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Abstract

Despite the increased interest in innovation ecosystems, few studies have assessed the extent to ,

which the proclaimed benefits from participating in such ecosystems also occur, and under which

circumstances they do occur. Uniting the literature on organizational interdependence and social

exchange theory, we assess the behavioral and output additionality obtained by innovation ecosys-

tem participants. In doing so, we build upon a sample of 473 innovative Finnish companies, of

which 312 participated in an innovation ecosystem. We find a significantly positive relationship be-

tween organizational interdependence and output additionality, and find that this relationship is

mediated by behavioral additionality. Furthermore, we find that the relationship between behavior-

al additionality and output additionality is particularly strong when firms appoint members from

the innovation ecosystem to their board of directors, pointing to the importance of internalizing the

ecosystem. We discuss implications for academia and practice.
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1. Introduction

It is commonly accepted that firms do not operate in isolation, but

frequently interact, collaborate, and depend on each other for realiz-

ing their goals (Gnyawali and Park 2009; Chen and Miller 2012).

In order to overcome such organizational interdependencies, firms

engage in, among others, alliances, collaborations, open innovation,

and networks (Coombs et al. 2003; De Man and Duysters 2005;

West et al. 2014). Recently, researchers have pointed innovation

ecosystems as an alternative way in which relationships between

firms are structured. Oh et al. (2016) indicate that the term ‘innov-

ation ecosystem’ is not a rigorously defined construct, and point to

Jackson’s (2011) broad definition of the phenomenon, defining it as

‘the complex relationships that are formed between actors or entities

whose functional goal is to enable technology development and in-

novation’. In innovation ecosystems, actors work cooperatively and

competitively to co-create new products and services (Moore 1993;

Nambisan and Baron 2013), hereby sharing a common set of goals

and objectives just as knowledge and skills (Adner and Kapoor

2010; Nambisan and Baron 2013).

As a rationale for the engagement in innovation ecosystems,

scholars have consistently pointed to the potential impact of such en-

gagement on firm performance (Moore 1993; Cusumano and Gawer

2002; Iansiti and Levien 2004; Li 2009). Indeed, innovation ecosys-

tems are supposed to offer firms resources to navigate through a con-

stantly changing environment (Zahra and Nambisan 2012) and are

considered to bring competitive advantages for each of the partners

(Clarysse et al. 2014). At the same time, few studies have actually

assessed the ecosystem’s contribution to resources, value creation,

and eventual firm performance (Adner 2006; Tencati and Zsolnai

2009; Adner and Kapoor 2010; van der Borgh et al. 2012; Li and

Garnsey 2013). Indeed, so far, the innovation ecosystems literature

has mainly analyzed ecosystems from the perspective of their orches-

trators, hubs (Moore 1993; Iansiti and Levien 2004; Autio and

Thomas 2013), or platform leaders (Iyer and Davenport 2008; Isckia

2009; West and Wood 2013; Gawer and Cusumano 2014; Wareham

et al. 2014). As such, despite the presumed benefits of ecosystem en-

gagement, it is still unclear to which extent such participation is bene-

ficial to the ‘average’ innovation ecosystem participant, and under

which circumstances this is the case (Hyrynsalmi et al. 2015).

By consequence, this article aims at addressing the following broad

research question: ‘Under which circumstances do firms derive advan-

tages from participating in an innovation ecosystem?’. Integrating so-

cial exchange theory (Blau 1964; Narasimhan et al. 2009) and the

innovation ecosystem literature, our base premise is that the level of

firm organizational interdependence is positively related to the
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benefits obtained from innovation ecosystem participation. By conse-

quence, our specific research question can be formulated as follows:

‘How and when is firm organizational interdependence related to in-

novation ecosystem impact?’. In order to assess innovation ecosystem

benefits, we build upon Falk’s additionality framework (2007), hereby

specifically focusing on output additionality (i.e. the impact on firm

performance) as the ultimate outcome. Next to assessing the direct re-

lationship between organizational interdependence and output addi-

tionality, we aim at disentangling the process through which output

additionality is realized, hereby hypothesizing and testing for (moder-

ated) mediated relationships.

In order to reach our research objectives, we build upon a repre-

sentative sample of 473 Finnish innovative firms for which firm-

specific information and information on ecosystem participation and

benefits were collected through telephone interviews and subsequently

matched with secondary data. By consequence, this study pays atten-

tion to all types of innovation ecosystem players, irrespective of their

position in the ecosystem. In addition, our data coverage enables us to

capture firms that are active in diverse sectors, going beyond the typ-

ical innovation ecosystem focus on firms from the ICT sector

(Dedehayir and Mäkinen 2011; Seppälä and Kenney 2012; West and

Wood 2013; Gawer and Cusumano 2014). Our article unfolds as fol-

lows. First, we elaborate on our theoretical framework. Next, our

methodology and results are presented. Finally, our findings are dis-

cussed, just as the contributions to research and practice, and future

research directions emerging from our study.

2. Theoretical framework

In what follows, we elaborate on the relationship between organiza-

tional interdependence and the benefits obtained from innovation eco-

system participation. Particularly, we aim at disentangling this

relationship by identifying potential mediating and moderating fac-

tors. In order to do so, we integrate social exchange theory with the

innovation ecosystem and organizational interdependence literatures.

2.1. Organizational interdependence
It has been well acknowledged that the environment largely impacts

the organization (Thompson and McEwen 1958; Cyert and March

1963; Katz and Kahn 1966) and that important transactional interde-

pendencies between organizations exist (Aiken and Hage 1968).

Interdependence between organizations can create problems of uncer-

tainty and unpredictability (Pfeffer and Salancik 1978). In such cir-

cumstances, the most common solution is to increase coordination,

leading to tighter and more manageable interdependencies (Pfeffer

1972; Pfeffer and Salancik 1978). Indeed, Gulati and Gargiulo (1999)

indicate that organizational interdependence is the most common ex-

planation for the emergence of cooperative ties such as strategic alli-

ances and inter-organizational networks. Along the same lines, Pfeffer

(1972) and Pfeffer and Nowak (1976), respectively, refer to such

interdependence as the driver for firm engagement in mergers and

joint ventures. Recently, researchers have pointed to alternative ways

in which relationships between interdependent firms are structured,

such as innovation ecosystems that constitute the objects of our study.

2.2. The relationship between organizational

interdependence and innovation ecosystem impact
By consequence, we first argue that, as organizational interdepen-

dencies lead firms to engage in the formation of different types of

inter-organizational ties and networks (Gulati and Gargiulo 1999),

especially firms experiencing higher levels of interdependencies will

benefit from such engagement. In what follows, we build our argu-

ments for linking organizational interdependence and ecosystem

participation benefits, hereby integrating the literature on organiza-

tional interdependence with social exchange theory.

While applicable to a wide range of domains, including labor div-

ision, decision making, and political behavior (Emerson 1976), social

exchange theory also has the ability to deeply understand inter-

organizational relations (Emerson 1976; Das and Teng 2002;

Narasimhan et al. 2009). Cropanzano and Mitchell (2005) even indi-

cate that it is one of the most influential paradigms in organizational

behavior. Specifically, the theory suggests that individuals, groups, or

organizations interact with the expectation of a reward from such

interaction (Homans 1958; Emerson 1976), referred to as productive

exchange (Emerson 1976) or reciprocity, which can be restricted or

generalized (Das and Teng 2002), with the first applying to interactions

between two parties and the latter to multiparty exchanges. Along the

same lines, Blau (1964) indicates that social exchange is concerned

with actions that are contingent on rewarding reactions from others.

Potential productive exchange rewards are then referred to by Foa and

Foa (1980) as economic and socioemotional outcomes. Cropanzano

and Mitchell (2005) subsequently explain that economic outcomes are

financial and tangible, whereas socioeconomic outcomes are more

related to esteem and prestige. As such, as we argue, organizations are

likely to benefit from innovation ecosystem participation if they are

confronted with strong organizational interdependencies, as such par-

ticipation will help them to structure and manage these interdependen-

cies. Furthermore, following social exchange theory, organizations

within an ecosystem interact with each other with the expectation of

rewards, which can be economic or socioemotional.

The literature on innovation ecosystems supports the assertion

that organizations may pay attention to potential innovation ecosys-

tem benefits when engaging in interactions in one. Indeed, ecosystem

reputation may benefit its residents (van der Borgh et al. 2012) and

innovation ecosystem participation may help members to navigate

through a volatile environment (Zahra and Nambisan 2012), giving

direction and reducing uncertainty. By mobilizing ecosystem resour-

ces, firms can further mitigate innovation risks upstream and down-

stream (Li and Garnsey 2014) and benefit from cross-industrial

complementarities (van der Borgh et al. 2012). Importantly, add-

itional complementary resources can facilitate the generation of a

potentially large number of complementary innovations (Gawer and

Cusumano 2014). Other proclaimed benefits include the access to

established markets, branding and reputation advantages, access to

technical know-how and intellectual property, and better IPO

opportunities (Eisenmann et al. 2009; Ceccagnoli et al. 2012). Some

innovation ecosystems further help in increasing product variety,

lowering production and inventory costs, and reducing time to mar-

ket (Gawer and Cusumano 2014). Ultimately, collaborations in an

ecosystem are expected to lead to superior performance (Tencati

and Zsolnai 2009). By consequence, a social exchange theory per-

spective is particularly relevant as, following the innovation ecosys-

tem literature, significant benefits can be achieved from interacting

with parties in the innovation ecosystem. It is in this respect further

important note to social exchange theory and the embedded notion

of productive exchange (and particularly generalized reciprocity) ac-

commodate large numbers of actors (Emerson 1976; Das and Teng

2002; Cropanzano et al. 2017), in contrast to other theories that are

purely applicable to dyadic interactions. The nature of innovation

ecosystems, typically hosting a wide range of actors (Oh et al. 2016)

then emphasizes the relevance of our selected theoretical perspective.
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As such, building on the theoretical frameworks of organization-

al interdependence and social exchange, in combination with the lit-

erature on innovation ecosystems, we argue that, when

organizations experience higher levels of organizational inter-

dependence, they are more likely to reap benefits from innovation

ecosystem participation. This effect can be expected to occur irre-

spective of whether or not the focal firm deliberately belongs to the

innovation ecosystem. An important challenge then relates to the

measurement of such benefits. A particularly useful instrument for

measuring outcomes from innovation policy measures is the addi-

tionality framework developed by Falk (2007). We deemed this

framework particularly relevant for our research objectives, given

the increased interest in, and support by, policy makers to innov-

ation ecosystems (Li and Garnsey 2014; Järvi and Kortelainen

2016). Furthermore, while Falk’s conceptualization of effect meas-

urement originated from an attempt to measure the effect of R&D

subsidies (Aerts and Schmidt 2008; Clarysse et al. 2009; Herrera

and Sanchez-Gonzalez 2013; Wanzenböck et al. 2013) and R&D

programs and policies (Hsu et al. 2009; Cerulli et al. 2016), the in-

strument has been frequently applied to other types of interventions

and mechanisms. For instance, the additionality framework was

applied to measure the impact of subsidies for research cooperation

(Teirlinck and Spithoven 2012), support programs for the commer-

cialization of university research (Gulbrandsen and Rasmussen

2012), technology intermediaries (Knockaert et al. 2014; Knockaert

and Spithoven 2014), and regional and European innovation poli-

cies (Luukkonen 2000; Antonioli et al. 2014). Particularly of interest

to our research goals, and in particular to the study of the occur-

rence of economic rewards in line with social exchange theory, is the

notion of output additionality.

Output additionality deals with the most decisive impact, namely

the impact on the firm’s outcomes. Such outcome can, according to

Falk (2007), be defined in terms of marketable output (e.g. patents or

products), commercial output (e.g. sales), or enhanced productivity

and a better competitive position. Importantly, Nambisan and Baron

(2013) identify a number of similar performance indicators at the level

of the participating firms in discussing potential benefits from ecosys-

tem participation. Subsequently, building on social exchange theory

and in congruence with the literature on innovation ecosystems and

organizational interdependence, we propose the following hypothesis:

H1: There is a positive relation between the level of organization-

al interdependence and output additionality obtained from in-

novation ecosystem participation

Furthermore, while Falk (2007) refers to output additionality as the

ultimate goal, she also calls for a focus on the innovation process it-

self, and calls for an integration of behavioral additionality as an

antecedent of output additionality. Indeed, as Georghiou (1997)

points out, not only firm’s performance has to be considered as the

outcome, but firm’s behavioral changes and the impact of such

changes on the firm may also be considerable and therefore not to

be neglected. Specifically, according to Falk (2007), the extent to

which innovation support helps firms to accelerate their innovation

speed and to build and extend networks and skills, is an antecedent

of the overall outcomes that can be expected from such support.

Along the same lines, Knockaert and Spithoven (2014) and

Knockaert et al. (2014), respectively, consider acceleration and cog-

nitive capacity additionalities in their studies on changes in firm be-

havior. As such, applying the relevance of behavioral additionality

as an antecedent of output additionality to innovation ecosystems,

we argue that firms that belong to such ecosystems are likely to

change their behavior in terms of innovation speed, and to extend

their network and skills bases. This is further in line with the ecosys-

tem literature, suggesting that firms that collaborate in innovation

ecosystems may experience benefits both in terms of innovation

speed and cognitive capacity additionality. As to what the first bene-

fit is concerned, Gawer and Cusumano (2014) explicitly point to the

effects of innovation ecosystem participation in terms of reduced

time to market. Furthermore, the innovation literature points to the

importance of accessing and managing information and knowledge

that are available external to the firm in order to advance innovation

speed (Chesbrough 2003; Markman et al. 2005; Knockaert and

Spithoven 2014). Similarly, Prahalad and Hamel (1990) point to

collective learning as a determinant of innovation speed. The gener-

ation of such innovation speed may however require an intensive

search process for collaboration partners, in which firms may need

to invest considerable amount of time and money (Cohen and

Levinthal 1990; Laursen and Salter 2006). In such circumstances,

participation in an innovation ecosystem may facilitate the search

and information access process, resulting in a higher innovation

speed. Indeed, following social exchange theory, innovation ecosys-

tem participants are likely to benefit from generalized reciprocity, in

turn decreasing expenses and time lost due to conflicts and free rider

behavior (Das and Teng 2002). With reference to the second benefit

in terms of cognitive capacity additionality [uniting impact on both

networks and skills (Knockaert et al. 2014)], several authors point

to the advantages of leveraging complementary capabilities and

other assets (van der Borgh et al. 2012; Nambisan and Baron 2013).

Similarly, Moore (1993) points to an innovation ecosystem as a net-

work of companies that coevolve capabilities around a shared set of

technologies, knowledge, or skills. As such, it can be expected that

output additionality generated by participating in an innovation

ecosystem is realized through behavioral additionality, in which the

behavior of the participating firm is permanently changed. As such,

we offer the following hypothesis:

H2: Behavioral additionality mediates the relation between or-

ganizational interdependence and output additionality obtained

from innovation ecosystem participation

2.3. Ecosystem board integration as a moderator in

the organizational interdependence–ecosystem impact

relationship
However, as we subsequently argue, the extent to which firms facing

high levels of organizational interdependence benefit from innov-

ation ecosystem participation will be contingent on the extent to

which they integrate that ecosystem in the firm’s (decision) struc-

tures. By internalizing the ecosystem, this participation becomes less

noncommittal and is more likely to result in reciprocity, which is

one of the base tenets of social exchange theory (Das and Teng

2002). In line with our research objectives, we explicitly aim at

understanding how structures at top management level can help in

strengthening innovation ecosystem impact. One of the most im-

portant decision-making bodies, or even the highest authority in

firms, is the board of directors (Sundaramurthy and Lewis 2003).

Within the board of directors, the appointment of outside directors1

is typically considered a good practice to connect the firm to its en-

vironment. Particularly, as Zajac (1988) indicates that interlocking

directorates are vehicles for inter-organizational coordination.

Importantly, Westphal and Zajac (1997) indicate that in explaining

board independence [or: the extent to which the (outside) board can

function independently from the firm’s management (Johnson et al.
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2013)], social exchange theory is a particularly important paradigm.

Specifically, as members from one organization engage in the board

of directors of another organization, the principle of (generalized)

reciprocity is likely to prevail. As such, as we argue, innovation eco-

system participation may be especially beneficial if important play-

ers in the ecosystem are also incorporated in the firm’s board of

directors as outside directors. This is because boards do not only en-

gage in control tasks but also have an important role to play in

enhancing the firm’s reputation, establishing and opening networks,

and strategic decision making, also referred to as the board’s service

role (Zahra and Pearce 1989; Minichilli et al. 2009). In a context of

inter-organizational collaboration, the board of directors is seen as a

unique formal mechanism to link top managers representing differ-

ent institutions and an opportunity to exchange information and to

observe diverse leadership styles and their consequences (Gulati and

Westphal 1999). Indeed, board interlocks are frequently expected to

facilitate social cohesion and the exchange of information between

firms. Furthermore, the incorporation of outside directors may en-

hance trust in the firm (Westphal and Zajac 1997; Gulati and

Westphal 1999; Cropanzano and Mitchell 2005). Importantly, as

Sundaramurthy and Lewis (2003) indicate that trust facilitates col-

laboration and serves as a facilitator in social exchange.

By consequence, as to what the first part of the mediated rela-

tionship, namely the relationship between organizational inter-

dependence and behavioral additionality is concerned, we argue that

ecosystem board integration (i.e. the appointment of members from

the innovation ecosystem to the firm’s board of directors) will

strengthen this relationship as such integration enforces reciprocity.

Reciprocity is one of the basic tenets of social exchange theory

(Cropanzano and Mitchell 2005) in which contingent interpersonal

transactions take place. By incorporating external directors from the

ecosystem, trust is enhanced, in turn resulting in the strengthening

of reciprocity and the likelihood that the focal firm benefits from

ecosystem participation and experiences behavioral additionality.

As to what the second part of the mediated relationship is

concerned, we argue that the relationship between behavioral addi-

tionality and output additionality will be particularly strong if

important actors in the ecosystem are incorporated in the board of

directors as social exchange is optimized if the source of new know-

ledge is incorporated in the firm’s structures. Particularly, through

board interventions, board outsiders coming from the ecosystem

can be instrumental in translating firms’ behavioral change into

concrete and measurable economic outputs. Subsequently, we offer

the following hypothesis:

H3: Ecosystem board integration is a moderator in the H2-

relationship such that it reinforces (a) the relationship between

organizational interdependence and behavioral additionality and

(b) the relationship between behavioral additionality and output

additionality

We graphically present our conceptual framework in Fig. 1.

3. Methodology

3.1. Data collection and sample description
Innovation ecosystems are particularly of relevance for firms engag-

ing in innovation (Jackson 2011). Therefore, we deemed it particu-

larly relevant to conduct our study in a sample of firms committed

to innovation. We subsequently contacted TEKES, the national pub-

lic policy agency for innovation in Finland, and received a list of all

5,886 firms that had applied for, but had not necessarily received,

innovation financing from the agency between 2009 and 2013.

Considering TEKES as a base for data collection is particularly rele-

vant given our focus on innovation ecosystems and innovative firms

that participate in these ecosystems. Indeed, TEKES is the only pub-

lic innovation activity funder in Finland, engaging in resource provi-

sion for broad-based innovation activities including R&D and

patent activities but also other innovation activities covering busi-

ness models, marketing, and services. We collected survey data

through telephone interviews with the CEOs of these innovative

firms during the period September–October 2014. Contact informa-

tion was missing for 777 of these firms, 876 telephone numbers

were invalid, 939 firms did not answer the phone after multiple

calls, and 95 companies had ceased to exist or were acquired by

other firms, reducing our dataset to 3,198 firms. Eventually, 502

firms were willing to participate in the study (or: a response rate of

15.7%), resulting in 473 fully completed questionnaires. The survey

used was first piloted in a random sample of 91 firms, leading to an

adaptation in the formulation and changes in the interview design in

order to reduce the maximum length of the telephone interview to

15 min. We used a staged interview technique, in which we first

asked number of general questions on the firms (size, sector, team

characteristics, stage of development, etc.), followed by the definition

Figure 1. Conceptual model.
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of an innovation ecosystem and the question on whether or not they

belonged to an innovation ecosystem. In case they indicated to belong

to an innovation ecosystem, they were asked to answer number of

questions related to the most important innovation ecosystem they

belonged to. In order to obtain additional key firm-level information

(such as size and age), the survey data were subsequently merged with

selected data from the global ORBIS database of Bureau Van Dijk.2

The 473 firms in our total sample have an average age of

12.3 years with a SD of 11.0. About 31% of these firms are active in

manufacturing, 29% in IT, and 23% in services. On average, the

firms employ 39 people (SD of 158). The average number of manag-

ers in the firms’ Top Management Team (TMT) is 3.4 (SD of 1.6).

The firms’ board of directors have on average 3.5 board members

(SD of 1.4) of which 2.2 (SD of 1.2) are inside board members.

3.2. Measures
3.2.1. Dependent and mediator variables

As articulated above, our study builds upon the additionality frame-

work developed by Falk (2007). The measures developed within this

framework are perceptual ones. We deemed the use of perceptual

measures, as developed in the Falk framework and used in prior

additionality studies, to be of particular relevance for our research

question. Particularly, it may take a long time before benefits of eco-

system participation translate into objectively measurable perform-

ance changes such as growth in employment and sales, and

innovation ecosystem effects may at that time be difficult to disen-

tangle from other effects. Furthermore, by interviewing the CEO on

his/her perception of innovation ecosystem impact, our information

comes from the most knowledgeable individual in the organization,

typically resulting in high levels of validity and reliability (Lyon

et al. 2000). In what follows, we elaborate on the operationalization

of the core variables used in the regression stage of our analyses.

Output additionality. In our operationalization of this variable,

we sought to follow the theoretical conceptualization by Falk

(2007), and to adhere to recent operationalizations of the construct,

despite these comprising a wide range of measurements, often tail-

ored to the specific measure or initiative assessed (Hsu et al. 2009).

Specifically, as suggested by Falk (2007), our measurement unites

marketable or commercial output alongside enhanced productivity

and a better competitive position for the firm. Subsequently, this

variable was measured using the following statements for which

responses were recorded using a 7-point Likert scale ranging from

1 (totally disagree) to 7 (totally agree): (1) By belonging to this eco-

system, my company could enter new markets; (2) by belonging to

this ecosystem, my company could increase its market share; (3) by

belonging to this ecosystem, my company could engage in more am-

bitious projects. The average value for output additionality is 5.35.

Cronbach a for the measure is 0.79.

Behavioral additionality. In measuring behavioral additionality,

we again sought to reconcile Falk’s theoretical conceptualization

with the empirical operationalizations in the literature, which are di-

verse and tailor-made (Gök and Edler 2012). Specifically, the meas-

ure assessed the extent to which ecosystem participation resulted in

changes in behavior in terms of (1) the firm’s ability to innovate,

(2) speed of progress, (3) the firm’s skill base, and (4) firm networks.

This is largely in line with Falk’s framework in which behavioral

additionality unites scope, cognitive capacity, acceleration, and scale

additionalities and with prior studies on behavioral additionality,

which have largely focused on cognitive capacity additionality

(Hyvärinen 2009; Antonioli et al. 2014; Knockaert et al. 2014) and

acceleration additionality (Knockaert and Spithoven 2014).

Specifically, behavioral additionality was measured using the fol-

lowing statements for which responses were recorded using a

7-point Likert scale ranging from 1 (totally disagree) to 7 (totally

agree): (1) by belonging to this ecosystem, my company was better

able to innovate; (2) without belonging to this ecosystem, the pro-

gress of my company would have been slower; (3) without belonging

to this ecosystem, my company would not have developed the same

level of skills; and (4) without belonging to this ecosystem, the net-

work of my company would be less extended. The average value for

behavioral additionality is 5.42. Cronbach a for the measure is 0.80.

In order to test the distinctiveness of our additionality scales (i.e.

the extent to which the respondents could discriminate between out-

put additionality and behavioral additionality), we performed a con-

firmatory factor analysis. We compared a two-factor model where

the two latent variables were allowed to correlate, with a one-factor

model in which all eight items loaded on one latent variable. The

results showed that the two-factor model [comparative fit index

(CFI) = 0.97; root mean square of approximation (RMSEA) = 0.09

(90 percent confidence interval (CI): 0.058–0.117); standardized

root mean residual (SRMR) = 0.04] fits the data better than the one-

factor model [CFI = 0.92; RMSEA = 0.13 (CI: 0.104–0.158); SRMR

= 0.06]. This indicates that respondents could distinguish between

output and behavioral additionality.

3.2.2. Independent, moderator, and control variables

Organizational interdependence. In line with Das and Teng (2003)

and Sambasivan et al. (2013), this main independent variable was

assessed by asking respondents directly to assess ‘the extent to which

their company depends on (at least) one other firm in order to realize

its company targets’. Responses were again recorded using a 7-point

Likert scale ranging from 1 (not dependent at all) to 7 (totally depend-

ent). The average value for organizational interdependence is 4.00.

Ecosystem board integration. This moderator variable was

assessed by asking the respondents whether or not the board of

directors hosts at least one member representing organizations from

the most important innovation ecosystem the firm participates in.

The variable takes the form of a dummy variable. Thirty-one percent

of the respondents indicated that firms from the innovation ecosys-

tem participate in their board of directors.

As control variables, we included a number of firm-level charac-

teristics that are likely to affect the additionality generated from in-

novation ecosystem participation. We elaborate on these control

variables in what follows.

Firm stage. We controlled for the stage of development (start-up,

growth, maturity, or decline) a firm is in. This is in line with

Kazanjian (1988), indicating that the challenges faced by firms are

related to the firm’s stage of development. As such, it is likely that

additionality obtained from innovation ecosystem participation may

also vary with the stage of development. Throughout the analyses,

the maturity stage is used as the reference category. Firm stage was

directly assessed by the respondents after offering them Kazanjian’s

(1988) definition for each stage.

Firm age. Information on firm age was obtained from the survey

and verified with secondary data from ORBIS. We incorporate firm

age as a control variable as prior additionality studies have con-

trolled for age (e.g. Czarnitzki and Licht 2006; Hottenrott and

Lopes-Bento 2014). Furthermore, as a firm’s age affects the effect-

iveness with which a firm deploys its resources (Knockaert et al.

2014), its strategic decisions and performance (Henderson 1999), it

is important to control for firm age.
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Firm size. Firm size was controlled for by using the (log of) the

revenues (in thousands) generated in 2013. This information was

retrieved from the ORBIS database. We control for size as, in gen-

eral, additionality studies control for firm size (Czarnitzki and Licht

2006; Hottenrott and Lopes-Bento 2014). Furthermore, Cassiman

and Veugelers (2006) argue that firm size is an indispensable control

variable in management and public policy research as many

performance-related measures are contingent on size.

Firm sector. We controlled for the sector the firm is in as organ-

izational practices, including the composition of the board, may be

related to the industry (Eisenhardt 1988). We distinguish between

firms in the manufacturing, ICT, and services sector, and use the cat-

egory ‘others’ as the reference category.

CEO founder. We controlled for whether or not the interviewed

CEO was also the founder of the company. We do so because

founder-managed firms tend to behave differently from their non-

CEO founder counterparts, for instance, in terms of risk orientation

and financial performance (Jayaraman et al. 2000).

Patent dummy. As prior research indicates that R&D intensity

may affect behavioral additionality (Cerulli et al. 2016), we deemed

it necessary to control for it. Specifically, we constructed a patent

dummy, based upon the patent data available in Orbis, taking a

value of 1 in case the firm owns at least one patent and 0 otherwise.

3.3. Model specification
Given our focus on the relationship between organizational inter-

dependence and different types of additionality from innovation eco-

system participation, we could only incorporate firms that indicated

to be part of such an ecosystem. This is because firms that do not par-

ticipate in an innovation ecosystem could naturally not respond to

questions on the impact of ecosystem participation. In order to make

sure that all respondents used the same interpretation of the term ‘in-

novation ecosystem’, we offered them the following definition (based

on Nambisan and Baron 2013): ‘Innovation ecosystems are character-

ized by (a) dependencies between the members, (b) common goals and

objectives and (c) a shared set of knowledge and skills. In line with the

definition of an innovation ecosystem, members can be firms but also

other stakeholders such as universities, research institutes, financiers,

community groups, standards setting organizations or professional

associations’. Of the 473 firms in our sample, 312 (or 66%) indicated

to participate in an innovation ecosystem, while 161 firms did not.

Since respondents of firms not belonging to an innovation ecosystem

were, naturally, not asked to respond to the questions on innovation

ecosystem additionality, they got a score of zero for behavioral and

output additionality. Simply eliminating the 161 firms that do not

participate in any innovation ecosystem could, however, give rise to a

sample selection problem as such elimination likely leads to a nonran-

dom subsample from a larger population of interest. In order to ad-

dress this problem, we apply a Heckman two-stage selection model

(Heckman 1979). This is necessary as our dependent variable Y (out-

put additionality) is partitioned into observations that are >0 (Y1)

and equal to 0 (Y2). The observations are defined as y1i and y2i. A re-

strictive form of the general model therefore is:

y2i = b’2x2i þ e2i,

y1i = b’1x1i þ e1i if y2i > 0

where the error terms e2i and e1i have a zero mean with constant

variance. While the parameter of interest (b1) can be estimated using

the second function above, the estimates are potentially biased be-

cause of the omitted-variable problem. Therefore, after specifying

conditional density f (YjX,b), the following equation can be derived

using (Heckman 1979).

Yi = b’Xi þ mki þ �i

where ki is referred to as the Mill’s ratio and a monotone decreasing

function of the probability that an observation is selected into the

sample (Cader and Leatherman 2011).

Specifically, in the first stage of the Heckman selection model, also

called the selection equation, we used a probit regression in order to

determine which firms in our overall sample participated in an ecosys-

tem. Particularly, we use three theoretically determined variables that

affect selection but not the substantive problem of interest, as exclu-

sion restrictions. Specifically, we argue that venture capital, whether

or not the firm received public research support, and the size of the

top management team will affect the likelihood of innovation ecosys-

tem participation, but not the additionality received from innovation

ecosystem participation. Indeed, extant literature found that as ven-

tures become affiliated with (prominent) venture capitals (VCs), their

likelihood of future alliance and network formation increases (Ozmel

et al. 2013). Furthermore, larger top management teams are likely to

have more extensive connections and relationships with potential

partnering organizations than smaller ones, and therefore have a

higher rate of alliance formation (Eisenhardt and Schoonhoven 1996).

Finally, firms that receive financing from public support programs are

found to be more successful in alliance/network formation

(Nishimura and Okamuro 2011).

The selection equation took the following form: innovation eco-

system participation (0/1) = F (firm stage, firm age, firm size, sector,

CEO founder, venture capital, TMT size, public research support).

We define this dummy variable [ecosystem participation (0/1)] as a

function of firm stage, firm sector, a VC dummy (indicating whether

or not the firm received VC financing), TMT size, firm size (meas-

ured as the log of the revenues in thousands in 2013), and a public

research support dummy (indicating whether or not the firm

received public funding for research purposes). The results of this

probit regression are reported in Table 1. Having received public re-

search support (B¼0.616, P<0.001) and the size of the firm’s

TMT (B¼0.079, P<0.1) are positively related to the likelihood of

innovation ecosystem participation.

Based upon the results of this first-stage model, we predicted and

saved the value for the inverse Mill’s ratio (ki), which is the mono-

tone decreasing function of the probability that an observation is

selected into our sample. In the second stage or regression equation,

which estimates the model with the different additionality types as

dependent variables, the inverse Mill’s ratio enters as an explanatory

variable. A statistically significant inverse Mill’s ratio implies that its

inclusion is crucial in order to avoid sample selection bias.

4. Results

4.1. Findings
Following the elaboration on the selection equation, we now turn to

the discussion of our main results. Table 2 provides an overview of

the means, standard deviations (S.D.) and correlations for all varia-

bles used in the regression equations.

To test the conceptual moderated mediation model presented in

Fig. 1, we employed a regression-based path analysis by means of

Hayes’ process macro for SPSS (Hayes 2013). The variance inflation

factors range between 1.021 and 2.250, which means that multicol-

linearity does not pose a problem. The Durbin Watson coefficients
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range between 1.814 and 2.097, indicating that there is no autocor-

relation problem.

Our conceptual model, depicted as a path model, is presented in

Fig. 2. Specifically, in line with Hayes (2013), the model was divided

into five sub models. Model 1 allows assessing the total relationship

between organizational interdependence and output additionality

(H1). Models 2 and 3 assess the indirect relationship between organ-

izational interdependence and output additionality through behav-

ioral additionality (H2). Finally, the moderating effect of ecosystem

board integration is examined in Models 4 and 5 (for H3a and H3b,

respectively).

Table 3 provides the results of our analysis.

First, we developed a control model, incorporating all control

variables and the inverse Mill’s ratio. This model was marginally

statistically significant (P < 0.10), with the patent dummy having a

significantly negative coefficient. Model 1 then reports the total ef-

fect (c) of organizational interdependence on output additionality,

which is statistically significantly positive (c, B¼0.144, P<0.01).

As such, hypothesis 1 is confirmed. The size of the coefficient (c)

indicates that an increase in the firm’s organizational interdepend-

ency by 1 S.D. from the mean (or a 49% increase) is related to an in-

crease in output additionality by 5.01%. Furthermore, Model 1

indicates that firms that own at least one patent experience lower

levels of output additionality from innovation ecosystem participa-

tion compared with their counterparts who have not engaged in pat-

enting. The total effect is then decomposed in a direct (c0) and

indirect (a � b) effect in Models 2 and 3. Through these models, we

find that firms in which the CEO is also the company founder ex-

perience higher levels of behavioral additionality. The ICT sector

dummy variable is further negatively related to behavioral addition-

ality, but positively to output additionality. The direct relationship

between organizational interdependence and output additionality

(c0) is positive, but only marginally significant (P<0.10).

Furthermore, there is a significantly positive relationship between

organizational interdependence and behavioral additionality (a,

B¼0.113, P<0.01) and a significantly positive relation between be-

havioral additionality and output additionality (b, B¼0.721,

P<0.001). As such, the decomposition of the total effect into a dir-

ect and indirect effect takes the following form: c = c0 þ a�b (or:

0.1380¼0.0563þ0.1134�0.7207). It is further particularly

through the addition of behavioral additionality in Model 3 that the

model strength is significantly improved, pointing to the strong

Table 1. Selection equation

Part of an ecosystem (0/1) Coefficient (SE)

(Constant) 0.181 (0.380)

Venture Capital 0.214 (0.176)

TMT size 0.079* (0.047)

Public research support receiver 0.616**** (0.153)

Firm stage: start �0.175 (0.257)

Firm stage: grow �0.229 (0.190)

Firm stage: decline �0.538 (0.497)

Firm age �0.008 (0.007)

Firm size �0.001 (0.056)

Sector: manufacturing �0.194 (0.212)

Sector: ICT 0.037 (0.208)

Sector: services �0.009 (0.224)

CEO Founder �0.078 (0.218)

Significance level: *P<0.10, **P<0.05, ***P<0.01, ****P<0.001;

n =473.
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relationship between behavioral and output additionality. In terms

of economic significance, the size of coefficient (a) indicates that the

firm’s behavioral additionality indirectly increases by 4.09% when

the firm’s organizational interdependence increases by 1 S.D. from

the mean. Similarly, the firms’ output additionality increases by

16.78% when behavioral additionality increases by 23% [i.e. an in-

crease from the mean to the mean plus 1 S.D. (coefficient b)]. The

95% confidence interval for this indirect effect, based on 10,000

bootstrap samples, is between 0.027 and 0.140. This indicates that

behavioral additionality positively mediates the relationship be-

tween organizational interdependence and output additionality,

hence, hypothesis 2 is supported. Next, we examine whether ecosys-

tem board integration positively moderates the relationship between

organizational interdependence and behavioral additionality (d,

Model 4) and between behavioral additionality and output addition-

ality (e, Model 5). The moderation effect is only significant in

Model 5 (B¼0.231, P<0.05), while statistically insignificant in

Model 4 (in which the model strength also decreases compared with

Model 2). As such, we find partial support for hypothesis 3, and

more specifically for H3b. We plot the significant interaction effect

in Fig. 3. Specifically, the figure indicates that when firms experience

low levels of behavioral additionality from innovation ecosystem

participation (mean � 1 S.D.), integrating board members from the

ecosystem does not increase output additionality, but on the con-

trast, lowers it. However, when firms experience high levels of be-

havioral additionality from innovation ecosystem participation

(mean þ 1 SD), integrating board members from the ecosystem is

related to higher levels of output additionality.

4.2. Robustness checks and post hoc analyses
In order to test the robustness of our findings and to provide more

fine-grained insights into the results, we ran a number of additional

analyses. First, in order to test the robustness of our findings, we re-

ran our model using structural equation modeling (SEM) analysis by

means of the R package Lavaan. In line with the expectations articu-

lated in Hayes et al. (2017), the results remain substantively identi-

cal. Indeed, while the coefficients are the same, there are small

differences in the standard errors, as the two techniques use different

statistical theories and rely on different assumptions.

Complementary to PROCESS, SEM provides the P-value of the in-

direct effect of organizational interdependence on output additional-

ity through behavioral additionality, which is 0.003, in line with the

95% confidence interval for the indirect effect in the PROCESS

method.

Second, our measure of behavioral additionality united, in line

with Falk (2007), items related to the impact on innovation capabil-

ities, skills, speed of progress, and firm networking. While these

items are typically considered to constitute behavioral additionality,

we deemed it relevant to consider the different items separately and

to run analyses with each of these items as mediator (instead of be-

havioral additionality) in our models. We find that the mediated

Figure 2. Conceptual model (Fig. 1) represented in the form of a path model, referring to OLS regression coefficients (Table 3).
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relationship which arose from our Models 2 and 3 holds for each of

the models in which behavioral additionality is substituted by the

single item related to a specific change in behavior. Third, whether

or not firms are subsidiaries of other firms, or belong to a group of

firms, may affect the perceived impact from innovation ecosystem

participation. Therefore, we verified whether or not >50% of the

shares of the firms in our dataset belonged to another firm. This

data were available in ORBIS for about 70% of the firms in our

sample. Interestingly, our findings show that firms of which <50%

of the shares are held by another firm experience higher levels of

output additionality from innovation ecosystem participation.

Furthermore, all findings reported on earlier remained stable.

Fourth, while we particularly focused on characteristics and related

variables fitting the theoretical perspectives selected for this study,

we deemed it important to assess whether additional factors could

affect the impact of innovation ecosystems, and as such add further

richness to our findings. As we ran additional analyses incorporating

the other variables collected in this study, we found interesting find-

ings related to ecosystem stage. Particularly, we asked the respond-

ents to assess the stage of the ecosystem they participated in, which

could be starting, growing, maturing, or declining. Our additional

analyses showed that ecosystem stage was an important moderator

for Model 4, indicating that the relationship between organizational

interdependence and behavioral additionality is particularly strong

when firms are participating in starting or growing ecosystems. We

provide more details on the results of robustness checks 2, 3, and 4

in Appendix Table A1.

5. Discussion

This study aimed at disentangling the circumstances under which

firms benefit from innovation ecosystem participation. In doing so,

in contrast to prior innovation ecosystem research, we do not focus

on the role of the hub or the ecosystem orchestrator, but study the

impact achieved by the ‘average’ innovation ecosystem participant.

In line with our theoretical reasoning, we find that there is a positive

relationship between the firm’s level of organizational interdepend-

ence and output additionality generated from innovation ecosystem

participation, and that this relationship is mediated by behavioral

additionality. By consequence, our results indicate that when firms

participate in innovation ecosystems, they are likely to change their

behavior in terms of speed, skills, and networks, which is subse-

quently related to stronger firm-level outputs, especially in firms fac-

ing higher levels of organizational interdependence. Furthermore,

we find that the relationship between behavioral additionality and

output additionality is particularly strong in case the innovation eco-

system is internalized in the firm’s structures, more specifically by

appointing innovation ecosystem members to the board of directors.

As we theorized, this can be explained from a social exchange per-

spective, in which such internalization is related to higher levels of

trust and subsequent more efficient information exchange leading to

higher impact levels. In what follows, we elaborate on the contribu-

tions of our study for academia and practitioners. Finally, we discuss

the limitations of our study just as the directions for future research.

5.1. Contributions to the Literature
Our article contributes to the field of innovation studies, and more

particularly the innovation ecosystem literature, just as to the cor-

porate governance literature. First, our article responds to a gap in

the additionality literature, which has typically focused on one type

of additionality at the time, as such neglecting to provide insights

into a range of additionality effects (Cerulli et al. 2016; Czarnitzki

and Delanote, 2017). Second, as to what the ecosystem literature is

concerned, this study is one of the first ones to directly study the ex-

tent to which firms benefit from innovation ecosystem participation.

As such, it contributes to the innovation ecosystem literature by

complementing insights from specific case studies of large players

through a study of innovation ecosystem impact with a broad-based

sample of almost 500 innovative firms from different sizes and sec-

tors. Indeed, so far, the literature has mainly considered the role of

orchestrators, hubs, and platform leaders (e.g. Iansiti and Levien

2004; Gawer and Cusumano 2014) in innovation ecosystems, often

through the lens of the ICT industry (West and Wood 2013; Gawer

and Cusumano 2014). By consequence, this work constitutes a first

empirical attempt to analyze the impact of innovation ecosystems

on innovative firms across an entire economy, irrespective of the sec-

tor the firm is in. Indeed, while many researchers have pointed to

the potential benefits of such participation in terms of branding and

reputation advantages (van der Borgh et al. 2012), risk reduction (Li

and Garnsey 2014), cost reduction (Gawer and Cusumano 2014),

access to common resources such as networks (Clarysse et al. 2014),

cross-industrial complementarities (van der Borgh et al. 2012), com-

plementary innovations, reduced time to market (Gawer and

Cusumano 2014), easy access to established markets, and better IPO

opportunities (Eisenmann et al. 2009; Ceccagnoli et al. 2012), to

date, no studies have assessed whether benefits from innovation eco-

system participation also occur. Our study then contributes to the

ecosystem literature by providing theoretical and empirical insights

into the innovation ecosystem’s value added, hereby offering a rare

economy-wide perspective covering all industries, firm sizes, and

firm ages. Furthermore, it contributes to the emerging field of innov-

ation ecosystem studies by indicating when firms are more or less

likely to benefit from innovation ecosystem participation, pointing

to how innovation mechanisms could help firms to manage their or-

ganizational interdependencies. Considered more broadly, by focus-

ing explicitly on innovation ecosystems, our study complements

work that has taken the collaboration with external partners as a

prerequisite for successful innovation, such as work on industrial

districts, clusters, business ecosystems, networks of innovation

Figure 3. Moderation effect of ecosystem board integration on the relation-

ship between behavioral and output additionality.
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(Ferrary and Granovetter 2009), industrial relations (Piore 2011),

and high tech clusters (Sable 2007).

Third, it contributes to the corporate governance literature

which has extensively depicted the addition of firm stakeholders on

the board of directors as a best practice (Moriarty 2014). However,

in doing so, it has studied the implications of stakeholder representa-

tion on the board in particular circumstances, and in specific firms,

such as, for instance, social enterprises (Spear et al. 2009) or aca-

demic spin-out firms (Bjornali and Gulbrandsen 2010). Our study

contributes to this literature by studying firms that engage in innov-

ation in general, and by considering a specific type of stakeholders

as potential board members, namely those that operate in the firm’s

environment and belong to its innovation ecosystem. Furthermore,

this study contributes to research at the cross borders of corporate

governance and innovation, and which has, for instance, studied the

relationship between board interlocks and R&D alliances (Sullivan

and Tang 2013), but which has so far neglected to consider innov-

ation ecosystems as a relatively new form of interfirm

collaborations.

5.2. Implications for practice
Our study also has implications for practitioners, such as CEOs, in-

novation managers, and policy makers. Specifically, for CEOs and

innovation managers, our study provides insights into the circum-

stances under which firms benefit from innovation ecosystem par-

ticipation. Particularly, firms that are relatively independent in

terms of ownership (i.e. for which <50% of the shares are held by

another firm), and which face relatively high levels of organizational

interdependence tend to benefit from innovation ecosystem partici-

pation. Furthermore, our study points to the importance of carefully

selecting outside board members, and considering the inclusion of

board members from the innovation ecosystem. Our findings are

further relevant for public policy makers who have recently shown

considerable interest in the relationship between innovation ecosys-

tems and regional and national competitiveness and who are eager

to learn how they could contribute to the emergence and functioning

of such innovation ecosystems (Li and Garnsey 2014; Oh et al.

2016). For instance, it shows the relevance of considering the exten-

sion of support to innovation ecosystems beyond those in ICT, as

firms seem to realize similar benefits from innovation ecosystem par-

ticipation, irrespective of their age, size, or sectoral activity.

Furthermore, it points to the relevance of the establishment of pools

of outside board members (a process that has been recently initiated

in a number of countries including the UK and Belgium), and in

doing so, considering innovation ecosystem co-players as potential

outside board members.

5.3. Limitations and directions for future research
Despite these contributions and implications, our study also has

some limitations, pointing to future research directions. First, we

carried out our research in a particular context, namely that of

Finland. While such a focus is warranted for reasons of homogen-

eity, it may limit the generalizability of our findings. At the same

time, we are confident that the results of our Finnish study are rele-

vant to other small open economies that are innovation leaders and

for other economies at the forefront of innovation. At the same

time, we hope to see empirical broad-based evidence from other

countries that could shed light on the role of innovation ecosystems

in different institutional settings. Second, our study was cross-

sectional in nature, which is refraining us from detecting causal

relationships. While it is, following the literature on additionality,

quite natural for behavioral additionality to be an antecedent of out-

put additionality, longitudinal studies could assess to which extent

the relationship between the two types of additionality is unidirec-

tional. Along the same lines, our research design does not allow for

solving potential endogeneity issues in our data. Future research

designs could consider the inclusion of instrumental variables (see

e.g. Bascle, 2008) and employ two-stage least squares regression

analyses in order to alleviate these concerns. Furthermore, following

the wide range of sectors and activities the firms in our sample en-

gage in, and given our strive to reconcile Falk’s theoretical conceptu-

alizations of additionality with recent empirical operationalizations

of the concept in our work, our results do not provide detailed

insights into changes in behavior directly related to the innovation

process nor specific (innovation) outputs, which may be more direct-

ly related to firm strategies and objectives. Future research could

purposefully assess how innovation ecosystem participation affects

the innovation process. In order to do so, an in depth case study de-

sign may be the most instrumental. Such a design could then unite

firms incorporated in an innovation ecosystem and firms outside of

such an ecosystem which could be followed longitudinally through

specific inventions or innovative developments, with the involved

researchers combining archival data, interviews with the main

actors, alongside observational designs. Third, in assessing the con-

tingencies under which innovation ecosystem benefits are increased,

we explicitly chose to focus on structures at the top management

team level. Future research could also purposefully assess how the

creation of social sanctions, an enforced generalized reciprocity or a

macro-culture [in line with social exchange theory (Das and Teng

2002)] can be developed to the benefit of the entire innovation eco-

system. Furthermore, it could assess the impact of changes incorpo-

rated at other levels of the firm, for instance, through the exchange

of (R&D) personnel or the implementation of coordination mecha-

nisms (e.g. through liaison officers). Fourth, while we do find that

appointing members from the innovation ecosystem to the board of

directors is beneficial to the firm, future research could purposefully

continue to disentangle the impact of board interlocks in the context

of innovation ecosystems. For instance, the extent to which board

members from the innovation ecosystem contribute may be contin-

gent on other factors, such as the characteristics of the representa-

tives themselves (e.g. human and social capital), the nature of the

firm they represent (e.g. size, age, position in the innovation ecosys-

tem), and the nature of the relationship between the firms in the eco-

system (e.g. interaction patterns, type of collaborations). Finally,

our study aimed at disentangling the relationship between firm-level

characteristics and firm-level benefits from participation in an in-

novation ecosystem. Future research (for instance using multi-level

research designs) could purposefully assess under which firm-level

and ecosystem-level circumstances, or combinations of both, innov-

ation ecosystem impact is optimized.

6. Conclusion

Our study aimed at contributing to the innovation literature in gen-

eral, and innovation ecosystem literature specifically, by shedding

light on the circumstances under which innovation ecosystem par-

ticipation is beneficial to the firm. In doing so, we built upon social

exchange theory. Our findings indicate that organizational inter-

dependence is strongly related to behavioral and output additional-

ity obtained through innovation ecosystem participation. Behavioral
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additionality is further particularly likely to translate into output

additionality if the firm appoints external board members belonging

to the innovation ecosystem. Next to the contributions to the litera-

ture and implications for practice, our study points to a number of

interesting future research areas, including the administration of

longitudinal research designs or the disentanglement of factors at in-

novation ecosystem or firm level (e.g. position of the firm in the in-

novation ecosystem, integration mechanisms between ecosystem

collaborators,. . .), potentially affecting ecosystem impact.

Notes
1. Outside directors (or: outsiders) are individuals who are not

part of the TMT, its associates or families, not employees of

the firm or its subsidiaries, and not members of the immediate

past top management group (Pearce and Zahra 1991).

2. For more information about the Orbis database, see http://

www.bvdinfo.com/en-gb/our-products/company-information/

international-products/orbis
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Appendix Table A1. Overview of the results of robustness checks 2, 3 and 4 (Section 4.2)

Robustness check 2: separately introduce the items for behavioral additionality as mediators

Unstandardized coefficient (Model 3) and (standard errors)

Item on firm networking 0.3680*** (0.058)

Item on innovation capabilities 0.4907*** (0.046)

Item on speed of progress 0.5310*** (0.041)

Item on skills 0.3812*** (0.040)

Robustness check 3: introduce firm independencya as a control variable

Unstandardized coefficient (Model 1) and (standard errors)

Firm independencya dummy 0.0635** (0.190)

Robustness check 4: introduce ecosystem stage as a moderator in Model 4

Unstandardized coefficient (Model 4) and (standard errors)

Moderator ¼ organizational interdependence * starting ecosystem stage 0.2064þ (0.190)

Moderator ¼ organizational interdependence * growing ecosystem stage 0.1482þ (0.086)

Descriptives (mean (S.D.)) of variables used in the robustness checks

Item on firm networking 5.965 (1.331)

Item on innovation capabilities 5.331 (1.542)

Item on speed of progress 5.482 (1.589)

Item on skills 4.910 (1.772)

Firm independencya dummy 0.545 (0.499)

Starting ecosystem stage 0.159 (0.367)

Growing ecosystem stage 0.380 (0.486)

aIndependent firms are firms of which less than 50% of the shares are held by another firm.

Significance level: þP<0.10, *P<0.05, **P<0.01, ***P<0.001.
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