liebeskind, 1997).

Formal appropriability appears to be amongst the most powasdthods in order to capture
value from innovation. For highly collaborative manufactgrand service firms, the stronger the
formal appropriability, the more effective collaboratidmeadth will be on innovation
performance. But for weakly collaborative service firroaly, the weaker the formal
appropriability, the more effective collaboration bréadill be on innovative performance. In
other words, for collaborative companies, the use of foregime seems to have an inhibiting
effect on the negative consequences of under and oll@ba@tion on innovative performance.
Informal appropriability regimes, on the other hand, seerhaie a dampening moderating
effect on the relationship between collaboration breaaid innovative performance for
manufacturing firms specifically. Even though services maiely on informal appropriability
for their innovation activities (Tether and Massini, 2Q@v¢ found no support for a moderating
effect when using informal regimes in service compawiestrary to what we expected. Besides,

choosing the right combination of appropriability regimésvarious levels of collaboration
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breadth has a resulting effect on radical innovativeopewdnce in service firms. For low
collaborating firms, a combination of low formal / highfarmal seems to have the greater
positive impact on innovative performance. However, fohlyigollaborative firms, the highest
the formal regime contribution versus informal, the higtlee positive impact on radical
innovative performance. In other words, managers wouldebter off deploying more informal
regimes at lower collaboration levels and a higher nfixoomal at higher levels of external
collaboration. Neverthelesselying too much on high appropriability regimes (e.g. high
formal/informal) can indeed be related with a dimingsla@d barely positive moderating impact

on innovative performance regardless of the levels kdlmaration breadth.

Limitations and Future Research

This study has some limitations we would like to address besumi®ee thoughts for future
avenues for research. First, the 2011 UK Innovation SU®y 7) is a cross sectional data and
as such it is difficult to draw causality between apprdoiiig, collaboration breadth, and
innovative performance. We are aware that this conssitat main limitation to our study as
regression analyses do not prove any form of causaligy e way to go around this problem
is to include a qualitative study of extreme cases or\&wé panel data. However, even with
panel data, it would be challenging to detect the exact direoficausality. Second, it would be
helpful if we complement the data set (ideally panel datih additional information on
companies’ IP stocks such as patents, trademark, registration of industrial design, and copyrights
amongst others. Furthermore, this study is limited bygthestions listed in the questionnaire and
as such, there are potentially other aspects of inrmvatitivities especially regarding services
such looking at normspractices, and tacit knowledge as developing new servicectgadge

usually conducted by informal committees (Sundbo, 1997; Miles, 2007).
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This paper raises the important issue of the opennesspajamility duality and its implications
for innovative performance in a comparison between U.K. fagatwring and service firms.
Manufacturing and service companies face considerableerngas when configuring and setting
up their appropriability strategies while collaborating witheexal partners while making sure
that at the same time they exploit knowledge and captareettis from innovation collaboration
and activities. In this context, more research is neemlechow companies and managers
configure the elements of this tension and subsequesdlt to this duality. Besides, although
this paper responds to the call for further research pmm @ervice innovation (Chesbrough,
2011,Love, Roper, & Bryson, 2011; Mina, Bascavusoglu-Moreau, & Hugt@s}), little is still
known on whether openness in the service sector trangtaebigher performance, and if so

under which context, where, and when is the case.



Table 1: Manufacturing Descriptive Statistics

Variable Mean s.d. Min Max 1 2 3 4 5 6 7 8 9
1  Radical Innovation 0.037 0.090 0.00 -2
2 Incremental Innovation 0.049 0.108 0.00 -2 0.33**
3 Collaboration Breadth 1.190 1.617 0.00 6.00 0.39%*  0.36%*
4 Formal Appropriability 0.415 0.890 0.00 4.00 0.32**  0.20%* 0.42**
5  Informal Appropriability 0.447 0.781 0.00 3.00 0.31%*  0.24%* 0.47** 047**
6 R&D Intensity 0.011 0.043 0.00 -2 0.21**  0.15*%* 0.25** 0.26** 0.31**
7 External Search Breadth 2.600 1.507 0.00 6.00 0.19**  0.15%* 0.49** 0.25%* 0.21** 0.11**
8  Number of Employees (log) 4173 1.395 0.00 -2 0.09** 0.07** 0.25** 0.26** 0.15** 0.05* 0.19**
9  Startup 0.053 0.225 0.00 1.00 0.04 0.02 0.01 -0.03 -0.05* -0.01 -0.02  -0.11%**
10 Market Size 2961 1.078 1.00 4.00 0.20** 0.15** 0.26** 0.27** 0.27** 0.159** 0.207** 0.34** -0.05*
**p<0.01; *p<0.05; tp<0.10. °: numbers suppressed in compliance with ONS rule on data disclosure
Table 2: Services Descriptive Statistics
Variable Mean s.d. Min Max 1 2 3 4 5 6 7 8 9
1 Radical Innovation 0.024 0.105 0.00 1.00
2 Incremental Innovation 0.032 0.111 0.00 1.00 0.31**
3 Collaboration Breadth 0704 1377 0.00 6.00 0.34%% (0.32%*
4 Formal Appropriability 0.183 0569 000 400 0.24* 0.17** 0.28**
5 Informal Appropriability 0.181 0513 000  3.00 0.34* 027* 037* 047*
6  R&D Intensity 0.011 0.066  0.00 -° 0.20%%  0.13** 0.18** 0.20%* 0.24**
7 External Search Breadth 2497 1475 000 600 0.14** 007** 0.40** 0.16** 0.18** 0.01**
8  Number of Employees (log) 4041  1.595  0.00 -° 0.02  -0.04** 0.10** 0.07** 002 001 0.11*
9  Startup 0.068 0.251 0.00 1.00 0.05**  0.07** 0.02 0.00 0.00 -0.01 0.03 -0.09%*
10 Market Size 2015 1.090 1.00 400 0.15% 0.14% 0.18* 0.28** 0.30** 0.15% 0.12** 0.14** -0.05**
**p<0.01; *p £0.05; 1 p<0.10. °: numbers suppressed in compliance with ONS rule on data disclosure
Table 3: Manufacturing Industry Averages
Industry Collaboration App:c?;;::llaility Applr:::)rrrizzlility % Radi?al % Incremfental
Breadth (x6) Innovation Innovation
(x4) (x3)
Food, Beverage, and Tobacco 309 1.22 0.30 0.25 3.33 4.87
Textiles, Wearing Apparel, and Leather 144 1.07 0.40 0.22 2.79 4.54
Wood, Paper, Printing, and Publishing 334 0.71 0.23 0.25 2.17 3.57
Petroleum, Chemicals, Rubber, and Plastic 363 1.42 0.56 0.60 3.19 5.53
Metals, Metallic, and Non-Metallic Mineral 603 0.93 0.31 0.35 2.83 3.98
Computer, Electric, and Electronic Equipment 252 1.74 0.76 0.79 6.98 6.75
Machinery and Equipment 254 1.47 0.52 0.64 5.22 5.78
Transport 234 1.50 0.38 0.58 4.49 5.95
Other Manufacturing 356 1.01 0.37 0.39 3.72 4.24
Average Across Industries 1.23 0.43 0.45 3.86 5.02
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Table 4: Services Industry Averages

Formal

Informal

Industry Collaboration Appropriability Appropriability % Radical % Incremental
Breadth (x6) Innovation Innovation
(x4) (x3)
Electricity, Gas, and Water Supply 186 0.84 0.13 0.21 2.40 5.37
Construction 1,373 0.56 0.05 0.10 1.16 2.27
Whole Sale and Retail Trade 2,744 0.61 0.22 0.14 1.99 2.54
Transportation 759 0.59 0.07 0.11 1.11 2.27
Accomodation and Food Services 1,353 0.57 0.10 0.07 1.87 2.57
Information and Communication 666 1.29 0.48 0.58 4.87 7.86
Financial, Insurance, and Real Estate 856 0.79 0.15 0.13 1.36 2.90
Professional, Technical, and Scientific 1,958 0.98 0.33 0.33 4.52 3.90
Administration and Support 1,509 0.52 0.07 0.12 1.74 2.80
Average Across Industries 0.75 0.18 0.20 2.34 3.61

28

Table 5: Averages of formal and informal appropriability strategies, radical, and incremental innovations for

given levels of collaboration breadth

Manufacturing

Strength of

External Formal Informal Radical Incremental
Collaboration Frequency (N)  Appropriability Appropriability Innovation, Innovation,
Breadth, (x4), Average (x3), Average Average % Average %
Outcome

0 1,012 0.13 0.14 1.17 2.14

1 261 0.43 0.46 3.58 6.90

2 273 0.55 0.71 5.39 7.81

3 170 0.85 0.91 10.17 7.46

4 81 1.16 1.06 7.42 7.12

5 56 1.43 1.34 8.50 8.20

6 59 1.32 131 7.60 9.86
Services

Strength of

External Formal Informal Radical Incremental
Collaboration Frequency (N)  Appropriability Appropriability Innovation, Innovation,
Breadth, (x4), Average (x3), Average Average % Average %
Outcome

0 5,002 0.90 0.07 0.77 1.32

1 681 0.24 0.29 4.68 7.30

2 586 0.44 0.43 4.12 6.83

3 348 0.39 0.51 4.92 7.53

4 149 0.86 0.82 12.85 7.97

5 87 0.82 0.94 13.70 6.83

6 169 0.49 0.61 9.10 7.94




Table 6: Tobit Regression: The Role of Appropriability on the Relationship Between Collaboration Breadth and Innovative Performance

MANUFACTURING FIRMS

Radical Innovation

Incremental Innovation

Variables Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Collaboration Breadth 0.560***  0.657***  0.740*** (0.862*** 0.226***  0.265***  (0.357***  (.373***
Collaboration Breadth Sq. -0.059* -0.060t -0.088* -0.104* -0.028**  -0.033**  -0.056*** -0.057%***
Formal Appropriability 0.411***  0.914***  (0.417***  1.119** 0.058 0.166* 0.056 0.275%*
Informal Appropriability 0.222% 0.230* 0.598* 0.711* 0.074t 0.076t 0.216* 0.327**
Collaboration x Formal -0.288t -0.392 -0.084 -0.094
Collaboration Sq. x Formal 0.027 0.047 0.011 0.008
Collaboration x Informal -0.318t -0.413 -0.177* -0.236%**
Collaboration Sq. x Informal 0.046 0.070t 0.032** 0.041**
Formal x Informal -0.342 -0.189*
Collaboration x Formal x Informal 0.200 0.089
Collaboration Sq. x Formal x Informal -0.029 -0.010
R&D Intensity 1.869 2.218 1.768 2.234 0.346 0.344 0.221 0.356
Search Breadth 0.128% 0.128% 0.126% 0.128 0.046t 0.045t 0.044% 0.046t
Number of Employees (log) -0.155 -0.146t -0.153+t -0.155 -0.065* -0.064* 0.070%* -0.070%
Startup 0.382 0.400 0.386 0.385 0.026 0.030 0.037 0.033
Market Size 0.367***  (0.345***  (0.354** 0.326 -0.015 -0.018 -0.020 -0.029
Constant -3.728%** .3 85Q*** _3 875*** .3,9Q7*** 0.164 0.149 0.152 0.138
Geography Dummies Yes Yes Yes Yes Yes Yes Yes Yes
Industries Dummies Yes Yes Yes Yes Yes Yes Yes Yes
Chi-Square 162.1 169.3 164.9 173.8 88.0 90.3 96.8 103.8
Left Censored 679 679 679 679 548 548 548 548

N 1069 1069 1069 1069 1077 1077 1077 1077
Log Likelihood -1269.9 -1266.3 -1268.5 -1264.0 -1122.4 -1121.3 -1118.0 -1114.5
R? 0.0600 0.0620 0.0610 0.0640 0.0370 0.0380 0.0410 0.0445

#4% < 0.001; **p<0.01; *p<0.051p<0.10



Table 7: Tobit Regression: The Role of Appropriability on the Relationship Between Collaboration Breadth and Innovative Performance

SERVICES FIRMS

Radical Innovation Incremental Innovation
Variables Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Collaboration Breadth 0.058 -0.048 0.035 0.000 0.152** 0.100t 0.170** 0.124%
Collaboration Breadth Sq. 0.013 0.034* 0.024 0.030t -0.018* -0.010 -0.020t -0.013
Formal Appropriability 0.164** 0.023 0.181** 0.299t 0.009 -0.190* 0.010 -0.218%t
Informal Appropriability 0.587***  0.594***  (0.761***  1.135%** 0.256***  0.254***  (.331** 0.477***
Collaboration x Formal 0.230* 0.146 0.179* 0.278*
Collaboration Sq. x Formal -0.044** -0.031 -0.026* -0.045*
Collaboration x Informal -0.038 -0.291* -0.063 -0.164+
Collaboration Sq. x Informal -0.007 0.033 0.008 0.023
Formal x Informal -0.517** -0.066
Collaboration x Formal x Informal 0.227t -0.01
Collaboration Sq. x Formal x Informal -0.027 0.004
R&D Intensity 1.533***  1.506** 1.508** 1.517%** 0.193 0.188 0.192 0.194
Search Breadth 0.087** 0.092** 0.091** 0.088** 0.035 0.036 0.034 0.033
Number of Employees (log) -0.081**  -0.077** -0.076* -0.077** -0.080*** -0.079*** -0.079*** -0.078***
Startup 0.282+t 0.269 0.294+t 0.274t 0.362** 0.359** 0.361** 0.356**
Market Size 0.104* 0.102* 0.100* 0.084t 0.059t 0.061* 0.058t 0.054+
Constant -2.245%%% LD QUA¥RKX D QQT7FR*X D QAP H** -0.664**  -0.639**  -0.674**  -0.635**
Geography Dummies Yes Yes Yes Yes Yes Yes Yes Yes
Industries Dummies Yes Yes Yes Yes Yes Yes Yes Yes
Chi-Square 350.9 361.6 357.6 379.3 171.1 164.8 165.5 176.69
Left Censored 1858 1858 1858 1858 1569 1569 1569 1569
N 2414 2414 2414 2414 2410 2410 2410 2410
Log Likelihood -1722.9 -1717.6 -1719.6 -1708.8 -2214.8 -2218.0 -2217.7 -2212.03
R? 0.0920 0.0950 0.0940 0.0999 0.0370 0.0350 0.0360 0.0384

#4% <0001, **p<0.01;*p<0.051ps0.10
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Graph 1: Hla: Formal / M anufacturing
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Graph 3: H2a: Informal / M anufacturing
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Graph 4:

H3: Combination / Services
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