How do Regulatory Constraints Impact on Firm Innovation? 
Abstract
When facing regulatory constraints, how should a firm employ innovation sourcing strategies to bring better innovation outcome? Our research examines this question by investigating the dynamic interplay between regulatory constraints and firm innovation, examining how the former influences innovation sourcing strategies and, subsequently, innovation performance. Drawing from institutional theory, we argue that firms adapt their sourcing strategies to conform to regulatory pressures to maintain legitimacy, leading to diversification of innovation sourcing (e.g. employing a larger number of different sourcing strategies) that brings a favourable innovation outcome. However, regulatory constraints concurrently result in decreased technical efficiency that impedes innovation outcome, presenting a potential paradox in innovation regulation. Taking both benefits and costs of regulatory constraints into account, we propose an inverted U-shaped relationship between regulatory constraints and innovation performance, suggesting that a moderate level of regulatory constraints brings optimal innovation outcomes. Empirical evidence from a longitudinal analysis of UK firms supports our hypotheses, underscoring the complexity of balancing legitimacy with technical efficiency. Moreover, our findings reveal that working with government mitigates the negative impact of regulatory constraints, guiding firms to strategically assess to what extent sourcing strategies should be diversified. Through these investigations, we aim to offer a more definitive stance on the debate surrounding regulation and innovation and provide insights into the conditions under which regulatory constraints might serve as a boon or a bane for firm innovation.
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Introduction 
Navigating the intricate landscape of regulatory constraints, firms often find themselves balancing at the demands of compliance and the impetus for innovation. Conventional wisdom and earlier scholarly work have posited that regulatory pressures might stifle the creative and innovative capabilities of a firm. This viewpoint is largely captured in the works of Garriaga et al. (2013), who explored the broader spectrum of constraints, including regulatory ones, and assessed their impact on open innovation. Conversely, a body of literature highlighted the potential that regulatory frameworks can act as catalysts for innovation (Horbach et al. 2012), particularly in fostering positive environmental outcomes, and the core idea is that constraints pressure firms to respond through adopting novel environmental practices (Berrone et al. 2013; Borghesi et al, 2015; Liu et al. 2020).
Despite these insights, empirical evidence on the impact of regulatory constraining on innovation remains fragmented and often contradictory. Prior studies have provided empirical backing for the beneficial influence of regulatory constraints on fostering innovation (Horbach 2008, 2012; Borghesi 2015), yet the spectrum of findings is broad, offering no definitive conclusion. Moreover, the mechanisms through which regulatory constraints exert an impact on firm innovation have not been thoroughly documented, leaving a gap in understanding the direct and indirect pathways that shape this complex relationship (Acar et al. 2019).
This research endeavors to fill in these gaps by examining the nuanced relationship between regulatory constraints and firms’ innovation outcomes. We focus on how regulatory constraints shape the way firms choose and use their sources of innovation, which is critical for fostering firm innovativeness (e.g. Cassiman & Veugelers, 2006; Love et al. 2014). Drawing from institutional theory (DiMaggio & Powell, 1983; Oliver, 1991; Deephouse, 1999),  we contend that firms can strategize their innovation sourcing as a response to regulatory constraints, while guaranteeing  their innovation performance. 
Since regulatory constraints often come in the form of laws or regulations that exert higher standards for firms’ operations and product development, they can drive firms to diversify their innovation sourcing strategies, potentially leading to better innovation outcomes. At the same time, we also consider a potential trade-off: such conforming with regulations could impinge on technical efficiency (DiMaggio & Powell, 1983; Beck & Walgenbach, 2005), which may  weaken the effectiveness of sourcing diversification for facilitating innovation. To capture this delicate balance, we propose an inverted U-shaped relationship between regulatory constraints and innovation performance. This means that a moderate level of regulatory constraints brings optimal innovation outcomes. Furthermore, when firms diversify their innovation sources, they often face higher operational costs. To manage these costs while maintaining their legitimacy, firms may look to government information to guide them. Such information can help firms anticipate the effects of current regulations and predict the direction of future ones (Horbach 2008, 2012). We propose that cooperating with government on innovation projects can better access government information, which, in turn, mitigate the positive effects of regulatory constraints on sourcing diversification. 
Our empirical analysis is grounded in a comprehensive dataset from a UK firm-level innovation survey spanning several years, offering strong support for our theorization. Our research contributes to the institutional theory and innovation literature as follows. 
First, our research helps resolve the ongoing debate concerning whether regulatory constraints drive or impede firm innovativeness. We contribute to the discourse on the trade-offs inherent in pursuing legitimacy through adherence to regulatory constraints versus the pursuit of technical efficiency. By considering the advantages and drawbacks of regulatory constraints, we offer a comprehensive view on this critical issue. By theorizing and empirically evaluating the inverted U-shaped relationship between regulatory constraints and innovation performance, our research is pioneering in explaining the mechanisms by which regulatory constraints affect a firm’s innovation performance. 
 Second, our study extends institutional theory by delineating how firms adapt their innovation sourcing strategies in response to legitimacy pressures. While previous studies on innovation sourcing have concentrated on the breadth and depth of knowledge sources such as the number of information sources and their importance (e.g. Laursen and Salter 2006; Leiponen & Helfat, 2010), they seldom differentiate between diversification levels of sourcing strategies with respect to innovation. Our study underscores the importance of sourcing complexity, which we define as the variety of sourcing strategies a firm employ. This spectrum ranges from the use of exclusively internal sources, external sources or cooperation to the integration of a mix of two sources, and ultimately, to the combination of all three sources. This distinction advances our understanding of how firms diversify their innovation activities in response to regulatory constraints.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Finally, our study investigates how firms navigate competing priorities in their strategic responses by exploring the moderating role of government information. While institutional isomorphism literature has suggested that regulatory forces may lead to a convergence of organizational behaviors and strategies, we posit that government information plays a critical role in determining the extent and nature of such convergence. When firms have access to clear and detailed regulatory information, they can better understand the landscape and more accurately assess the risks and benefits of various strategic options. This clarity can empower firms to tailor their sourcing strategies more precisely to the demands of the regulatory environment, rather than simply mirroring the approaches of other organizations. Our insights thus shed light on the conditions that might prompt firms to either conform to isomorphic pressures or diversify their sourcing strategies in response to regulatory constraints.

Theory and literature background
Institutional theory and organizational adaptation
Institutional theory is a dominant approach to understanding how social influence toward conformity affects organizational behavior (Meyer and Rowan, 1977; DiMaggio and Powell, 1983). This framework articulates that organizations assimilate institutionalized configurations or modalities with the strategic intent to augment or safeguard their legitimacy—a broad-based recognition or perception that their mode of operation is desirable, proper, or apt within the ambit of socially constructed systems (Scott, 1995). Through adapting themselves to conform to the prevailing rules and standards, firms are more likely to compete and survive in long term. 
Central to the discourse in institutional theory are the formidable institutional forces manifesting as constraints imposed by government entities (Child & Tsai, 2005; Sarta et al., 2021). They are of particular importance in economies that have a legacy of having significant regulatory and political interventions in business affairs (Peng, 2003; Peng et al., 2008). Regulatory constraints are typically exerted by governmental bodies, and exist in the form of political interventions, government regulations, economic rules or industry standards (Peng & Heath, 1996; Blind, 2012; Yao et al., 2022), such as banning or taxing the use of certain materials, controlling of price, insurance of product liability or environmental and safety regulations (OECD, 1997). Because these regulations involve a set of coercive requirements or minimum standards that firms must meet, they create the rules of the game and exert pressure on firm production, operation and innovation activities. According to institutional theory, noncompliance with regulations means harming a firm’s legitimacy within the socio-political systems, which can be very costly (Meyer & Rowan, 1977). In contrast, those that adapt themselves to conform to the rules and standards are posited to possess a competitive edge and hence, a higher likelihood of enduring survival. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK4][bookmark: OLE_LINK8][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK3]Organisational adaptations are not solely driven by legitimacy pressures but also the need to achieve profitability goals, financial returns and other desired outcomes (Hrebiniak & Joyce, 1985; Hitt & Tyler, 1991). Because firms are in principle to augment performance, managers must weigh the costs and benefits of being different against the legitimacy gains associated with conforming to regulations. In order to achieve a balance, organizations often do not passively respond to institutional expectations, but proactively respond to them through adapting their strategies (Oliver, 1991; Deephouse, 1999; George, et al., 2006). Works taking this view have evidenced that organizational adaptations may be oriented towards balancing the need for legitimacy benefits and the achievement of a set of performance goals, such as the reduction in financial risk (Berrone et al., 2010), the pursuit of economic growth (Luo et al., 2017), and the demands for innovation development (e.g., Li et al., 2018). For example, Goodstein (1994) compared private sector organizations with public ones and observed that private sector is less likely to conform to legal requirements on work-life balance. The competition and profit-driven nature of private sector organizations can make them less likely to adopt policies and practices that are not directly related to their primary goals of efficiency, productivity, and financial success. Beck and Walgenbach (2005) examined mechanical engineering firms in Germany and found that firms manufacturing in small batches but highly customized production are less likely to adopt ISO 9000 standards certification. This is because managers are concerned of the trade-off between investing in formalisation organizational process to achieve quality standard and reduction in production flexibilities. This study concluded that firms place customer benefits and financial profit ahead of legitimacy. Similarly, Luo et al. (2017) found that firms face stringent regulations for corporate society responsible (CSR) may issue CSR report more swiftly to meet their social goals. However, such CSR activities may not necessarily be high quality which would be costly to the firms.
Institutional theory underscores the necessity of integrating novel practices as a means to eschew illegitimacy. This theoretical construct garners considerable interest among innovation scholars, given that organizations which pioneer novel structural modifications (usually through the generation of innovative solutions or pioneering methodologies) are often able to actualize benefits in terms of legitimacy and profitability (Acar et al., 2019). For instance, Huesig and colleagues’ (2014) empirical research within the Western European telecommunications sector reveals a tendency for established enterprises, particularly those that have historically dominated their markets, to venture into new, less-regulated domains. Such strategic moves are especially evident in scenarios where these new domains are forged by the advent of disruptive innovations, implying a proactive approach to navigating regulatory structures and utilizing innovation to preserve market influence. A series of studies by Blind (2012; 2016) and his colleagues (Blind et al., 2017) have shown that firms often respond to government regulations through increasing investments in R&D activities, adjusting technological strategies, or completely ignoring regulations. 
Most of the research noted above concerned how firms adjust resource input, market and technological strategies to respond to regulatory requirements, but rarely paid attention to the role of firms’ adaptation in the form of innovation sourcing to make such response. Innovation sourcing is the process of gathering and acquiring ideas, technologies, or expertise from different sources in order to develop or improve existing products, process or services (Love et al., 2014). Knowledge can come from a wide range of sources, including internal R&D departments, as well as external sources, including customers, suppliers, competitors, universities, research institutions, or even government agencies. Following the approach of Love et al. (2014), we identify four types of sourcing strategies: (1) no innovation sourcing activities; (2) internal R&D; (3) external purchasing, and (4) external cooperation.  
Given that innovation is a function of a firm’s ability to combine and use different knowledge, effective adaptions for innovation may be a systematic shift of firms from using none or single knowledge source toward jointly using internal and external knowledge sources (Cassiman & Veugelers, 2006; Love et al., 2014; Zhou & Li, 2012). Therefore, the level of sourcing complexity ranges from low to high when a firm undertakes no innovation sourcing activity, one type, two types or three types of sourcing strategies. By sourcing complexity, firms may not only use knowledge elements residing within the focal firm, but also facilitate the absorption of external knowledge (Chesbrough, 2006), and the recombination of complemental internal and external knowledge (Cassiman & Veugelers, 2006; Schmiedeberg, 2008; Love et al., 2014), which maximize the likelihood of creating alternative solutions or new methods. 
Institutional theory does not disregard efficiency issues of organizational adaptation, but acknowledges the possible sacrifice in production and coordination capabilities in order to maintain legitimacy. As Meyer and Rowan (1977:343) put, “if [rules are] implemented … technologies are of problematic efficiency”. This efficiency issue in innovation is evidenced by the double-edged effects of firms’ adaptations. Innovation scholars, for instance, found that firms adjusting environmental or operational strategies to meet government requirements may lose production and technological flexibilities, finally impeding firm innovativeness (Yang et al., 2019; Yao et al., 2022). Since government regulations are often widely implemented across industry, region and nation (Meyer & Rowan, 1977: 355), they directly determine the costs of organizational operation and transaction, thus shaping the efficiency of firm strategies (Peng, 2003; North, 2005). In this sense, a firm’s adoption of more sourcing strategies in response to regulatory constraints may yield unintended consequence. 
Overall, we have little knowledge of how firms adapt to regulatory constraints through innovation sourcing and effectiveness of the adaptation, given that such an adaptation is subject to both legitimacy benefits and inefficiency issues. As such, our study ask the following question: How does regulatory constraints affect innovation sourcing and subsequent innovation performance. Integrating the organizational adaptation and innovation inefficiency perspectives (rooted in institutional theory), we theorize that on the one hand, firms facing greater regulatory constraints have the motivation to obtain legitimacy and innovation benefits by sourcing complexity, and on the other hand, the effectiveness of such an adaption on firm innovation is contingent upon the level of regulatory constraints. Figure 1 depicts our conceptual model. In what follows, we develop and integrate these two perspectives and propose our hypotheses. 
---------------------------------------
Insert Figure 1 here.
---------------------------------------

Hypothesis development
An organizational adaptation perspective
According to the organizational adaptation perceptive, a firm’s goals to obtain innovation benefits must be considered in determining the role of regulatory constraints in shaping how the firm will adopt specific adaptation strategies (Child, 1972; Hrebiniak & Joyce, 1985; Peng & Heath, 1996). Such goals include but are not limited to the continuation of a R&D project, the maintenance service of one product for customers or long-term collaborative relationships with partners in supply chains. Hence, facing regulatory constraints, firms tend to adapt in a way that can guarantee innovation returns as legitimately as possible. 
We posit that sourcing complexity is such an adaption that likely allows the firm to conform to government regulations. Additional sourcing activities are critical to the generation of new solutions in the case of increasing institutional pressure. First, compared to firms that do not innovate, firms undertaking any one out of the three innovation sourcing strategies (internal sourcing, external purchasing, or cooperation) increases the likelihood of finding feasible solutions. Internal R&D provides firms with a strong foundation of knowledge and experience, which can be leveraged to develop new products and processes. Viscusi et al. (1993) observed a significant increase in R&D intensity among U.S. manufacturing firms after the introduction of product liability policy in 1980s. Lee et al. (2011) found that stringent performance-based regulations motivated firms to invest more in developing new technologies that can meet these regulatory expectations. Since valuable knowledge may also come from outsiders, external purchasing helps firms to acquire new resources and expertise that are not available within the firm (Garriga et al. 2013; Zhou & Li, 2012). Tether (2002) argued that the biggest motivation for a firm to search externally is to introduce novel innovations that cannot be developed by itself. Cooperation with other firms can also bring together diverse perspectives and resources, enabling firms to collaboratively develop new solutions (Belderbos et al., 2004). 
   Second, the likelihood of finding useful solutions further increases when firms undertake any two out of the three sourcing strategies available. By combining any two of these sourcing activities, firms can benefit from synergies and complementarities that can lead to a faster, more efficient, and more innovative solution development process (Ahuja & Katila, 2001). For example, a firm might use internal R&D to develop a new product prototype, then work with an external supplier to source the necessary materials and components, and finally collaborate with a partner firm to jointly market and distribute the product. Moreover, by purchasing from, and cooperating with external parties, firms are able to share risks and costs associated with developing and implementing new solutions (Tether, 2002). This leads firms to experiment with new ideas without the fear of significant losses.
Third, firms exhibit the highest likelihood of finding solutions when adopting all three sourcing strategies. Sourcing complexity demonstrates a firm’s proactive effort in investing more into R&D efforts, which maximizes the chance of finding solutions or alternative methods and is thus more likely to create innovation returns. More sourcing strategies offer a broader perspective to firms, reduce the likelihood that any ideas from one or two sourcing channels are not feasible, but bring in more diversified insights and ideas that can lead to more successful innovation outcomes. This is especially useful in times of market uncertainty, because firms that are more adept at sourcing knowledge through multiple channels are better positioned to innovate and respond to changes. As a result, facing more regulatory constraints, firms tend to diversify their sourcing strategies to stay relevant, competitive, and innovative.
Although abandoning technologies that do not meet regulatory requirement may seem to be an easy fix for short term compliance, more sourcing strategies maximize the likelihood that a firm can handle regulatory issues more efficiently or even achieve results beyond those expected by regulators (Berrone et al., 2013; Lee et al., 2011). Such a new substantial approach is particularly meaningful in situations where more stringent regulations, such as closer political inspection or protracted litigation, are likely introduced. Innovative solutions help firms to avoid the penalties for poor compliance with potentially more stringent regulations in the future (Berrone et al., 2013). Therefore, sourcing complexity may not only help firms to maintain their legitimacy, but also enhances its future sustainability under stringent regulations. 
Overall, innovating in ways that conform to government regulations requires the searching of alternative solutions or new methods, which allows new-to-firm knowledge components to be introduced to provide fresh perspective and enables the firm to identify new knowledge recombination opportunities. We propose that firms are more likely to increase innovation sourcing when they face more regulatory constraints:
H1: Regulatory constraints have a positive effect on sourcing complexity.

An innovation inefficiency perspective
The innovation inefficiency perspective, rooted in the institutional theory (Meyer & Rowan, 1977; DiMaggio & Powell, 1983), contends that organizational adaptations aimed at conforming to institutions rules likely conflict with achieving technical efficiency. Innovation efficiency is defined as the effectiveness with which a given set of innovation efforts or inputs can be used to produce an output (Färe & Lovell, 1978; Zhou et al., 2017). A firm is more efficient if it can generate higher innovation output from a given amount of innovation efforts, i.e., the adaption of sourcing strategy in our context. A higher innovation efficiency is often reflected by more flexibilities in coordination and management of organizational operation, and great discretion in the exchange relations with external actors (Beck & Walgenbach, 2005). However, when more stringent regulations or political forces are imposed, firms have to bear higher costs of compliance and compromise flexibilities.
We posit that the effect of sourcing complexity on innovation performance is weakened by regulatory constraints. First, managers’ attention on how to implement sourcing strategies is likely to be distracted by regulatory issues. High levels of regulatory constraints imposed by governments usually associated with the increased possibility of government intervention in business operation and production activities. Under such situations, managers must allocate attention or resources to fulfil government expectations and maintain positive relationship with the government (Yang et al., 2019). When managers consume attention that should have been paid to sourcing activities to such issues, they may lose strategic impetus in innovation (Yao et al., 2022). Second, when a firm replaces its current organizational process and structures with designated procedures in response to regulations, the firm suffers from the reduced efficiency in internal sourcing, external sourcing or inter-organizational collaboration due to deviating from its existing production process and provision of innovative products and services (Beck & Walgenbach, 2005). 
Moreover, stringent regulations impede effective collaborations between the focal firm and its external partners. Since regulations are typically enforced at the industry-, regional- or even national levels, external partners (especially those operating in the same realms) may also be confined to the same set of regulatory constraints. Lee et al. (2011), for example, found that technology-enforcing regulations in the U.S. automobile industry, which were designed to mandate a higher level of technological capacities, not only created challenges and opportunities for applicable firms, but also their upstream suppliers who were indirectly involved in the innovation process. In such situations, both parties are bounded to the rules of the government and are tied up in bureaucratic process, resulted in a weakened efficiency in inter-organizational collaboration and knowledge recombination.
Although firms can generate novel solutions through internal R&D, outsourcing or collaborating with external partners to effectively exchange, share and recombine diverse knowledge, with the increasing stringent regulatory constraints, the room for achieving such effective knowledge sourcing and generating innovations is suppressed. We thus propose that regulatory constraints reduce the effectiveness of sourcing complexity for promoting innovation performance. 
H2: Regulatory constraints weaken the positive effect of sourcing complexity on innovation performance.

Integrating the organizational adaptation and innovation inefficiency perspectives
Based on the aforementioned arguments, the organizational adaptation perspective emphasizes sourcing complexity as a strategic adaptation to regulatory constraints (for maintaining legitimacy and improving innovation benefits), while the innovation inefficiency perspective highlights cost issues (flexibilities compromise) caused by regulatory constraints. In this section, we integrate these two perspectives into a cost-benefit analysis to examine the overall effect of regulatory constraints on firm’s innovation. We argue that different degrees of regulatory constraints carry varying weights on the organizational adaption and innovation inefficiency perspectives.
When regulatory constraints are at low to moderate level, firms’ incentive to make innovation adaptations (for legitimacy and innovation benefits) is strong, while the cost issue caused by innovation inefficiency causes relatively minor concerns. As we argued in H1, the two motivations for a firm to enhance sourcing complexity when facing regulatory constraints are to avoid the lack of legitimacy and guarantee innovation benefits. When regulatory constraints are low, firms are highly incentivised to adapt because firms can easily conform to the rule or regulations and meet the production standards (Viscusi & Moore, 1993). Although the effectiveness of the adaptation is still subject to the negative influence of regulatory constraints, such weakening influence should be minor. This is because the regulations are generally endurable, and regulators grant firms the discretion in deciding how to meet compliance and innovation goals (Majumdar & Marcus, 2001). For example, low levels of regulations give firms the ample time and adequate flexibilities to react and firms, as a result, can adapt in a way that guarantees operational efficiency. A more lenient regulatory framework enables firms to not only adhere to the basic requirements but also to thoroughly assimilate and integrate the guiding principles and rules into their core operational strategies (Lee et al., 2011; Majumdar & Marcus, 2001). 
In our context, managers may expect the investment of more R&D resources into innovation to bring solutions or new technologies meeting or circumvent regulations. Regarding external sourcing, because the strict regulatory constraints have not been exposed, it is very likely for firms to acquire useful knowledge and find solutions from outsiders, e.g., through technology in-licensing, R&D collaboration or alliances (Narula & Dunning, 1998). Firms may work with partners and set ambitious goals that can stretch them beyond current practices regulated by the government by generating innovative solutions. Just like individuals can search for solutions for a problem when provided sufficient time (Moreau & Dahl, 2005), firms’ adoption of more sourcing strategies tend to pay off when facing low levels of regulatory constraints. We therefore expect that at low levels of regulatory constraints, the benefits brought by innovation sourcing can override its costs, and the impact of the regulatory constraints should be positive.
When regulatory constraints are at moderate to high levels, the innovation benefits associated with adaptation increase incrementally while the legitimacy benefits remain largely unaffected. In the meanwhile, the strict regulations remove a firm’s discretion in implementing more sourcing activities that can generate innovation benefits. After regulatory constraints increase beyond a certain scope, managers may have to spend a lot of time on handling regulatory issues and their decisions are likely made towards the compliance to political requirements rather than business interests. Since regulatory constraints typically set a bottom line that prevents firms from punishment or acknowledges them as social acceptable, the benefits of any efforts made beyond the minimal requirement are marginal (Ren et al., 2023). At this time, however, firms are restricted in their sourcing activities and forced to allocate resources towards meeting regulatory requirements instead of pursuing innovative ideas (Peng & Heath, 1996; Child & Tsai, 2005). As a result, the innovation inefficiency issue of regulatory constraints becomes evident, which lead firms difficult to benefit from the adoption of more innovation sourcing strategies. 
We therefore propose that a medium level of regulatory constraints is most beneficial to firm innovation. 
H3: Regulatory constraints have an inverted U-shaped impact on innovation performance, such that a medium level of regulatory constraints generates the highest innovation output.

The moderating role of government cooperation   
Since a firm’s strategic adaption is made with the purpose to reduce the divergence between the organization and its environments, the uncertainty of external environment should affect how firms adapt to regulatory constraints (Peng et al., 2009; Zhou et al., 2017). Under uncertain environments, the rules or government regulations are often ambiguous or fast changing. The information asymmetry between the regulator (government) and firms has a profound influence on the role of government regulations on sourcing complexity. When firms have access to clear and detailed regulatory information, they can better understand the landscape and more accurately assess the risks and benefits of various strategic options. We focus on government cooperation, which was defined as the collaborative relationship targeted at innovation activities between a firm and the government or its agencies (De Faria et al., 2010). 
We posit that government cooperation may weaken the effect of regulatory constraints on sourcing complexity. First, government regulatory items may not always be sufficient, accurate or up-to-date, which may mislead firms. Collaborating with government helps to remove information ambiguity about the regulations (Jugend et al., 2020).  For example, when managers are aware of the regulatory items regarding which technology fields or what extent the use of one material is limited in production, they are less sensitive to the regulatory pressure. Rather, they have greater spaces to determine how to respond and can make adaptions with more discretionary power. In such situations, firms understand how substantial the compliance should be and therefore are more likely to find alternative solutions instead of costly adaptation for innovation complexity.
Second, government regulation may be biased towards certain industries or firm groups, leading to inconsistencies in regulation and difficulty for firms to navigate regulatory requirements. When firms cooperate with the government and have accessible information about the regulations they must comply with, they can make more informed decisions about how source and allocate resources accordingly ( ). As a result, firms will be able to adapt in a way that incurs lower costs through self-resolution instead of resorting to diverse or complex sourcing mode. Furthermore, firms can communicate the rationale behind regulations and find potential cost-efficient approaches to comply with them. A well-built relationship with government even allows managers to ask for suggestions from officials, which may lead the firms to find solutions more easily. They may even leverage on the established relationship with government to avoid penalties or exemptions. As a result, managers may find it not necessary to substantially change existing strategies nor enhance sourcing activities for exploring new opportunities or innovative solutions (which are costly, Cassiman and Valentini, 2016), but persist in the exploited fields that are not strictly constrained, or straightforwardly turn to the domains that are encouraged by the government. 
Therefore, we have the following hypotheses:    
H4: The effect of regulatory constraints on innovation sourcing is weakened when the firm has built a relationship with government.

Methodology 
Sample
The objective of this study was achieved by analysing data from the European Community Innovation Survey (CIS4-CIS12), conducted by the UK Office of National Statistics (ONS). The purpose of the CIS is to systematically gather information regarding the innovation capabilities and outcomes of firms. To this end, the ONS employed a stratified random sampling methodology, selecting samples from the Inter-Departmental Business Register (IDBR). The surveys were administrated every two years between 2003 to 2021, primarily and collected data via postal questionnaires, supplemented by telephone follow-ups to increase the response rate among inital non-respondents. Responses were predominantly solicited from individuals in key positions such as R&D managers, Chief Financial Officers, or Managing Directors. The response rate for these surveys was approximately 50%, a figure that is notably high for a voluntary survey, thus enhancing the reliability of the data collected. The stratification approach was adjusted for both the sampling proportion and the industry sectors as defined by CIS. Weighting with the stratification were calculated based on the reciprocal of the sampling proportion across the sectors. An extensive exposition of the data and its sampling methodology can be found in the report published by the Department for Business Innovation & Skills of the UK (DBIS, 2022; Robson and Achur, 2013). This methodological approach was designed to ensure a representative cross-section of the UK's business establishment.
Measures
Dependent variable
Innovation Performance
The research utilizes the dependent variable "innovation performance" (LNINNOVPERFORM) to evaluate the efficacy of innovation efforts. This is computed using the logarithm of sales figures for products that are either new to the market, new to the firm, or significantly improved. Employed extensively in prior innovation research (e.g., Laursen and Salter, 2006; Tether and Tajar, 2008), this metric effectively gauges commercial success, serving as a robust indicator of innovation performance (Grimpe and Kaiser, 2010).
Sourcing Complexity
Another dependent variable in our study is the number of sourcing strategy (OPEN1), which ranges from 1 to 4, categorized as follows: 1-No innovation sourcing activity, 2-Exclusive engagement in either internal R&D, external R&D, or cooperation; 3-a combination of two activities among internal R&D, external R&D, or cooperation; 4-a comprehensive blend of internal R&D, external R&D, and cooperation.
Independent Variable
We measure regulatory constraints as the extent to which the importance regulations in constraining innovation activities. This variable is constructed by two sources of factors that constrain innovation activities. They are (1) UK government regulations; (2) EU regulations (including standards). Each source of innovation constraints is a categorical variable ranking from 0 to 3: each firm gets 0 when the source of constraints to innovation is not applicable to this firm; the firm gets 1 when the source of constraints to innovation is important at a 'low' level; 2 refers to important at a 'medium' level; and 3 refers to important at a 'high' level. Considering variations in government regulation across different survey waves, either from UK domestic or EU policies, the variable is constructed using the maximum value derived from these two regulatory influences when relevant. That is, we sum up these two categorical variables and divided by 2 so that each firm gets 0 when a firm has no regulation constraints to innovate, while a firm gets 3, when it has the greatest degree of regulation constraints to innovate. 
Moderating variable
Government cooperation (GOVERNMENT COOPERATION) is a binary variable that indicates whether a firm cooperates on any innovation activities with government or public research institutes, with a value of 1 indicating cooperation and 0 indicating otherwise. According to CIS questionnaire (e.g. 2016 to 2018), public research institutes “are wither owned or controlled by the government or reply largely on government block funding”. Hence, we think this is a good proxy for government cooperation.
Control variables
Prior research in new product development and innovation highlights numerous factors that can influence innovation performance (Henard and Szymanski, 2001; Montoya-Weiss and Calantone, 1994). Acknowledging these influences is crucial to accurately interpret our findings. To mitigate the impact of these potential confounders, we incorporated various control variables.
One such variable is innovation effort. It is generally observed that organizations investing significantly in both internal and external R&D often exhibit enhanced innovation performance. Consequently, we included two metrics to quantify innovation effort: the natural logarithm of internal R&D investment (LNEXPINTRD) and the natural logarithm of external R&D investment (LNEXPEXTRD). The inclusion of both measures recognizes that organizations may shift their focus to external knowledge sources after ceasing certain innovation activities, potentially improving innovation performance without directly enhancing new product development efficiency.
Labor productivity is another factor potentially influencing innovation performance. Ceasing an innovation activity could lead to reduced relative productivity, freeing up resources for other endeavors. These additional resources might then be channeled into accelerating existing innovation activities, albeit without necessarily enhancing overall effectiveness. We measure labor productivity (LABOR) as the total annual turnover divided by the number of employees, and take its natural logarithm. This approach effectively combines the logarithms of a firm's turnover and employment size. Consequently, we report both the coefficients of the firm's turnover and employment size in our empirical analyses.
Firm size is also controlled for, as larger organizations are typically better resourced for new product development processes. We categorized firm size using the SIZEBAND variable, which includes four size bands: 10-49, 50-99, 100-249, and 250+ employees.
Regional differences, which can affect innovation performance and learning capabilities (Souder and Song, 1997; Bishop et al., 2011), are also considered. Given our UK-specific sample, international disparities are irrelevant. To account for regional variances within the UK, we used several dummy variables based on the regional classification of the Office of National Statistics (ONS) for CIS. These variables represent various UK regions: Northeast England, Northwest England, Yorkshire and the Humber, East Midlands, West Midlands, Eastern England, London, Southeast England, Southwest England, Wales, Scotland, and Northern Ireland.
We also addressed industry variance, recognizing that the innovation propensity can vary significantly across sectors (Pavitt, 1984). This was achieved by incorporating seven industry dummy variables classified by the three-digit SIC code, covering sectors such as manufacturing, mining, electricity and water supply, construction, hospitality, transportation, wholesale, and other industries.
Lastly, we included time dummies to control for fixed effects associated with the survey period, thereby addressing potential concerns over unobserved temporal differences, such as inflation or unemployment rate variations.
Analysis
Model selection and descriptive analysis
We formed our estimator using a firm-year unit of analysis. Given that the nature of our dependent variables SOURCING COMPLEXITY, INNOVATION PERFORMANCE both are categorical or semi-continuous variables, i.e. “a variable that combines a continuous distribution with point masses at one or more locations” (Olsen and Schafer, 2001 p.730), multilevel mixed-effects tobit regression will be the more appropriate estimate techniques. Ordinary least square estimations could be provided as robustness checks. We used the lag inherent in CIS to test the relationship between the openness of innovation strategies and innovation performance by relating the dependent variable (INNOVATION PERFORMANCE) with the independent variables (SOURCING COMPLEXITY, REGULARTORY). The INNOVATION PERFORMANCE item asked respondents to report their product performance at the time of completion of the survey (e.g. 2012 in CIS8). The SOURCING COMPLEXITY item asked them to report what innovation activity they had adopted. The REGULATORY item asked them whether and the extent to which the government regulation had impacted firms’ innovation activities at any time during the previous three years (e.g. 2010-2012 in CIS 8). Therefore, and in line with previous uses of this data (van Beers and Zand, 2014 p. 304) (e.g. Cassiman and Veugelers, 2002; Grimpe and Kaiser, 2010; Klingebiel and Rammer, 2014; Laursen and Salter, 2006), we used the built-in lag between independent and dependent variables. Table 1 provides the descriptive statistics and correlations of the variables we used. 
---------------------------------------
Insert Table 1 here.
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Hypotheses testing
Hypothesis 1 predicted that regulatory constraint will make the sourcing complexity of firms’ innovation strategy higher. The coefficient REGULATORY indicates a positive and significant relationship . It indicates that the regulatory constraint is positively associated with the degree of complexity of openness of firms’ innovation strategy. Therefore, H1 is supported.
---------------------------------------
Insert Table 2 here.
---------------------------------------
Hypothesis 2 predicted that the sourcing complexity of innovation activities has a positive effect on innovation performance. And regulatory constraint can moderate this effect in a negative way. In another word, the positive effect of sourcing complexity on innovation performance is weaker with higher level of regulatory constraint and stronger with lower level of regulatory constraint. In the Table 3, the linear interaction term REGULATORY*SOURCING is negative and significant at 0.001 level  in mixed effect tobit model estimation. This result is also confirmed in a further instrumental variable tobit model estimation . Therefore, H2 is supported.
---------------------------------------
Insert Table 3 here.
---------------------------------------
Hypothesis 3 predicted that there is an inverse U-shape effect of regulatory constraints on innovation performance. Hence, a medium level of regulatory constraints generates the highest innovation output. In Table 4, the coefficients of REGULATORY in both models (simple one and the completed one) are positive and significant, e.g. .  While the coefficients of REGULATORY SQUARE-TERM are negative and significant, e.g. . Moreover, an inverse-U shape test is conducted. And in the table 4a, the t-value=7.42, suggests that H1 inverse-U shape is supported.
---------------------------------------
Insert Table 4 and 4a here.
---------------------------------------
Hypothesis 4 predicted that the choice of government cooperation can negatively moderate the effect of regulatory constraints on the sourcing complexity in firms’ innovation strategy. The positive effect of regulatory constraints on sourcing complexity of firms’ innovation strategy is weaker when government cooperation is involved. This hypothesis is supported by findings in Table 5. The coefficient of linear interaction term GOVERNMENT COOPERATION*REGULATORY is negative and significant .
---------------------------------------
Insert Table 5 here.
---------------------------------------
Robustness Check
To see if the regression results are robust with respect to different estimation methods, construction of the variables, and potential endogeneity, we conduct the following robustness check.
Alternative measurement of key variable “innovation performance”. We firstly generate a binary variable BINARY MEASURE OF INNOVATION PERFORMANCE. And BINARY MEASURE OF INNOVATION PERFORMANCE=0 if sales of new product/significantly improved product is zero. Or BINARY MEASURE OF INNOVATION PERFORMANCE=1 if there are sales of new product/significantly improved product. Secondly, we generate a variable that measures the outcome of “radical innovation”. In another word, we only take sales of new product (new to the market or new to the firm) into consideration. We then take the logarithm form of the variable, naming it as RADICAL INNOVATION PERFORMANCE.
We got regression results for hypothesis 2 using alternative measures of innovation output in Table A1.  The coefficient on interaction term of regulatory constraints and complexity degree of innovation strategies is negative and significant, confirming previous findings are robust.
---------------------------------------
Insert Table A1 here.
---------------------------------------
We got regression results for hypothesis 3 using alternative measures of innovation output in Table A2. The coefficient on regulatory constraints is positive and significant. While the coefficient on the square-term of regulatory constraints is negative and significant. These support hypothesis 3.
---------------------------------------
Insert Table A1 here.
---------------------------------------
Alternative measurement of regulatory constraint. We calculate the level of regulatory constraint REGULATORY AVERAGE by averaging the level of UK regulatory and EU regulatory. And then we re-test hypotheses 1-3. The findings in Table B1, B2, and B3 all suggest that our previous results are robust given alternative measures of regulatory constraints.
---------------------------------------
Insert Table B1, B2 and B3 here.
---------------------------------------
Winsorize the innovation performance by cutting at 99 percentile of innovation performance (WINSORIZED INNOVATION PERFORMANCE). And re-test hypothesis 2 and 3. The findings in in Table C1, and C2 suggest that our previous results are robust given innovation performance is winsorized by cutting at 99 percentile.
---------------------------------------
Insert Table C1 and C2 here.
---------------------------------------
Alternative regression method. For robustness check, we re-test hypothesis 1-3 by using OLS (ordinary least square) method. The findings in Table D1, D2, and D3 suggest that our previous results are robust given OLS regression method employed.
---------------------------------------
Insert Table D1, D2, and D3 here.
---------------------------------------

Discussion 
Theoretical implications
First, our study provides a nuanced understanding of how regulatory constraints impact on firms’ innovation performance, enhancing the discourse within.  institutional theory and the broader innovation literature. We demonstrate an inverted U-shaped relationship between regulatory constraints and innovation performance, our study, thereby augmenting previous research that posited a binary impact of regulation on innovation.  This investigation reveals the dual role of regulations—they can both inhibit and foster innovation, the ‘constraining yet enabling’ nature. Regulatory constraints, up to a certain threshold, catalyze innovation by encouraging firms to explore diverse sourcing strategies. Beyond this threshold, however, the weight of stringent regulations may stifle innovation by compromising technical efficiency. This division aligns with earlier conceptions of the organizational adaptation within intuitional theory, extending these notions into the domain of innovation (Oliver, 1991; Deephouse, 1999; George, et al., 2006), while concurrently corroborating the institutional theory’s perspective on the restrictive aspects of regulations (Meyer & Rowan, 1977; DiMaggio & Powell, 1983). Our integrative approach, combining these perspectives within a cost-benefit analysis, explains the conflicting forces at play—how  strategic adaption induced by regulations contends with the concomitant rise in technical inefficiency, shaping the contours of the inverted U-shape. Our findings indicate that neither unrestricted liberty nor excessive regulation serves as a  remedy for optimal innovation outcomes. Our study helps in reconciling the empirical ambiguities surrounding the paradox of regulatory impact on innovation. 
Moreover, our analyses suggests that firms do not simply conform to regulatory pressures; rather, they strategically navigate these constraints to balance the needs of legitimacy with the imperative for innovation performance. Sourcing diversification emerges as a strategic response within this constrained landscape, broadening institutional theory’s traditional focus on conformity as a means to achieve legitimacy (DiMaggio & Powell, 1983).
Second, in contrast to prior studies that focused on the breadth and depth of knowledge sources, our study highlighted the dimension of sourcing complexity. This encompasses a continuum from reliance on exclusively internal sources, external sources, or cooperation to the integration of a mix of two sources and, ultimately, the combination of all three sources. This distinction advances our knowledge of how firms strategically diversify their innovation approaches in response to regulatory demands. We recognize that such diversification differs from their information sources diversification, as the former is considered as a bigger strategic management action than the latter. This is especially important in examining firms’ response to regulatory constraints, as diversifying innovation strategies bring more straightforward outcomes while incurring larger operational costs than diversifying information sources (Lungeanu, Stern & Zajac 2016). 
Third, our research contributes to the discussion on institutional isomorphism, showing highlighting the role of government cooperation in securing clarify and availability of government information. This, in turn, shapes the extent to which firms adapt their innovation sourcing strategies in the face of regulatory pressures. Our findings underscore the importance of access to government information and emphasizes its role in mitigating the negative effects of regulatory constraints. While sourcing diversification entailing increased operational costs, strategic response by firms necessitates informed guidance regarding the degree of diversification. Our research introduces a novel aspect to the literature, underscoring how collaboration with governmental bodies can serve as a mitigating factor in the innovation process. It suggests that the influence of same regulation on firm behavior varies with the degree of the clarity and availability of related information. 
Practical implications
This study’s main finding suggest that a moderate level of regulatory constraints brings optimal innovation outcomes. According to this finding, policymakers should consider that a moderate level of regulatory constraints can be beneficial for innovation. When designing innovation-related regulations, policymakers should challenge firms to innovate while not making regulations so stringent that they stifle creativity and efficiency.
Moreover, sourcing diversification should be considered by firms as a strategic response to regulatory pressure to maintain a competitive advantage. This approach may not only ensure short-term compliance but also enhances long-term sustainability. Sourcing diversification equips firms to handle regulatory issues efficiently, potentially surpassing regulators' expectations. In the face of more stringent regulations, innovative solutions not only uphold legitimacy but also position the firm for future sustainability, mitigating risks associated with potential penalties. Concurrently, firms must also take the need for pursuing technical efficiency into account. This may involve internal R&D investment, acquiring external R&D, engaging in external partnerships or even using/establishing open innovation platforms.
Furthermore, while diversifying innovation sourcing strategies is encouraged in response to regulatory pressures, firms should be vigilant about the increased operational costs. Some mitigation approaches should be placed with greater importance, such as utilization of government information and firm-government cooperation. Working with governments undoubtfully can help in proactively predicting future regulatory changes and adapting innovation strategies accordingly.
Limitation and future directions
Our firm-level empirical evidence is based in UK, where regulatory environment may differ substantially from other geographic regions. This may pose a limitation on the generalizability of the findings. Future research could expand the empirical testing to include firms from countries with different institutional environments.
Moreover, this study’s data were collected from innovation surveys, thereby it cannot cover the qualitative perspectives of how firms evaluate and respond to regulatory constraints. A future study could collect qualitative data, which could offer insights on the decision-making processes of firms reacting to regulatory constraints. Additionally, event study could help measure the outcomes of government policy towards firm innovativeness utilizing a longitudinal study.
Furthermore, it is crucial to acknowledge the limitation in our measurement of regulatory constraints. This limitation encompasses the absence of differentiation in terms of regulatory enforcement methods, such as financial or non-financial approaches, the scope of policy dissemination at local, regional, or national levels, and the varied durations of enforcement imposed on businesses. To deepen our comprehension, future research endeavours should undertake a more exhaustive analysis of environmental regulations, delving into the intricate nuances of their enforcement mechanisms. By thoroughly considering both the advantages and drawbacks of the characteristics of regulatory constraints, we can provide a more insightful understanding of the mechanisms through which regulatory pressures impact a firm's innovation performance.
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Table and Figure

Table 1. Descriptive Statistics and Correlation Coefficients
	
	Variable
	1
	2
	3
	4
	5
	6
	7
	Mean
	SD
	N

	1
	INNOVATION PERFORMANCE
	
	
	
	
	
	
	
	1.412212
	1.752954
	32,752

	2
	SOURCING COMPLEXITY
	0.5670*
	
	
	
	
	
	
	1.578266
	0.911529
	115,478

	3
	REGULATORY
	0.2212*
	0.2747*
	
	
	
	
	
	1.869739
	1.027461
	74,266

	4
	GOVERNMENT INFORMATION
	0.3204*
	0.4746*
	0.3634*
	
	
	
	
	1.680718
	1.028463
	115,478

	5
	INTERNAL RD EXPENDITURE
	0.6019*
	0.7338*
	0.2269*
	0.4762*
	
	
	
	5.419858
	5.778332
	44,271

	6
	EXTERNAL RD EXPENDITURE
	0.4100*
	0.4247*
	0.1204*
	0.1905*
	0.5649*
	
	
	2.79277
	2.382632
	115,478

	7
	EMPLOYMENT
	0.0420*
	0.1101*
	0.0164*
	0.0907*
	0.1876*
	0.0717*
	
	4.15327
	1.484147
	115,478

	8
	TURNOVER
	0.0877*
	0.1166*
	0.0179*
	0.0835*
	0.2292*
	0.0934*
	0.7860*
	8.506195
	2.014669
	115,478



Table 2 Effect of regulatory constraint on sourcing complexity, mixed effect tobit model
	
	SOURCING COMPLEXITY

	REGULATORY
	0.205***

	
	(0.00674)

	Firm Size
	

	50-99
	-0.0495**

	
	(0.0191)

	100-249
	-0.0865***

	
	(0.0240)

	250+
	-0.141***

	
	(0.0321)

	TURNOVER
	0.0193***

	
	(0.00580)

	INTERNAL RD EXPENDITURE
	0.155***

	
	(0.00171)

	EXTERNAL RD EXPENDITURE
	0.188***

	
	(0.00244)

	Industry dummies
	Included

	Regional dummies
	Included

	Year dummies
	Included

	No. of observations
	38028

	Est. Variance Components
	1.234***
(0.0173)

	Wald Chi Square
Prob>chi2
	27211.35
0.000



Panel effect model, stand errors in the brackets, standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term is included in each regression.

Table 3 Effect of sourcing complexity on innovation performance with regulatory constraint as a moderator
	Dependent variable: 
INNOVATION PERFORMANCE
	Multi-level mixed effect
tobit model
	Instrumental variables tobit model

	REGULATORY
	0.648***
	3.299***

	
	(0.0447)
	(0.776)

	SOURCING COMPLEXITY
	1.648***
	4.261***

	
	(0.0438)
	(0.945)

	REGULATORY*SOURCING COMPLEXITY       
	-0.188***
	-1.179***

	
	(0.0160)
	(0.292)

	Firm Size
	
	

	50-99
	-0.124*
	-0.144

	
	(0.0559)
	(0.109)

	100-249
	-0.330***
	-0.334**

	
	(0.0709)
	(0.117)

	250+
	-0.867***
	-0.294

	
	(0.0955)
	(0.153)

	TURNOVER
	0.0250
	-0.0704**

	
	(0.0160)
	(0.0264)

	INTERNAL RD EXPENDITURE
	0.143***
	-0.0207

	
	(0.00547)
	(0.0392)

	EXTERNAL RD EXPENDITURE
	-0.0558***
	-0.107***

	
	(0.00585)
	(0.0264)

	Industry dummies
	Included
	Included

	Regional dummies
	Included
	Included

	Year dummies
	Included
	Included

	Est. Variance Component
	6.483***
(0.0974)
	

	F-statistics in the first-stage regression
	
	761.36
Prob>F=0.000

	No. of observations
	26693
	4625


Note: Panel effect model, stand errors in the brackets, standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term is included in each regression. To address potential endogenous bias caused by variable SOURCING COMPLEXITY, we adopt an Instrumental Variable Tobit regression method. We use the openness strategy of innovation for that firm in one-period before as instrumental variable. Two-step ivtobit regression command was conducted in Stata.

Table 4: Inverse U-shape effect of regulatory constraints on innovation performance.
	
	INNOVATION PERFORMANCE
	INNOVATION PERFORMANCE

	REGULATORY
	4.388***
	1.605***

	
	(0.109)
	(0.104)

	REGULATORY SQAURE-TERM
	-0.755***
	-0.267***

	
	(0.0227)
	(0.0214)

	Firm Size
	
	

	50-99
	-0.171**

	
	
	(0.0576)

	100-249
	-0.389***

	
	
	(0.0734)

	250+
	-0.944***

	
	
	(0.0997)

	TURNOVER
	0.0302

	
	
	(0.0170)

	INTERNAL RD EXPENDITURE
	0.267***

	
	
	(0.00476)

	EXTERNAL RD EXPENDITURE
	0.0559***

	
	
	(0.00551)

	Industry dummies
	Included
	Included

	Regional dummies
	Included
	Included

	Year dummies
	Included
	Included

	No. of observation
	29421
	26693

	Est. Variance Component
	11.11***
(0.119)
	7.113***
(0.103)

	Wald Chi Square
Prob>chi2
	2572.00
0.000
	20200.52
0.000


Panel effect model, stand errors in the brackets, standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term is included in each regression.






Table 4a: Inverse U-shape test results
	
	Lower bound
	Upper bound

	Interval
	1
	4

	Slope
	1.071458
	-.5301774

	t-value
	17.03072
	-7.417394

	P>t
	0.000
	0.000


Overall test of presence of an Inverse U-shape: t-value=7.42, P>|t|=0.000.
H0: Monotone or U-shape
H1: Inverse U-Shape


Table 5 Multi-level mixed effect Tobit regression results with government cooperation as a moderator
	
	SOURCING COMPLEXITY

	REGULATORY
	0.177***

	
	(0.00678)

	GOVERNMETN COOPERATION
	1.372***

	
	(0.0562)

	GOVERNMENT COOPERATION*REGULATORY
	-0.144***

	
	(0.0212)

	Firm Size
	

	50-99
	-0.0440*

	
	(0.0183)

	100-249
	-0.0856***

	
	(0.0231)

	250+
	-0.173***

	
	(0.0312)

	TURNOVER
	0.0196***

	
	(0.00558)

	INTERNAL RD EXPENDITURE
	0.147***

	
	(0.00163)

	EXTERNAL RD EXPENDITURE
	0.183***

	
	(0.00235)

	Industry dummies
	Included

	Regional dummies
	Included

	Year dummies
	Included

	No. of observations
	38028

	Est. Variance Component
	1.127***
(0.0157)

	Wald Chi Square
Prob>chi2
	28632.08
0.000


Panel effect model, stand errors in the brackets, standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term is included in each regression.


Table A1. Alternative measures of innovation output as dependent variable in Hypothesis 2
	
	BINARY MEASURE OF INNOVATION PERFORMANCE
	RADICAL INNOVATION PERFORMANCE

	REGULATORY
	0.375***
	0.543***

	
	(0.0352)
	(0.0425)

	SOURCING COMPLEXITY
	1.144***
	1.430***

	
	(0.0446)
	(0.0419)

	REGULATORY*SOURCING COMPLEXITY       
	-0.112***
	-0.150***

	
	(0.0166)
	(0.0153)

	Firm Size
	
	

	50-99
	0.00615
	-0.143**

	
	(0.0507)
	(0.0538)

	100-249
	-0.156*
	-0.349***

	
	(0.0662)
	(0.0685)

	250+
	-0.644***
	-0.832***

	
	(0.101)
	(0.0935)

	TURNOVER
	0.0489**
	0.0108

	
	(0.0150)
	(0.0157)

	INTERNAL RD EXPENDITURE
	0.0918***
	0.130***

	
	(0.00455)
	(0.00522)

	EXTERNAL RD EXPENDITURE
	-0.0322***
	-0.0458***

	
	(0.00642)
	(0.00566)

	Est. Variance Component
	
	5.688***

	
	
	(0.0876)

	No. of observations
	26693
	26888



Logit model is estimated for the model with BINARY MEASURE OF INNOVATION PERFORMANCE. And mixed tobit model is estimated for the model with RADICAL INNOVATION PERFORMANCE. Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.


Table A2. Alternative measures used as dependent variable in Hypothesis 3
	
	BINARY- MEASURE OF INNOVATION PERFORMANCE
	BINARY MEASURE OF INNOVATION PERFORMANCE
	RADICAL INNOVATION PERFORMANCE
	RADICAL INNOVATION PERFORMANCE

	REGULATORY
	2.384***
	1.179***
	1.481***
	0.455***

	
	(0.0627)
	(0.0865)
	(0.0458)
	(0.0418)

	REGULATORY SQUARE TERM
	-0.416***
	-0.202***
	-0.253***
	-0.0749***

	
	(0.0130)
	(0.0182)
	(0.00979)
	(0.00885)

	Firm Size
	
	
	
	

	50-99
	
	-0.0258
	
	-0.0849***

	
	
	(0.0487)
	
	(0.0218)

	100-249
	
	-0.184**
	
	-0.176***

	
	
	(0.0643)
	
	(0.0280)

	250+
	
	-0.598***
	
	-0.390***

	
	
	(0.0994)
	
	(0.0406)

	TURNOVER
	0.0573***
	
	-0.00908

	
	
	(0.0147)
	
	(0.00658)

	EXTERNAL RD EXPENDITURE
	0.178***
	
	0.101***

	
	
	(0.00378)
	
	(0.00230)

	INTERNAL RD EXPENDITURE
	0.0538***
	
	0.0308***

	
	
	(0.00594)
	
	(0.00308)

	N
	29421
	26693
	29750
	26888


Logit model is estimated for the model with BINARY MEASURE OF INNOVATION PERFORMANCE. And mixed tobit model is estimated for the model with RADICAL INNOVATION PERFORMANCE. Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.



Test BINARY MEASURE OF INNOVATION PERFORMANCE completed model  H1: Inverse U shape vs. H0: Monotone or U shape
	
	Lower bound
	Upper bound

	
	
	

	Interval
	1
	4

	Slope
	0.775
	-0.438

	t-value
	15.127
	-7.00

	P>t
	0.000
	0.000


Overall test of presence of a Inverse U shape:
t-value =      7.01
P>|t|   =  0.000

Test RADICAL INNOVATION PERFORMANCE model H1: Inverse U shape vs. H0: Monotone or U shape
	
	Lower bound
	Upper bound

	
	
	

	Interval
	1
	4

	Slope
	0.305
	-0.144

	t-value
	12.400
	-4.720

	P>t
	0.000
	0.000


Overall test of presence of a Inverse U shape:
t-value =      4.72
P>|t|   =  0.000



Table B1. Using REGULATORY AVERAGE in Hypothesis 1
	
	SOURCING COMPLEXITY

	REGULATORY AVERAGE
	0.215***

	
	(0.00726)

	Firm Size
	

	50-99
	-0.0500**

	
	(0.0191)

	100-249
	-0.0838***

	
	(0.0240)

	250+
	-0.138***

	
	(0.0321)

	
	

	TURNOVER
	0.0180**

	
	(0.00580)

	INTERNAL RD EXPENDITURE
	0.156***

	
	(0.00171)

	EXTERNAL RD EXPENDITURE
	0.188***

	
	(0.00244)

	Est. of Variance Component
	1.237***

	
	(0.0173)

	No. of observations
	37949


Multi-level mixed Tobit model is estimated. Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.

Table B2. Using REGULATORY AVERAGE in Hypothesis 2
	
	INNOVATION PERFORMANCE

	REGULATORY AVERAGE
	0.675***

	
	(0.0472)

	SOURCING COMPLEXITY
	1.639***

	
	(0.0441)

	REGULATORY AVERAGE*SOURCING COMPLEXITY       
	-0.190***

	
	(0.0168)

	Firm Size
	

	50-99
	-0.122*

	
	(0.0560)

	100-249
	-0.324***

	
	(0.0712)

	250+
	-0.859***

	
	(0.0959)

	TURNOVER
	0.0232

	
	(0.0161)

	INTERNAL RD EXPENDITURE
	0.144***

	
	(0.00547)

	EXTERNAL RD EXPENDITURE
	-0.0561***

	
	(0.00586)

	Est. of Variance Component
	6.494***

	
	(0.0977)

	No. of observations
	26670


Multi-level mixed Tobit model is estimated. Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.


Table B3. REGULATORY AVERAGE in Hypothesis 3
	
	INNOVATION PERFORMANCE
	INNOVATION PERFORMANCE

	REGULATORY AVERAGE
	4.683***
	1.598***

	
	(0.112)
	(0.108)

	REGULATORY AVERAGE SQAURE TERM
	-0.833***
	-0.265***

	
	(0.0239)
	(0.0226)

	Firm Size
	
	

	50-99
	
	-0.171**

	
	
	(0.0576)

	100-249
	
	-0.389***

	
	
	(0.0735)

	250+
	
	-0.946***

	
	
	(0.0999)

	TURNOVER
	0.0303

	
	
	(0.0170)

	INTERNAL RD EXPENDITURE
	0.268***

	
	
	(0.00476)

	EXTERNAL RD EXPENDITURE
	0.0554***

	
	
	(0.00552)

	Est. of Variance Component
	11.13***
	7.108***

	
	(0.119)
	(0.104)

	
	
	

	No. of observations
	29385
	26670


Multi-level mixed Tobit model is estimated. Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.



Table C1. Winsorized variable INNOVATION PERFORMANCE in Hypothesis 2
	
	WINSORIZED INNOVATION PERFORMANCE

	REGULATORY
	0.648***

	
	(0.0447)

	SOURCING COMPLEXITY
	1.648***

	
	(0.0438)

	REGULATORY*SOURCING COMPLEXITY                   
	-0.188***

	
	(0.0160)

	Firm Size
	

	50-99
	-0.124*

	
	(0.0559)

	100-249
	-0.330***

	
	(0.0709)

	250+
	-0.867***

	
	(0.0955)

	TURNOVER
	0.0250

	
	(0.0160)

	INTERNAL RD EXPENDITURE
	0.143***

	
	(0.00547)

	EXTERNAL RD EXPENDITURE
	-0.0558***

	
	(0.00585)

	Est. of Variance Component
	6.483***

	
	(0.0974)

	No. of observations
	26693


Multi-level mixed Tobit model is estimated. Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.

Table C2. Winsorzied variable INNOVATION PERFORMANCE in Hypothesis 3
	
	WINSORIZED INNONVATION PERFORMANCE
	WINSORIZED INNOVATION PERFORMANCE

	REGULATORY
	4.388***
	1.605***

	
	(0.109)
	(0.104)

	REGULATORY SQAURE TERM
	-0.755***
	-0.267***

	
	(0.0227)
	(0.0214)

	Firm Size
	
	

	50-99
	
	-0.171**

	
	
	(0.0576)

	100-249
	
	-0.389***

	
	
	(0.0734)

	250+
	
	-0.944***

	
	
	(0.0997)

	TURNOVER
	0.0302

	
	
	(0.0170)

	INTERNAL RD EXPENDITURE
	0.267***

	
	
	(0.00476)

	EXTERNAL RD EXPENDITURE
	0.0559***

	
	
	(0.00551)

	Est. of Variance Component
	11.11***
	7.095***

	
	(0.119)
	(0.103)

	No. of observations
	29421
	26693


Multi-level mixed Tobit model is estimated. Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.
Inverse U shape has been tested and supported.


Table D1. OLS regression results for Hypothesis 1
	
	SOURCING COMPLEXITY

	REGULATORY
	0.105***

	
	(0.00356)

	Firm Size
	

	50-99
	-0.0260**

	
	(0.00972)

	100-249
	-0.0480***

	
	(0.0123)

	250+
	-0.0726***

	
	(0.0171)

	TURNOVER
	0.00633*

	
	(0.00291)

	
	

	INTERNAL RD EXPENDITURE
	0.0952***

	
	(0.000988)

	EXTERNAL RD EXPENDITURE
	0.103***

	
	(0.00114)

	N
	38028

	R-sq
	0.656


Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.



Table D2. OLS regression results for Hypothesis 2
	
	INNOVATION PERFORMANCE

	REGULATORY
	0.125***

	
	(0.0152)

	SOURCING COMPLEXITY
	0.582***

	
	(0.0222)

	REGULATORY*SOURCING COMPLEXITY  
	-0.0231**

	
	(0.00756)

	Firm Size
	

	50-99
	-0.0690**

	
	(0.0235)

	100-249
	-0.156***

	
	(0.0303)

	250+
	-0.408***

	
	(0.0431)

	TURNOVER
	-0.00617

	
	(0.00690)

	INTERNAL RD EXPENDITURE
	0.0726***

	
	(0.00312)

	EXTERNAL RD EXPENDITURE
	-0.0147***

	
	(0.00361)

	N
	26693

	R-sq
	0.448


Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.


Table D3. OLS regression results for Hypothesis 3
	
	INNOVATION PERFORMANCE
	INNOVATION PERFORMANCE

	REGULATORY
	1.888***
	0.586***

	
	(0.0530)
	(0.0470)

	
	
	

	REGULATORY SQUARE TERM
	-0.324***
	-0.0975***

	
	(0.0113)
	(0.00991)

	Firm Size
	
	

	50-99
	
	-0.0856***

	
	
	(0.0241)

	100-249
	
	-0.181***

	
	
	(0.0312)

	250+
	
	-0.431***

	
	
	(0.0444)

	TURNOVER
	-0.00156

	
	
	(0.00717)

	INTERNAL RD EXPENDITURE
	0.126***

	
	
	(0.00257)

	EXTERNAL RD EXPENDITURE
	0.0343***

	
	
	(0.00334)

	
	
	

	N
	29421
	26693

	R-sq
	0.078
	0.415


Standard errors are in brackets. Standard errors are clustered at firm level. *p<0.05,**p<0.01, ***p<0.001. Constant term, industry dummies, regional dummies, and year dummies are included in each regression.




[image: A diagram of a process

Description automatically generated]
Figure 1. Conceptual Framework
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