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On the Tension between Product Performance and Confidentiality Protection: 

An Empirical Study of Product Development Networks 

Abstract 

Product development networks facilitate access to information and knowledge otherwise difficult to obtain 

during innovation efforts. These networks also can lubricate conduits for information and knowledge 

transmission to unauthorized parties. Much of the extant research has focused on how firms’ product 

development networks help them achieve superior innovation outcomes but ignored their impact on 

confidentiality performance, or the extent to which product privacy is maintained. In this paper, we investigate 

how two key components of network configuration, network centrality and structural holes affect both product 

and confidentiality performance simultaneously. We assemble a unique panel data of 2,933 PC games in the 

entertainment video game industry designed and developed by 1,401 developers over an 11-year period. Our 

findings reveal that higher network centrality relates to better product performance but inferior confidentiality 

performance, suggesting a tension between these two performance dimensions. Meanwhile, firms spanning 

more structural holes enjoy better performance across both dimensions. In a post-hoc study, we further find 

that product novelty, or the extent to which a product employs new elements in its architecture relative to those 

existing in the market, strengthens the product performance-confidentiality performance tension that network 

centrality creates. Our findings highlight the importance of collectively considering the upsides and downsides 

of extended network ties when engaging in multi-organizational product development. 
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1. Introduction 

To develop new products and processes, organizations increasingly rely on extended networks of firms with 

both direct and indirect linkages (Anderson and Parker 2013, Eppinger and Chitkara 2006, Santos et al. 2004). 

These network linkages have been shown to lubricate a focal firm’s access to information, knowledge, and 

technologies otherwise difficult to obtain (Bellamy et al. 2014, Choi and Kim 2008), potentially affecting 

product development performance (Baum et al. 2000, Baum et al. 2014, Borgatti and Li 2009). Examples 

abound of focal firms leveraging extended partners’ skills to improve innovation outcomes in industries ranging 

from high-tech electronics (e.g., Apple) (Kosner 2014) and automobiles (e.g., Toyota) (Hatch and Dyer 2004) 

to aerospace (e.g., Boeing) (Ro 2013).  

These same linkages, however, can become conduits for the transmission of information, knowledge, and 

technologies to unauthorized parties (Hernandez and Menon 2017). This, in turn, can harm confidentiality 

performance, or the extent to which product privacy is maintained (Black 2016). Once sensitive product 

information and knowledge is disclosed to a partner or exposed to the extended networks, it can be difficult to 

prevent further diffusion (Katila et al. 2008). A recurrence of high-profile iPhone design leakages originating 

from partners illustrates the confidentiality challenges of joint product design and development in extended 
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networks (Kelly 2018). Indeed, the same above-referenced firms who collaborate with partners for better 

product performance also have struggled with confidentiality protection challenges (Collins and Hansen 2011, 

Kelly 2018, Parker et al. 2016, Valdes-Dapena 2013, Zetter 2015). Taken together, firms face a tension between 

the benefits and risks of leveraging inter-organizational networks. In this research, we evaluate how a firm’s 

extended product development network configuration relates not only to product performance but to the 

likelihood that the product suffers a confidentiality breach before its official release. 

Two fundamental aspects of a firm’s network configuration have been shown to be related to superior 

innovation outcomes at the focal firm level. The first is network centrality, or the extent to which a focal firm is 

directly and indirectly connected to its extended network of firms (Borgatti and Li 2009, Choi and Krause 2006, 

Freeman 1978, Kim et al. 2011). Centrally located firms have benefited from faster access to less-distorted 

information and knowledge in their innovation efforts (Ahuja 2000, Bellamy et al. 2014, Kim et al. 2011). The 

second aspect of network configuration is structural holes, which is the extent to which a focal firm brokers, or 

spans, connections between otherwise disconnected direct partners (Burt 1992, Burt 2002). Firms spanning 

more structural holes can achieve better innovation performance by accessing a more diverse information and 

knowledge pool and controlling the flow of such information and knowledge (Gilsing et al 2008, Kumar and 

Zaheer 2018, Narasimhan and Narayanan 2013, Sosa 2011).   

While the literature has firmly established the benefits of network configurations for effective product 

design and development, much less is known about confidentiality protection outcomes. This is surprising, 

given that confidentiality has long been a key concern of firms leveraging their extended product development 

networks (Bruce et al. 1995). This dearth of knowledge regarding confidentiality outcomes could have greater 

consequences in the digital era, where firms copy, store, and transmit information and knowledge with 

unprecedented ease (Westerman et al. 2013). In this study, we investigate the following research question: How 

do a firm’s network centrality and structural holes influence product performance and confidentiality performance simultaneously?  

We answer this question by testing hypotheses that relate network centrality and structural holes to both 

product performance and confidentiality performance using a rich source of longitudinal data assembled from 

the entertainment video game (EVG) industry. These data encompass 1,468 games created by 591 developers 

over an 11-year period. Results suggest that network centrality creates a tension between product development 

and confidentiality performance: on average, a central product development network location is associated with 

better product performance but inferior confidentiality performance. Structural holes, on the other hand, are 

associated with better product and confidentiality protection performance. We examine the practical magnitude 

of our results in Section 4.3, showing that the positive impact of network centrality on product performance 

outweighs its negative impact on confidentiality performance. We further show that spanning structural holes 

positively impacts confidentiality more than network centrality harms it; this suggests that firms spanning more 

structural holes could surmount the confidentiality challenges that network centrality poses.  
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To better understand how network configuration-rooted tensions is affected by product characteristics, 

we conducted a post-hoc analysis centered on a product characteristic that relates fundamentally to information 

flow through an extended product development network: product novelty, or the extent to which a product 

employs new elements in its architecture relative to those existing in the market (Hansen et al. 2005). In this 

analysis, we considered how product novelty affected the relationships posited in our main analysis, finding 

that it amplifies the magnitude of the tension brought by network centrality. Specifically, product novelty 

strengthens the positive impact of network centrality on product performance but does not significantly affect 

its negative impact on confidentiality performance. Regarding structural holes, we found that product novelty 

mutes its positive impact on product performance but fails to significantly impact its positive effect on 

confidentiality performance. 

This paper contributes to prior research in several ways. First, our study, founded on inter-organization 

network literature, is the first to explore an increasingly critical “dark side” of network centrality: confidentiality 

loss. This contrasts with prior inter-organization network literature, which has focused on the potential benefits 

of a central network position (e.g., Bellamy et al. 2014). Second, in questioning the effectiveness of structural 

holes as a strategy to access diverse knowledge, we outline how firms spanning structural holes can maintain 

product confidentiality by protecting product-related information, knowledge, and technology from reaching 

unauthorized parties. While we focus on EVGs, we argue that any product development involving a digital 

product (software, 3-D printing, etc.) will face a similar trade-off. Managing this tension will be unquestionably 

critical in many industries going forward.  

2. Literature and Hypotheses 

In this section, we first summarize the organizational network and confidentiality protection literatures, 

focusing on those closely related to our current study. Drawing from the literature, we then provide theoretical 

arguments for our proposed hypotheses.  

2.1. Related Literature 

A number of scholars from various disciplines, including operations and supply chain management and strategic 

management, have investigated the relationship between network configurations and performance, as 

summarized in Table 1. As seen in the table, the literature reflects network configurations through network 

centrality and structural holes. As the operational mechanisms for both are different, we discuss each separately 

in the following paragraphs.  

-----------Insert Table 1 about here-------- 

A focal firm is located more centrally in its network when it is connected to other central firms and requires 

fewer steps to reach other firms in the network (Ahuja 2000, Freeman 1978). As an illustration, consider firms 

1 and 4 in Figure 1. Firm 4 needs 10 steps to span the entire network, fewer than that of Firm 1’s 14, thus is 

more centrally located. In a central location with fewer intermediates, a firm can more quickly access and 
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disseminate information and knowledge with less distortion through its extended networks (Kim et al. 2011, 

Schilling and Phelps 2007). Given this, Firm 4 in Figure 1 is more likely to receive and disseminate information 

and knowledge from/to its partners at a faster rate than Firm 1. On one hand, speedy access to more accurate 

information is critical because of the rapid obsolescence of existing knowledge and firms’ inability to stay 

abreast of rapid technological change on their own (Powell et al 1996). Along these lines, previous research has 

found network centrality to be associated with better innovation performance (Gilsing et al. 2008, Schilling and 

Phelps 2007). On the other hand, speedy dissemination of critical information and knowledge to an unauthorized 

party through indirect ties of a focal firm could hamper the firm’s efforts to maintain confidentiality (Massimino 

et al. 2018). In a supply chain context, a recent research report (Rogers et al. 2018) indicated three of five 

different archetypes of confidentiality threats in extended networks involve indirect links. In the context of 

shared board members, Hernandez and his colleges (Hernandez and Menon 2017) studied how firms terminate 

or avoid ties that may expose their information and knowledge to indirectly linked competitors.  

-----------Insert Figure 1 about here-------- 
A focal firm spans a structural hole when two of its direct partners are not directly connected with each 

other. As an illustration, consider focal firms A and 1 and their networks in Figure 2. Each firm has four direct 

ties and the same network centrality score. All Firm A’s partners connect with each other, leaving no structural 

holes to span, while all Firm 1’s partners connect only to the focal firm, leading to a network with more 

structural holes. When a focal firm’s direct partners are connected with each other, the information and 

knowledge they share would be reinforced and gradually converge (Burt 1992), potentially giving the focal firm 

less-diverse information and knowledge inflow (Ahuja 2000, Burt 1992). A firm that spans more structural 

holes would receive comparably more diverse information and knowledge (Burt 1992, Fleming et al. 2007), 

allowing it to compare and contrast the veracity of information and knowledge different direct partners provide 

(Burt 1992). This suggests that Firm 1 in Figure 2 is more likely to receive diverse knowledge from its partners 

than Firm A. A focal firm with access to diverse knowledge has a greater variety of potential idea combinations 

and enhanced likelihood of finding better solutions (Fleming 2001, Sosa 2011) and knowledge recombination; 

these are critical conditions for product design, development, and execution (Fleming and Sorenson 2004, 

Fleming et al. 2007, Henderson and Clark 1990, Sosa 2011). Along these lines, Kumar and Zaheer (2018) 

showed that the breadth of knowledge available to the focal firm because of structural holes makes it more 

likely to search for innovation-related knowledge. Beyond access to information and knowledge, spanning 

structural holes also can improve a focal firm’s control of information and knowledge outflow (Burt 1992). 

Specifically, a structural hole indicates that the firms on either side of the hole (e.g., firms 2 and 3 in Figure 2) 

have access to different inflows of information and knowledge from the focal firm (Hargadon and Sutton 1997), 

which the focal firm itself can control.  

-----------Insert Figure 2 about here-------- 
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Table 1 demonstrates that the vast majority of studies have focused on the positive performance-related 

effects of network centrality and structural holes while ignoring confidentiality. A literature on other downsides 

of network centrality, however, has emerged (Gilsing et al. 2008, Hernandez et al. 2015, Pahnke et al. 2015): 

Gilsing et al. (2008) have related a central network position to a focal firm’s inferior exploration performance, 

while Pahnke et al. (2015) found that entrepreneurial firms with more indirect links to competitors through 

shared investors can be less innovative, as measured by new product introductions. We note that even this 

limited literature on the negative impact of network configurations focuses on innovation-related performance, 

the sole exception being Hernandez et al. (2015). In their work, they examined how firms protect themselves 

from the risks of knowledge spillover in their inter-organizational, shared board member networks by 

terminating or avoiding ties that expose their knowledge to indirectly linked competitors.  

In addition to extending our understanding of network configuration outcome implications, we also 

overcome some empirical limitations in the current literature. First, due to empirical challenges in collecting 

network-level data, extant studies often consider networks in terms of strategic alliance partnerships rather than 

all active partners in an extended network; this likely omits the potential impact of indirect partners (Ahuja 

2000, Yan et al. 2015). Second, the vast majority of innovation performance measures employ firm-level 

dependent variables. Because organizational issues and tasks are distinct at the firm and product levels, so are 

their solutions (Gerwin and Ferris 2004, Mintzberg 1983). Studies using firm-level surveys and patent count-

based measures may not be able to capture the performance implications extending to each individual product. 

Our study addresses these gaps by using product development networks spanning multiple firms with both 

direct and indirect ties, allowing us to include in our network construction external partners beyond the first 

tier. As detailed in Section 3.3, we measure product performance using professional critic reviews instead of 

patent-related measures.  

We also reviewed the limited literature in the operations and supply chain management field that considers 

confidentiality protection. The operations and supply chain management literature has identified a number of 

confidentiality protection mechanisms and applied them in practice, including: (1) legal tools such as formal 

ownership appropriation mechanisms and contracting, which can protect information leakage (Yang and 

Babich 2014); (2), social mechanisms such as trust and relational norms, which can mitigate hazards through 

social control (Tangpong et al. 2010); and (3) strategic choices such as geographic colocation, which can help 

anticipate or adjudicate problems (Katila et al. 2008). These mechanisms have focused on the risks of 

information and knowledge leakage to a focal firm’s direct partners and are designed mainly to mitigate such 

risks. In contrast, indirect ties make these mechanisms difficult, if not impossible, to implement due to the lack 

of a direct transaction. In general, the current confidentiality protection literature in the operations and supply 

chain management field has neglected the potential impact of indirect partners when firms engage in multi-

organizational product development efforts (Massimino et al. 2018). Indeed, prior studies have shown several 

operational drawbacks due to spillover concerns deriving from indirect ties. For example, Agrawal et al. ( 2016) 
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used game theory modeling to show that firms delay investment in their suppliers when the benefits of such 

investments can spill over to firms that source from the same suppliers and may, as a result, serve as informal 

knowledge transfer channels (Alcacer and Chung 2007). A case study by Spekman and Gibbons ( 2000) offers 

further support in showing that Pratt and Whitney was wary that competitor Rolls Royce stood to benefit from 

work with shared supplier Dynamic Gunver Technologies. 

In the following sections, we offer arguments for how network centrality and structural holes relate to 

both product and confidentiality performance.  

2.2. Network Centrality and Product Performance  

The literature has established the positive relationship between network centrality and product performance. A 

central network position enables firms to access up-to-date market information (Borgatti and Molina 2005), 

which facilitates a better understanding of customer requirements, technological advancements, and 

competitive pressures (Kim et al. 2011, Granovetter 1973, Schilling and Phelps 2007). By sidestepping 

intermediate linkages, a centrally located firm is positioned to receive more accurate information and knowledge 

than less centrally located firms (Borgatti and Li 2009, Schilling and Phelps 2007). These advantages grow 

increasingly critical in the context of digital product development, with its short, rapid product life cycles and 

intense market pressure (Parker et al. 2016). That firms design and develop products with their partners through 

digital media further amplifies the importance of speedy access to advanced information and knowledge for 

product design and development. Taken together, these arguments suggest the following hypothesis:  

Hypothesis 1. Network centrality has a positive relationship with product performance. 

2.3. Network Centrality and Confidentiality Performance 

Firms centrally located in an extended product development network (e.g., Firm 4 in Figure 1) can improve 

product performance by accessing large pools of information and knowledge (Borgatti and Li 2009, Schilling 

and Phelps 2007) with less distortion. They also may struggle to maintain the confidentiality of the new products 

and ideas amid a web of direct ties (Firms 3 and 5 in Figure 1) and indirect ties (Firms 1, 2, 6, and 7 in Figure 

1), the latter of which are infertile ground for the protection mechanisms noted in Section 2.1 (Hernandez and 

Menon 2017). With these indirect ties, the focal firm also may be unable to engage in common organizational 

control approaches, such as direct incentives/penalties and the development of trust and relationship norms. 

These indirectly connected firms, moreover, may have incompatible technological systems, making 

technological solutions for confidentiality protection such as encryption and firewalls insufficient (Anderson 

and Moore 2006). As such, focal firms that disclose sensitive product information to an intermediary cede 

control over how it is re-shared with the intermediary’s network (Burt 2002). The possibility thus emerges that 

important information and knowledge on product design and development may reach parties that could quickly 

absorb and act on it (Pahnke et al. 2015), open latent paths to unauthorized parties, and amplify the difficulty 

of maintaining confidentiality.  
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Built upon the idea that indirect ties may facilitate information and knowledge leakage, we argue that a 

central network position may undermine confidentiality performance. The higher a firm’s network centrality, 

the faster and more accurate the outflow of information and knowledge from the focal firm. As such, 

unauthorized parties may access sensitive product information and knowledge faster, further amplifying the 

confidentiality protection challenges that indirect ties pose. Taken together, these arguments suggest the 

following hypothesis: 

Hypothesis 2. Network centrality has a negative relationship with confidentiality performance. 

2.4. Structural Holes and Product Performance 

Prior research on structural holes has argued that firms collaborating with unconnected partners tend to have 

better innovation performance, given their greater access to a more diverse knowledge pool and problem-

solution space (Burt 2004, Uzzi and Lancaster 2003). This is because the partners to which the focal firm is tied 

may possess non-redundant information and knowledge, Burt (2004) noting that “opinion and behavior are 

more homogeneous within than between groups. People focus on activities inside their own group, which 

creates holes in the information flow between groups, or more simply, structural holes” (p. 349). Partners not 

connected with each other are thus less likely to reinforce information and knowledge shared with the focal 

firm, avoiding gradual convergence and increasing the diversity of the knowledge pool flow. This, in turn, 

enables a focal firm to identify and solve problems more effectively while offering more opportunities to 

combine diverse information and knowledge, critical conditions for better product design and development 

(Fleming and Sorenson 2004, Fleming et al. 2007, Henderson and Clark 1990, Sosa 2011). In a digital product 

development context, heterogeneous information and knowledge are in especially high demand amid high 

market pressure and customer diversity (Parker et al. 2016). As such, we propose that firms spanning more 

structural holes would have better product performance, as formally stated in the following hypothesis: 

Hypothesis 3. Structural holes have a positive relationship with product performance. 

2.5. Structural Holes and Confidentiality Performance  

We argue that firms spanning more structural holes have better confidentiality performance for three key 

reasons. First, a focal firm with access to diverse information and knowledge derived from spanning structural 

holes can more efficiently and effectively identify and solve a potential confidentiality breach, the same 

mechanism for better product performance. Second, a structural hole-rich network structure gives a focal firm 

more control over information flows (Burt 1992). Here, directly connected partners vying for the focal firm’s 

attention concede more favorable terms for knowledge generation and transfer. As such, focal firms can utilize 

the organizational control mechanisms referenced earlier (contracting penalties and rewards, relational norms, 

colocation) with direct partners, reducing the likelihood that they cause an information and knowledge breach. 

Third, a focal firm can present different pieces of product information and knowledge to different partners, 

initiating necessary communication among partners only for its own sake (Burt 1992). Unconnected partners 
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would lack the opportunity to compare the information and knowledge, rendering them less likely to possess 

all information and knowledge needed for a functional product. This would render an unauthorized third party 

breaching a partner firm less capable of releasing a functional product before its official debut (Rogers et al 

2018).  

Taken together, the above argument leads to the following hypothesis: 

Hypothesis 4. Structural holes have a positive relationship with confidentiality performance. 

3. Research Design 

3.1. Industry Context and Product Development Network 

Our research setting involves the design and development of software products in the EVG industry. This 

context is ideal for investigating our research question for three reasons. First, the industry is characterized by 

high market pressure, creativity, and short product life cycles (Parker et al. 2016, Tschang 2007). As such, its 

firms typically rely on external partners for advanced information, knowledge, and technology to improve game 

performance (Dedrick et al. 2010). Quick access to diverse information, moreover, is critical for firms designing 

and developing games, while allows us to capture the potential benefits of information and knowledge 

dissemination through networks. Second, digital media extensively facilitates EVG product design and 

development, making confidentiality protection during copying, storage and transfer more difficult than in a 

physical context (Massimino et al. 2018). This feature enables us to capture the potential negative impact of 

information and knowledge dissemination through networks. Third, the industry has a rich and well-

documented history of observable events tied to product and confidentiality performance in addition to well-

documented game design and development partnerships. This renders it possible to map the complete game 

development network.  

The EVG industry consists of developers and publishers, both of which share responsibility for product 

design and development. Developers translate abstract product ideas into a codified, functional digital product, 

while publishers generally manage financial capital, market insights, marketing skill, and distribution (Massimino 

et al. 2017, Tschang 2007). Each game in our sample has one primary developer and one primary publisher. 

The primary publisher subcontracts marketing or distribution activities to several ancillary publishers. The 

primary developer, meanwhile, subcontracts design or development work to several ancillary developers, 

including audio design, graphic rendering and animation design, user interface design, and artificial intelligence 

(Bates 2004). The primary developer typically manages the information, knowledge, and technology integration 

required for high product performance. The number of ancillary developers for each game in our sample ranges 

from 0 to 7 and the number of ancillary publishers ranges from 0 to 6. In practice, the above-described work 

distribution pattern has the following structure: (1) the primary developer has a direct tie with the primary 

publisher and other auxiliary developers; (2) the primary publisher has a direct tie with the primary developer 

and other auxiliary publishers; and (3) auxiliary developers and/or auxiliary publishers have negligible direct ties 
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among them for a given co-developed game. This is consistent with literature (Wolf 2007, Young 2009). To 

validate the pattern, we interviewed experts from academia and executives at a well-known EVG developer. As 

the executive of the primary developer firm noted: 

Auxiliary developers of a given game are solely responsible for the tasks subcontracted by us 
and directly report to us about the design and development issues during the game 
development process. The direct communication among the auxiliary developers is rare. After 
the development of the game, we will deliver it to our primary publisher for its marketing and 
channel distribution. 
 

This serves as the base for our data collection and product development network construction.  

3.2. Data Collection 

To investigate our research question, we required the following information for each EVG: primary and 

ancillary developers and publishers (to construct the product development network), product performance and 

confidentiality performance, and game characteristics. To collect the required data, we employed Python 3 to 

code functional web-crawling and information-scraping programs and substantially clean the downloaded data. 

We collected our initial data via the GiantBomb Application Programming Interface (GiantBomb 2014), which 

we supplemented and validated by web crawling several other large EVG data providers (MobyGames 2014, 

GameSpot 2014, IGN 2014). This resulted in partial records on 39,407 video game titles from 8,466 companies, 

encompassing the vast majority of EVG products and companies throughout the industry’s history. To arrive 

at a tractable data subset for this study, we followed extant research (Massimino et al. 2017) by focusing on 

EVGs released on computer-based platforms between Jan. 1, 2000, and Dec. 31, 2010, during which many 

developers partnered with multiple auxiliary firms (Wolf 2007). These filters reduced our sample to 2,933 EVGs 

and 1,401 firms, which includes both developers and publishers.  

Next, we mapped the product development network encompassing all PC game developers and publishers 

active in the same time period. As primary developers are responsible for integrating information, knowledge, 

and technology during product design and development activities, we constructed the network from their 

perspective. To do so, we adopted the following procedure: First, we tracked partnerships among firms for 

each game development initiative. Based on these roles, we then created a tie between any two firms, as 

described in Section 3.1 (i.e., for a given game, primary publisher and developer are directly tied; ancillary 

publishers/developers are tied to the primary publisher/developer only, not each other). Next, we used the 

following logic to decide the duration of each tie: EVG development takes one to three years, on average (Wolf 

2007), but exact durations are rarely reported. This required us to approximate duration to determine when a 

developer firm and its partners were tied. Consistent with previous research, we assumed that if a game were 

released in year t, development occurred in year t as well as year t-1 (Gilsing et al. 2008, Gulati 1999, Stuart 

2000). For example, the product development network mapped in 2001 is based on above-described 
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partnerships for games released in 2001 and 2002. As a robustness check, we considered different windows, as 

explained in Section 4.4. 

Using the partnership information contained in our 2,933-EVG sample, we constructed 11 product 

development networks, one for each year from 2000–2010. We treated all linkages within these networks as 

non-directional, translating to information/knowledge flows that may occur in both directions for a given tie. 

We constructed each network snapshot as an undirected binary adjacency matrix (Wasserman and Faust 1994), 

with entry value 1 meaning a tie exists between two corresponding firms and 0 otherwise. To compute network 

centrality and structural holes, we used UCINET 6.5, a well-applied social network analysis software (Borgatti 

et al. 2002).  

3.3. Dependent Variables 

In our research, we employed an existing definition of product performance as the extent to which a developer firm 

effectively integrates new methods, ideas, concepts, and technologies during a specific product development 

activity (Griffin and Hauser 1996, Griffin and Page 1993). Following previous research, we used independent 

critic ratings to evaluate product development performance (Girotra et al. 2010, Wooten and Ulrich 2015). 

Specifically, we used professional critic ratings and reviews at the time of the original EVG release, obtaining 

these data from two reputable, long-running periodicals that publish comprehensive EVG reviews (IGN 2014, 

GameSpot 2014). We primarily used searches in IGN and supplemented with GameSpot in cases where the 

former had missing values. These two sources have the same rating scale (a low of 0.0 and high of 10.0) and 

similar criteria when evaluating an EVG’s story presentation, graphics, game play mechanics, artificial 

intelligence, and game design. In our dataset for final analysis, ratings varied between 1 and 9.5. This excerpt 

from a review for Heavy Rain, which received a score of 9, provides an example: 

It has fantastic story telling that is one of bests in gaming. Animation is good overall, but some 
low-resolution items in the environment make some scenes look a little disjoined. For a game 
that’s so heavily focused on presentation, the gameplay does a great job of giving you control 
while not getting in the way.” (IGN 2010) 

Confidentiality performance is defined as whether a firm can maintain product privacy before its official release 

(Black 2016, Massimino et al. 2017). The EVG industry has a centralized illicit distribution community known 

as the Warez Scene; see Massimino et al. (2017) for a detailed explanation. For each EVG, a loss of 

confidentiality has clearly occurred if a high-quality, functional version is available and redistributed on the 

Warez Scene before the legitimate version’s official release date. Following previous research (Ma et al. 2014, 

Massimino et al. 2017), we used the following binary variable to operationalize confidentiality performance: 

confidentiality for a given EVG equals to 0 if such confidentiality loss occurs, and 1 otherwise. 

3.4. Independent Variables 

Network centrality refers to the extent to which a developer firm is directly and indirectly connected to others in 

its extended product development network (Choi and Kim 2008, Freeman 1978, Kim et al. 2011). Our 
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operationalization of network centrality considers eigenvector centrality, which most closely reflects the 

construct considered as we articulated our hypotheses: The speed and accuracy of information diffusion among 

partners in an extended product development network due to both direct and indirect ties (Beauchamp 1965, 

Borgatti and Li 2009, Freeman 1978, Kim et al. 2011). For a primary developer d, its network centrality in a 

given year t (NCdt) is given by:  

𝑁𝐶𝑑𝑡 =
1

𝜆
∑ 𝑎𝑑𝑗𝑡𝑁𝐶𝑗𝑡𝑗𝜖𝐺𝑡

, where Gt is a set of nodes in the extended network of year t, 𝑎𝑑𝑗𝑡 is set to 1 if a tie 

exists between the primary developer d and firm j in year t and 0 otherwise, and 𝜆 is a constant representing the 

eigenvalue associated with the eigenvector (Freeman 1978). Note that this applies to an undirected binary 

adjacency matrix we have used to represent our product development network. 

Structural holes refer to the extent to which a developer firm can broker with direct partners disconnected with 

each other (Burt 1992). Following previous literature (Ahuja 2000, Bellamy et al 2014), we used the following 

equation to operationalize structural holes of a developer firm d in year t (SHdt) (Burt 1992): 

𝑆𝐻𝑑𝑡 =
∑ [1−∑ 𝑝𝑑𝑞𝑡𝑎𝑗𝑞𝑡𝑞 ]𝑗𝜖𝐺𝑡

𝑛𝑑𝑡
, where Gt is the same as defined in the NCdt equation, ndt is the total number of 

direct partners of the developer firm d in year t; pdqt is the proportion of focal firm d’s relations invested in the 

connection with firm q in year t, represented as the reciprocal of ndt; and because an undirected binary adjacency 

matrix is used to represent our product development network, 𝑎𝑗𝑞𝑡 is the same as defined in the NCdt equation. 

Note here that both firms j and q are direct partners of the developer firm d in year t. This equation captures 

the percentage of non-redundant ties for the developer firm d in year t (Ahuja 2000, Burt 1992).  

3.5. Control Variables 

We included an extensive set of control variables to rule out many possible product- and firm-level alternative 

explanations. To accommodate industry-wide changes over time in confidentiality and product performance, 

we included year dummies (game_year). At the product level, we included five types of controls: genre (d_genre), 

operating system (d_Windows), Entertainment Software Rating Board or equivalent rating (d_esrb) (e.g., see 

ESRB 2014), budget, and product novelty (PN). For budget, we created a three-dummy variable to represent 

the three levels resources firms used in game design and development: blockbuster (budget_a), standard 

(budget_b), and budget (budget_c). Aligned with a previous study in a similar context, we further controlled for 

product performance in the confidentiality performance model (Massimino et al. 2017). 

For each primary developer firm within our sample, we controlled at the firm level for experience (exp_dev 

= number of accumulated EVGs developed before the focal game), size/scope in a given year (num_dev = 

number of the EVGs developed in the same year of the focal game), and its intellectual property (IP) protection 

capability (IP_dev = percentage of accumulated EVGs kept private before official release). We included the 

same controls for the same game’s primary publisher, further controlling for its network centrality and structural 

holes. We also included three controls related to potential network collaboration challenges: (1) language 
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difference (differ), which captures whether the primary developer has any direct ties locating in a country with a 

different native language; (2) prior direct partner experience (PriorPartExp), measured as the average co-design 

and development experience between a primary developer firm and its direct collaborators (Granovetter 1973, 

Hansen 1999); and (3) geographic distance (geodistance) between the primary publisher-developer dyad 

(Massimino et al. 2017). We note here that IP protection capability, prior direct partner experience, and 

geographic distance also serve as a proxy, respectively, for legal contracting tools, relational tools, and 

colocation, the traditional confidentiality protection mechanisms mentioned in Section 2.1.  

At the institution level, we controlled for two additional dimensions that may affect product and 

confidentiality performance: industrial agglomeration (Agg, the number of companies in the organizations’ same 

industry residing in the vicinity the year of game development) and national property rights protection (NPR, 

the level of property right protection in the focal developer’s locating country), both of which have been found 

to impact confidentiality performance (Massimino et al. 2017).  

Table 2 summarizes the operationalization of constructs used in our analyses, and Table 3 provides 

summary statistics. 

-----------Insert Tables 2 and 3 about here-------- 
4. Analysis and Results 

We derived the 11-year span of annual networks and its corresponding network configuration measures from 

the full set of 1,401 firms and 2,933 EVGs. The accessibility of game budget measures reduced our sample size 

to 1,468 EVGs and 591 firms. 

4.1. Model Specification 

Endogeneity concerns can arise from omitted variable bias because primary developers select their auxiliary 

developers, forming the networks in which they locate. That is, the value of network centrality and structural 

holes can be driven by omitted variables that also may influence a product’s performance and/or confidentiality 

performance. For instance, an investment a developer made in a product is more likely to impact its auxiliary 

partner selection, which, in turn, can impact a product’s performance. In our setting, we argue both theoretically 

and empirically that this may not be enough of a concern to dispense with econometrically. Theoretically, 

networks are argued to be complex adaptive systems (Choi et al. 2001) in which many networks emerge rather 

than result from purposeful design by a singular entity; this inevitably leads to a lack of control. For instance, 

changes that occur with second-tier and upper-level partners often fall outside the focal firm’s purview and 

control. Our independent variables, network centrality and structural holes, are network-related measures 

determined by a focal firm’s selection of direct partners as well as its indirect partners. As such, a firm’s decisions 

cannot fully define network centrality and structural holes measures. Empirically, we are able to minimize 

concerns of omitted variable bias by using an extensive set of covariates as controls in our model, as detailed 

in section 3.5. These control variables include many possible factors that can impact a developer’s partner 

selection, particularly invested resources, as noted earlier. To this end, we have controlled budget at the game 
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level. In addition, partner selection can depend on availability of external partners. To this end, we have 

controlled for industrial agglomeration, an indicator of the potential partner pool within a particular geographic 

region. A firm’s historical experience in the industry also can impact its collaboration partnership. To this end, 

we have added experience-related controls for primary developers, primary publishers, and partnership history. 

In the following paragraphs, we present our model specification and results. 

The unit of analysis is the EVG. The general model specifications for EVG g with developer d are provided in 

equations 1 and 2, respectively.  

Equation 1. Model Specification-Product Performance 

Log(ProPerf)g,d=YearDummiesg+GenreDummiesg+ESRBDummiesg+β1*Systemg+β2*Exp_devg,d+ 

β3*num_devg,d+β4*Exp_devg,d+β5*num_devg,d+β6*differg,d
+β7*PriorPartExpg,d+β8*SHpt+β9*NCpt+β10*PNg,+ 

β11BudgetDummiesg+β12*IP_devg,d +β13*IP_pubg,p+ β14*NPRg,d+ β15*Aggg,d+ β16*NCpt +β17*SHpt +ε+ εd 

Equation 2. Model Specification-Confidentiality 

ConfiPerfg,d=YearDummiesg+GenreDummiesg+ESRBDummiesg+a1*Systemg+a2*Exp_devg,d+ 

a3*num_devg,d+a4*Exp_devg,d+a5*num_devg,d+a6*differg,d
+a7*PriorPartExpg,d+a8*SHpt+a9*NCpt+a10*PNg,+ 

a11BudgetDummiesg+a12*IP_devg,d+a13*IP_pubg,p+a14*NPRg,d+a15*Aggg,d+ a16*NCpt +a17*SHpt +ε+ εd 

 

We examined coefficients 𝛽16 and 𝛽17  in Equation 1 for testing hypotheses 1 and 3, respectively, and 

examined 𝛼16  and 𝑎17  in Equation 2 for testing hypotheses 2 and 4, respectively. We include a random 

intercept in our model at the level of each developer in our data. We performed logarithmic transformations 

on right-skewed variables (Gelman and Hill 2007) and clustered standard errors at the primary developer firm 

level to account for the nested structure in the sample. We then estimated the models with the Eicker-Huber-

White sandwich estimate of variance to adjust for within-cluster correlation and obtain a robust variance 

estimate (White 1980; Williams 2000).   

4.2. Results 

In Table 4, models 1-4 present ordinary least square results for product performance, while models 5-8 present 

Probit model results for confidentiality performance. Before reviewing the hypothesized variables, we make 

some observations regarding control variables that remained consistent throughout the models. First, while not 

shown in Table 4, we note that the year dummies throughout all models indicate an improving trend in both 

product performance and confidentiality performance. Second, EVG ratings seem to have some impact: Games 

rated as “Everyone” have better product performance than those rated as “Mature”. Third, prior direct partner 

experience improves product performance but is indifferent on confidentiality performance. Fourth, publisher 

experience seems to have some effect on only confidentiality performance. In particular, games with publishers 

touting extensive accumulative experience have generally better confidentiality performance, but if these 



Page 14 of 29 

 

publishers release more games in the same year, confidentiality performance worsens. Fifth, industry 

agglomeration appears to have a significant and positive impact on confidentiality performance, consistent with 

findings in Massimino et al. (2017). We see no relationship, however, between agglomeration and product 

performance. Sixth, developers’ previous IP performance has a significant and positive impact on both product 

and confidentiality performance, while publishers’ previous IP performance is positively related to 

confidentiality performance. Seventh, game budget seems to have some effect on confidentiality performance: 

Games with a standard investment have better confidentiality performance than low-budget EVGs.   

-----------Insert Table 4 about here-------- 
We now turn our attention to the hypothesis testing in our conceptual framework. We find that the 

developer’s network centrality has a positive and significant effect on product performance (Model 2: β= 0.50, 

p<0.05) and a negative and significant effect on confidentiality performance (Model 6: β=-0.68, p<0.05), 

supporting H1 and H2. We also find that the developer’s structural holes have positive and significant effects 

on both product performance (Model 3: β= 0.12, p<0.01) and confidentiality performance (Model 4: β= 0.60, 

p<0.05), supporting H3 and H4.  

We next consider the relative practical magnitude of key results. First, to illustrate the magnitude of the 

confidentiality-product performance tension created by network centrality, consider Firm A and Firm B, which 

are in the 75th percentile and 25th percentile for network centrality, respectively, holding all else equal. The 

likelihood that Firm A’s EVG hits the web before its legitimate release date is 7% higher than that of Firm B. 

Firm A, however, will enjoy a 36% higher game rating. Second, to compare the relative strength of network 

centrality and structural holes effects, we can examine their impact on confidentiality performance. Consider a 

developer in the 25th percentile for network centrality and structural holes. Comparing such a firm with another 

possessing the same network centrality but in the 75th percentile for structural holes, the likelihood of 

confidentiality loss decreases 11%. For this same firm, compared to another with the same level of structural 

holes but in the 75th percentile for network centrality, its likelihood of confidentiality loss increases 7%. The 

coefficient on the network centrality variable, therefore, suggests that this variable does lead to worse 

confidentiality performance, but this drawback is outweighed by the benefits of structural holes. A formal 

statistical test of two coefficients in Model 8 offers further support: (∆𝑎 (𝑎𝑁𝐶 − 𝑎𝑆𝐻) = −1.29, 𝑝 < 0.05).  

In sum, our findings demonstrate the existence of a tension between product performance and 

confidentiality performance brought by network centrality. In practice, this means that a firm located centrally 

in its extended network can improve product performance but also faces a greater likelihood of confidentiality 

loss. We further find that firms’ product and confidentiality performance benefit from spanning more structural 

holes. Firms spanning more structural holes, we find, could even overcome the drawbacks network centrality 

creates with regard to confidentiality performance. 
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4.3. Post-Hoc Analysis – Moderation Effect of Product Novelty  

We conducted additional analyses to better understand a key contingency to the effect of a focal firm’s network 

configuration on confidentiality and product performance. Specifically, we examined product novelty, which 

measures the extent to which a product employs new elements in its architecture relative to those currently in 

the market (Hansen et al. 2005). Product novelty has the most direct relationship to design and development 

challenges (Hansen et al. 2005, Tatikonda and Rosenthal 2000) because it can be a key determinant of the need 

for timely access to advanced information, knowledge, and technology, as well as the efforts required to 

integrate and protect them after access (Espinosa et al. 2007, Ulrich and Eppinger 2004, Wood 1986). For each 

product in our sample, we operationalized novelty as the ratio of the number of new objects appearing within 

the game to the total number of objects appearing within the game.  

In this analysis, we examined how product novelty influences the relationship between network 

configurations and outcomes. We did so by introducing interaction terms between product novelty and the two 

network configuration measures (Equation 1: product performance, Equation 2: confidentiality performance).  

As seen from models 9 to 11 in Table 5, the moderation effect of product novelty is present for both network 

centrality and structural holes, as supported by significant coefficients for interaction terms (Model 9 in Table 

5: β= 5.93, p < 0.05; Model 10 in Table 5: β=-1.08, p<0.05). For confidentiality performance, as seen from 

models 12-14 in Table 5, the moderation effect of product novelty is absent.   

-----------Insert Table 5 about here-------- 
To better understand these interaction effects, we created conditional effects plots. Figure 3 shows the 

relationship between network centrality and product performance for firms developing a product with high (+1 

standard deviation above mean) and low (-1 standard deviation above mean) novelty levels. As shown in Figure 

3, the positive network centrality-product performance association is strengthened when the product novelty 

level increases. Consider the developer of a high-novelty product: In this case, a firm in the 75th percentile for 

network centrality would see product performance 19% higher than a firm in the 25th percentile for network 

centrality. By contrast, these effects correspond to a 15% increase in product performance for the developer of 

a low-novelty product.  

Figure 4 shows the relationship between structural holes and product performance for firms developing a 

product with high (+1 standard deviation above mean) and low (-1 standard deviation above mean) novelty 

levels. Results indicate that the positive structural holes-product performance association is muted when the 

product novelty level increases. Consider the developer of a high-novelty product: A firm in the 75th percentile 

for network centrality would see product performance 12% higher than a firm in the 25th percentile for network 

centrality. By contrast, these effects are negligible (0.01 change) for the developer of a low-novelty product.  

-----------Insert Figures 3 and 4 about here-------- 
Taken together, we find that the tension product performance-confidentiality performance tension that 

network centrality creates is amplified when product novelty is high. We further find that the initial universal 
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benefits of structural holes on both product performance and confidentiality performance disappear when 

product novelty is high.  

4.4. Robustness Checks 

We performed additional analyses to assess the robustness of our results. First, we used alternative 

operationalization for product performance. Specifically, instead of using professional critic reviews, we used 

customer reviews obtained from a reputable, long-running EVG periodical (Mobygames 2014). Customers 

voluntarily post their rating of a game (0.0 to 5.0, with 5.0 being highest) with the same criteria as professional 

reviews (e.g., story presentation, graphics, game design, etc.). The website also publishes the number of 

customers who posted reviews for each game, the final score being the average of all customer ratings. To avoid 

bias, we only included games with more than 30 reviewers, reducing our sample to 1,244 games for final analysis. 

Ratings varied between 0.36 and 5.0. Model 15 in Table 6 presents the results, which are consistent with our 

main analysis results. 

-----------Insert Table 6 about here-------- 
Second, we used an alternative model specification to account for potential correlations between two 

dependent variables. Although we controlled for product performance in the confidentiality performance 

model (Massimino et al. 2017), a seemingly unrelated regression model can directly correlate error terms among 

two models and better control for such potential correlation (Zellner 1962). Models 16 and 20 in Table 6 present 

the results, which are consistent with our main analysis results.  

Third, we used three alternative network constructions. Instead of considering firms connected a year 

before the release of the game they co-developed (in addition to release year), we built the network considering 

ties only during release year. The analysis results, as shown in Models 17 and 21 in Table 6, again are in 

agreement with our main analysis. We also used a five-year duration assumption to construct the network in 

order to keep the ties between firms for five years after game’s release year. Different scholars have argued that 

a moving window of five years is an appropriate window for assessing the technological impact of prior product 

design and development effort (Henderson and Cockburn 1996). The analysis results in models 18 and 22 in 

Table 6 again are consistent with our main analysis results. Considering that developers and publishers play 

different roles in product design and development (as explained in section 4.1), we also constructed separated 

networks for developers and publishers as the third alternative network construction. Specifically, we 

operationalized primary developers’ network configurations based on the developers’ network, controlling for 

primary publishers’ network configurations based on the publishers’ network. The analysis results in models 19 

and 23 in Table 6 are also consistent with our main analysis results. 

5. Discussion and Conclusion 

How does network configuration affect firm performance during product design and development? A long 

network research tradition largely has argued that network configurations (i.e., network centrality and structural 

holes) benefit firms’ product performance by facilitating timely access to diverse information, knowledge, and 
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technology (Ahuja 2000, Bellamy et al. 2014, Kumar and Zaheer 2018, Schilling and Phelps 2007). These 

findings, however, seem to neglect the impact on confidentiality, a critical performance dimension in the digital 

age (Choi et al. 2018, Massimino et al. 2018). Consistent with much extant work, our findings indicate that a 

centrally located focal firm spanning more structural holes develops superior products. In a new contribution 

to the literature, we find that network centrality relates to inferior confidentiality performance, while structural 

holes relate to better confidentiality performance. Our post-hoc analysis further shows that the product 

performance-confidentiality performance tension that network centrality presents can be magnified when firms 

design and develop a more novel product. Our numerical examples showed that all of these results are 

practically significant.  

5.1. Contributions  

Our work speaks most directly to the literature on inter-organizational networks. In finding that a central 

network position could potentially harm firms’ confidentiality performance during product development, we 

contribute to calls for extending the operational implications of network centrality beyond traditional 

operational performance measures such as cost, time, and quality (Forman et al. 2014, Tatikonda and Rosenthal 

2000) to include confidentiality performance (Massimino et al. 2018). We address this important, digital-age 

operational performance dimension by studying the consequences of network centrality on confidentiality 

protection, assuring its timeliness in the field of operations management research (Massimino et al 2018). We 

identify indirect ties can be a source of information and knowledge leakage, further extending findings from 

Hernandez et al. (2015) that indirect ties to rivals are shown to can pose confidentiality challenges to a focal 

firm. We further demonstrate that such a tension can be amplified when firms design and develop a high-

novelty product, an intriguing finding because it suggests a condition to the virtue of network centrality.  

Second, we theorized a new mechanism whereby network centrality can negatively impact firm 

performance. Specifically, we examined the effect of direct and indirect ties on information and knowledge 

outflow, whereas prior research has focused on barriers to information and knowledge inflow. Past studies have 

tended to view the negative effect of network centrality on performance in terms of constraints imposed by 

over-embeddedness (Gilsing et al. 2008, Ozer et al. 2015, Sting et al. 2016); this implies that important product 

and process improvement activities are stifled when too many connected ties prevent firms from accessing 

diverse information and knowledge. Alternatively speaking, the prior literature has generally viewed information 

and knowledge diffusion through the supplier network as a facilitator of performance improvement, the level 

of which varies depending on information and knowledge diversity (Gao et al. 2015). In contrast, our theory 

and results suggest that negative effects can result from information and knowledge leakage, or outflow. As 

such, this “dark side” of network centrality can undermine confidentiality performance, implying the need for 

heightened sensitivity to the dual nature of information and knowledge exposure, if not restricted access to 

information and knowledge that can benefit a competitor (Niculescu et al. 2018, Wang et al. 2018). 
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Third, regarding structural holes, we find positive results for both product and confidentiality 

performance, implying a network configuration exists where a focal firm can leverage partner capabilities and 

mitigate these tradeoffs. Further, the magnitude of the benefits from structural holes may offset the negative 

impact brought by network centrality. These results speak to the extensive debate on the innovation outcome 

implications of open network structures, which have few structural holes. Though most studies have 

acknowledged that innovation benefits accrue from open network structures (Zaheer and Bell 2005, Kumar 

and Zaheer 2018), some studies have concluded to the contrary (e.g., Ahuja 2000, Bellamy et al. 2014). In view 

of these conflicting results, research has shifted focus to hybrid positions that emphasize both structural holes 

and closure occurring together (e.g., Baum et al. 2007). They still, however, have omitted confidentiality as an 

important dimension of innovation outcomes. By considering both network configuration indicators and taking 

confidentiality into consideration, we add insight to this debate. 

Our research also empirically contributes to the organizational network and new product development 

literature by examining a complete network. This literature is increasingly acknowledging the integration and 

coordination challenges that exist when conducting collaborative, external innovation (Anderson and Parker 

2013; Sosa et al. 2004). A vast majority of the literature, however, has evaluated such outcomes by focusing on 

a dyadic relationship (Anderson et al. 2018, Peng et al. 2014). Even when incorporating a broader perspective, 

these works have focused on direct partnerships (e.g., Mishra et al. 2015) and ignored the potential impact of 

indirect partners (Yan et al. 2015). To so do, one must incorporate direct and indirect ties in a complete product 

development network, rarely done due to its difficulty but achieved in this study.  

We also contribute to the emerging literature on confidentiality, an interesting contrast emerging when 

considering our results in light of those from a prior paper in the same context (Massimino et al. 2017). 

Massimino et al. (2017) presented competing hypotheses and empirically found that being located in an 

agglomerated region (i.e., an area with many firms in the same industry) related to improved confidentiality. 

This result appears to run counter to our findings, but by considering both results together, we assert that the 

key difference is the nature of the information and knowledge shared in the two types of networks. In an 

agglomerated region, nearby industry players share information and knowledge related to general industrial 

issues such as protection technologies, procedural weakness, and/or the location, status, and value of non-

public proprietary assets. Moreover, the best vendors, suppliers, and talent likely are located in these regions, 

potentially embracing a culture conducive to confidentiality protection. In a development network, by contrast, 

central location involves the sharing of proprietary product information and knowledge.  

In terms of practice, our findings confirm the benefits of being centrally located for product performance 

but highlight a dark side, as well. In our context, a primary publisher designing and developing novel products, 

if able to do so, would benefit the most from sourcing work from developers that are not centrally located and 

tied with other developers. This offers an important and nuanced insight on how to leverage network ties based 
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on product characteristics: Developers who find themselves with centrally located partners should increase 

attention to confidentiality protection.  

5.2. Limitation and Conclusion 

This study has some limitations that also may serve as extensions for future research. First, we do not specifically 

incorporate the content of each direct and indirect tie for the developer firm. Consideration of the strength of 

the ties (e.g., an arms-length transaction or close relationship) could generate deeper insights. A related 

limitation is that we do not specifically examine the detailed distribution of product design and development 

tasks across different partners during game development. Finally, our measures all possess external validity but 

are imperfect proxies for the constructs of interests. Notwithstanding these limitations, we are confident that 

our results are the most accurate possible, given the nature of the empirical data we have collected. Here, we 

remind the reader of the benefits of our approach, which includes being able to map an entire publisher-

developer network for EVG design and development over an 11-year period. 

Our study sheds light on the dynamics of network configurations in an extended product development 

network for a developer firm. With the increasingly distributed organization of product development, the 

challenges associated with knowledge integration, collaboration, and protection during product design and 

development are becoming more salient. As the most valuable work is increasingly digital in nature (e.g., 3-D 

printing), these insights gleaned from the EVG industry will be salient to an increasing number of industries. 

We hope this study will spur more innovative research that considers extended development networks and help 

firms navigate through the dilemmas they pose. 
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Table 1: Review of Empirical Studies on Network 

 Network Data Collection Unit of Analysis 
Dependent Variable 

(DV) 
Network-
Related IV 

Sources 
Extended 
Networka 

Inter-org 
Network 

Secondary 
Survey 

/Case Study 
Product Firm Network 

Product Development 
/Innovation Related 

NC SH 

Current Paper X X X  X   X X X 

Ahuja 2000 X X X   X  Xb X X 

Baum et al. 2000  X X   X  Xb  X 

Bellamy et al. 2014 X X X   X  Xb X X 

Carnovale & Yeniyurt 2015  X X    X Xb X X 

Gao et al. 2015  X  X  X  Xb  X 

Gilsing & Duysters 2008  X  X  X  Xb  X 

Gilsing et al. 2008 X X X   X  Xb X  

Gokpinar et al. 2010 X  X  X   Xd  X  

Hansen 2002 X   X X   Xe X  

Hernandez et al. 2015 X X X   X  Xf X  

Ozer et al. 2015  X  X  X  Xc X  

Schilling & Phelps 2007 X X X   X  Xb X X 

Soh 2010 X X X   X  Xb X  

Sting et al. 2016  X  X  X  Xc X  

Sosa 2011 X   X  X  Xc  X 

Tsai 2001 X  X     Xf X  

Vasudeva et al. 2016  X X   X  Xb  X 

Zaheer & Bell 2005 X X  X  X  Xc  X 

                 Note: IV=Independent Variable; NC=Network Centrality; SH=Structural Holes 
                           a – Extended network includes both direct and indirect ties;    b – DV is patent/award-oriented;  
                           c – DV based on survey items or interviews;     d – DV is the number of warranty claims;  
                           e – DV is project completion time;      f – DV is the number of products. 
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Table 2: Operationalization of Variables 

Variables Abbreviation Operationalization Citation 

Independent 
Variable 

Network Centrality   NCdt Eigenvector Centrality Freeman 1978; Kim et al. 2011 

Structural Holes   SHdt Network Efficiency Ahuja 2000; Burt 1992 

Dependent 
Variable 

Product Performance   ProPerf Professional Critic Review Ratings of an EVG 
Griffin & Hauser 1996; Griffin 
& Page 1993 

Confidentiality Performance   ConfiPerf 
ConfiPerf=1 if a game is kept private to its authorized parties before official 
release; 0 otherwise 

Massimino et al. 2017 

Control 
Variable – 
Product 
Level 

Industrial-Wide Technology Change   game_year 10 year dummies with year 2000 as base 

ESRB or equivalent ratings   d_esrb 3 dummies with d_esrb_m(mature) as base 

Game Genres   d_genre 6 dummies with d_genre_sim (simulation) as base 

Operation System  d_Windows d_Windows=1 if OS is windows; 0 otherwise. 

Budget 
 budget_a/budget_b 
/budget_c 

budget_a (=1) indicates a game is a blockbuster; budget_b(=1) indicates a 
game is standard; and budget_c (=1) indicates a game is budget, with budget_c 
as base 

  

Product Novelty  PN Percentage of objects first appeared in an EVG. Hansen et al. 2005 

Control 
Variable – 
Firm Level 

Experience  exp_dev/exp_pub 
The number of cumulative EVG’s with which the primary developer 
(publisher) firm i was associated (either as publisher or developer) through 
the calendar year preceding the release of game g. 

House et al. 2004 

Scope   num_dev/num_pub 
The number of EVG’s with which the primary developer (publisher) firm 
i was associated (either as publisher or developer) in the calendar year of 
the release of game g. 

IP Protection Capability   IP_dev/IP_pub 
Percentage of games protected as the primary developer (publisher) firm i 
was associated through the calendar year preceding the release of game g. 

  

Language Difference  differ 
differ=1 if a primary developer firm has different languages from one or 
more of its auxiliary developers when developing game g; 0 otherwise. Gray & Massimino 2012 

Geographic Distance   geodistance The geographic distance in the primary publisher- primary developer dyad 

Prior Direct Partner Experience   PriorPartExp 
 𝑃𝑟𝑖𝑜𝑟𝑃𝑎𝑟𝑡𝐸𝑥𝑝𝑖𝑔 =

∑ 𝑒𝑥𝑝𝑖𝑗𝑔
𝑛𝑖
𝑗

𝑛𝑖
 , ni the number of direct partners of firm i; 

expijg  is the number of cumulative EVGs co-developed by firm i and firm 
j through the calendar years preceding the release of game g. 

Granovetter 1973; Hansen 1999 

Network Centrality  NCpt See Independent Variable – operationalization is the same but for the 
primary publisher of the same game. 

Autry & Griffin 2008; Choi & 
Kim 2008; Borgatti & Li 2009 Structural Holes  SHpt 

Control 
Variable – 
Institution 
Level 

NPR  NPR 
The overall index from International Property Rights Index to measure a 
composite measure a nation’s legal environment, physical property rights, 
and intellectual property rights. Massimino et al. 2017 

Industrial Agglomeration   Agg 
The number of firms in the organizations’ same industry that reside within 
the vicinity of 100 miles. 
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Table 3. Descriptive Statistics and Pairwise Correlations 

 

        Note: Shaded cells have significance level p<0.05 

Mean Std. Dev. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

1 ProPerf 6.87 1.61 1.00

2 ConfiPerf 0.52 0.50 0.14 1.00

3 game_year 2005.29 3.14 0.20 0.16 1.00

4 d_genre_action 0.36 0.48 -0.08 -0.07 -0.10 1.00

5 d_genre_adv 0.08 0.28 0.13 0.08 0.11 -0.23 1.00

6 d_genre_puzz 0.28 0.45 0.02 -0.02 0.02 -0.47 -0.19 1.00

7 d_genre_shoot 0.05 0.21 -0.04 0.02 0.11 -0.16 -0.07 -0.13 1.00

8 d_genre_sports 0.15 0.36 -0.02 0.01 -0.06 -0.32 -0.13 -0.26 -0.09 1.00

9 d_genre_rpg 0.04 0.19 0.01 0.04 0.03 -0.15 -0.06 -0.12 -0.04 -0.09 1.00

10 d_genre_sim 0.04 0.20 0.03 0.01 0.02 -0.15 -0.06 -0.13 -0.04 -0.09 -0.04 1.00

11 d_windows 0.96 0.19 -0.18 -0.08 -0.27 0.05 0.02 -0.03 -0.06 0.01 -0.04 -0.01 1.00

12 d_esrb_e 0.37 0.48 0.10 0.06 -0.05 -0.23 -0.05 0.05 -0.14 0.37 -0.11 0.09 -0.10 1.00

13 d_esrb_t 0.43 0.50 -0.03 -0.01 0.01 0.02 0.06 0.11 -0.06 -0.21 0.11 -0.03 0.04 -0.67 1.00

14 d_esrb_m 0.20 0.40 -0.08 -0.07 0.05 0.25 -0.02 -0.19 0.24 -0.19 0.00 -0.07 0.07 -0.38 -0.43 1.00

15 differ 0.36 0.48 -0.07 -0.07 -0.02 0.00 0.03 0.04 0.03 -0.09 0.00 0.00 0.12 -0.12 0.06 0.07 1.00

16 geodistance 5.91 3.49 -0.18 -0.08 -0.20 0.08 -0.09 -0.03 0.02 0.01 0.00 -0.03 0.22 -0.12 0.04 0.10 0.50 1.00

17 PriorPartExp 97.84 415.86 0.01 0.04 0.03 -0.06 -0.01 -0.08 -0.03 0.22 0.00 -0.02 -0.02 0.11 -0.04 -0.08 -0.14 -0.20 1.00

18 num_pub 5.34 4.95 -0.07 -0.07 -0.09 -0.02 -0.09 -0.02 0.00 0.15 -0.01 -0.03 0.07 0.02 -0.02 0.00 0.01 0.17 0.19 1.00

19 exp_pub 28.61 38.76 -0.03 -0.02 0.18 -0.02 -0.11 -0.03 0.04 0.13 0.01 -0.02 0.06 -0.04 0.00 0.05 -0.03 0.17 0.19 0.77 1.00

20 num_dev 1.56 1.14 0.06 0.04 0.12 -0.12 0.15 -0.01 0.02 0.05 0.00 -0.01 -0.15 0.04 0.01 -0.06 -0.12 -0.21 0.28 0.17 0.08 1.00

21 exp_dev 4.38 4.88 0.07 0.04 0.25 -0.14 0.08 0.00 0.03 0.12 -0.01 -0.02 0.00 0.02 0.00 -0.02 -0.11 -0.11 0.44 0.27 0.36 0.61 1.00

22 NPR 7.55 1.07 -0.02 0.03 -0.06 0.02 -0.02 -0.06 -0.03 0.08 -0.02 0.01 -0.01 0.15 -0.09 -0.07 -0.27 -0.02 0.07 0.06 0.05 0.00 0.05 1.00

23 Agg 76.98 88.25 -0.02 -0.01 -0.02 0.03 -0.01 -0.05 -0.01 0.05 -0.03 -0.02 -0.03 0.03 0.02 -0.06 -0.20 -0.22 0.05 0.00 0.02 0.06 0.03 0.26 1.00

24 IP_dev 0.54 0.36 0.11 0.73 0.15 -0.06 0.10 -0.03 0.00 0.01 0.03 0.03 -0.11 0.11 -0.05 -0.08 -0.10 -0.13 0.06 -0.05 -0.03 0.08 0.07 0.06 0.06 1.00

25 IP_pub 0.56 0.25 0.13 0.52 0.16 -0.05 0.12 -0.02 0.01 -0.01 0.01 0.01 -0.14 0.11 -0.03 -0.10 -0.10 -0.18 0.04 -0.07 -0.08 0.09 0.03 0.09 0.01 0.55 1.00

26 budget_a 0.14 0.35 0.00 -0.06 -0.03 0.01 -0.10 -0.11 0.07 0.13 0.10 -0.05 0.08 -0.06 -0.04 0.12 -0.10 0.07 0.21 0.30 0.33 0.04 0.22 0.10 -0.02 -0.06 -0.06 1.00

27 budget_b 0.63 0.48 -0.16 -0.06 -0.17 0.06 -0.06 0.06 -0.04 -0.06 -0.04 -0.02 0.23 -0.11 0.10 0.01 0.14 0.15 -0.09 0.02 -0.04 -0.11 -0.15 -0.06 0.09 -0.07 -0.10 -0.53 1.00

28 budget_c 0.23 0.42 0.19 0.12 0.22 -0.08 0.15 0.02 -0.01 -0.04 -0.04 0.06 -0.33 0.18 -0.08 -0.12 -0.08 -0.24 -0.06 -0.27 -0.23 0.09 -0.02 -0.02 -0.08 0.13 0.17 -0.22 -0.71 1.00

29 NCp 0.02 0.16 -0.03 -0.05 -0.05 0.00 0.00 0.00 0.03 -0.04 0.01 0.03 0.02 -0.03 0.03 0.00 0.05 0.03 -0.01 0.07 0.13 0.02 0.01 -0.06 0.00 -0.03 -0.06 0.03 0.02 -0.05 1.00

30 SHp 0.23 0.14 0.07 0.05 0.04 -0.06 -0.01 0.02 -0.01 0.02 0.06 0.01 -0.05 0.10 -0.05 -0.05 -0.09 -0.18 0.05 0.27 0.20 -0.05 0.00 0.04 -0.06 0.06 0.10 0.07 -0.09 0.04 0.04 1.00

31 PN 0.04 0.13 0.02 -0.01 -0.16 0.08 -0.02 -0.08 0.03 -0.01 0.03 -0.03 0.04 0.02 -0.04 0.03 -0.05 -0.01 0.03 0.02 0.00 -0.02 -0.03 0.06 0.05 0.01 0.02 0.06 0.03 -0.09 0.04 0.00 1.00

32 NCd 0.01 0.06 -0.01 -0.03 -0.07 0.01 0.03 0.00 0.00 -0.03 0.00 0.01 0.00 -0.02 0.05 -0.03 0.03 -0.01 0.01 0.05 0.08 0.11 0.03 -0.09 0.00 -0.02 -0.03 0.00 0.03 -0.04 0.81 0.02 0.03 1.00

33 SHd 0.47 0.21 0.07 0.05 0.01 -0.04 0.05 0.05 -0.05 -0.05 0.02 0.05 -0.05 0.01 0.00 -0.01 0.04 -0.11 -0.06 -0.16 -0.19 -0.26 -0.22 -0.06 -0.07 0.00 0.02 -0.15 -0.01 0.13 -0.01 0.23 -0.04 -0.05

Variable
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Table 4: Analysis Results 

 Product Performance Confidentiality Performance 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

NCd  
.50**  
(.28) 

 
.51*** 
(.27) 

 
-.68** 
(0.41) 

 
-.69* 
(0.50) 

SHd   
.12*** 
(.06) 

.19*** 
(.08) 

  
0.60** 
(0.24) 

.61** 
(.25) 

d_windows 
-.26 
(.18) 

-.26 
(.19) 

-.26 
(.18) 

-.26 
(.19) 

.28 
(.41) 

.28 
(.41) 

.30 
(.41) 

.30 
(.41) 

d_esrb_e 
.09* 
(.07) 

.09* 
(.07) 

.10* 
(.07) 

.10* 
(.07) 

-.19 
(.16) 

-.19 
(.16) 

-.19 
(.16) 

-.19 
(.16) 

d_esrb_t 
-.01 
(.05) 

-.01 
(.05) 

.00 
(.05) 

.00 
(.05) 

.18 
(.14) 

.18 
(.14) 

.18 
(.14) 

.18 
(.14) 

differ 
.01 
(.06) 

.01 
(.06) 

.01 
(.06) 

.01 
(.05) 

.11 
(.13) 

.11 
(.13) 

.11 
(.13) 

.10 
(.13) 

geodistance_ln 
.00 
(.01) 

.00 
(.01) 

.00 
(.01) 

.00 
(.01) 

.01 
(.02) 

.01 
(.02) 

.01 
(.02) 

.01 
(.02) 

PriorPartExp 
.00* 
(.00) 

.00* 
(.00) 

.00* 
(.00) 

.00* 
(.00) 

.00 
(.00) 

.00 
(.00) 

.00 
(.00) 

0.00 
(0.00) 

num_pub 
.00 
(.01) 

.00 
(.01) 

.00 
(.01) 

.00 
(.01) 

-.05*** 
(.02) 

-.05*** 
(.02) 

-.05*** 
(.02) 

-.05*** 
(.02) 

exp_pub 
.00 
(.00) 

.00 
(.00) 

.00 
(.00) 

.00 
(.00) 

.01*** 
(.00) 

.01*** 
(.00) 

.01*** 
(.00) 

.01*** 
(.00) 

num_dev 
.03 
(.02) 

03 
(.02) 

.03 
(.03) 

.03 
(.02) 

.00 
(.05) 

.00 
(.05) 

.02 
(.06) 

.01 
(.05) 

exp_dev 
.00 
(.01) 

0.00 
(0.01) 

.00 
(.01) 

.00 
(.01) 

.00 
(.02) 

-.02 
(.01) 

-.02 
(.02) 

-.02 
(.01) 

NPR omitted    .03 
(.05) 

.03 
(.05) 

.03 
(.05) 

0.03 
(0.05) 

Agg 
.01 
(.01) 

.00 
(.01) 

.01 
(.01) 

.01 
(.01) 

.01*** 
(.00) 

.01*** 
(.00) 

.00*** 
(.00) 

.00*** 
(.00) 

IP_dev 
.22** 
(.10) 

22** 
(.10) 

.22** 
(.10) 

.22** 
(.10) 

4.41*** 
(.32) 

4.41*** 
(.32) 

4.39*** 
(0.32) 

4.39*** 
(.32) 

IP_pub 
.05 
(.08) 

.05 
(.08) 

.05 
(.08) 

.05 
(.08) 

2.51*** 
(.33) 

2.51*** 
(.33) 

2.50*** 
(.31) 

2.50*** 
(.33) 

budget_a 
-.02 
(.09) 

-.02 
(.09) 

-.02 
(.09) 

-.03 
(.08) 

.15 
(.20) 

.15 
(.21) 

.18 
(.20) 

0.19 
(.20) 

budget_b 
-.06 
(.07) 

-.06 
(.07) 

-.06 
(.07) 

-.06 
(.07) 

.29** 
(.16) 

.29** 
(.16) 

.31** 
(.16) 

.30** 
(.16) 

NCp 
.22** 
(.09) 

0.10 
(0.10) 

.22** 
(.09) 

.10 
(.10) 

-.98 
(1.01) 

.58 
(1.58) 

.52 
(1.03) 

.70 
(1.59) 

SHp 
-.15 
(.13) 

-.15 
(.13) 

-.18 
(.13) 

-.18 
(.13) 

.47 
(.47) 

.47 
(.44) 

.22 
(0.48) 

.23 
(.45) 

PN 
.17 
(.12) 

.17 
(.12) 

.17 
(.12) 

.18 
(.12) 

-.47 
(.51) 

-.46 
(.50) 

-.40 
(.49) 

-.39 
(.51) 

ProPerf     .48*** 
(.10) 

.48*** 
(.11) 

.47*** 
(.10) 

.47*** 
(.10) 

_cons 
2.21*** 
(.37) 

2.21*** 
(.31) 

2.21*** 
(.38) 

2.20*** 
(.31) 

-5.45*** 
(.86) 

-5.48*** 
(.87) 

-5.55*** 
(.86) 

-5.56*** 
(.85) 

F 1.65*** 1.63*** 1.71*** 1.76***     

Log Likelihood     -455.43** -456.36*** -452.58*** -451.48*** 

Ng 1468 1468 1468 1468 1468 1468 1468 1468 

Nd 591 591 591 591 591 591 591 591 

Note: Year dummies and genre dummies are included but omitted in the table. One-tailed test for hypothesized 
relationships. * p<0.1; ** p<0.05; *** p<0.01.  
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Table 5: Post-hoc Analysis Results – Moderation Effect of Product Novelty 
 Product Performance Confidentiality Performance 

 Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 

NCd .46** 
(.26) 

 .45** 
(.25) 

-.70* 
(.50) 

 -.71* 
(.51) 

SHd  .13* 
(.08) 

.13* 
(.08) 

 .63*** 
(.26) 

.64*** 
(.26) 

PN .11 
(.13) 

-.06 
(.16) 

-.11 
(.17) 

-.49 
(.53) 

-.65 
(.73) 

-.69 
(.74) 

PN*NCd 5.93** 
(3.05) 

 5.88** 
(3.28) 

1.09 
(4.66) 

 1.52 
(4.67) 

PN*SHd  -1.08** 
(.51) 

-1.06** 
(.48) 

 -1.12 
(2.43) 

-1.22 
(2.44) 

           Note: The same sets of control variables in the main analysis are included in the model. 
                     * p<0.1; ** p<0.05; *** p<0.01. 

   
Table 6: Analysis Results of Robustness Checks 

  Product Performance Confidentiality Performance 

 Model 15 Model 16 Model 17 Model 18 Model 19 Model 20  Model 21 Model 22 Model 23 

 
Customer 
Review 

Seemingly 
unrelated 
regression 

No-
window 
network 

5-year-
window 
network 

Separate 
networks 

Seemingly 
unrelated 
regression 

No-
window 
network 

5-year-
window 
network 

Separate 
networks 

NCd 
.34*** 
(.13) 

.40** 
(.21) 

0.13** 
(0.06) 

0.68* 
(0.45) 

0.04* 
(0.03) 

-.09** 
(.04) 

-0.02* 
(0.01) 

-0.01* 
(0.01) 

-0.23* 
(0.15) 

SHd 
0.14* 
(0.09) 

.14*** 
(.05) 

0.44** 
(0.18) 

0.46** 
(0.20) 

0.45** 
(0.21) 

.10** 
(.04) 

0.21** 
(0.11) 

0.27** 
(0.12) 

0.47* 
(0.34) 

Note: The same sets of control variables in the main analysis are included in the model. 
           * p<0.1; ** p<0.05; *** p<0.01. 
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