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Abstract
[bookmark: _Hlk216731872][bookmark: _Hlk216731886]Improvements in connectivity infrastructure can stimulate innovation by reducing information frictions across locations, yet firms benefit unevenly, and the organizational sources of this heterogeneity remain insufficiently understood. Drawing on organizational information processing theory, this study examines how the locus of managerial authority within multinational enterprises (MNEs)—specifically, whether R&D subsidiaries are managed by headquarters or by another subsidiary—influences the change in innovation from improved connectivity. We use a novel longitudinal dataset covering 1,004 R&D subsidiaries from 78 MNEs and exploit the staggered global rollout of broadband as a quasi-exogenous shock to connectivity. Triple difference analyses using matched samples indicate that broadband increases subsidiary innovation on average, but the effects are driven by R&D subsidiaries managed by other subsidiaries. These subsidiaries experience substantially larger post-broadband increases in innovation productivity, knowledge flows from, and co-inventions with their managing entity than headquarters-managed subsidiaries. Additional analyses indicate that the gap widens when headquarters face greater information complexity, associated with larger MNE size, more extensive international operations, and broader roles, suggesting that headquarters’ heavier information load constrains its ability to leverage improved connectivity. Consistent with information processing under constraints, we find suggestive evidence that headquarters prioritize their most important and technologically proximate subsidiaries. In contrast, subsidiary-managed units achieve innovation gains more broadly. Overall, the findings show that the innovation benefits of connectivity infrastructure hinge on organizational structure, highlighting the pivotal role of subsidiaries in managing innovation and the conditions that can impede or enhance these effects, advancing understanding of both connectivity-enabled innovation and MNE management.



1. Introduction
[bookmark: _Hlk214890466][bookmark: _Hlk216634577][bookmark: _Hlk216634587][bookmark: _Hlk216634605]Improvements in connectivity infrastructure such as new flights, better roads, and faster telecommunications can stimulate innovation by facilitating information transfer across locations (Agrawal et al., 2017; Koh et al., 2025). Greater connectivity enhances innovation by enabling collaboration and knowledge flows between sites (Bahar et al., 2023; Catalini et al., 2020; Forman and van Zeebroeck, 2019, 2012) and strengthening managers’ ability to monitor and support distant R&D (Bernstein et al., 2016; Glaeser et al., 2023). These effects are especially crucial for multinational enterprises (MNEs), the primary engines of global innovation, which must manage R&D across diverse geographic and technological contexts while contending with substantial information frictions (Branstetter and Maskus, 2022).
[bookmark: _Hlk216619190][bookmark: _Hlk216634879]However, considerable firm-level heterogeneity in the benefits of connectivity infrastructure remains unexplained (Campante and Yanagizawa-Drott, 2018; Wu et al., 2021) despite trillions of dollars invested in digital and physical connectivity each year (Donaldson, 2018; OECD/ITF, 2025; PwC, 2025; World Bank, 2024). Existing research has thus far shown that the benefits of connectivity infrastructure depend on external contingencies such as local innovation resources and the cultural, geographic, or technological distance between locations (Bahar et al., 2023; Catalini et al., 2020; Forman and van Zeebroeck, 2019), as well as on firm or R&D operation size (Bahar et al., 2023). Far less attention, however, has been given to how the impact of connectivity on innovation depends on firms’ internal management structures, which are integral to innovation. Organizational information processing theory (OIPT) emphasizes that reporting structures shape the access, flow, and processing of information within firms (Galbraith, 1973; Tushman and Nadler, 1978). Accordingly, the gains from improved connectivity may differ depending on where authority over R&D subsidiaries resides within MNEs. Because organizational structures are relatively “sticky,” often taking many years or even decades to change (Bloom et al., 2012; Bresnahan et al., 2002; Cuervo‐Cazurra et al., 2019), some firms may be structurally better positioned than others to capture the innovation benefits of improved connectivity. To date, studies have not systematically examined how internal management structures condition the effects of improved connectivity infrastructure.
This study investigates how systemic structural differences in authority over R&D within MNEs, specifically whether R&D is managed by headquarters (HQ) or by managing subsidiaries (MS), influences the innovation outcomes of improved connectivity infrastructure. HQ occupies a distinct position as the central informational hub of the corporate network (Egelhoff, 1991). However, to reduce information frictions with geographically dispersed R&D subsidiaries, MNEs often grant MS formal authority to manage other R&D subsidiaries, rather than having HQ oversee all R&D (Schotter et al., 2017). MS’s proximity to R&D subsidiaries and regions of expertise can improve monitoring and access to knowledge (Gumpert et al., 2022). Like HQ, MS select and fund projects, share knowledge, monitor, and coordinate innovation activities (Aghion and Tirole, 1994; Roth and Morrison, 1992; see Figure 1), thereby alleviating HQ’s information-processing burden.[footnoteRef:2] Consequently, the locus of authority—HQ or MS—may shape how improved connectivity translates into innovation performance. [2:  Managing subsidiaries are separate from the R&D subsidiary they oversee and are often referred to as regional headquarters, secondary headquarters, or intermediate supervisory units (Birkinshaw et al., 2006; Gillmore et al., 2023; Zhou, 2015).] 

[bookmark: _Hlk216655200]On the one hand, HQ’s central position gives it broad access to firm-wide knowledge and resources that often surpass those of MS (Egelhoff, 1982). Improved connectivity with an R&D subsidiary may amplify these advantages by enabling HQ to exchange richer, more timely information and to deploy its superior knowledge more effectively with the R&D subsidiaries it manages (Huber, 1990). Moreover, prior research suggests that MS reduce geographic frictions that hinder innovation (Gumpert et al., 2022). If connectivity infrastructure substitutes for proximity by reducing information frictions, then MS may realize smaller marginal gains than HQ and the relative advantage that they derive from their geographic position may diminish. Under this logic, HQ-managed subsidiaries will experience greater increases in innovation from improved connectivity than those managed by MS.
On the other hand, HQ’s central position may constrain its ability to fully exploit the opportunity for more efficient and richer information exchange (Galbraith, 1973; March and Simon, 1958). Since HQ must process large volumes of heterogeneous information from across the MNE group, improved connectivity may exacerbate this burden, leading to overload and diminishing returns if processing demands outpace capacity (Galbraith, 1973; Henderson and Fredrickson, 1996). In contrast, MS tend to have narrower responsibilities than HQ, facing fewer information-processing demands and less complexity (Egelhoff, 1982; Tushman and Nadler, 1978). As a result, MS may be better positioned to leverage their knowledge and expertise with improved connectivity to support R&D subsidiary innovation, yielding relatively greater marginal benefits for MS-managed subsidiaries than for those managed by HQ. 
Because existing research offers no definitive prediction regarding which effect, if any, dominates and multiple mechanisms may operate simultaneously, we abductively investigate how HQ and MS management influence the effects of new connectivity infrastructure on R&D subsidiary innovation. 
Our analysis faces three key empirical challenges. First, innovation management within firms is notoriously difficult to observe (Aghion et al., 2014). Prior studies have relied on proxies such as patent assignments and surveys, each with limitations. Patent assignments do not indicate when R&D subsidiaries are managed by other subsidiaries and involve legal confounders.[footnoteRef:3] Surveys are typically cross-sectional and raise endogeneity concerns. Second, the assignment of managerial responsibility is likely endogenous to innovation performance. MNEs may systematically match R&D subsidiaries with managing entities that can provide better resources. Third, improvements in connectivity infrastructure may be endogenous to either the assignment of managerial responsibility or innovation performance. [3:  The legal assignment of patents is conceptually distinct from managing R&D. MNEs strategically allocate patent assignment based on factors such as legal requirements for local representation in patent defense, eligibility for tax incentives (e.g., patent boxes), and the advantages of centralizing intellectual property protection within a single entity. ] 

[bookmark: _Hlk216688082]We address these challenges as follows. First, we use a rich longitudinal dataset that identifies managing entity-R&D subsidiary relationships across 78 MNEs and their managed 1,004 R&D subsidiaries worldwide. Second, we exploit the staggered introduction of broadband infrastructure at the country level as a new connectivity infrastructure that dramatically eased information flows between locations. We implement staggered triple difference-in-differences (DDD) analyses that account for underlying differences in innovation between HQ- and MS-managed subsidiaries and use matched samples. Broadband represented a major leap in connectivity, enabling data transfers up to 20 times faster than dial-up connections and supporting real-time, two-way communication and video conferencing (OECD, 2015). Following prior research (Forman and van Zeebroeck, 2019, 2012), we conceptualize bilateral broadband access as a two‑sided ease in information flows within managing entity–R&D subsidiary dyads. Similar to railroads, highways, or nonstop flights, broadband significantly reduced information frictions between locations (Akerman et al., 2022); however, as a communication connectivity infrastructure, it enabled real-time information exchange and lowered the need for in-person visits. Because of its potential for substantial productivity gains at low implementation costs, its adoption was primarily driven by exogenous infrastructure availability rather than firm strategy (Akerman et al., 2015; Bertschek et al., 2013; Ericsson et al., 2013).
We begin by establishing a pre-broadband baseline comparing HQ- and MS-managed R&D subsidiary innovation output (measured by the quantity of filed successful patent applications invented by the R&D subsidiary). To reduce potential selection bias, we match HQ- and MS-managed subsidiaries on factors identified in prior research, including subsidiary role, R&D expenditures, regional expertise, geographic and cultural distances between the managing entity and R&D subsidiary, host country, and industry.
We then estimate the effect of broadband on innovation. Since connectivity requires bilateral access (Forman and van Zeebroeck, 2019, 2012), we construct a dyadic broadband introduction measure based on its rollout in both the managing entity and R&D subsidiary locations. We later assess whether the effects persist under unilateral access (either subsidiary-only or managing-entity-only access). Using an intention-to-treat staggered difference-in-differences (DD) design, we compare pre- and post-broadband changes in innovation output between treated (connected) and control (unconnected) subsidiaries. 
To assess whether the effects differ by managing entity type, we estimate a staggered DDD model, holding the management structure constant.[footnoteRef:4] This involves: 1) calculating the change in innovation output for HQ-managed R&D subsidiaries before and after broadband introduction and comparing it to the change in innovation for HQ-managed subsidiaries that have not yet had broadband introduced at that point in time; 2) performing the same calculation for MS-managed subsidiaries; and, 3) subtracting the MS-managed subsidiary difference from the HQ-managed difference and assessing its statistical significance. We further estimate the DDD on a propensity score matched sample to address selection concerns.  [4:  A natural concern is that connectivity infrastructure might alter management structures (Aghion et al., 2014; Dessein, 2002). However, reassigning managerial authority is costly and typically takes years to implement (Bloom et al., 2012; Bresnahan et al., 2002). In our data, only 79 subsidiaries (155 subsidiary-year observations) changed their managing entities during or after broadband introduction. We exclude these observations, effectively holding the management structure constant and alleviating this concern. The results remain robust when these observations are included. Since the number of changes is small and shifts in managing entity represent a distinct research question, we do not analyze them separately.] 

Two central findings emerge. First, before broadband, HQ-managed R&D subsidiaries were more innovative on average than comparable MS-managed ones. Second, broadband introduction is associated with an overall average increase in R&D subsidiary innovation output, but this effect is concentrated among MS-managed subsidiaries. After broadband introduction, MS-managed R&D subsidiaries experienced a 24.7% increase in the number of patents produced, which is 25.2% greater than the change for HQ-managed subsidiaries, while the post-broadband change in innovation output for HQ-managed subsidiaries was statistically indistinguishable from zero (p-value>0.10). 
Supplementary analyses indicate that the effects arise only under bilateral broadband access; no significant effects appear under unilateral access. The impact also grows with geographic distance and is robust to controls for fixed assets. Moreover, we do not find evidence that external knowledge flows drive the effect. Together, these patterns are consistent with our findings being driven by the easing of information flow between managing entities and R&D subsidiaries and suggest that local externalities or technological upgrading do not explain our results. 
We also perform within-country analyses on U.S. R&D subsidiaries that have U.S. managing entities using broadband rollout at the U.S. zip-code–level data, allowing a finer-grained measure of access. The results are consistent with our main findings, indicating they are not driven by country-level aggregation. Additional robustness checks using alternative innovation measures (patent quality, market value), placebo years, alternative broadband thresholds, and staggered heterogeneous treatment corrections all confirm the main findings. Thus, we find robust evidence that improved connectivity between managing entities and subsidiaries is associated with greater increases in innovation for MS-managed R&D than HQ-managed. 
OIPT suggests that this result may be a function of the relative fit between information-processing demands and capacity (Galbraith, 1973; Tushman and Nadler, 1978). HQ’s central structural position exposes it to broader and more complex information flows, potentially constraining its ability to improve the management of its R&D subsidiaries (Egelhoff, 1991; Galbraith, 1977; March and Simon, 1958). We conduct additional analyses to examine the plausibility of this explanation.
[bookmark: _Hlk215003115]First, drawing on OIPT research, we examine four complementary channels through which connectivity with the managing entity can enhance innovation: knowledge-sharing, collaboration, monitoring, and R&D spending. Prior work shows that reducing information frictions between locations increases knowledge sharing (e.g., Agrawal et al., 2017) and supports sustained interaction and joint project implementation across locations, thereby fostering collaboration (Bahar et al., 2023; Catalini et al., 2020; Forman and van Zeebroeck, 2012; Koh et al., 2025). Improved connectivity also reduces information asymmetries, which improves monitoring and, in turn, innovation productivity (Bernstein et al., 2016; Glaeser et al., 2023). Furthermore, reductions in information friction enables better access to funding, making it easier for R&D subsidiaries to propose new projects and for managing entities to select projects to fund (Choudhury, 2017).
[bookmark: _Hlk215003121]We find that MS-managed subsidiaries experience a 16.0% larger post-broadband increase in the R&D subsidiary’s number of backward citations to the managing entity’s prior art (i.e. knowledge flows), compared to HQ-managed subsidiaries. They also exhibit an 18.7% larger increase in co-inventions with their managing entity. Although we lack a direct measure of monitoring, prior research links higher-quality monitoring to greater innovation productivity and predicts stronger monitoring benefits for entities with higher spans of control, i.e., larger number of managed units (Aghion et al., 2013; Garicano, 2000). Consistent with this, MS-managed R&D subsidiaries show a 25.2% larger post-broadband increase in the number of patents per R&D dollar (i.e., innovation productivity) than HQ-managed R&D subsidiaries, with the strongest effect among managing entities overseeing more subsidiaries than the median. We find no systematic differences in R&D funding, suggesting that the relative gains in innovation arise from productivity improvements rather than increased spending. Overall, these findings indicate that MS-managed R&D subsidiaries benefited more from reduced information frictions than their HQ-managed counterparts through larger increases in knowledge flows and collaboration with their managing entities, along with suggestive evidence of improved monitoring.
[bookmark: _Hlk216619778][bookmark: _Hlk215646446][bookmark: _Hlk216619669]We next investigate whether the difference between HQ- and MS-managed R&D subsidiaries arises from HQ’s information-processing demands. Consistent with this theoretical reasoning, the difference is larger when HQ faces greater information complexity, specifically, in larger MNEs with more expansive international operations and when the managing entity holds broader roles. In line with research showing that entities under high processing demands concentrate on areas closer to their expertise (Lo et al., 2022) or strategically important areas (Bouquet and Birkinshaw, 2008), we find that the HQ–MS difference is insignificant when the R&D subsidiary is technologically close but larger when the R&D subsidiary is technologically distant. Moreover, for R&D subsidiaries located in regions of technological expertise or with broader mandates, post-broadband innovation changes do not differ significantly between HQ- and MS-managed units. This pattern suggests that HQ prioritizes its most important R&D subsidiaries, whereas MS-managed subsidiaries achieve innovation gains more broadly. Finally, while both HQ- and MS-managed subsidiaries show smaller effects when culturally distant from the managing entity, the difference between high and low cultural distance is not statistically significant.	
We investigate a series of alternative explanation and robustness tests, including investigating whether the results are driven by MNE tax avoidance, subsidiary roles, regulatory quality, investment profile, political risk, and market growth. The results remain robust to these alternative explanations.
[bookmark: _Hlk216655384]This study contributes to research on connectivity infrastructure and innovation, offering fresh insight by providing evidence that the structure of management influences why some units benefit more from new connectivity infrastructure than others. Existing research has primarily focused on the mechanisms through which connectivity increases innovation—knowledge sharing, collaboration, monitoring, and R&D funding (Agrawal and Goldfarb, 2008; Catalini et al., 2020; Ding et al., 2010; Forman and van Zeebroeck, 2019, 2012; Koh et al., 2025)—and external contingencies that moderate these effects (Agrawal et al., 2017; Bahar et al., 2023). While recent studies have shown that connectivity infrastructure improves the management of geographically distant R&D (Bernstein et al., 2016; Glaeser et al., 2023), it thus far generally treats the managing entities as homogeneous, overlooking how their structural positions influence innovation outcomes. 
A central implication of the findings is that the managing entity matters for realizing the innovation gains from connectivity. MS-managed R&D subsidiaries experience substantially larger post-broadband increases in innovation productivity, knowledge flows, and collaboration with their managing entity relative to HQ-managed. The results provide suggestive evidence that these differences arise from variation in information-processing constraints. When HQ faces greater informational complexity, its ability to capitalize on improved connectivity diminishes, whereas MS, typically subject to narrower information processing demands, are better able to leverage connectivity to increase knowledge sharing and co-inventions with the subsidiaries they manage, ultimately yielding greater innovation gains. As emerging infrastructures—such as low-earth-orbit satellite networks, AI-powered communication systems, non-terrestrial network integration, and edge computing—continue to transform real-time global information exchange, our findings underscore that firms’ internal structures play a critical role in realizing their full innovative potential.
We also advance research on MNE innovation management (e.g., Berry, 2015; Gillmore et al., 2023; Knott and Turner, 2019; Nell and Ambos, 2013; Teodorescu et al., 2022) by providing the first large-scale empirical comparison of HQ- and MS-managed R&D subsidiary innovation output. A critical yet understudied decision for MNEs is whether to place R&D subsidiaries under the control of HQ or MS. While existing research has provided valuable insights into the benefits of delegating control over R&D subsidiaries to MS primarily through theory or qualitative case studies (Gillmore et al., 2023; Lunnan and Zhao, 2014), it has yet to empirically examine the implications of MS versus HQ management for R&D subsidiary innovation. Research has emphasized MS’s proximity-based advantages (Birkinshaw et al., 2006; Lunnan and Zhao, 2014), raising the question of whether the benefits of MS management may erode as advances in connectivity infrastructure increasingly reduce information frictions across locations. Our results highlight that the benefits of MS management not only persist but also grow as advances in connectivity improve the ability of MS to collaborate, share knowledge with, and improve monitoring of their R&D subsidiaries. Taken together, the findings indicate that MS’s value extends beyond mitigating distance, challenge the longstanding presumption of HQ primacy, and suggest that connectivity may be shifting the relative advantages of MS versus HQ in managing innovation.
2. Theoretical background
2.1 Managing innovation as an information-processing activity
Managing MNE innovation is an information-processing activity characterized by uncertainty, complexity, and non-routine decision-making (Tushman and Nadler, 1980). Information processing involves gathering, transmitting, transforming, communicating, and storing information (Galbraith, 1973; Tushman and Nadler, 1978). Effective innovation management depends on a firm’s capacity to process information that guides adaptive and forward-looking decisions (Egelhoff, 1982). 
Geographically dispersed R&D expands access to diverse knowledge and technological opportunities but simultaneously heightens information-processing demands by increasing information processing complexity, defined as the volume, diversity, and interdependence of information that must be gathered and interpreted for effective decision-making (Galbraith, 1977; West, 2000). Information-processing complexity arises from variations in local markets, institutional settings, and technological conditions and makes it difficult for managers to predict outcomes or evaluate activities (Tihanyi and Thomas, 2005).
Geographic distance further amplifies these challenges by creating frictions that hinder information transfer, leading to information asymmetries that obscure managerial visibility and weaken cross-unit coordination (Allen, 1984; Fisch, 2003; Glaeser et al., 2023; Teece, 1977). Considering the frictions caused by geographic distance, managers have ranked proximity to headquarters as one of the most important factors for R&D locations (Lund, 1986). Proximity is important because close interaction with the managing entity is needed for advice in innovating and insights into market and technological demands (Lund, 1986). Geographic distance can slow decision-making, constrain joint problem solving, and impede the integration of knowledge across units (Catalini, 2018; Singh, 2008). 
In summary, from an information-processing perspective, managing innovation in MNEs represents a problem of organizational design under information constraints. Firms must balance the benefits of dispersed knowledge against the costs of complexity and information-transfer frictions by creating structures that enable the firm to effectively gather, interpret, and integrate information across geographic and organizational boundaries (Egelhoff, 1991).
2.2 Information processing and organizational structure
The structure of reporting relationships allocates information-processing responsibilities and influences the unit’s information-processing capacity (Galbraith, 1977). Organizational structure fundamentally shapes how information flows within firms, determining who communicates with whom, what information is exchanged, and which actors interpret and act on it (Galbraith, 1973). For R&D subsidiaries, the relationship with their managing entity is a crucial determinant of information flows and innovation outcomes because managing entities select and fund R&D subsidiaries’ projects, monitor their progress, share knowledge, and engage in joint problem solving (Aghion and Tirole, 1994; Roth and Morrison, 1992). The structural position of the managing entity determines the volume, diversity, and complexity of information it must process and its capacity to do so effectively (Egelhoff, 1982).
Given the strategic nature of innovation, HQ has traditionally been viewed as the natural unit to manage R&D subsidiary innovation, responsible for aggregating information, identifying strategic knowledge, and disseminating it across the MNE (see, e.g., Björkman et al., 2004; Dellestrand and Kappen, 2012). Yet as R&D becomes increasingly internationalized, the volume and heterogeneity of information HQ must process often exceed its capacity to effectively interpret and act on it (Schotter et al., 2017). 
To cope with these limits, MNEs often establish MS as a vertical structural response to expand the organization’s information processing capacity and relieve HQ’s information-processing burden (Egelhoff, 1982). MS operate as managing entities that gather, interpret, and transmit information as they oversee R&D subsidiaries’ innovation activities (Egelhoff, 1982; Schotter et al., 2017). Both HQ and MS are motivated to increase R&D subsidiary innovation. Managing entities hold control and income rights over innovation activities (IRS Treas. Reg. §1.482, n.d.; OECD, 2017). They are accountable for processing information and maximizing R&D performance (Magelssen, 2020).
Whether an R&D subsidiary is managed by HQ or an MS reflects a choice about where information-processing responsibilities are best located (Galbraith, 1973; Tushman & Nadler, 1978). HQ are more likely to retain direct oversight of strategically important R&D subsidiaries (Bouquet and Birkinshaw, 2008), whereas R&D subsidiaries that are geographically distant or embedded in culturally and technologically distinct environments or institutionally weak markets are more likely assigned to MS (Birkinshaw et al., 2006; Zhou, 2015). By focusing on specific regions or product domains, MS typically face less information-processing complexity and have specialized expertise which can help them to improve the efficiency and relevance of information flows (Lawrence and Lorsch, 1967). 
Once assigned, the managing entity’s authority over the subsidiary is difficult to revoke (Cuervo‐Cazurra et al., 2019; Magelssen, 2020). Changing the managing entity of an R&D subsidiary is costly and typically takes years to implement (Bloom et al., 2012; Bresnahan et al., 2002). Consequently, these structural allocations have enduring implications for how effectively firms process information and translate it into innovation.
2.3 Connectivity infrastructure and information-processing capacity
Connectivity infrastructure increases a firm’s information-processing capacity by reducing frictions in information transfer and enabling faster, richer, and more reliable communication across units (Daft and Lengel, 1986; Galbraith, 1977; Huber, 1990). By improving timeliness, fidelity, and volume of information exchanged between units, improved connectivity supports joint problem solving, reduces misinterpretation, and strengthens coordination (Ding et al., 2010; Forman and van Zeebroeck, 2019; Glaeser et al., 2023). Hence, connectivity infrastructure shifts the information-processing frontier outward, allowing firms to handle greater volumes of information without proportionate increases in managerial effort (Huber, 1990)	
Connectivity infrastructure is particularly relevant for managing innovation, which has high information-processing demands. It can improve a managing entity’s capacity for generating, interpreting, integrating and transmitting vital information throughout the innovation process, resulting in better innovation outcomes (Bernstein et al., 2016; Glaeser et al., 2023). 
2.4. Differential effects of connectivity on HQ- and MS-managed R&D subsidiaries
From an information-processing perspective, the impact of improved connectivity on R&D subsidiary innovation may depend on the managing entity’s structural position (Galbraith, 1973). A managing entity’s organizational position determines both the volume and complexity of information it must process (Galbraith, 1973; Tushman and Nadler, 1978). Connectivity can either enhance or hinder performance depending on whether additional capacity reinforces or strains the fit between information-processing demands and capabilities (Daft and Lengel, 1986). HQ and MS occupy distinct positions in the firm’s information-processing structure, creating systematically different informational advantages and constraints. As a result, R&D subsidiaries may benefit differently from connectivity infrastructure depending on which entity manages them. 
HQ’s top position within the corporate group provides broad informational linkages across entities, regions, and activities, enabling it to access diverse knowledge and align innovation with global priorities (Ciabuschi et al., 2012; Galbraith, 1977; Nell and Ambos, 2013). Improved connectivity infrastructure may amplify these strengths by enhancing HQ’s capacity for efficient information exchange, thereby facilitating knowledge sharing with R&D subsidiaries and ultimately improving innovation outcomes for the subsidiaries it manages (Huber, 1990). In contrast, MS—which typically benefit from closer proximity to their R&D subsidiaries—may realize smaller gains from connectivity infrastructure as the advantages of their geographic location diminish. 
Yet HQ also faces inherently higher information-processing demands than MS (Galbraith, 1977). In its parental role within the MNE group, the volume, diversity, and interdependence of information from a wide range of operations may exceed its interpretive capacity (Egelhoff, 1982). The more diverse the set of tasks overseen by managing entities, the greater the informational complexity, i.e., the variety and interdependence of information that must be processed (Daft and Lengel, 1986; West, 2000). Hence, although improved connectivity can reduce frictions in transferring strategically valuable information, HQ may be constrained in leveraging these gains (Bouquet et al., 2009). Improved connectivity may intensify HQ’s informational burden, producing diminishing marginal returns when information-processing demands outstrip capacity.
Compared with HQ, MS generally face narrower information-processing requirements (Tushman and Nadler, 1978). They typically oversee R&D units operating within related technological, product, or regional domains (Egelhoff, 1982; Lunnan and Zhao, 2014; Schotter et al., 2017; Verbeke and Yuan, 2018), and their closer contextual proximity allows them to interpret and transmit insights tailored to subsidiaries’ specific needs (Birkinshaw et al., 2006). As a result, the same technological improvements that risk overwhelming HQ’s processing capacity may amplify MS’s ability to support innovation by strengthening local interpretation, monitoring, and collaborative problem solving.
[bookmark: _Hlk216621353][bookmark: _Hlk214969699]In summary, there are competing predictions regarding how HQ- and MS-R&D subsidiaries may differ in their innovation outcomes from improved connectivity. Therefore, we empirically explore the differential effects of improved connectivity for HQ- versus MS-managed subsidiaries. We develop an empirical design that accounts for key differences in the characteristics of R&D subsidiaries managed by HQ and MS. 
3. Setting and data
3.1. Introduction of new connectivity infrastructure: Broadband 
The global rollout of broadband infrastructure provides a natural setting for this study. Broadband, defined as high-speed internet with download speeds of at least 256 Kbit/s, radically eased inter-unit information flows by enabling simultaneous two-way data transfers, real-time video conferencing, and rapid, high-quality information exchange (Ericsson et al., 2013; Ezell et al., 2009; OECD, 2015).[footnoteRef:5] Distinct from physical transport, broadband virtualizes information exchange. It allows rich, real-time interaction without co-location or costly travel time, thereby facilitating the exchange of complex and tacit knowledge between managing entities and R&D subsidiaries (Akerman et al., 2015; Bertschek et al., 2015).  [5:  Video conferencing was slow to gain widespread adoption after the introduction of broadband and is therefore more likely to be a factor towards the end of our sample (Tucker, 2008).] 

Before broadband, firms relied on slower, more costly alternatives (Ericsson et al., 2013). Principally, alternatives such as dial-up internet offered a maximum speed of 56 Kbit/s, which made data-intensive communication, such as video conferencing, impractical (Ezell et al., 2009). Wide area networks (WANs) could connect offices to mainframes but were too expensive to lease for most firms (Majumdar, 2019). Both WANs and private intranets depended on a country’s communication infrastructure because the private installation of communications infrastructure, such as broadband, across geographical distances was prohibitively costly for firms (De Wit, 2022; Majumdar, 2019). While MNEs often have sophisticated internal systems, many modern collaboration tools—such as cloud-based R&D platforms, video conferencing, shared design systems, and AI-assisted workflows—require broadband connectivity infrastructure at both ends to function. Thus, regional broadband access directly determines whether such tools can operate across locations. Other alternatives for information exchange included telephone (with conference calls), messenger services, traditional mail, and in-person visits. 
Broadband infrastructure installation began in the early 2000s, generally in urban and industrial centers where MNEs are typically located. Governments drove the installation of broadband infrastructure due to its socioeconomic impacts (OECD, 2015). The European Commission, for example, aimed for full broadband coverage in all EU countries by 2013 (OECD, 2015). By 2011, broadband had been introduced in 85% of the countries in our sample. The staggered introduction of this infrastructure across countries provides useful quasi-experimental variation, helping to mitigate, albeit not fully eliminate, concerns about time-varying institutional factors that could influence subsidiary innovation.
A defining feature of broadband is its dyadic nature: benefits arise only when both endpoints are connected. Thus, bilateral rather than unilateral access drives information flows (Forman and van Zeebroeck, 2019). Aligned with prior research establishing broadband infrastructure as plausibly exogenous to firms (e.g., Akerman et al., 2015),[footnoteRef:6] we conceptualize broadband availability as an externally driven reduction in bilateral information frictions, conditional on both nodes in a managing-entity–subsidiary dyad having access. Given that broadband offered sizable productivity improvements at relatively low adoption costs, firms’ adoption largely reflected the timing of external infrastructure rollout (Akerman et al., 2015; Bertschek et al., 2013; Ericsson et al., 2013). [6:  Exogeneity in our study is supported by three key factors. First, we employ a rich fixed effects structure of subsidiary, year, and HQ-managed-year fixed effects and we further test robustness to MNE-year fixed effects and country-year fixed effects. Second, as shown in Appendix Table D.11, placebo tests reveal no significant pre-trends: subsidiaries in regions about to receive broadband were not already on divergent innovation trajectories. Third, our unilateral-access falsification (Table 7) shows that innovation gains arise only when both the managing entity and the R&D subsidiary have broadband access. No effect is observed under one-sided access. This bilateral pattern, corroborated by the U.S. zip-code replication (Table 6), helps rule out confounding influences such as local economic shocks or regional spillovers by isolating the treatment to intra-firm information flows. While we do not claim random assignment, the combination of these design choices, placebo and falsification tests, and extensive robustness checks supports a plausibly causal interpretation of broadband as an exogeneous shock to information flows. ] 

We obtain broadband data from the World Bank's World Development Indicators, which reports broadband penetration as a percentage of fixed broadband subscriptions in the population, including businesses and residences. Following specialized studies, we set a 5% market penetration rate as the threshold for broadband introduction and test different thresholds in robustness checks to ensure consistency (Ezell et al., 2009; Mack-Smith, 2013). Research indicates that, even at low penetration rates, the availability of communication infrastructure can significantly influence productivity (Roller and Waverman, 2001). Since bilateral access drives information flow (Forman and van Zeebroeck, 2019), we code Post-Broadband Introduction as a binary indicator set to one starting the year after broadband penetration reaches the threshold in the countries of the R&D subsidiary and the managing entity. The mean and median time a country in our sample reaches this threshold is two years.
3.2. [bookmark: _Hlk214216949][bookmark: _Hlk216616572] Management data from transfer pricing reports
For this study, we construct a panel on innovation management using the transfer pricing reports from 102 MNEs and their 1,004 managed R&D from 1997 to 2011. The transfer pricing reports provide detailed, audited information on intra-firm transactions and management structures. We obtained access through a confidentiality agreement with a consulting firm that conducts economic analyses for transfer pricing compliance and works with both firms and governments in audits and tax cases. The data we use come from mandatory transfer pricing documentation submitted to tax authorities, not from consulting advice. The dataset contains the data from all 102 MNEs that the consulting firm had information in accordance with company agreements for provision under the confidentiality agreement at the time of data collection. Strict confidentiality was maintained throughout data handling and coding; only aggregate statistics are reported to not identify any firm in the sample.
[bookmark: _Hlk216633631]Given that public and commercial databases do not contain data on which entities oversee R&D subsidiaries within the firm (which helps explain the scarcity of empirical research on MS-based R&D management), this data provides a unique opportunity to investigate our research question. We merge the organizational managing entity-R&D subsidiary data from these reports with USPTO patent data—an independently verified measure of innovation—and with the World Bank’s broadband introduction data to create a novel, rich dataset for understanding the relationship between connectivity infrastructure, R&D management, and innovation. Section 5.1.7 examines whether tax avoidance affects the results.
International and domestic regulations mandate that MNEs document the intra-firm transactions and activities of each entity, including R&D management responsibilities, in transfer pricing reports (OECD, 2017). Employee roles are verified through interviews, company documents, intra-firm contracts, communications, and on-site inspections, and records are auditable. The intra-company contracts included in the reports are ongoing (they remain in force as long as the relevant activities continue) and are changed when roles, responsibilities, or ownership rights change. Because the reports cover at least three years of data (e.g., the current year and preceding two years) (EY, 2013), any modifications to the managing entity-R&D subsidiary relationships (e.g., a change in managing entity) and the corresponding changed contracts are recorded in the reports, allowing us to observe organizational changes over time. 
The reports must comply with domestic and international tax regulations (e.g., IRS Treas. Reg. §1.482, n.d.; OECD, 2017; BEPS Action 13) and are reviewed by auditors and tax authorities, sometimes through joint audits involving the jurisdictions of both the R&D subsidiary and the managing entity. Because governments tax income earned within their borders, they monitor whether MNE entities within their jurisdiction are properly compensated for their activities. Transfer pricing reports serve to verify that intra-firm transactions are conducted at arm’s length and that profits are aligned with the underlying economic activity, ensuring tax compliance and transparency in the allocation of income, expenses, and risks across jurisdictions (OECD, 2017). Tax authorities use these reports to assess whether managing entities and R&D subsidiaries are appropriately compensated and impose substantial penalties for misreporting and noncompliance (EY, 2013). In practice, these reports are legal documents that form part of intracompany transaction audits and litigation (IRS Treas. Reg. §1.482, n.d.; OECD, 2017).
[bookmark: _Hlk216616944][bookmark: _Hlk216633511]While firms may engage in strategic tax behavior, such behavior typically targets pricing decisions (i.e., the valuation of intellectual property or the allocation of profits across subsidiaries) rather than the reporting of organizational structure. This is because while there may be ambiguity around what is the fair price, organizational structure is verifiable through contracts, records, communications, and testimony. Auditors routinely validate reported roles through site visits and employee interviews. During government audits and tax disputes, employees can be subpoenaed to testify in court about their roles and whether they made strategic decisions such as selecting projects and controlling R&D. Misrepresentation can result in substantial penalties, reputational damage, or even criminal liability. 
Changes in managing entities are infrequent and impose substantial adjustment costs, as they provoke employee resistance, are constrained by internal power structures, and attract governmental scrutiny that may trigger audits concerning potential tax liabilities (Cuervo‐Cazurra et al., 2019; Magelssen, 2020; OECD, 2017). Consequently, this further limits the scope for strategic misreporting and reduces the likelihood that our results are driven by opportunistic behavior around broadband introduction events. 
Our analysis relies exclusively on organizational information identifying the R&D subsidiaries and the entities that oversee them, rather than pricing data that may be more easily distorted.
The 102 MNEs in our starting sample primarily operate in manufacturing, with some in retail and service sectors. Approximately 78% are headquartered in North America, 19% in Europe, and the remainder in Asia. Given our focus, we limit the sample to 78 MNEs with at least one subsidiary-invented patent.[footnoteRef:7]  [7:  Of note, this study focuses on the management of R&D activities, rather than the reasons MNEs choose specific R&D locations. Thus, the analysis is conditional on the MNE assigning R&D activities to the subsidiary.] 

To assess representativeness, we compared our sample to multiple benchmarks. First, we compare against the 2,000 largest MNEs worldwide in Orbis (based on Forbes Global 2000 rankings for 2011). After excluding the typically non-innovative sectors that are not in our sample—agriculture, mining, banking, and public administration—our firms do not differ significantly in size (p=0.19) or R&D intensity (p=0.13 for firms that report R&D expenditures) relative to MNEs ranked 1,150–2,000. Thus, our sample represents relatively large MNEs, though not the very largest companies globally. Second, we compare against the Fortune 1000 firms (Cho and Pucik, 2005). We find no statistical differences in total assets (p=0.87) or revenues (p=0.44). Third, we compare against Berry’s (2014) sample of firms, which represents one of the best datasets on MNE innovation over our sample period. This dataset contains information on the patenting of the foreign subsidiaries of U.S. MNEs from the Bureau of Economic Analysis, which we view as an important dimension in assessing the generalizability of the MNEs in our sample. We find no significant differences in MNE size (p=0.17), in the proportion of foreign subsidiaries performing R&D (16.9% vs. 18.2%), or in average annual patents per MNE (p=0.29). 
[bookmark: _Hlk216624952]We read each transfer pricing report to identify the entities that managed the R&D activities of subsidiaries across time. The reports document and identify the entities with formal control rights over innovation activities—those that approve and fund projects, direct execution, and own any resulting IP—supported by intra-company contracts (IRS Treas. Reg. §1.482, n.d.; OECD, 2017). Our focus on the managing entity-R&D subsidiary relationship means that our study is conditional on the R&D subsidiary being managed by another unit. Therefore, our starting sample of 1,004 subsidiaries excludes R&D subsidiaries that have formal authority over their own activities.[footnoteRef:8]  [8:  While all R&D subsidiaries in our study do not hold formal authority to make strategic decisions (i.e. they are non-autonomous units), we are unable to observe variations in the degree of real authority that subsidiaries exercise (Aghion and Tirole, 1997) and believe investigating such variations can be an insightful avenue for future research.] 

We create indicators for the two types of units that can control subsidiaries, HQ and/or MS. We code an R&D subsidiary B as managed by subsidiary A (or HQ A) at time t if the report documented that subsidiary B was under the direction or control of subsidiary A or contracted to perform R&D on behalf of subsidiary A (see Appendix A for an example excerpt of a contract). Headquarters-Managed equals 1 if HQ manages the R&D subsidiary, and 0 otherwise. Appendix B provides a redacted sample from a representative transfer pricing report, where subsidiary A is the managing entity and subsidiary B is the R&D subsidiary. 
The 1,004 R&D subsidiaries assigned to a managing entity have 4,395 subsidiary-year observations. Of these subsidiaries, 54.7% are managed by HQ and 73.2% by an MS. The sum exceeds 100% as 269 subsidiaries perform projects for multiple managing entities, with 50.5% of these managed by both HQ and MS. A total of 677 subsidiaries is under a single managing entity, with 50.7% managed by HQ and 49.3% by MS. When both HQ and MS manage an R&D subsidiary, we are unable to differentiate the total patents attributable to HQ- versus MS-managed R&D projects. Therefore, we match R&D subsidiaries managed exclusively by either HQ or MS to better isolate the effects of HQ versus MS management. We perform additional within-subsidiary analyses for dependent variables that we can track to each managing entity: specifically, knowledge flows from each managing entity and co-inventions with the managing entity in Section 5.2.
A total of 96 R&D subsidiaries experienced a change in their managing entity during the sample window, with 79 of these occurring in or after the year of broadband introduction. We retain the R&D subsidiary in the sample as long as its management remains unchanged. We exclude 155 subsidiary-year observations for the years during and after the management change to ensure that these changes do not affect the results. By excluding changes in management structure, our analysis minimizes the possibility that our results are biased by changes in structure driven by broadband availability or other shocks. The time between broadband introduction and the change in management ranges from zero to eight years, with a median and mean of four years. Most changes occurred around the 2008 financial crisis. Seven subsidiaries were dropped from the sample due to the timing of their changes, reducing the sample to 4,240 subsidiary-year observations across 997 subsidiaries.
We also exclude four subsidiaries (16 subsidiary-year observations) that license technologies from another MNE entity to avoid conflating intra-firm management effects with licensing relationships. Consistent with prior research (e.g., Zhou, 2015), 47 subsidiaries (215 subsidiary-year observations) with pure tax haven management relationships—where managing entities are located in tax havens without operations—are also excluded. The final sample includes 4,009 subsidiary-year observations for 946 managed R&D subsidiaries.
3.3. Innovation data 
We measure R&D subsidiary innovation using patent inventor location.[footnoteRef:9] Patents are a widely recognized and externally validated indicator of technological novelty commonly used in studies of firm innovation (Griliches, 1990; Lerner and Seru, 2017). Patent data, including inventor locations, assignees, forward and backward citations, and technological classes, are sourced from the United States Patent and Trademark Office (USPTO). Using data from a single patent authority is standard practice due to cross-office inconsistencies in coverage and reporting (Berry, 2014).  [9:  We code subsidiary innovation using inventor locations, not patent legal assignees. This distinction is crucial. While firms may reassign patent legal ownership for tax or legal reasons, inventor addresses are recorded at the time of filing the patent as a required part of the patent process and reflect the actual locus of inventive activity. This allows us to capture where innovation occurs and avoids distortions stemming from patent legal assignments.] 

[bookmark: _Hlk216691315]While USPTO data does not capture all innovative activity, several considerations make them a reliable and meaningful indicator of international innovation within MNEs. First, all MNEs in our sample maintain at least one U.S. location and firms active in the U.S. have strong incentives to file with the USPTO regardless of where an invention originates. Second, the USPTO provides extensive international inventor coverage: more than half of its patents list at least one non-U.S.-based inventor (Branstetter et al., 2014; National Science Board, 2022). Third, USPTO data offer the most comprehensive and consistent inventor-level coverage over our sample period (1997–2011). During this period, the USPTO required complete inventor address disclosure, whereas other patent offices either did not systematically collect these data, required only one inventor address per filing, or applied inconsistent reporting standards across jurisdictions and years. These inconsistencies risk introducing selection bias and measurement error if used to compare cross-site organizational configurations and innovation, which is particularly problematic for our design. As discussed in Sections 4.3 and 5.6, we conduct robustness tests by estimating the models on separate samples of R&D subsidiaries in and outside the U.S., finding consistent results. 
To construct the innovation panel, we search the USPTO database for all granted patent applications assigned to each MNE or any subsidiary within the MNE group.[footnoteRef:10]  Our search includes the full legal entity name and variations of the root name, incorporating suffixes such as "Inc.," "Corporation," "A.G.," and "SAS." In cases of ambiguity regarding the corresponding MNE or subsidiary, we verify the assignee address to ensure it corresponds to one of the MNE’s known addresses. Our dataset contains 50,934 patents. [10:  We use the algorithms from https://www.leydesdorff.net/indicators/ to download the patent data.] 

We match all the entities of the MNEs in our data to their invented patents based on the inventor's city, state, country, and year of filing, given that the filing date is closer to the invention date than the grant date (Lerner and Seru, 2017). For instances with multiple MNE entities in the same city, we match patents based on the overlap in the assignee and MNE entity names. If MNE entities have similar root names, we match based on the technological focus of the entity. For example, if two pharmaceutical subsidiaries conduct R&D on drugs, a patent for an oncological drug is linked to the subsidiary focused on oncological research.
Our dataset includes 29,028 patents with a single inventor, 10,711 patents with multiple inventors from the same MNE entity location, and 11,195 patents with inventors from multiple MNE-entity locations, which we code to each inventing subsidiary.[footnoteRef:11] [11:  We code the variable this way because the focus of this study is on the effect of broadband on the focal R&D subsidiary’s innovation. We perform a robustness test with each patent weighted by the number of co-inventing entities and find consistent results (see Appendix D.2).] 

3.4. Dependent variable
The main dependent variable is Innovation Output, measured as the natural log of one plus the total number of successful patent applications filed by the R&D subsidiary’s inventors each year. We apply a one-year lead to our dependent variables. Combined with our post-broadband indicator, which is coded as one in the year following broadband adoption, this specification captures outcomes two years after broadband infrastructure reaches the introduction threshold. We later assess the sensitivity to a three-year lead (see Appendix D). In robustness tests, we use two alternative measures. Innovation Quality is the total number of forward citations (excluding examiner citations) received from other firms within five years of the subsidiary’s granted patent application year. Forward citations are highly correlated with an innovation’s underlying value and importance (Hall et al., 2005; Lanjouw and Schankerman, 2004). To address the mechanical decline in citations towards the end of the patent database (Lerner and Seru, 2017), we limit the analysis of innovation quality to patents filed by 2009, ensuring each patent has the same five-year window to receive citations. Innovation Market Value captures the anticipated commercial value of the innovation and is the MNE market-adjusted returns (in millions of 1982 dollars) within three days following a patent's issue date for patents invented by the subsidiary in that year (Kogan et al., 2017). We obtained this measure from the Kogan database, which covers 61.1% of all patents in our sample.[footnoteRef:12] We use the natural log of one plus both the innovation quality and market value measures. [12:  See Kogan et al. (2017) for details on the conditions under which market values are not estimated.] 

3.5 Other data 
Because local skills and expertise may influence R&D subsidiary innovation, we control for the host-country industry regional technological advantage. We also control for the R&D subsidiary's host-country industry market concentration index; MNE size, diversification, and stock compensation; and subsidiary role. We include the subsidiary's R&D expenditure in our mechanism tests. Additionally, we employ a set of supplementary variables for the matched sample and other analyses. Details on these variables, their sources, and their construction are provided in Appendix C.
3.6 Descriptive statistics and propensity score matched sample
3.6.1. Broadband introduction and R&D subsidiary innovation by managing entity type
Table 1 details the distribution of R&D subsidiaries by country location and managing entity type. There are 53 countries represented in our data. About 11.6% of HQ-managed subsidiaries and 13.5% of MS-managed subsidiaries are in the U.K. In comparison, 19.6% of HQ-managed and 22.2% of MS-managed subsidiaries are based in the U.S. Broadband infrastructure was introduced in countries between 2000 and 2015, with a median country introduction year of 2004. 
Table 2 compares the mean values of key variables for R&D subsidiaries managed by HQ only, MS only, or both. In terms of innovation output, the table shows that before the introduction of broadband, HQ- and MS-managed subsidiaries produced similar quantities of patents. However, HQ-managed subsidiaries slightly outperform MS-managed subsidiaries in innovation quality, suggesting a larger impact of their innovations. In contrast, MS-managed subsidiaries have higher mean innovation market values, which suggests greater expected commercial success or market reception. Following the introduction of broadband, MS-managed subsidiaries exhibit larger average innovation output, quality, and market value compared to those managed by HQ.
------Insert Tables 1 and 2 About Here------
[bookmark: _Hlk213667202][bookmark: _Hlk178180470]3.6.2. Factors associated with HQ versus MS-management and propensity score matching 
The assignment of R&D subsidiaries to HQ or MS is non-random and may be influenced by several factors, raising concerns about selection bias. As discussed in Section 2.2, HQ may be more likely to manage R&D subsidiaries that are strategically important (such as those performing more operational roles, or those that are organic rather than acquired) and those that are geographically, technologically, or culturally more similar to HQ. In contrast, MS tend to manage subsidiaries that are acquired, geographically or culturally proximate, and operating in weak institutional environments, particularly within large and diversified firms (Birkinshaw et al., 2006; Gumpert et al., 2022; Zhou, 2015). These systematic differences between HQ- and MS-managed subsidiaries risk confounding comparisons and could otherwise lead to misleading inferences.
To help alleviate this concern, we use propensity score matching (PSM), one of the most commonly employed techniques for observable characteristics across comparison groups (e.g., Dambra and Gustafson, 2021; Faccio and O’Brien, 2021; Lin et al., 2021). The PSM allows us to match HQ- and MS-managed subsidiaries on factors that may jointly influence management structure and innovation outcomes. We implement nearest-neighbor matching without replacement using two matching vectors. 
For the baseline OLS analysis, we estimate the propensity of an R&D subsidiary being managed by HQ versus MS using a logit model. Because country, industry, and subsidiary fixed effects absorb substantial variation, we match on key pre-treatment variables and fixed effects, then test for balance across additional covariates. The matching algorithm includes geographical and cultural distance and language similarity between the managing entity and the R&D subsidiary, and the average pre-broadband value of MNE size, diversification, stock compensation, host-country-industry technological advantage, host-country-industry market concentration, and industry and host-country fixed effects. Measures of innovation outcomes are excluded from the matching algorithm in this first analysis to understand the correlational differences in subsidiary innovation by managing entity types. Section 5.6 discusses the robustness tests incorporating different variables in our matching process. Appendix C provides detailed descriptions of the variables used to construct the matching vectors. 
When both HQ and MS manage an R&D subsidiary, we are unable to differentiate the total patents attributable to HQ- versus MS-managed R&D projects. To isolate the effects of each management type, we therefore focus on R&D subsidiaries managed exclusively by either HQ or MS. 
[bookmark: _Hlk216624857][bookmark: _Hlk214206151][bookmark: _Hlk216627174]Table 3a reports baseline OLS balancing tests. Column 7 presents t-tests comparing unmatched and matched samples for each variable. The first row shows mean differences between HQ- and MS-managed R&D subsidiaries in the unmatched sample, identifying factors significantly associated with HQ management (versus MS management). We find that, relative to MS-managed, HQ-managed R&D subsidiaries are located farther from the managing entity (p<.001), more likely to share its official language (p<.001), face marginally lower host-country versus home-country effective tax rates (p<.10), and operate in faster-growing economies (p<.05), with lower investment profiles (p<.001), and lower political stability (p<.05). They also tend to belong to smaller firms (p<.001), have marginally higher stock compensation (p<.10), have marginally less R&D expenses (p<.10), and are more likely to be greenfield rather than acquired R&D subsidiaries (p<.001). These patterns are broadly consistent with established findings in the international management and innovation literature, with two notable exceptions: investment profile and political stability. While (Zhou, 2015) shows that MS are more likely to manage manufacturing operations in institutionally weak environments—based on an aggregate institutional quality measure—we find that HQs are more likely to oversee R&D units located in contexts characterized by weak investment profiles and low political stability. This divergence may reflect differences in the strategic importance of innovation relative to more routinized manufacturing. In environments where uncertainty and institutional weakness are more acute, HQs may prefer to retain tighter control over R&D activities to mitigate risk and safeguard knowledge assets.
The second row of Table 3a reports differences for the PSM matched sample. The t-tests show that matching substantially reduces observable differences between HQ- and MS-managed R&D subsidiaries, with only the acquisition variable remaining significant at the five percent level—a factor absorbed by subsidiary fixed effects in the main analyses.
------Insert Tables 3a and 3b About Here------
We also implement PSM for the DD and DDD specifications to address systematic differences between HQ- and MS-managed R&D subsidiaries that may affect post-broadband innovation. Building on the OLS matching algorithm described above, we incorporate additional pre-broadband characteristics capturing the innovativeness of both the R&D subsidiary and its managing entity: the subsidiary’s mean pre-broadband innovation output, market value, R&D expenditures, knowledge flows from the managing entity, as well as the managing entity’s innovation output and R&D spending. Aligned with the OLS algorithm above, including host-country fixed effects in the matching procedure helps account for baseline cross-country differences in connectivity infrastructure and the type of broadband technology (e.g., DSL vs. fiber).
Table 3b presents the balancing tests for the DD and DDD estimations, which are broadly consistent with Table 3a. Overall, the matching effectively minimizes differences between HQ- and MS-managed R&D subsidiaries, providing a more balanced basis for the subsequent analyses. We also present the primary analysis results using the (unmatched) full sample.
Appendix Table D.1 reports descriptive statistics for the full and matched samples.[footnoteRef:13] On average, R&D subsidiaries produce 1.97 patents per year, although output is highly skewed by a few prolific subsidiaries (SD = 7.55). After matching, the average falls to 0.36 patents per year (SD = 1.09), indicating that the matching procedure effectively reduces outliers and yields a more balanced sample. Innovation quality averages 4.37 in the full sample and declines to 0.87 after matching. Similarly, the average patent market value decreases from $43.88 million to $2.06 million, reflecting the removal of extreme values. The average distance between managing entities and their R&D subsidiaries is 4,837 miles, with distances ranging from 9.56 to 19,147 miles and remains relatively consistent after matching at 5,095 miles. [13:  We report aggregated statistics rather than firm-specific minimum or maximum values to maintain confidentiality.] 

4. Analysis 
4.1. Baseline pre-broadband analysis: Type of managing entity and R&D subsidiary innovation
We start by examining the baseline association between the type of managing entity and R&D subsidiary innovation output. Using OLS models with panel random effects, we estimate results for both the pre-broadband full sample and the PSM-matched sample as follows:[footnoteRef:14]   [14:  The Breusch and Pagan Lagrangian multiplier test for random effects was significant (p<.001), thereby indicating the presence of random effects and rejecting a pooled OLS model. Because HQ-managed, the independent variable of interest, is constant in our sample, we are unable to employ R&D subsidiary fixed effects in the OLS analysis.] 

	                                        (1)
where  is the innovation outcome of subsidiary 𝑖 in year 𝑡+1,  is a binary variable for HQ-managed,  is a vector of R&D subsidiary-, host-country-industry-, and MNE-level controls (including a binary indicator for whether the subsidiary was acquired),  represents subsidiary-role fixed effects (e.g., distribution, manufacturing, services),[footnoteRef:15] ​ denotes year-fixed effects, and  indicates industry fixed effects. Standard errors are clustered at the R&D subsidiary level. [15:  Role fixed effects are absorbed by subsidiary fixed effects in the DD and DDD analyses.] 

Table 4 presents the results. In the full sample, we do not find a significant association between HQ managed and the patents produced by R&D subsidiaries (p>0.10). However, in the PSM sample (i.e., after accounting for potential confounders that influence the likelihood of HQ versus MS management), HQ-managed subsidiaries exhibit significantly higher innovation output. Taking the exponentiated value, HQ-managed subsidiaries are associated with 22.6% more patents per year than comparable MS-managed subsidiaries (p<0.05). After controlling for subsidiary R&D expenditures (Column 4), HQ-managed subsidiaries also show higher innovation productivity than MS-managed subsidiaries (p<.05).
------Insert Table 4 About Here------
4.2. Broadband introduction and R&D subsidiary innovation 
Next, we investigate the effect of broadband on R&D subsidiary innovation and whether the effect differs by managing entity type. Starting with the raw data, Figure 2 presents binscatter plots comparing the innovation output for HQ- and MS-managed subsidiaries across the values of broadband penetration. The plots show that as broadband penetration increases, MS-managed R&D subsidiaries produce more patents, while the innovation output from HQ-managed R&D subsidiaries remains relatively stable.[footnoteRef:16]  [16:  Once we employ the DDD regression analysis that incorporates year and subsidiary fixed effects, the coefficient for HQ-managed is statistically indistinguishable from zero (see Table 5, Columns 2 and 3).] 

------Insert Figure 2 About Here------
We formally test these relationships using difference-in-differences (DD) and triple difference-in-differences (DDD) models. The DD model estimates changes in innovation output for R&D subsidiaries following broadband introduction (treatment group) relative to those that have not yet had broadband introduced at that time (control group). The DDD model extends this framework to assess whether the broadband effect differs between HQ- and MS-managed R&D subsidiaries. We discuss the exponentiated coefficients for a straightforward interpretation.
4.2.1. The effect of broadband on R&D subsidiary innovation
We estimate the following specification using the DD model:
		                      (2)
Here,  ​ represents the dependent variable of interest for subsidiary 𝑖 in year 𝑡+1. Given that the dependent variable is measured at 𝑡+1 and the post-broadband measure is defined one year after broadband introduction, our analyses capture R&D subsidiary innovation two years after broadband reaches the threshold. Post-Broadbandct is a binary indicator for post-broadband introduction (as defined in Section 3.1), and  represents subsidiary-, host-country-industry-, and MNE- level controls. Subsidiary (αi​) and year (γt​) fixed effects are included, and standard errors are clustered at the subsidiary level. 
Table 5 presents the results. Column 1 reports estimates for the full sample, Columns 2-3 for HQ-managed subsidiaries, and Columns 4-5 for MS-managed subsidiaries for Equation 2. Across the full sample, broadband introduction is associated with a 9.1% increase in the number of patents produced (Column 1, p<0.001) compared to those that did not have broadband introduced at that time. This effect is concentrated among MS-managed subsidiaries: Columns 2–3 do not provide evidence of a significant change for HQ-managed subsidiaries (p = 0.746, Column 3), whereas Columns 4–5 indicate a substantial positive effect for MS-managed subsidiaries. In the most stringent specification (Column 5), MS-managed subsidiaries are associated with an average increase of 21.0% in patents after broadband introduction (p < 0.001) relative to MS-managed without broadband.
4.2.2. The effect of broadband on R&D subsidiary innovation by type of managing entity
We next test whether the impact of broadband on innovation differs between HQ- and MS-managed subsidiaries using a DDD model, specified as follows:
      (3)
Equation (3) extends the DD specification by interacting with the post-broadband indicator. As in Equation (2), is the innovation outcome of subsidiary  in year ,  includes subsidiary-, host-country–industry-, and MNE-level controls, and  and  denote subsidiary and year fixed effects, respectively. We also include HQ-managed-year fixed effects () to isolate the triple-differences (Pischke, 2005).
The coefficient captures the change in innovation outcomes for MS-managed R&D subsidiaries in countries with broadband introduction relative to MS-managed R&D subsidiaries without broadband at that time. The main term of interest in the DDD analysis is . Essentially, its coefficient β1 represents the differential effect for HQ-managed subsidiaries relative to MS-managed subsidiaries by accounting for existing differences between HQ- and MS-managed subsidiaries in areas where it has not yet been introduced. 
The results in Table 5, Columns 6-9, indicate that the effect of broadband infrastructure on innovation output depends on the type of managing entity. Column 7 reports a negative and statistically significant coefficient for the  interaction, indicating that HQ-managed R&D subsidiaries exhibit a smaller post-broadband change in the number of patents produced than MS-managed subsidiaries. Since the positive post-broadband coefficient for MS-managed subsidiaries is economically significant, we infer that the DDD coefficient can be interpreted as a 18.2% smaller post-broadband increase among HQ-managed subsidiaries than MS-managed subsidiaries (p<0.001). This reflects a smaller relative increase in innovation rather than an absolute decline in HQ-managed output.
The difference becomes more pronounced in the matched sample. In Column 9, our most stringent specification, HQ-managed subsidiaries exhibit a 25.2% smaller post-broadband increase in patents relative to MS-managed subsidiaries (p<0.001), underscoring a robust and economically significant divergence once pre-broadband characteristics are balanced.
------Insert Table 5 About Here------
4.3. Within-country differences in broadband introduction 
Our analyses thus far have focused on country-level broadband availability. Yet broadband access may vary substantially within countries (Akerman et al., 2015; Prieger, 2003). For instance, the greater patent increase observed among MS-managed subsidiaries might be due to HQ-managed subsidiaries operating in regions without local broadband access, even after national rollout, potentially biasing our results.
To address this concern, we collect broadband data at the U.S. zip-code level from the Federal Communications Commission (FCC), which tracks the number of broadband providers per zip code during our sample period.[footnoteRef:17] The United States hosts the largest share of R&D subsidiaries in our dataset and with these data we can assess whether the results hold on a more granular level.[footnoteRef:18]  [17:  Data was collected from https://www.fcc.gov/form-477-data-zip-codes-number-high-speed-service-providers.]  [18:  To alleviate the concern that U.S. data disproportionately influences the findings, we also conduct analyses excluding U.S. R&D subsidiaries (see Appendix Table D.3).] 

We define a binary Post-Broadband Introduction variable equal to one for the years following the entry of at least one broadband provider in the zip codes where the R&D subsidiary and its managing entity are located, and zero otherwise. The PSM matching is adjusted so that both the R&D subsidiary and its managing entity are U.S.-based.[footnoteRef:19] Appendix Table D.4 reports the balancing tests for this matched sample.  [19:  Using the baseline DDD PSM matched sample results in a disproportionate number of HQ-managed R&D subsidiaries compared with MS-managed, however, it yields consistent results with Table 5.] 

Table 6 presents the results. The DD model (Column 1) indicates that broadband introduction is associated with a 40.8% increase in the number of patents produced by R&D subsidiaries (p<.05). The DDD estimates (Columns 2-3) confirm a significant difference by managing entity type: in the fully specified model (Column 3), HQ-managed subsidiaries experience a 43.6% smaller post-broadband change in the number of patents than MS-managed subsidiaries (p<0.05). These results reinforce our main findings, suggesting that the observed differences are not attributable to within-country variation in access.
------Insert Table 6 About Here------
4.4. Assessing broadband as a dyadic connectivity infrastructure
[bookmark: _Hlk216684511]We next investigate the dyadic nature of connectivity. The prior analysis tested whether broadband operates through connectivity between managing entities and their R&D subsidiaries. In this section, we test the effects of unilateral access. This distinction is important because broadband could also directly increase subsidiary innovation. For instance, broadband may enable faster testing, laboratory automation, or greater access to local knowledge and information networks. 
To investigate whether direct effects drive the results, we construct a binary indicator for R&D Subsidiary Post-Broadband Introduction, equal to one for the years after broadband penetration reaches the threshold in the R&D subsidiary’s host-country. We then re-estimate the DDD specification in Equation 3, excluding observations where the managing entity has broadband access. As shown in Table 7 (Columns 1-2), the coefficients are insignificant, suggesting that broadband’s direct effect on subsidiaries alone does not account for the findings. We repeat the analysis using a Managing Entity Post-Broadband Introduction indicator, defined analogously for the managing entity’s host country, and exclude observations where the R&D subsidiary has broadband access. Again, we find no significant effect, suggesting that broadband access by the managing entity alone does not increase subsidiary innovation. Significant increases emerge only when both the managing entity and the R&D subsidiary have broadband access (Table 5), consistent with broadband operating as a dyadic connectivity infrastructure. Additional support for this connectivity infrastructure facilitating information exchange between the managing entity and R&D subsidiary comes from the knowledge flow and co-inventions channels tested in Sections 4.5.1 and 4.5.2.  
------Insert Table 7 About Here------
[bookmark: _Hlk216686039]Second, we test whether broadband acts as a shock to remoteness, which would imply stronger effects at greater geographical distances between subsidiaries and their managing entities (Glaeser et al., 2023; Gumpert et al., 2022). Using data from the GeoDist database on the geographical distance between the countries of the R&D subsidiaries and their managing entities,[footnoteRef:20] we split the sample into observations above or below the median distance. As shown in Table 8, MS-managed subsidiaries located farther from their managing entities experienced a 29.8% post-broadband increase in patents (p<0.05), compared to a 23.9% increase for closer subsidiaries (p<0.05). While this pattern aligns with research suggesting that information frictions increase with distance (Akerman et al., 2022; Gumpert et al., 2022), the difference between the coefficients is not statistically significant.  [20:  This measure is calculated using the great circle formula, which determines the shortest distance between two points on Earth based on their latitudes and longitudes. The calculation focuses on the coordinates of the largest cities or urban centers by population and adjusts for internal country distances relative to geographic area. For additional information on this measure, see (Mayer and Zignago, 2011).] 

Taken together, these results suggest that while distance does not significantly moderate broadband’s effect, joint broadband access for both the managing entity and the R&D subsidiary is a necessary condition for realizing innovation gains. 
------Insert Table 8 About Here------
4.5.  Exploring the channels through which connectivity increases innovation 
[bookmark: _Hlk214997201]We now examine four key channels through which eased information flows from improved connectivity may affect R&D subsidiary innovation and assess whether these channels differ for HQ versus MS-managed subsidiaries: knowledge sharing, collaboration, monitoring, and access to funding. Enhanced connectivity may strengthen knowledge flows by allowing managing entities to access, interpret, and transmit more timely and relevant information to their R&D subsidiaries (Agrawal et al., 2017; Bahar et al., 2023; Forman and van Zeebroeck, 2019). It may also facilitate collaboration among geographically dispersed actors by reducing information asymmetries and enabling more continuous interaction (Forman and van Zeebroeck, 2012; Koh et al., 2025). Improved information flows between managers and R&D units may further enhance innovation by increasing the effectiveness of monitoring (e.g., Bernstein et al., 2016; Glaeser et al., 2023). Finally, recent work suggests that an overlooked channel through which information exchange increases innovation in OIPT is R&D funding: by reducing information asymmetries, R&D units are more likely to have projects approved and funded (Choudhury, 2017). Accordingly, our analyses focus on two dimensions directly linked to information exchange—knowledge flows and co-inventions with the managing entity—and two additional related outcomes reflecting monitoring and R&D funding. 
4.5.1. Knowledge flows from the managing entity
[bookmark: _Hlk216687796]A primary channel through which connectivity infrastructure may foster innovation is by enabling geographically separated units to exchange knowledge more easily (e.g., Agrawal et al., 2017; Bahar et al., 2023; Forman and van Zeebroeck, 2019). Access to relevant knowledge is central to innovation (Yoon et al., 2024), yet geographic distance poses well-documented barriers to the transfer of tacit knowledge, which depends on observation, demonstration, and iterative exchanges that convey context and meaning (Polanyi, 1966; Szulanski, 1996; Teece, 1977). Within MNEs, managing entities serve as knowledge integrators: they accumulate specialized, often tacit, expertise and disseminate it to R&D subsidiaries to support innovation (Berry, 2015; Ciabuschi et al., 2011; Lunnan and Zhao, 2014). 
Connectivity infrastructure can alleviate the limitations imposed by distance by enabling more frequent and higher-quality interactions, thereby complementing in-person communication (Gaspar and Glaeser, 1998). As connectivity infrastructure advances, knowledge transfers that require rich interpersonal exchanges become more feasible across distance (Forman and van Zeebroeck, 2019). Broadband, in particular, reduces information frictions by supporting real-time visualization, remote demonstration, and rapid communication (Ericsson et al., 2013; Ezell et al., 2009; OECD, 2015). These capabilities improve the ability of managing entities to identify relevant knowledge, communicate it across distance, and support subsidiaries in absorbing and applying it in innovation. 
If improved knowledge flows explain our main results, we should observe larger post-broadband increases in knowledge transfers from MS to their R&D subsidiaries than from HQ to theirs. We test this by re-estimating the staggered DDD model from Equation 3 using Knowledge Flows from the Managing Entity as the dependent variable. Knowledge flows are measured as the natural log of one plus the annual number of backward citations (excluding examiner citations) to the managing entity’s prior art not previously cited by the R&D subsidiary in the past five years at t+1, a common proxy for knowledge transfer and communication between parties (Singh, 2005; Sorenson et al., 2006).
Table 9, Column 3, shows that MS-managed subsidiaries have a 10.6% increase in the number of backward citations to MS (p<.05). HQ-managed subsidiaries are associated with a 16.0% smaller post-broadband increase in backward citations to their managing entity (i.e. knowledge flows) relative to MS-managed subsidiaries (p<0.05). This commonly used proxy for communication suggests that MS more effectively leverage connectivity to transfer relevant knowledge than HQ, providing a plausible mechanism for the stronger innovation effects observed.
4.5.2. Collaboration with managing entity
[bookmark: _Hlk216687813]Collaboration across organizational units requires several interrelated information-processing activities: identifying where knowledge resides, developing mutual knowledge and shared interpretive frameworks, transferring complex information, and coordinating interdependent tasks (Catalini et al., 2020; Cramton, 2001; Forman and van Zeebroeck, 2012). Because collaboration entails interdependence, shared problem solving substantially increases units’ information needs and the information-processing capacity required to meet them (Tushman and Nadler, 1978). However, geographic dispersion hampers the transfer of information necessary for effective collaboration (Cramton, 2001).[footnoteRef:21] It increases coordination costs, slows decision making, and creates information asymmetries that fuel disagreements (Cuijpers et al., 2011).  [21:  Cramton (2001) identifies six recurring information problems in distributed collaboration: lack of contextual information, uneven distribution of information, differences in information salience, differences in speed of access, misinterpretation of silence, and uncertainty about technical problems. These problems impede mutual knowledge—an understanding of what others know and how they interpret information—which is considered a prerequisite for effective collaboration (Cramton, 2001). Mutual knowledge enables collaborators to tailor communication with an awareness of others’ perspectives rather than relying on their own, potentially misaligned interpretations (Cramton, 2001).] 

Connectivity infrastructure alleviates many of these problems by enabling more frequent and higher-quality interactions across locations, which reduces coordination costs and strengthens inter-unit linkages that support joint problem solving and mutual learning (Forman and van Zeebroeck, 2012). Rich information channels, in particular, allow rapid feedback and multiple cues that help collaborators converge on shared interpretations (Daft and Lengel, 1986), while shared digital platforms built on connectivity infrastructure allow dispersed collaborators to access common data repositories and other jointly used resources (Malhotra et al., 2007). Empirical studies provide evidence that improved connectivity increases collaboration among geographically dispersed actors by enabling real-time coordination and more frequent information exchanges (Bahar et al., 2023; Forman and van Zeebroeck, 2012; Koh et al., 2025). 
[bookmark: _Hlk216632136]If collaboration is a channel underlying our main results, MS-managed subsidiaries should exhibit larger increases in joint innovation with managing entities than HQ-managed. We explore this prediction by re-estimating Equation 3 using Co-inventions with the Managing Entity, operationalized as the number of R&D subsidiary patents in year t+1 that list co-inventors from the managing entity location as the dependent variable (Bahar et al., 2023). Table 9, Column 6, shows that HQ-managed subsidiaries are associated with a 18.7% smaller post-broadband change in the number of managing entity co-invented patents relative to MS-managed subsidiaries (p<0.001). This pattern indicates that MS are more effective than HQ in leveraging broadband to collaborate with their R&D subsidiaries. 
4.5.3 R&D funding
Connectivity may also enhance innovation by increasing the number of R&D projects proposed and funded (Choudhury, 2017). Funding decisions rely on subsidiaries’ ability to convey project value and managing entities’ ability to evaluate it (Seru, 2014). Connectivity infrastructure facilitates project proposal and evaluation, easing information asymmetries that might otherwise constrain managing entities’ willingness to approve or fund new initiatives (Seru, 2014). If information asymmetries are greater between MS and their subsidiaries than between HQ and theirs, improved connectivity may lead to relatively larger funding increases for MS-managed R&D.
To explore this possibility, we re-estimate the baseline DDD model (Equation 3) using the natural log of R&D expenditures in year t+1 as the dependent variable. Table 9, Column 9 shows no significant difference in post-broadband R&D expenditure changes between HQ- and MS-managed subsidiaries. Funding therefore does not appear to explain the larger post-broadband increase in innovation observed among MS-managed R&D subsidiaries.
4.5.4. Monitoring
A fourth potential channel is enhanced monitoring. Effective monitoring is crucial for successful innovation, but it is information-intensive and relies on frequent, high-quality exchanges to assess progress, provide guidance, and adjust project trajectories (De Meyer & Mizushima, 1989; Manso, 2011). Connectivity infrastructure makes effective monitoring more feasible by lowering the cost of such information interactions between managing entities and R&D subsidiaries (e.g., Bernstein et al., 2016; Glaeser et al., 2023). Better information flows allow managers to synthesize diverse viewpoints, correct errors, and offer timely feedback resulting in more efficient use of parties’ time and efforts (Tushman and Nadler, 1978). Regular interaction also strengthens relational and contextual understanding, supporting more accurate project and performance assessments (Manso, 2011). Improved monitoring thus enhances innovation productivity by reducing agency problems, mitigating shirking, and supporting better project coordination and execution (Bernstein et al., 2016; Glaeser et al., 2023).
If monitoring is a key channel for our results, MS-managed R&D subsidiaries should exhibit greater increases in innovation productivity than HQ-managed subsidiaries. Prior research also suggests that connectivity infrastructure enables managing entities to monitor a larger number of subsidiaries, referred to in the literature as ‘span of control’ (Bloom et al., 2014; Garicano, 2000; Rajan & Wulf, 2006). Thus, if broadband improves monitoring, its impact on innovation productivity should be strongest for managing entities with broader spans of control.
[bookmark: _Hlk171764697]To explore this mechanism, we follow prior studies and estimate innovation productivity, a common proxy for monitoring effectiveness, by including the log of R&D expenditure in the DDD specification (e.g., Aghion et al., 2013; Ahuja & Katila, 2001) and by splitting the sample at the median span of control. Table 9 shows that MS-managed R&D subsidiaries experience a 24.7% post-broadband increase in the number of patents per R&D expense (i.e., innovation productivity) (p<.001), while HQ-managed subsidiaries exhibit a 25.2% smaller change (p<.001). Moreover, the effect of broadband is greater for MS with larger spans of control, consistent with connectivity enabling more effective monitoring for MS.
One potential explanation for the results is that HQs may use connectivity to impose tighter control, which could dampen R&D subsidiary creativity and motivation to innovate (Aghion and Tirole, 1997). Excessive monitoring may crowd out intrinsic motivation, reduce tolerance for failure, and stifle creativity (Allen et al., 2015a; Amabile, 1988a; Holmstrom, 1989a). Because HQs are closer to shareholders and regularly report to the board of directors, they may face stronger pressure than MS to yield MNE fiscal performance (Balsmeier et al., 2017), and may be more prone to such “negative monitoring.” If so, based on prior research indicating that managing entities are more likely to exert control when they have a smaller number of subsidiaries they manage, i.e. a smaller span of control (Aghion et al., 2014), the adverse effect should be strongest when HQs manage fewer subsidiaries. However, Table 9, Columns 11-12, shows the opposite pattern—HQ-managed subsidiaries perform worse when HQs have larger spans of control. A potential hypothesis is that the constraint lies not in over-monitoring but in limited managerial capacity to use connectivity effectively for oversight.
------Insert Table 9 About Here------
[bookmark: _Hlk216698353][bookmark: _Hlk216622847]Overall, these tests show that, post-broadband, MS-managed subsidiaries experience significantly larger increases in knowledge flows, co-inventions, and innovation productivity than HQ-managed subsidiaries, indicating that MS units benefited more from reduced information frictions. We find no evidence that differences in R&D funding drive the observed effects and find suggestive evidence from the span-of-control analysis that headquarters may face information-processing constraints.
4.6 Exploring Heterogeneity
We next investigate whether the difference between HQ- and MS-managed R&D subsidiaries stems from HQ’s greater information-processing demands. The matched sample design accounts for MNE-level (e.g., MNE size, diversification), managing-entity level (e.g. R&D expenditures, innovativeness), dyad-level (e.g., geographical, technological, and cultural distance), subsidiary-level (e.g., R&D expenditures and role), and contextual factors (e.g., country, industry, host-country-industry revealed technological advantage and market concentration). Therefore, the interpretation of these split-sample analyses is the differential effect when both MS and HQ fall into the same category (e.g., high) of the split-sample dimension. By virtue of their structural positions, HQ and MS may still face distinct information processing demands within the same MNE and thus respond differently to similar conditions (Galbraith, 1973; Henderson and Fredrickson, 1996; March and Simon, 1958). 
Information complexity refers to the diversity, interdependence, and volume of information that must be processed (Daft and Lengel, 1986). HQ, due to its corporate role, typically assumes broader, more complex responsibilities than MS, overseeing diverse strategic, operational, and financial information across the MNE group (Nell and Ambos, 2013; Schotter et al., 2017). Prior OIPT research suggests that headquarters face greater informational complexity than MS when the MNE is large, geographically dispersed, and diversified (Egelhoff, 1991; Schotter et al., 2017). Even with enhanced connectivity, this scope can create cognitive bottlenecks that limit HQ’s ability to process subsidiary-level signals and translate them into timely innovation support. Accordingly, we conduct split-sample analyses using MNE size, diversification, and geographic dispersion—a standard proxy for HQ’s information complexity operationalized as the total number of countries in which the MNE operates (see, e.g., Schotter et al. 2017).
If HQ is more constrained in its information processing, we would also expect it to prioritize information exchange from strategically important or technologically proximate R&D subsidiaries. Prior research shows that when information-processing demands exceed capacity, managing entities concentrate on units closer to their expertise or of greater strategic importance (Lo et al, 2022; Bouquet and Birkinshaw, 2008). Subsidiaries with greater organizational “weight,” that is, those that are larger or have more strategic roles, tend to attract more managerial attention (Bouquet & Birkinshaw, 2008). We therefore also investigate split sample analyses for technological distance and R&D subsidiary strategic importance (based on R&D expenditures, host-country industry technological advantage, and role).
As reported in Table 10, when managing entities operate in smaller MNEs, with less geographic dispersion, or have narrower roles (conditions of lower complexity – see, e.g., Egelhoff, 1982), the post-broadband performance gap between HQ- and MS-managed subsidiaries becomes statistically insignificant. The results suggest that information complexity underlies the observed divergence: the gap widens in more complex MNEs, consistent with HQ’s information burden from the MNE group constraining its information processing capacity. Interestingly, we do not find significant differences for highly diversified firms, implying that diversification structures may help alleviate HQ’s informational burden.
Consistent with research on information processing under constraints, we find suggestive evidence that headquarters prioritizes its most important and technologically proximate R&D subsidiaries. Table 10 shows that when R&D subsidiaries are technologically distant from their managing entity, MS-managed subsidiaries experience significantly larger post-broadband increases in innovation than those managed by HQ. For HQ-managed subsidiaries, this pattern is consistent with findings that under high information-processing demands, managers focus on domains closer to their expertise and overlook more distant areas (Lo et al., 2022). 
[bookmark: _Hlk216710655]For strategically important R&D subsidiaries—i.e., those that are large, hold more mandates, or are located in regions of expertise—post-broadband innovation increases do not differ significantly between HQ- and MS-managed units, consistent with the idea that managing entities focus their limited information-processing resources on units offering the greatest potential knowledge-sourcing benefits. We find no evidence that R&D subsidiaries with R&D expenditures above the median increased their innovation post-broadband, suggesting that both MS and HQ may have already concentrated their limited pre-broadband information-processing capacity on these strategically important units (e.g. by using flights and other alternative means to visit the most important R&D units). These subsidiaries likely already attract managerial attention (Bouquet & Birkinshaw, 2008), leaving limited room for further gains. In contrast, smaller MS-managed subsidiaries exhibit the largest post-broadband innovation gains, indicating that connectivity disproportionately benefits less prominent units. This pattern suggests that HQ prioritizes processing information for its most important R&D subsidiaries, whereas MS—regardless of small size or mandate breadth—achieve innovation gains more broadly. 
---Insert Table 10 here---
Taken together, these findings suggest that although connectivity infrastructure eases information flows, HQ’s relatively greater informational complexity from the MNE group may constrain its ability to convert additional information into innovation outcomes. MS, by contrast, are able to leverage connectivity more effectively in supporting R&D subsidiary innovation.
5. Alternative explanations, specification tests, and robustness
5.1. Alternative explanations
5.1.1. Innovation quality and market value
The observed differential effects could be due to MS-managed subsidiaries merely boosting the number of patents produced without enhancing innovation quality or market value. To assess this, we re-estimate the baseline DD and DDD models using innovation quality and market value as alternative dependent variables. As shown in Table 11, the results are consistent with those for innovation output. Broadband introduction is associated with a 50.6% (p<.01) increase in innovation quality (Column 5) and a 31.8% (p<0.05) increase in innovation market value (Column 10) for MS-managed R&D subsidiaries. HQ-managed subsidiaries exhibit a 45.8% (p<.05) percent smaller change in innovation quality and a 47.8% (p<.05) percent smaller change in innovation market value compared to MS-managed subsidiaries, indicating that post-broadband, MS-managed R&D subsidiaries increased both the quality and economic impact of innovation more than HQ-managed.
------Insert Table 11 About Here------
5.1.2	Cultural Distance 
[bookmark: _Hlk216694014][bookmark: _Hlk216694042]An alternative explanation is that MS may be better equipped to interpret information from culturally distant R&D subsidiaries, even after we match MS to HQ subsidiaries of equal cultural distance. If so, the broadband effect should be stronger when subsidiaries are culturally distant. Split-sample analyses using the median cultural distance suggest, however, that cultural barriers dampen the overall benefits of connectivity infrastructure. As shown in Appendix Table D.5, coefficient magnitudes are smaller for both HQ- and MS-managed subsidiaries when cultural distance is high. This suggests that high cultural distance reduces innovation performance for both HQ- and MS-managed subsidiaries relative to low cultural distance, though the differences between the high and low coefficients are not statistically significant. 
5.1.3 Local market competition
Another factor is local market competition. High market competition creates dynamic, information-rich environments where firms must adapt quickly to local customer needs, rivals, and technologies. Relative to HQ, MS may be more attuned to local market conditions and able to process and act on this local market information more efficiently once connectivity improves than HQ. However, several factors suggest this is not driving our results. First, R&D subsidiaries are matched on host-country–industry market concentration. Second, this variable is included as a control in all regressions. Split-sample analyses by high and low concentration confirm that the performance gap between HQ- and MS-managed subsidiaries remains stable (see Appendix Table D.5), indicating that local market concentration does not explain the observed effects.
5.1.4 Local innovation effects
[bookmark: _Hlk216629360]Another alternative explanation is that broadband may increase subsidiary innovation by improving access to local knowledge and expertise, independent of managing entity involvement. Several factors indicate that this mechanism does not drive our results. First, the matched sample design pairs HQ- and MS-managed subsidiaries within the same country and industry, and all models control for time-varying country–industry regional technological advantage, accounting for changes in local knowledge conditions. Second, we code the broadband treatment based on dyadic access because information exchange requires two-way connectivity between the managing entity and the R&D subsidiary. In contrast, local externalities, such as improved labor markets or regional knowledge access, would manifest under subsidiary-only broadband access. However, as shown in our unilateral-access analysis (see Section 4.4), innovation output does not increase when only the subsidiary or only the managing entity has broadband access, indicating that local spillovers are unlikely to explain the results. Third, we examine changes in external knowledge flows, measured as the total number of backward citations to non-MNE patents (excluding examiner citations). If R&D subsidiaries were drawing more heavily on local knowledge, this measure should increase; yet, as shown in Appendix Table D.6, we find no evidence supporting this channel. This result also aligns with notion that large firms rely more on their own internal knowledge than external knowledge (Agrawal et al., 2017).
5.1.5 Investments in fixed assets
[bookmark: _Hlk216630057]Another possibility is that broadband introduction coincides with MS-managed R&D subsidiary investments in fixed assets that independently raise innovation productivity. To test this, we re-estimate our models including the natural log of subsidiary fixed assets as a control. As reported in Appendix Table D.7, the results remain robust, suggesting that asset investments do not account for the findings.
5.1.6 Environmental context: Host-country economic, regulatory, and political factors
Despite the within-country matched-sample design, systematic differences in host-country environments might still bias results. Economic, regulatory, or political factors may influence R&D intensity, site selection, or personnel mobility. We therefore include controls for GDP growth, intellectual property rights index, bureaucratic quality, investment profile, rule of law, and political stability (see Appendix C for definitions and data sources). We find consistent results across all models (see Appendix Table D.7), indicating that contextual heterogeneity does not explain the results.
5.1.7 Tax avoidance
Since our management structure data comes from transfer pricing reports, we assess the potential influence of tax avoidance behavior. Although patent data comes independently from the USPTO, firms might misreport management structures for tax purposes. To address this concern, we conduct robustness tests controlling for (1) the standard firm-level measure of tax avoidance (Dyreng et al., 2019), (2) a binary indicator equal to one if the host country has a patent box regime, (3) the host-country–industry effective tax rate, and (4) the difference between host- and home-country-industry effective tax rates. As shown in Appendix Table D.8, the results remain robust across all specifications, indicating that the observed effects are not driven by tax avoidance.
5.2 Within-MNE and within-subsidiary differences in HQ and MS management
We assume broadband access closely corresponds to its adoption due to its low implementation costs and potential for substantial productivity gains. Nonetheless, unobserved MNE-level heterogeneity could influence the likelihood of broadband adoption after its introduction. To evaluate the risk of this heterogeneity biasing the results and other unobservable factors such as MNE home country, we conduct within-MNE analyses incorporating MNE × year fixed effects. As shown in Appendix Table D.9, the results remain consistent, indicating that firm-level unobserved heterogeneity does not bias our findings. 
[bookmark: _Hlk216630677]A related concern is that unobserved differences between HQ- and MS-managed subsidiaries may remain even after matching. For example, MS-managed R&D subsidiaries may also receive resources or oversight from HQ, potentially inflating the estimated effects of MS management. To address this, we analyze R&D subsidiaries jointly managed by both HQ and MS and trace knowledge flows from and co-inventions with each managing entity separately. This within-subsidiary design accounts for dual management and mitigates bias from subsidiary-specific unobservables. As reported in Appendix Table D.10, after broadband introduction, subsidiaries managed by both HQ and MS have significantly smaller changes in knowledge flows from, and co-inventions with, HQ relative to MS. This pattern supports the view that broadband differentially affects knowledge transfer and collaboration across managing entity types and alleviates concerns that unobserved subsidiary characteristics drive the results.
5.3 DDD specification tests
5.3.1 Verifying parallel trends and placebo tests 
We begin by examining the assumption of parallel trends for DDD analyses. This assumption requires that, absent the treatment (broadband introduction), the difference between the treatment and control groups would have remained constant over time. Unlike standard DD models, the DDD estimator does not require two parallel trends for causal interpretation. Instead, the bias from two biased DD estimators cancels out (i.e., it is differenced out) if it is consistent across both estimators (Olden & Møen, 2022). Therefore, the parallel trend assumption in our case applies only to the interaction term that compares changes in HQ- to MS-managed subsidiaries. 
We visually assess the parallel trends assumption by splitting the HQ-Managed×Post-Broadband Introduction interaction term into four-year periods relative to broadband introduction and plot the estimated coefficients with 95% confidence intervals (Figure 3). Because the sample excludes observations with changes in management structure, the results can be interpreted as the relative four-year average change in innovation output for R&D subsidiaries under continued HQ management compared to MS management. The analysis shows no significant pre-trends, confirming adherence to the DDD parallel trend assumption, with a notable upward shift after broadband introduction. 
As an additional robustness check, we conduct placebo tests using one-, two-, and three-year leads of the post-broadband variable and its interaction with HQ-managed. The placebo results, reported in Appendix Table D.11 for innovation output, quality, and market value, provide evidence that the results are not likely driven by spurious time effects.
----Insert Figure 3 here----
5.3.2 Staggered difference-in-differences heterogeneous and dynamic effects tests
Recent research on staggered difference-in-differences highlights potential biases that can emerge if treatment timings and effects are heterogeneous  (Baker et al., 2022; Callaway & Sant’Anna, 2021). This is because two-way fixed effects compute the weighted average from: 1) comparing treated with untreated units, and 2) comparing treated with pre-treated units. The second comparison can produce negative weights even when true treatment effects are positive (De Chaisemartin & d’Haultfoeuille, 2020; Goodman-Bacon, 2021). This concern is relevant to our long panel, where early and late treatments may differ and treatment effects may vary with technological advancements. Moreover, treatment effects may evolve as exposure increases, for instance, as complementary technologies emerge, infrastructure improves, and users advance along learning curves. 
[bookmark: _Hlk216695761][bookmark: _Hlk216695921]Testing for such biases in our case is complex due to the DDD design involving an unbalanced panel with a time-constant interaction term, which most current methods have yet to fully address. Our strategy involves a combination of two procedures. First, to examine whether heterogeneous effects vary by treatment timing, we implement the Wooldridge (2021) procedure and construct binary indicators for each “cohort” of R&D subsidiaries treated in a given period. This flexible approach allows estimation of cohort-specific effects while addressing biases in DDD models with unbalanced panel data. Due to limited observations and following Wooldridge's (2021) recommendation, we combine the first and last three years of our sample period into two respective cohorts, treating all other years as individual cohorts. Running each year as a separate cohort yields consistent coefficient signs but larger standard errors. In Appendix Table D.12, we find that the estimated broadband and HQ-management effects are stable across cohorts and display no temporal trend, indicating that our results are not driven by heterogeneous treatment timing. 
Second, we use the estimator from (de Chaisemartin et al., 2024) which is robust to both heterogeneous and dynamic treatment effects. This approach generates dynamic effect estimates by comparing outcome changes between units that switched to treatment ℓ years before and those yet to be treated. It also computes the average heterogeneity-robust effects as a weighted sum of instantaneous and dynamic effects by HQ-managed and MS-managed R&D subsidiaries. As shown in Appendix Table D.13, consistent with the main results in Columns 2-5 of Table 5, the average total heterogeneity-robust effect for MS-managed subsidiaries is positive and significant (coefficient = 0.244, p<0.05). In contrast, for HQ-managed subsidiaries, it is negative and non-significant (p>0.10). Examining effects across each ℓ year since treatment, we find that dynamic effects are non-significant (p = 0.252 for HQ-managed and p = 0.166 for MS-managed). Additionally, placebo tests indicate that the three years before treatment do not significantly differ from zero (p = 0.27 for HQ-managed and p = 0.98 for MS-managed), aligning with the earlier placebo tests in Section 5.3.1.
Together, these results suggest that our findings are not driven by heterogeneous or dynamic treatment effects and that the estimated broadband impacts are robust across treatment cohorts and time horizons.
5.4 Different thresholds for broadband introduction
We test alternative broadband penetration thresholds of 3.0%, 7.0%, and 9.0% in both the R&D subsidiary's and managing entity's countries. At the 3.0% threshold, we do not find evidence that broadband is associated with changes in R&D subsidiary innovation output. However, once penetration reaches 5.0%, broadband consistently and significantly is associated with increased innovation in MS-managed R&D subsidiaries, with similar results to Table 5 at higher thresholds (see Appendix Table D.14). 
5.5 Specification check: Inverse hyberbolic sine transformation and fixed effects Poisson 
We assess the robustness of the results using alternative model specifications. Following prior work, our main analyses employ the shifted logarithmic transformation, ln(1 + y), which is suited to highly skewed, non-negative outcomes with zeros (De Bruyn and Freed, 2025; Wang et al., 2024). However, this transformation can limit interpretability of effect sizes. To verify consistency, we re-estimate all models using the inverse hyperbolic sine (IHS) transformation (Burbidge et al., 1988; Glaeser and Lang, 2024) and fixed-effects Poisson pseudo maximum likelihood regression (Cohn et al., 2022), useful alternatives for nonnegative, right-skewed dependent variables such as innovation counts.
[bookmark: _Hlk216649824]While Poisson estimators assume conditional mean–variance equality, we cluster robust standard errors at the subsidiary level to address heteroskedasticity. We employ Poisson primarily to assess coefficient consistency rather than for precise inference. The results in Appendix Table D.15 are consistent with the main specification: MS-managed subsidiaries experience significantly larger post-broadband increases in innovation output, and the HQ–MS difference remains both directionally and statistically robust. Overall, our results hold under both the IHS and fixed-effects Poisson specifications. 
5.6 Additional robustness
We conduct several additional robustness tests. First, because the matching algorithm includes many variables, including matching based on country, we test alternative matched samples with fewer matching variables and fixed effects, which results in more matches, and find consistent results. Second, we extend the timing structure by using innovation output at t+3 to capture a longer lead time for R&D projects to yield patents. As shown in Appendix Table D.16, the results remain robust: MS-managed subsidiaries continue to exhibit significantly larger post-broadband increases in innovation than HQ-managed subsidiaries, consistent with the stable effects observed in Figure 3. Third, to test for country-specific influence, we exclude one-by-one major contributors to the sample: China, France, Germany, India, Taiwan, the United Kingdom, and the United States, and find that the results are unaffected (Appendix Table D.3). Finally, because regional headquarters may perform functions similar to corporate HQs, we reclassify the 34 cases involving regional HQs as corporate HQs and observe no change in the main results.
6 Discussion and conclusion
While previous studies have demonstrated the importance of connectivity infrastructure for innovation (e.g., Agrawal et al., 2017; Bahar et al., 2023; Forman and van Zeebroeck, 2019, 2012; Glaeser et al., 2023; Koh et al., 2025), whether and when the impact of connectivity on innovation depends on firms’ internal management structures has been overlooked. We show that the impact of improved connectivity infrastructure on innovation depends critically on an MNE’s organizational structure, specifically whether an R&D subsidiary is managed by HQ or MS. The results reveal substantial heterogeneity: MS-managed subsidiaries experience significantly larger post-broadband increases in innovation output, quality, and market value, whereas HQ-managed subsidiaries exhibit markedly smaller gains. 
We find evidence of increased information exchange for MS-managed subsidiaries. Following broadband introduction, MS-managed subsidiaries show significantly greater increases in knowledge flows from and collaboration with their managing entity, along with stronger evidence of improved monitoring than HQ-managed subsidiaries. Heterogeneity analyses point to the gap widening for HQ-managed subsidiaries when HQ faces more information processing complexity. Altogether, these findings demonstrate that MS leverage connectivity infrastructure more effectively than HQ to facilitate information exchange and support innovation.
A central insight from the analysis is that the informational complexity facing managing entities underlies the divergence between HQ and MS management. When HQ faces fewer coordination demands (e.g., smaller or less complex MNEs), its performance converges with that of MS. Conversely, in more complex settings, the HQ–MS gap widens, consistent with the view that HQ’s broad organizational responsibilities create information-processing bottlenecks that limit its ability to capitalize on improved information flows. HQ-managed subsidiaries exhibit relatively larger post-broadband gains when they are strategically important, have greater organizational weight, or are technologically closer to HQ—contexts in which managers are more likely to allocate attention when information-processing demands outstrip capacity.
This study advances several streams of research. First, it contributes the literature on connectivity infrastructure by shedding light on a key reason why its effects on performance vary across firms, which is an important question raised in the literature (Campante and Yanagizawa-Drott, 2018; Schreyer, 2000; Wu et al., 2021). The heterogeneous gains observed across R&D subsidiaries highlight that internal organizational structure shapes the extent to which firms can harness infrastructural improvements. Even as improved connectivity reduces information transmission costs, HQ’s broader, more complex informational demands limit its ability to convert additional information flow into innovation, while MS units are better positioned to do so through their narrower focus and stronger contextual interpretive capability.
Second, we contribute to the literature on MNE innovation management (e.g., Berry, 2015; Gillmore et al., 2023; Knott and Turner, 2019)  by providing the first large-scale empirical comparison of HQ- and MS-managed R&D subsidiary innovation output. The findings speak to the debate on whether the field should reconsider the headquarter-centric view (Nell and Ambos, 2013; Teodorescu et al., 2022) and reveal that connectivity advances amplify MS’s effectiveness in managing R&D relative to HQ through relatively larger improvements in knowledge sharing, collaboration, and monitoring. Contrary to the conventional view that MS’s advantage over HQ lies in mitigating frictions due to geographic proximity to R&D subsidiaries (Gumpert et al., 2022), the analysis robustly indicates that holding proximity constant, MS-managed subsidiaries achieve greater post-broadband gains in innovation than HQ-managed after increased connectivity. Taken together, the findings indicate that MS’s value extends beyond mitigating distance, challenge the longstanding presumption of HQ primacy, and suggest that connectivity may be shifting the balance of innovative advantage toward more specialized, context-embedded managerial structures.
Third, we extend research on (de)centralizing R&D management by offering a more functional characterization of internal authority structures (Asakawa, 2001; Eklund, 2022; West, 2000). Prior work often dichotomizes management between HQ and autonomous subsidiaries, overlooking the widespread and strategically consequential role of MS (Nell et al., 2017). This disconnect between theory and practice partly arises from the challenges in accurately documenting innovation management structures within large firms. Drawing on detailed, longitudinal data linking R&D subsidiaries to managing entities, we show that MS constitutes a distinct organizational form with meaningful implications for innovation. The large post-broadband increases under MS management underscore the theoretical importance and managerial relevance of examining vertical subsidiary-to-subsidiary authority structures.
[bookmark: _Hlk216691961]This study has several limitations that inform promising avenues for future work. First, while transfer pricing data enhances internal validity, the findings may not generalize to all MNEs, particularly very large firms. Although we confirm the statistical similarity of our sample with other international datasets, future research could extend the analysis to broader and more diverse samples. Likewise, we rely on USPTO data as the most consistent source for identifying inventor locations and tracing intra-firm collaboration during our study period, but it means that our sample is limited to US patented inventions. As global patent datasets improve, expanding the analysis beyond the USPTO would strengthen generalizability and cross-country comparability. Second, our study examines dyadic co-invention but does not investigate the full complexity of inventor networks. Future work using inventor-level network metrics, such as centrality, density, or tie-formation dynamics, could reveal richer mechanisms linking connectivity, collaboration, and innovation. Third, consistent with prior studies on connectivity infrastructure and innovation (Bahar et al., 2023; Bernstein et al., 2016), our empirical strategy cannot directly observe interactions between managing entities and R&D subsidiaries. Patent co-inventions and backward citations to the managing entity’s prior art capture only a portion of the rich knowledge exchanges occurring within firms. Access to micro-level data on managing entity-R&D subsidiary interactions could deepen our understanding of what types of information most influence subsidiary productivity.
Fourth, our approach may not fully capture the direct effects of broadband on innovation independent of management structure. Broadband can improve data processing and real-time decision-making, potentially influencing innovation beyond inter-unit coordination. Finer-grained multi-level data could help separate these pathways. Finally, while we hold management structures constant, organizations may adapt in response to improved connectivity (Bloom et al., 2014). Broadband may have enabled MS, more than HQ, to enhance talent recruitment, training, automation, or innovation practices. Although we cannot observe changes in subsidiary workforce composition or practices across countries, future research could examine how connectivity shapes subsidiary human capital, skill composition, and internal innovation routines. Moreover, organizational boundaries may evolve alongside advances in connectivity infrastructure. Perspectives from transaction cost economics and internalization theory (Buckley and Casson, 1976; Coase, 1937; Williamson, 1975) suggest that reduced information frictions could reshape firms’ decisions about where and how to internalize R&D. Examining how connectivity influences boundary choices represent a promising line of inquiry. 
Despite these limitations, this study has important implications for managers. A central insight from our investigation is that the fast-changing and uncertain operational landscapes that MNEs face worldwide heighten the importance of organizational design in determining whether firms can seize opportunities enabled by connectivity infrastructure. This study highlights how MS can equip the MNE with greater agility, enabling them to identify, integrate, and diffuse opportunities more effectively across subsidiaries, in the face of emerging infrastructure. This underscores how firms’ choices regarding HQ- and MS-management of R&D subsidiaries carry meaningful consequences for innovation performance from connectivity advancements.
In conclusion, this study provides systematic evidence that the innovation returns to connectivity infrastructure depend on firms’ internal management structures. Although improved connectivity enhances the information-processing capacity of both HQ and MS, MS-managed subsidiaries experience substantially larger increases in innovation. We provide robust empirical evidence on the channels and conditions under which MS-managed R&D subsidiaries achieve greater post-broadband increases in innovation than those managed by HQ. In doing so, the study addresses an important gap in understanding whether and when connectivity infrastructure increases innovation while also highlighting the need for future research to continue to evaluate the micro-mechanisms by which different aspects of a firm’s internal structure may affect gains from improved connectivity. The findings offer actionable guidance for firms managing geographically dispersed R&D and point to the growing strategic importance of MS in managing in capturing the opportunities unlocked by new connectivity infrastructure.
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Tables and Figures
Table 1
 Distribution of R&D Subsidiaries
	 
	Proportion of Total
	 
	 
	 
	Proportion of Total
	 

	  
	Headquarters-Managed
	Subsidiary-Managed
	  Broadband Introduction Year
	 
	  
	Headquarters-Managed
	Subsidiary-Managed
	  Broadband Introduction Year

	Argentina
	0.00
	0.51
	2007
	 
	Luxembourg
	0.00
	0.03
	2004

	Australia
	2.05
	1.84
	2004
	 
	Malaysia
	0.46
	0.38
	2009

	Austria
	0.36
	0.99
	2002
	 
	Mexico
	1.50
	1.36
	2008

	Belgium
	1.68
	2.59
	2002
	 
	Netherlands
	1.82
	2.86
	2002

	Brazil
	1.36
	1.02
	2008
	 
	New Zealand
	0.64
	0.85
	2005

	Canada
	3.37
	2.73
	2001
	 
	Norway
	1.50
	0.82
	2003

	Chile
	0.82
	0.51
	2006
	 
	Peru
	0.14
	0.20
	2013

	China
	5.09
	1.50
	2008
	 
	Philippines
	0.00
	0.24
	.

	Colombia
	0.59
	0.44
	2010
	 
	Poland
	1.36
	1.64
	2006

	Croatia
	0.32
	0.17
	2006
	 
	Portugal
	0.73
	0.92
	2004

	Czech Republic
	0.46
	0.78
	2005
	 
	Romania
	0.14
	0.17
	2007

	Denmark
	1.09
	0.99
	2002
	 
	Russian Federation
	0.50
	1.06
	2008

	Ecuador
	0.00
	0.14
	2012
	 
	Singapore
	1.00
	1.60
	2002

	Egypt
	0.00
	0.10
	.
	 
	Slovakia
	0.00
	0.07
	2006

	Estonia
	0.36
	0.38
	2003
	 
	Slovenia
	0.00
	0.20
	2004

	Finland
	1.68
	1.23
	2002
	 
	South Africa
	0.59
	0.85
	2015

	France
	6.55
	4.40
	2003
	 
	South Korea
	2.77
	2.05
	2000

	Germany
	3.96
	6.34
	2003
	 
	Spain
	0.55
	1.74
	2003

	Greece
	1.36
	1.47
	2007
	 
	Sweden
	2.50
	2.22
	2001

	Hong Kong
	3.87
	2.83
	2000
	 
	Switzerland
	1.68
	2.25
	2002

	Hungary
	0.64
	0.95
	2005
	 
	Taiwan
	2.50
	0.95
	.

	India
	3.59
	0.95
	.
	 
	Thailand
	0.36
	0.58
	2011

	Indonesia
	0.00
	0.10
	.
	 
	Turkey
	0.50
	0.68
	2007

	Ireland
	1.41
	1.26
	2005
	 
	United Kingdom
	11.64
	13.53
	2003

	Israel
	0.96
	0.75
	2003
	 
	United States of America
	19.55
	22.15
	2002

	Italy
	2.32
	3.24
	2004
	 
	Venezuela
	0.14
	0.03
	2010

	Japan
	3.55
	2.35
	2002
	 
	Total
	100.00
	100.00
	 

	[bookmark: _Hlk213273452]Notes: This table contains the percentage of R&D subsidiaries managed by headquarters and managing subsidiary in each country location. Broadband introduction year reflects the first year that the broadband penetration rate surpassed five percent market penetration rate in the country. All countries with missing values, except Taiwan, reached the threshold after our sample period and therefore have no recorded introduction year in the table. In Tawain’s case, the World Bank’s World Development Indicators database does not report fixed broadband penetration data, so we list it as missing. To maintain data consistency, we rely exclusively on the World Development Indicators data for this study. However, as a robustness check, we searched for supplementary sources and found an article (https://www.taipeitimes.com/News/biz/archives/2002/08/12/0000160003) indicating that Taiwan’s broadband penetration reached 4.83% in 2002. We therefore coded 2003 as Taiwan’s broadband introduction year and found that the results remain unchanged. The results of this robustness analysis are available from the authors upon request.



Table 2
 R&D Subsidiaries by Managing Entity Type
	Variable 
	Number of Observations
	All  
	Headquarters- Managed  
	Subsidiary- Managed  
	Headquarters- Managed Only  
	Headquarters and Subsidiary- Managed  
	Subsidiary- Managed Only 

	 
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	Broadband Introduction Year
	4,009
	2005 
	2005 
	2005 
	2005 
	2005 
	2005

	 
	 
	 
	 
	 
	 
	 
	 

	Panel A: Pre-Broadband 
	 
	 
	 
	 
	 
	 
	 

	Innovation Output 
	1,570
	0.282 
	0.233 
	0.270 
	0.320 
	0.168 
	0.341

	Innovation Quality 
	1,413
	0.298 
	0.305 
	0.253 
	0.452 
	0.203 
	0.289

	Innovation Market Value 
	1,482
	0.513 
	0.381 
	0.518 
	0.496 
	0.299 
	0.681

	 
	 
	 
	 
	 
	 
	 
	 

	Panel B: Post-Broadband 
	 
	 
	 
	 
	 
	 
	 

	Innovation Output 
	2,439
	0.483 
	0.303 
	0.568 
	0.274 
	0.335 
	0.702

	Innovation Quality 
	1,856
	0.525 
	0.382 
	0.584 
	0.393 
	0.369 
	0.720

	Innovation Market Value 
	2,112
	0.760 
	0.416 
	0.937 
	0.361 
	0.477 
	1.239

	 
	 
	 
	 
	 
	 
	 
	 

	Panel C: Full Sample 
	 
	 
	 
	 
	 
	 
	 

	Innovation Output 
	4,009
	0.404 
	0.276 
	0.446 
	0.290 
	0.262 
	0.561

	Innovation Quality 
	3,269
	0.427 
	0.350 
	0.432 
	0.414 
	0.289 
	0.528

	Innovation Market Value 
	3,594
	0.659 
	0.402 
	0.754 
	0.408 
	0.396 
	1.002

	 

	Notes. This table contains the respective sample mean values of Broadband Introduction Year, Innovation Output, Quality, and Market Value. Broadband Introduction Year represents the mean year that broadband is introduced both in the R&D subsidiary and managing entity locations. The full sample is composed of subsidiaries performing R&D activities that are managed by headquarters or another subsidiary. Pre-broadband represents the sample of R&D subsidiaries before broadband is introduced in both the R&D subsidiary and its managing entity country locations. Post-broadband represents the sample of R&D subsidiaries after broadband is introduced in both the R&D subsidiary and managing entity country locations. Innovation Output is the total number of patents produced by a subsidiary in year t+1. Innovation Quality is the number of forward citations received over the five-year period after patent grant date. Innovation Market Value is the total market-adjusted MNE returns (millions of dollars) on the three-day window following the patent issue date for the patents invented by the focal R&D subsidiary in that year, deflated to 1982 using the CPI. Innovation Output, Quality, and Market Value reflect the natural logarithm values of innovation outcomes plus one. The full sample is used for Innovation Output. The sample years are restricted to 1997-2009 for Innovation Quality to reduce problems with right censoring of forward citations. Innovation Market Value has a smaller number of observations due to missing patent market values in the database (see Kogan et. al (2017) for missing data circumstances).

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Table 3a 
Propensity Score Balancing Test for Pre-Broadband Baseline OLS Analysis
	 
	Unmatched (U)
	Mean
	% Bias
	% Reduced Bias
	t-test

	 
	Matched (M) Samples
	Treated
	Control
	
	
	t
	p>t

	Variable
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	Subsidiary and Managing Entity Physical Distance
	U
	6396
	4773
	35.0
	 
	4.12
	0.000

	
	M
	4621
	5169
	-11.8
	66.2
	-1.05
	0.295

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary and Managing Entity Cultural Distance
	U
	30.90
	29.10
	5.8
	 
	0.68
	0.499

	
	M
	22.76
	27.72
	-15.9
	-176.9
	-1.40
	0.163

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary and Managing Entity Same Language
	U
	0.51
	0.38
	28.0
	 
	3.28
	0.001

	
	M
	0.53
	0.43
	20.7
	26.2
	1.75
	0.080

	 
	 
	 
	 
	 
	 
	 
	 

	Host versus Home-Country Effective Tax Rate
	U
	0.03
	0.04
	-15.3
	 
	-1.77
	0.077

	
	M
	0.04
	0.05
	-10.0
	34.8
	-0.86
	0.393

	
	
	
	
	
	
	
	

	Host-Country Patent Box
	U
	0.14
	0.11
	6.4
	 
	0.74
	0.458

	
	M
	0.08
	0.10
	-4.9
	23.8
	-0.48
	0.632

	
	
	
	
	
	
	
	

	Host-Country Revealed Technological Advantage
	U
	0.84
	0.84
	-1.4
	 
	-0.16
	0.872

	
	M
	0.86
	0.86
	-0.7
	51.3
	-0.06
	0.956

	 
	 
	 
	 
	 
	 
	 
	 

	Host-Country Industry Market Concentration
	U
	0.47
	0.48
	-10.7
	 
	-1.28
	0.203

	
	M
	0.47
	0.48
	-17.2
	-59.8
	-1.63
	0.105

	
	
	
	
	
	
	
	

	Host-Country GDP Growth
	U
	4.21
	3.18
	32.5
	 
	2.35
	0.020

	
	M
	3.31
	3.37
	-1.7
	94.8
	-0.10
	0.919

	 
	
	
	
	
	
	
	

	Host-Country Investment Profile
	U
	10.58
	11.16
	-37.8
	 
	-4.34
	0.000

	
	M
	10.92
	11.17
	-16.5
	56.3
	-1.50
	0.136

	
	
	
	
	
	
	
	

	Host-Country Bureaucratic Quality
	U
	3.50
	3.57
	-9.8
	 
	-1.14
	0.254

	
	M
	3.65
	3.54
	14.8
	-51.3
	1.30
	0.195

	
	
	
	
	
	
	
	

	Host-Country Rule of Law
	U
	5.07
	5.04
	4.2
	 
	0.50
	0.620

	
	M
	5.12
	4.96
	17.1
	-306.5
	1.34
	0.183

	
	
	
	
	
	
	
	

	Host-Country Political Stability
	U
	80.10
	81.72
	-20.7
	 
	-2.37
	0.018

	
	M
	82.39
	81.10
	16.5
	20.3
	1.55
	0.123

	
	
	
	
	
	
	
	

	Host-Country IPR Index
	U
	5.29
	5.32
	-3.6
	 
	-0.38
	0.702

	
	M
	5.43
	5.28
	14.8
	-311.6
	1.09
	0.275

	
	
	
	
	
	
	
	

	MNE Size
	U
	14.16
	15.99
	-93.0
	 
	-11.07
	0.000

	
	M
	14.86
	15.16
	-15.3
	83.6
	-1.28
	0.201

	 
	 
	 
	 
	 
	 
	 
	 

	MNE Diversification
	U
	0.54
	0.62
	-13.6
	 
	-1.60
	0.111

	
	M
	0.54
	0.55
	-2.3
	83.0
	-0.21
	0.836

	 
	 
	 
	 
	 
	 
	 
	 

	MNE Stock Compensation Expense
	U
	7.66
	6.87
	16.2
	 
	1.93
	0.054

	
	M
	7.98
	7.41
	11.5
	28.6
	1.07
	0.284

	
	
	
	
	
	
	
	

	Subsidiary R&D
	U
	1.77
	2.10
	-14.1
	 
	-1.72
	0.086

	
	M
	2.03
	2.13
	-4.4
	68.8
	-0.38
	0.706

	
	
	
	
	
	
	
	

	Subsidiary Acquired
	U
	0.11
	0.28
	-42.7
	 
	-5.09
	0.000

	
	M
	0.18
	0.28
	-25.6
	40.0
	-1.99
	0.047

	
	
	
	
	
	
	
	

	Subsidiary Role
	U
	1.59
	1.55
	5.9
	 
	0.69
	0.488

	
	M
	1.58
	1.69
	-15.6
	-165.1
	-1.36
	0.174


Notes. The balancing test shows the mean pre-broadband values of the variables. The first row for each variable shows the (U) unmatched sample statistics and the second row shows the matched (M) sample statistics.

Table 3b 
Propensity Score Balancing Test for Difference-in-Differences and Triple Difference-in-Differences
	 
	Unmatched (U)
	Mean
	% Bias
	% Reduced Bias
	t-test

	 
	Matched (M) Samples
	Treated
	Control
	
	
	t
	p>t

	Variable
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	Subsidiary Innovation Output
	U
	0.128
	0.116
	3.5
	 
	0.40
	0.693

	
	M
	0.089
	0.131
	-11.9
	-240.6
	-1.05
	0.296

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Innovation Quality
	U
	0.145
	0.164
	-3.5
	 
	-0.40
	0.689

	
	M
	0.072
	0.167
	-18.2
	-422.3
	-1.77
	0.078

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Innovation Market Value
	U
	0.149
	0.102
	8.6
	 
	0.98
	0.326

	
	M
	0.098
	0.122
	-4.2
	51.5
	-0.37
	0.714

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Knowledge Flows from Managing Entity
	U
	0.026
	0.039
	-5.7
	 
	-0.66
	0.509

	
	M
	0.027
	0.043
	-7.4
	-29.4
	-0.59
	0.558

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Co-inventions with Managing Entity
	U
	0.017
	0.038
	-14.3
	 
	-1.72
	0.087

	
	M
	0.012
	0.047
	-23.4
	-62.9
	-1.71
	0.088

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary and Managing Entity Physical Distance
	U
	6300.5
	4704.0
	34.5
	 
	3.97
	0.000

	
	M
	4817.0
	5454.5
	-13.8
	60.1
	-1.13
	0.258

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary and Managing Entity Cultural Distance
	U
	30.712
	28.394
	7.5
	 
	0.86
	0.391

	
	M
	24.190
	28.337
	-13.4
	-78.9
	-1.09
	0.275

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary and Managing Entity Same Language
	U
	0.515
	0.380
	27.3
	 
	3.12
	0.002

	
	M
	0.504
	0.442
	12.6
	53.9
	1.00
	0.320

	 
	 
	 
	 
	 
	 
	 
	 

	Host versus Home-Country Effective Tax Rate
	U
	0.025
	0.040
	-15.2
	 
	-1.72
	0.086

	
	M
	0.043
	0.045
	-1.6
	89.2
	-0.13
	0.895

	
	 
	 
	 
	 
	 
	 
	 

	Host-Country Patent Box
	U
	0.140
	0.116
	7.3
	 
	0.83
	0.407

	
	M
	0.090
	0.109
	-5.7
	21.7
	-0.50
	0.614

	
	 
	 
	 
	 
	 
	 
	 

	Host-Country Revealed Technological Advantage
	U
	0.836
	0.854
	-3.6
	 
	-0.42
	0.674

	
	M
	0.861
	0.839
	4.2
	-16.9
	0.33
	0.739

	 
	 
	 
	 
	 
	 
	 
	 

	Host-Country Industry Market Concentration
	U
	0.474
	0.481
	-8.9
	 
	-1.03
	0.302

	
	M
	0.471
	0.475
	-5.4
	38.9
	-0.45
	0.655

	
	 
	 
	 
	 
	 
	 
	 

	Host-Country GDP Growth
	U
	4.040
	3.131
	29.1
	 
	2.06
	0.041

	
	M
	3.372
	3.418
	-1.5
	94.9
	-0.07
	0.943

	 
	 
	 
	 
	 
	 
	 
	 

	Host-Country Investment Profile
	U
	10.588
	11.185
	-39.6
	 
	-4.47
	0.000

	
	M
	11.005
	11.079
	-4.9
	87.6
	-0.40
	0.686

	
	 
	 
	 
	 
	 
	 
	 

	Host-Country Bureaucratic Quality
	U
	3.509
	3.579
	-9.8
	 
	-1.12
	0.262

	
	M
	3.626
	3.521
	14.7
	-49.7
	1.20
	0.232

	
	 
	 
	 
	 
	 
	 
	 

	Host-Country Rule of Law
	U
	5.100
	5.053
	5.1
	 
	0.59
	0.558

	
	M
	5.029
	4.976
	5.7
	-11.8
	0.42
	0.675

	
	 
	 
	 
	 
	 
	 
	 

	Host-Country Political Stability
	U
	80.300
	81.817
	-19.4
	 
	-2.19
	0.029

	
	M
	81.862
	80.727
	14.5
	25.2
	1.24
	0.215

	
	 
	 
	 
	 
	 
	 
	 

	Host-Country IPR Index
	U
	5.302
	5.328
	-2.5
	 
	-0.26
	0.794

	
	M
	5.336
	5.273
	6.3
	-149.0
	0.45
	0.653

	
	 
	 
	 
	 
	 
	 
	 

	MNE Size
	U
	14.123
	15.971
	-93.8
	 
	-10.89
	0.000

	 
	M
	14.718
	14.973
	-12.9
	86.2
	-0.98
	0.327

	 
	 
	 
	 
	 
	 
	 
	 

	MNE Diversification
	U
	0.512
	0.620
	-20.4
	 
	-2.35
	0.019

	 
	M
	0.469
	0.468
	0.2
	99.2
	0.02
	0.988

	 
	 
	 
	 
	 
	 
	 
	 

	MNE Stock Compensation Expense
	U
	7.449
	6.794
	13.3
	 
	1.55
	0.121

	
	M
	7.542
	7.588
	-0.9
	93.0
	-0.08
	0.936

	 
	 
	 
	 
	 
	 
	 
	 

	Managing Entity Innovation Output
	U
	0.486
	0.651
	-12.6
	 
	-1.46
	0.145

	
	M
	0.562
	0.775
	-16.2
	-28.6
	-1.18
	0.240

	 
	 
	 
	 
	 
	 
	 
	 

	Managing Entity Ln R&D
	U
	2.807
	2.171
	22.4
	 
	2.55
	0.011

	 
	M
	2.934
	2.598
	11.8
	47.1
	0.91
	0.365

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Ln R&D
	U
	1.670
	2.101
	-18.6
	 
	-2.19
	0.029

	 
	M
	2.129
	1.826
	13.1
	29.6
	1.15
	0.251

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Acquired
	U
	0.110
	0.283
	-44.7
	 
	-5.19
	0.000

	
	M
	0.156
	0.313
	-40.4
	9.7
	-2.96
	0.003

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Role
	U
	1.586
	1.546
	5.9
	 
	0.68
	0.494

	 
	M
	1.668
	1.596
	10.5
	-76.5
	0.83
	0.407


[bookmark: _Hlk177814709]Notes. The balancing test shows the mean pre-broadband values of the variables. The first row for each variable shows the (U) unmatched sample statistics and the second row shows the matched (M) sample statistics. Minor differences in the unmatched sample for Table 3b compared to Table 3a occur because some variables used in the matching algorithm for Table 3b have missing data. 






Table 4 
Random Effects OLS Results for Headquarters-Managed vs Subsidiary-Managed Innovation Pre-Broadband
	 
	Full Sample
	 
	Matched Sample

	 Dependent Variable= ln (Number of Patents +1) t+1
	Innovation Quantity
	Innovation Productivity
	 
	Innovation Quantity
	Innovation Productivity

	
	(1)
	(2)
	 
	(3)
	(4)

	Headquarters-Managed
	0.094
	0.099
	 
	0.204
	0.205

	 
	(0.062)
	(0.062)
	 
	(0.085)
	(0.085)

	 
	[0.130]
	[0.110]
	 
	[0.016]
	[0.016]

	 
	 
	 
	 
	 
	 

	Control Variables
	Yes
	Yes
	 
	Yes
	Yes

	Subsidiary Controls
	Yes
	Yes
	 
	Yes
	Yes

	Industry FE
	Yes
	Yes
	 
	Yes
	Yes

	Year FE
	Yes
	Yes
	 
	Yes
	Yes

	Role FE
	Yes
	Yes
	 
	Yes
	Yes

	 
	 
	 
	 
	 
	 

	Number of Observations
	1424
	1424
	 
	457
	457

	Number of Clusters
	561
	561
	 
	190
	190

	R-Squared
	0.255
	0.259
	 
	0.300
	0.302

	Notes. This table presents the random effects OLS estimates of Headquarters-Managed and innovation output and productivity. Innovation Output represents the natural log of one plus the total number of patents invented by the R&D subsidiary in year t+1. Innovation Productivity controls for R&D expenditures in estimating the number of patents produced. The full sample pre-broadband contains the observations prior to broadband introduction. The Matched Sample Pre-Broadband contains the pre-broadband PSM matched sample of R&D subsidiaries managed by headquarters to those managed by subsidiaries with one managing relationship only. All models are estimated with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 

	
	

	
	

	
	

	
	

	
	




Table 5 
The Effect of Broadband on R&D Subsidiary Innovation by Type of Managing Entity 
	 
	Difference-in-Differences Analysis
	 
	Triple Difference-in-Differences Analysis

	 
	All R&D Subsidiaries
	 
	HQ-Managed 
R&D Subsidiaries
	 
	MS-Managed 
R&D Subsidiaries
	 
	Full Sample
	 
	Matched Sample

	Dependent Variable = ln (Number of Patents +1)t+1
	       (1)
	 
	(2)
	(3)
	 
	(4)
	(5)
	 
	(6)
	(7)
	 
	(8)
	(9)

	Post-Broadband Introduction
	0.087
	 
	0.007
	0.012
	 
	0.170
	0.191
	 
	0.180
	0.203
	 
	0.189
	0.221

	
	(0.027)
	 
	(0.035)
	(0.037)
	 
	(0.040)
	(0.042)
	 
	(0.039)
	(0.042)
	 
	(0.060)
	(0.064)

	 
	[0.001]
	 
	[0.852]
	[0.746]
	 
	[0.000]
	[0.000]
	 
	[0.000]
	[0.000]
	 
	[0.002]
	[0.001]

	Headquarters-Managed* Post-Broadband Introduction
	 
	 
	 
	 
	 
	 
	 
	-0.178
	-0.201
	 
	-0.248
	-0.290

	
	 
	 
	 
	 
	 
	 
	 
	(0.049)
	(0.054)
	 
	(0.086)
	(0.088)

	
	 
	 
	 
	 
	 
	 
	 
	[0.000]
	[0.000]
	 
	[0.004]
	[0.001]

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Control Variables
	No
	 
	No
	Yes
	 
	No
	Yes
	 
	No
	Yes
	 
	No
	Yes

	Subsidiary Fixed Effects
	Yes
	 
	Yes
	Yes
	 
	Yes
	Yes
	 
	Yes
	Yes
	 
	Yes
	Yes

	Year Fixed Effects
	Yes
	 
	Yes
	Yes
	 
	Yes
	Yes
	 
	Yes
	Yes
	 
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	No
	 
	No
	No
	 
	No
	No
	 
	Yes
	Yes
	 
	Yes
	Yes

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of Observations
	4009
	 
	2199
	2086
	 
	1938
	1785
	 
	4009
	3764
	 
	1013
	981

	Number of Clusters
	946
	 
	510
	496
	 
	480
	454
	 
	946
	914
	 
	258
	258

	R-squared 
	0.052
	 
	0.035
	0.033
	 
	0.104
	0.114
	 
	0.066
	0.070
	 
	0.070
	0.088


Notes. This table presents the difference-in-differences estimates of broadband introduction and innovation output for the full sample in Column 1, the sample of headquarters-managed R&D subsidiaries in Columns 2-3, and the sample of subsidiary-managed R&D subsidiaries in Columns 4-5. Columns 6-7 and 8-9 contain the triple difference estimates of the effect of broadband introduction on the innovation of R&D subsidiaries managed by headquarters vis-à-vis those managed by other subsidiaries for the full sample and the PSM matched sample, respectively. The PSM matched sample uses a vector of mean pre-treatment variables that can affect innovation outcomes. Changes in sample size are due to missing control data. Post-broadband introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing-entity country. Headquarters-Managed*Post-broadband Introduction reflects the interaction term of the binary indicator for headquarters-managed R&D subsidiary with the binary indicator for post-broadband introduction. The main effect for the binary indicator for headquarters-managed R&D subsidiary is absorbed by subsidiary fixed effects. Innovation Output represents the natural log of one plus the total number of patents invented by the R&D subsidiary in year t+1. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets.


Table 6 
The Effect of Broadband at the US Zip Code Level on R&D Subsidiary Innovation Output for US R&D Subsidiaries with US Managing Entities
	 
Dependent Variable = ln (Number of Patents +1)t+1
	Matched Sample

	
	(1)
	(2)
	(3)

	US Zip Codes Post-Broadband Introduction
	0.342
	0.371
	0.547

	 
	(0.140)
	(0.218)
	(0.134)

	 
	[0.018]
	[0.095]
	[0.000]

	US Headquarters-Managed* US Zip Codes Post-Broadband Introduction
	 
	-0.854
	-0.572

	
	 
	(0.260)
	(0.257)

	
	 
	[0.002]
	[0.031]

	 
	 
	 
	 

	Control Variables
	No
	No
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	No
	Yes
	Yes

	
	 
	 
	 

	Number of Observations
	172
	172
	172

	Number of Clusters
	52
	52
	52

	R-squared 
	0.129
	0.210
	0.334

	Notes. This table presents the difference-in-differences estimates of the introduction of broadband and innovation output in Columns 1. The remaining columns contain the triple difference estimates of the effect of US zip code broadband introduction on the innovation of US R&D subsidiaries managed by US headquarters vis-à-vis those managed by other US subsidiaries. The PSM matched sample uses a vector of mean pre-treatment variables that can affect innovation outcomes. US Zip Code Post-Broadband Introduction is a binary indicator for whether there are suppliers of broadband in the zip code location for both the R&D subsidiary-zip code and the managing-entity zip code. Headquarters-Managed*Post-broadband Introduction reflects the interaction term of the binary indicator for headquarters-managed R&D subsidiary with the binary indicator for US zip code post-broadband introduction. The main effect for the binary indicator for headquarters-managed R&D subsidiary is absorbed by subsidiary fixed effects. Innovation Output represents the natural log of one plus the total number of patents invented by the R&D subsidiary in year t+1. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Table 7 
Unilateral Broadband Access (Only R&D Subsidiary or Only Managing Entity has Broadband Access)
	 
	R&D Subsidiary has Broadband Access, Managing Entity Does Not Have Broadband Access
	 
	Managing Entity has Broadband Access, R&D Subsidiary Does Not Have Broadband Access

	 
	
	 
	

	 
	Full Sample
	Matched Sample
	 
	Full Sample
	Matched Sample

	Dependent Variable= ln (Number of Patents +1) t+1
	(1)
	(2)
	 
	(3)
	(4)

	R&D Subsidiary Post-Broadband Introduction
	0.021
	0.089
	 
	 
	 

	
	(0.029)
	(0.096)
	 
	 
	 

	 
	[0.477]
	[0.355]
	 
	 
	 

	Headquarters-Managed*R&D Subsidiary Post-Broadband Introduction
	0.004
	0.114
	 
	 
	 

	
	(0.038)
	(0.163)
	 
	 
	 

	
	[0.921]
	[0.486]
	 
	 
	 

	Managing Entity Post-Broadband Introduction
	 
	 
	 
	0.030
	-0.028

	
	 
	 
	 
	(0.109)
	(0.135)

	 
	 
	 
	 
	[0.782]
	[0.834]

	Headquarters-Managed* Managing Entity Post-Broadband Introduction
	 
	 
	 
	-0.038
	-0.055

	
	 
	 
	 
	(0.125)
	(0.166)

	
	 
	 
	 
	[0.762]
	[0.739]

	 
	 
	 
	 
	 
	 

	Control Variables
	Yes
	Yes
	 
	Yes
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	
	 
	 
	 
	 
	 

	Number of Observations
	1436
	210
	 
	1287
	322

	Number of Clusters
	549
	115
	 
	524
	146

	R-squared 
	0.071
	0.426
	 
	0.042
	0.355

	Notes. In Columns 1 and 2, R&D Subsidiary Post-Broadband Introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for the R&D subsidiary host country, and the sample excludes observations where the managing entity has had broadband introduced in its location. In Columns 3-4, Managing Entity Post-Broadband Introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for the managing entity-country, and the sample excludes observations where the R&D subsidiary has had broadband introduced in its location. The dependent variable is Innovation Output calculated as the natural log of one plus the total number of patent applications filed by the R&D subsidiary in year t+1. Headquarters-Managed*R&D subsidiary (Managing Entity) Post-Broadband Introduction reflects the interaction term of the binary indicator for headquarters-managed R&D subsidiary with the binary indicator for R&D Subsidiary (Managing Entity) Post-Broadband Introduction. The main effect for the binary indicator for headquarters-managed R&D subsidiary is absorbed by subsidiary fixed effects. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. All tests are two-tailed.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	





Table 8 
Split Sample Analysis for the Effect of Broadband and Geographical Distance
	 
	Geographical Distance Low
	Geographical Distance High

	Dependent Variable= ln (Number of Patents +1)t+1
	(1)
	(2)

	Post-Broadband Introduction
	0.214
	0.261

	
	(0.086)
	(0.104)

	 
	[0.014]
	[0.013]

	Headquarters-Managed* Post-Broadband Introduction
	-0.268
	-0.341

	
	(0.115)
	(0.146)

	
	[0.022]
	[0.021]

	 
	 
	 

	Control Variables
	Yes
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes

	
	 
	 

	Number of Observations
	513
	468

	Number of Clusters
	137
	121

	R-Squared 
	0.116
	0.087

	Split Sample Comparison
	 
	 

	Post-Broadband Introduction F-Statistic
	 
	0.20

	P-value
	 
	0.653

	Headquarters-Managed* Post-Broadband Introduction F-statistic
	0.25

	P-value
	 
	0.616

	Notes. The PSM matched sample is split in Columns 1-2 based on the median value of geographical distance between the R&D subsidiary and managing entity. Post-broadband Introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing-entity country. The dependent variable is innovation output calculated as the natural log of one plus the total number of patent applications filed by the R&D subsidiary in year t+1. Headquarters-Managed*Post-Broadband Introduction reflects the interaction term of the binary indicator for Headquarters-Managed R&D subsidiary with the binary indicator for Post-broadband Introduction. The main effect for the binary indicator for headquarters-managed R&D subsidiary is absorbed by subsidiary fixed effects. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. All tests are two-tailed.

	
	

	
	

	
	

	
	

	
	



Table 9
Exploring the Channels Through Which Managing Entity and R&D Subsidiary Connectivity Increases Innovation
	 
	Mechanism 1:
	 
	Mechanism 2:
	 
	Mechanism 3:
	 
	Mechanism 4:

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Innovation Productivity
	 
	Span of Control: Number of R&D Subsidiaries Controlled by Managing Entity

	 
	Knowledge Flows from Managing Entity
	 
	Co-inventions with Managing Entity
	 
	R&D Funding
	 
	
	 
	Low
	High

	 
	(1)
	(2)
	(3)
	 
	(4)
	(5)
	(6)
	 
	(7)
	(8)
	(9)
	 
	(10)
	 
	(11)
	(12)

	Post-Broadband Introduction
	0.008
	0.091
	0.101
	 
	0.003
	0.109
	0.115
	 
	0.336
	0.315
	0.294
	 
	0.221
	 
	0.116
	0.285

	 
	(0.037)
	(0.047)
	(0.051)
	 
	(0.032)
	(0.048)
	(0.051)
	 
	(0.125)
	(0.201)
	(0.222)
	 
	(0.064)
	 
	(0.087)
	(0.096)

	 
	[0.838]
	[0.056]
	[0.047]
	 
	[0.915]
	[0.024]
	[0.025]
	 
	[0.008]
	[0.119]
	[0.186]
	 
	[0.001]
	 
	[0.184]
	[0.003]

	Headquarters-Managed* Post-Broadband Introduction
	 
	-0.167
	-0.174
	 
	 
	-0.206
	-0.207
	 
	 
	0.059
	0.064
	 
	-0.290
	 
	-0.164
	-0.378

	
	 
	(0.073)
	(0.080)
	 
	 
	(0.059)
	(0.062)
	 
	 
	(0.243)
	(0.260)
	 
	(0.088)
	 
	(0.107)
	(0.136)

	 
	 
	[0.023]
	[0.030]
	 
	 
	[0.001]
	[0.001]
	 
	 
	[0.807]
	[0.806]
	 
	[0.001]
	 
	[0.126]
	[0.006]

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary R&D
	No
	No
	No
	 
	No
	No
	No
	 
	No
	No
	No
	 
	Yes
	 
	Yes
	Yes

	Control Variables
	No
	No
	Yes
	 
	No
	No
	Yes
	 
	No
	No
	Yes
	 
	Yes
	 
	Yes
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	 
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	 
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	 
	Yes
	Yes

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of Observations
	1013
	1013
	981
	 
	1013
	1013
	981
	 
	571
	571
	563
	 
	981
	 
	490
	491

	Number of Clusters
	258
	258
	258
	 
	258
	258
	258
	 
	196
	196
	196
	 
	258
	 
	135
	123

	R-squared 
	0.013
	0.043
	0.05
	 
	0.014
	0.062
	0.067
	 
	0.052
	0.13
	0.147
	 
	0.088
	 
	0.148
	0.129

	Split Sample Comparison
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Post-Broadband Introduction F-Statistic
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3.80

	p-value
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	[0.053]

	Headquarters-Managed* Post-Broadband Introduction F-statistic
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3.99

	p-value
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	[0.048]

	Notes. Estimated on the PSM matched sample. This table contains the DD and DDD estimates of the effect of broadband introduction on knowledge flows from managing entity (Columns 1-3), Co-inventions with managing entity (Columns 4-6), R&D funding (Columns 7-9), and innovation output (Columns 10-12). The regressions for Columns 10-12 include R&D expenditures to estimate innovation productivity. The sample is split based on the median value of Span of Control (Columns 11 and 12). Knowledge Flows from Managing Entity is the proportion of R&D subsidiary citations in year t+1 to prior art invented by the managing entity that the R&D subsidiary had not previously cited in the past five years. Co-inventions with Managing Entity is the natural log plus one of the total number of patents in year t+1 with inventors from both the R&D subsidiary and managing entity locations. R&D Funding is the natural log of subsidiary R&D expenditures in year t+1. The sample size is reduced in columns 7-9 due to missing observations because the dependent variable is predicting the R&D expenditures, rather than using lagged R&D expenditures used in other analyses. Innovation output is calculated as the natural log of one plus the total number of patent applications filed by the R&D subsidiary in year t+1. Post-Broadband Introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing entity-country. The main effect for the binary indicator for headquarters-managed R&D is absorbed by subsidiary fixed effects. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets.

	
	

	
	

	
	

	
	

	
	


 


Table 10
Exploring Heterogeneity in Post-Broadband Changes in HQ and MS-Managed R&D Subsidiary Innovation
	 
	Managing Entity Role
	MNE Size
	MNE Complexity
	MNE Diversification
	Managing Entity-R&D Subsidiary Technological Distance
	Subsidiary R&D
	Subsidiary Role
	Host-Country Industry Revealed Technological Advantage

	Dependent Variable= ln (Number of Patents +1)t+1
	Low
	High
	Low
	High
	Low
	High
	Low
	High
	Low
	High
	Low
	High
	Low
	High
	Low
	High

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)
	(14)
	(15)
	(16)

	Post-Broadband Introduction
	0.239
	0.292
	0.104
	0.319
	0.022
	0.395
	0.149
	0.232
	0.058
	0.274
	0.244
	0.157
	0.198
	0.235
	0.160
	0.285

	
	(0.108)
	(0.105)
	(0.060)
	(0.104)
	(0.044)
	(0.098)
	(0.091)
	(0.107)
	(0.075)
	(0.087)
	(0.096)
	(0.108)
	(0.081)
	(0.097)
	(0.100)
	(0.116)

	 
	[0.028]
	[0.006]
	[0.086]
	[0.003]
	[0.613]
	[0.000]
	[0.105]
	[0.032]
	[0.441]
	[0.002]
	[0.012]
	[0.149]
	[0.016]
	[0.017]
	[0.113]
	[0.015]

	Headquarters-Managed* Post-Broadband Introduction
	-0.210
	-0.425
	-0.107
	-0.488
	-0.108
	-0.373
	-0.263
	-0.173
	-0.100
	-0.480
	-0.325
	-0.240
	-0.238
	-0.258
	-0.260
	-0.199

	
	(0.123)
	(0.138)
	(0.074)
	(0.160)
	(0.087)
	(0.114)
	(0.121)
	(0.154)
	(0.084)
	(0.168)
	(0.123)
	(0.184)
	(0.109)
	(0.140)
	(0.118)
	(0.168)

	
	[0.090]
	[0.002]
	[0.152]
	[0.003]
	[0.214]
	[0.001]
	[0.031]
	[0.263]
	[0.235]
	[0.005]
	[0.010]
	[0.195]
	[0.030]
	[0.067]
	[0.030]
	[0.238]

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Control Variables
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of Observations
	463
	518
	492
	489
	480
	501
	490
	491
	489
	492
	484
	497
	448
	533
	494
	487

	Number of Clusters
	116
	155
	148
	131
	149
	155
	157
	149
	146
	112
	122
	136
	137
	155
	136
	145

	R-squared 
	0.130
	0.120
	0.140
	0.121
	0.148
	0.142
	0.134
	0.138
	0.105
	0.160
	0.123
	0.096
	0.113
	0.132
	0.129
	0.100

	Split Sample Comparison
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Post-Broadband F-Statistic
	 
	0.260
	 
	4.280
	 
	14.520
	 
	0.610
	 
	6.170
	 
	0.650
	 
	0.140
	 
	1.180

	p-value
	 
	[0.612]
	 
	[0.041]
	 
	[0.000]
	 
	[0.438]
	 
	[0.015]
	 
	[0.422]
	 
	[0.706]
	 
	[0.280]

	Headquarters-Managed* Post-Broadband F-statistic
	 
	2.420
	 
	5.630
	 
	5.400
	 
	0.340
	 
	5.130
	 
	0.210
	 
	0.020
	 
	0.130

	p-value
	 
	[0.122]
	 
	[0.019]
	 
	[0.022]
	 
	[0.561]
	 
	[0.026]
	 
	[0.645]
	 
	[0.889]
	 
	[0.720]

	Notes. Estimated on the PSM matched sample. This table contains the DDD estimates of the effect of broadband introduction on innovation output. The sample is split based on the median value of the respective variables in the column heads. Since subsidiary R&D expenditures and technological distance from its managing entity might change due to broadband, the sample is split based on the pre-treatment mean values for these variables. The dependent variable innovation output calculated as the natural log of one plus the total number of patent applications filed by the R&D subsidiary in year t+1. Post-Broadband Introduction is a binary indicator for the years after the broadband penetration rate has surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing entity country. The main effect for the binary indicator for headquarters-managed R&D is absorbed by subsidiary fixed effects. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets.

	
	

	
	

	
	

	
	

	
	



Table 11 Alternative Measures of Innovation Output: Innovation Quality and Innovation Market Value
	 
	Innovation Quality
	 
	Innovation Market Value

	 
	Full Sample
	 
	Matched Sample
	 
	Full Sample
	 
	Matched Sample

	 
	(1)
	(2)
	(3)
	 
	(4)
	(5)
	 
	(6)
	(7)
	(8)
	 
	(9)
	(10)

	Post-Broadband Introduction
	0.136
	0.237
	0.284
	 
	0.449
	0.506
	 
	0.197
	0.384
	0.437
	 
	0.244
	0.318

	 
	(0.048)
	(0.080)
	(0.087)
	 
	(0.167)
	(0.179)
	 
	(0.063)
	(0.100)
	(0.108)
	 
	(0.143)
	(0.155)

	 
	[0.005]
	[0.003]
	[0.001]
	 
	[0.008]
	[0.005]
	 
	[0.002]
	[0.000]
	[0.000]
	 
	[0.089]
	[0.041]

	Headquarters-Managed* Post-Broadband Introduction
	 
	-0.177
	-0.230
	 
	-0.396
	-0.458
	 
	 
	-0.345
	-0.415
	 
	-0.404
	-0.478

	
	 
	(0.099)
	(0.108)
	 
	(0.187)
	(0.199)
	 
	 
	(0.121)
	(0.131)
	 
	(0.218)
	(0.203)

	
	 
	[0.075]
	[0.034]
	 
	[0.035]
	[0.022]
	 
	 
	[0.005]
	[0.002]
	 
	[0.066]
	[0.020]

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Control Variables
	No
	No
	Yes
	 
	No
	Yes
	 
	No
	No
	Yes
	 
	No
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	No
	Yes
	Yes
	 
	Yes
	Yes
	 
	No
	Yes
	Yes
	 
	Yes
	Yes

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of Observations
	3269
	3269
	3079
	 
	876
	854
	 
	3594
	3594
	3366
	 
	917
	885

	Number of Clusters
	897
	897
	866
	 
	257
	257
	 
	911
	911
	879
	 
	251
	251

	R-squared 
	0.017
	0.023
	0.026
	 
	0.080
	0.091
	 
	0.032
	0.044
	0.048
	 
	0.064
	0.088


Notes. This table presents the difference-in-differences estimates of the introduction of broadband and innovation outcomes in columns 1 and 6. The remaining columns contain the triple difference estimates of the effect of broadband introduction on the innovation of R&D subsidiaries managed by headquarters vis-à-vis those managed by other subsidiaries. The PSM matched sample uses a vector of mean pre-treatment variables that can affect innovation outcomes. The sample years are restricted to 1997-2009 for Innovation Quality in order to reduce problems with right censoring of forward citations. Innovation Market Value has a smaller number of observations due to missing patent market values in the database (see Kogan et. al (2017) for missing data circumstances). Other changes in sample size are due to missing control data. Post-broadband introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing-entity country. Headquarters-Managed*Post-broadband Introduction reflects the interaction term of the binary indicator for headquarters-managed R&D subsidiary with the binary indicator for post-broadband introduction. The main effect for the binary indicator for headquarters-managed R&D subsidiary is absorbed by subsidiary fixed effects. Innovation Quality is the natural log of one plus the total number of forward citations (excluding examiner and self-citations) received by the R&D subsidiary in five years for the patents filed in the current year. Innovation Market Value is the natural log of one plus the total market-adjusted MNE returns (millions of dollars) on the three-day window following the patent issue date for the patents invented by the focal R&D subsidiary in that year, deflated to 1982 using the CPI. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets.

Figure 1 Example of R&D Subsidiary Management in a Representative MNE from the Sample 
(Within the Same MNE)
Subsidiary-Managed R&D Subsidiaries                         Headquarters-Managed R&D Subsidiaries
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Notes. Figure 1 displays examples of subsidiary- and headquarters-managed R&D subsidiaries from a representative MNE in our sample. The MNE is headquartered in the U.S. The Swedish subsidiary manages the R&D activities of subsidiaries in Argentina, Finland, and Estonia. Headquarters manages the R&D activities of subsidiaries in Brazil, the UK, and France. As managing entities, the Swedish subsidiary and headquarters have the right to make strategic decisions on R&D projects, including selecting, funding, directing, and monitoring their R&D subsidiaries’ activities. They also compensate the R&D subsidiaries for their R&D activities and hold economic ownership rights to any innovations created by the R&D subsidiaries that they manage.



Figure 2 Binscatter Plots for Innovation Output and Broadband Penetration by Managing Entity
Full-Sample Raw Data 			One Control Relationship
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Notes. These figures plot innovation output across the broadband penetration rate in the R&D subsidiary’s location by R&D subsidiary management relationship (subsidiary versus headquarters) for 1997-2011 for the full sample (graph on the left) and the sample of R&D subsidiaries that are managed by only one MNE entity (graph on the right). Innovation output is the natural log of one plus the number of successful patents filed in year t+1 by the R&D subsidiary. To account for both the R&D subsidiary and the managing entity needing broadband access, each R&D subsidiary’s country broadband value equals zero until the first year that its managing entity has at least a five percent broadband penetration rate, at which point broadband in the graphs equal the R&D subsidiary’s host-country broadband penetration rate.



[image: ][image: ][image: ]Figure 3 Triple Differences Pre-Treatment Trends for Innovation Output

Notes. The graphs are based on the baseline specification in Tables 5 and 11, with the Headquarters-managed × Post-Broadband Introduction split into multiple periods as indicated. Each point on the graphs represents the coefficient estimate for the Headquarters-managed × Post-Broadband Introduction binary indicators. The dashed lines represent the 95% confidence interval. The wider confidence intervals relative to those in Tables 5 and 11 reflect the reduced degrees of freedom resulting from splitting the interaction term into separate period-specific indicators.

Appendix A 
Example from R&D Contract

Below are redacted clauses from a representative R&D contract between two subsidiaries.

[Subsidiary B] shall promptly undertake each Project … and shall use its best efforts to complete the Project in accordance with the specifications and directions of [Subsidiary A].

[Subsidiary B] shall provide monthly reports to [Subsidiary A] on the progress that has been made with respect to the Projects.  Each Report shall contain….. 

[Subsidiary B] acknowledges [Subsidiary A]’s exclusive right, title, and interest in and to the Intangible Property.…Every use of any Intangible Property by [Subsidiary B] shall inure to the benefit of [Subsidiary A].

[Subsidiary A] shall at all times, during or after the term of this Agreement, be the sole owner of all rights relating to or emanating from Intangible Property, Know-How, Improvements, or other matters developed in, or related to, a Project.


Appendix B
Redacted Description from Transfer Pricing Report

Note: All redactions are in brackets. Subsidiary and MNE names, country locations, and product, technology, and industry descriptions are redacted to maintain confidentiality. To keep the example succinct, we include the description of only one subsidiary’s (Subsidiary B) managed R&D activities and not all three R&D subsidiaries.

[Subsidiary A] designs and manufactures [MNE]’s [Products], with the exception of certain products designed and manufactured in [Country]. Design activities include “blue sky” R&D, product design, product engineering, and process engineering. [Subsidiary A] contracts with its affiliates located in [Country B, Country C, and Country D] to perform R&D services on its behalf. With the exception of certain technology owned by [MNE Entities], [Subsidiary A] owns all intellectual property related to [Products].

[Subsidiary A] contracts with the following entities to perform R&D services on its behalf: 
· [Subsidiary B, Country B]
· [Subsidiary C, Country C]
· [Subsidiary D, Country D]

[Subsidiary A] directly reimburses the contract R&D entities for the services provided. In compensation for its R&D service activities, [Subsidiary A] pays the entities a cost-plus mark-up according to their respective R&D arrangements.

The primary functions performed by the contract R&D entities are R&D of [Products] and manufacturing processes. [Subsidiary A] incurs a significant portion of the risk associated with the R&D services. The following is a description of the functions and risks borne by each R&D entity.

[Subsidiary B]

[Subsidiary B] performs contract software R&D services for [Subsidiary A]. [Subsidiary B] specializes in [lengthy Products description and description of industry use]. The scope of development services rendered by [Subsidiary B] includes the following:

· Conceive and propose the development of [detailed description of Products] relating to the [Technology and description of technology] of [Subsidiary A], including estimating time and complexity of such development;
· Analyze competitive products, evaluate costs and benefits of competitive or alternative products, and report its findings;
· Design, develop, and produce enhanced or new [Products] with respect to [Technology] of [Subsidiary A]; and
· Provide such other development services and other administrative support services as [Subsidiary A] may request from time to time.

In return for the R&D services provided, [Subsidiary A] reimburses [Subsidiary B] for the direct and indirect costs it incurs in its provision of R&D services, plus an [XX Percent] mark-up.
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Appendix C: Description of Variables 
Control Variables
We integrate annual data on host country–industry and MNE characteristics known to affect innovation. To capture host country–industry technological specialization, we obtain the Revealed Technological Advantage (RTA) index from the OECD database (Almeida, 1996). Using the Global Vantage database, we calculate the host country-industry Market Concentration Index as the sum of the proportion of total revenues earned by the four largest firms in the host country-industry. 
From Orbis, we obtain MNE-level variables. MNE Size is measured as the natural log of total MNE revenues. MNE Stock Compensation is the natural log of total stock compensation expense (Oxley & Pandher, 2016).[footnoteRef:22] MNE Diversification is computed as an entropy measure of the MNE’s share of total sales in each business segment each year (Palepu, 1985).  [22:  Stock compensation can affect incentives to innovate (Oxley and Pandher, 2016). We calculate an MNE-level measure because subsidiary-level stock compensation data and managerial incentive data are unavailable.] 

Since the roles of the managing entity and the R&D subsidiary can affect innovation opportunities, resources, and knowledge sharing (Andersson et al., 2015; Berry & Kaul, 2015; Gupta & Govindarajan, 1991), we code the mandates of each subsidiary and managing entity using qualitative information from transfer pricing reports. Following prior research, Subsidiary Role is defined as the count of mandates (R&D, manufacturing, distribution, and service) carried out by the subsidiary (Fey & Furu, 2008). In our pre-broadband analysis, we include a binary indicator for whether the subsidiary was Acquired and fixed effects for each mandate and industry.[footnoteRef:23] We control for time using year-fixed effects. All independent variables are lagged by one year. [23:  The binary acquired indicator and mandate and industry fixed effects are absorbed by subsidiary fixed effects in the DD and DDD analyses.] 

Additional Variables
We incorporate supplementary variables in additional analyses. Connectivity infrastructure may reduce information asymmetries, leading to the funding of more R&D projects. We therefore exclude R&D expenditure in the main regressions since they can be directly affected by the introduction of broadband, employ subsidiary fixed effects, and only enter R&D expenses in additional analyses. Subsidiary R&D is the natural log of the subsidiary’s total R&D expenditures. To understand whether changes in assets are influencing the results, we use Subsidiary Fixed Assets, measured as the natural log of the subsidiary’s fixed assets. We operationalize Technological Distance as a dyadic measure of the Euclidean distance between the managing entity and R&D subsidiary’s patent portfolios (Ahuja, 2000). Following (Kogut and Singh, 1988), we operationalize Cultural Distance as the composite index of the deviations of the R&D subsidiary and the managing entity’s locations for Hofstede’s cultural dimensions.[footnoteRef:24]  [24:  We collect cultural dimension data for each country from https://geerthofstede.com/research-and-vsm/dimension-data-matrix/, accessed on May 19, 2021.] 

We control for host-country institutional and political characteristics using data from the International Country Risk Guide. Host-Country Bureaucratic Quality measures the institutional strength and quality of bureaucracy in a country and ranges from zero to four, with higher scores indicating strong, stable, and politically autonomous bureaucracies. Host-Country Investment Profile also ranges from zero to four and is an index of risks related to contract viability, expropriation, payment delays, and repatriation of profits, with higher values indicating more favorable investment environments. Host-Country Rule of Law is a composite index of the strength and impartiality of the legal system and observance of the law. The index ranges from zero to three, with higher values indicating stronger law and order. Host-Country Political Stability measures risks associated with government instability and internal or external conflict. This variable ranges from zero to four with higher values indicating greater stability. 
To account for economic conditions, we include Host-Country GDP Growth, the annual Gross Domestic Product growth rate for the R&D subsidiary’s host country from the OECD database. We use Host-Country IPR Index to capture the level of protection in the intellectual property rights (IPR) regime of the host country. The IPR Index for each country was taken from the World Economic Forum Global Competitiveness Report. The index ranges from one to seven, with higher values indicating stronger protection.
To assess whether tax avoidance affects our results, we use the standard accounting measure of MNE Tax Avoidance (Dyreng et al., 2019), operationalized as the five-year sum of MNE cash taxes paid divided by the five-year sum of pretax income, using data from Capital IQ. Host-Country Patent Box is a binary indicator equal to one if the subsidiary’s host country operates a patent box regime. To capture country-industry tax incentives, we calculate the host-country-industry Effective Tax Rate, defined as the mean amount of taxes paid divided by pretax income of all firms within the same two-digit SIC industry and country using Global Vantage data. Host-Versus-Home Country Effective Tax Rate is the difference between the host- and home-country industry average effective tax rates.


Appendix D: Tables

Table D.1 Descriptive Statistics Full Dataset
	Variable
	Obs
	Mean
	Std. dev.
	Min
	Max

	Subsidiary, MNE, and Host-Country Industry Variables
	 
	 
	 
	 

	Innovation Output 
	3,764
	1.970
	7.546
	0.000
	110.000

	Innovation Quality
	3,079
	4.369
	25.769
	0.000
	611.000

	Innovation Market Value
	3,366
	43.88
	291.50
	0.000
	7035.42

	Post-Broadband Introduction
	3,764
	0.611
	0.488
	0.000
	1.000

	Headquarters-Managed
	3,764
	0.562
	0.496
	0.000
	1.000

	MNE Size (millions USD)
	3,764
	22,300
	70,200
	
	

	MNE Diversification
	3,764
	0.641
	0.559
	
	

	MNE Stock Compensation Expense (thousands USD)
	3,764
	124,056
	202,686
	
	

	Host-Country-Industry Revealed Technological Advantage
	3,764
	0.877
	0.511
	0.000
	3.636

	Host-Country-Industry Market Concentration
	3,764
	0.483
	0.070
	0.000
	0.520

	Subsidiary R&D Expenses (thousands USD)
	3,701
	5,858
	294,260
	
	

	Subsidiary Role
	3,764
	1.592
	0.763
	0.000
	4.000

	 
	 
	 
	 
	 
	 

	Dyadic Variables
	 
	 
	 
	 
	 

	Knowledge Flows from Managing Entity
	6,865
	0.989
	6.332
	0.000
	246.000

	Subsidiary and Managing Entity Physical Distance
	6,639
	4,837
	4,194
	9.560
	19,147

	Subsidiary and Managing Entity Cultural Distance
	6,429
	24.178
	28.188
	0.000
	157.64

	Subsidiary and Managing Entity Same Language
	6,633
	0.409
	0.492
	0.000
	1.000

	 
	 
	 
	 
	 
	 

	Matched Sample for R&D Subsidiaries with One Managing Entity Only
	 
	 
	 

	Innovation Output
	981
	0.362
	1.086
	0.000
	14.000

	Innovation Quality
	854
	0.870
	4.376
	0.000
	65.000

	Innovation Market Value
	885
	2.060
	11.320
	0.000
	198.132

	Knowledge Flows from Managing Entity
	981
	0.105
	0.998
	0.000
	24.000

	Post-Broadband Introduction
	981
	0.640
	0.480
	0.000
	1.000

	Headquarters-Managed
	981
	0.487
	0.500
	0.000
	1.000

	MNE Size (millions USD)
	981
	20,800
	57,700
	
	

	MNE Diversification
	981
	0.517
	0.520
	
	

	MNE Stock Compensation Expense (thousands USD)
	981
	99,647
	177,308
	
	

	Host-Country-Industry Revealed Technological Advantage
	981
	0.893
	0.545
	0.000
	3.636

	Host-Country-Industry Market Concentration
	981
	0.482
	0.071
	0.000
	0.520

	Subsidiary R&D Expenses (thousands USD)
	981
	210.698
	1878
	
	

	Subsidiary Role
	981
	1.627
	0.724
	0.000
	4.000

	Subsidiary and Managing Entity Physical Distance
	981
	5095
	4372
	76.427
	19147

	Subsidiary and Managing Entity Cultural Distance
	981
	25.408
	29.248
	0.000
	115.470

	Subsidiary and Managing Entity Same Language
	981
	0.431
	0.495
	0.000
	1.000

	Notes. This table contains the descriptive statistics for the samples based on the fully loaded model. The sample years are restricted to 1997-2009 for Innovation Quality to reduce problems with right censoring of forward citations. Innovation Market Value has a smaller number of observations due to missing patent market values in the database (see Kogan et. al (2017) for missing data circumstances). The number of observations increases for the dyadic variables as it represents the dyadic-level relationship between entities. The PSM matched sample uses a vector of mean pre-treatment variables that can affect innovation outcomes for the R&D subsidiaries that have only one managing entity only to isolate the effects of HQ vs MS-management. To comply with data confidentiality, only aggregated statistics are presented for MNE variables and R&D expenses, and the minimum and maximum values are not reported.

	
	

	
	

	
	

	
	

	
	




Table D.2 Innovation Output Weighted by the Number of Collaborating Entities
	Dependent Variable:  ln(+1)t+1
	 
	 
	 

	
	(1)
	(2)
	(3)

	Post-Broadband Introduction
	0.085
	0.154
	0.175

	 
	(0.036)
	(0.049)
	(0.050)

	 
	[0.018]
	[0.002]
	[0.001]

	Headquarters-Managed* Post-Broadband Introduction
	 
	-0.149
	-0.183

	
	 
	(0.072)
	(0.068)

	
	 
	[0.039]
	[0.008]

	 
	 
	 
	 

	Control Variables
	No
	No
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	No
	Yes
	Yes

	
	 
	 
	 

	Number of Observations
	1013
	1013
	981

	Number of Clusters
	258
	258
	258

	R-squared 
	0.048
	0.073
	0.098

	Notes. This table presents the difference-in-differences and triple difference-in-differences estimates of the effect of broadband introduction on the co-invention weighted innovation of R&D subsidiaries managed by headquarters vis-à-vis those managed by other subsidiaries. The PSM matched sample uses a vector of mean pre-treatment variables that can affect innovation outcomes. Post-broadband introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing-entity country. Headquarters-Managed*Post-broadband Introduction reflects the interaction term of the binary indicator for headquarters-managed R&D subsidiary with the binary indicator for post-broadband introduction. The main effect for the binary indicator for headquarters-managed R&D subsidiary is absorbed by subsidiary fixed effects. Innovation Output Weighted by the Number of Collaborating Entities represents the natural log of one plus the total number of patents invented by the R&D subsidiary weighted by the number of collaborating entities that co-invented each patent in year t+1. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	






[bookmark: _Hlk216691625]Table D.3 Robustness Analyses for the Effect of Broadband Introduction on R&D Subsidiary Innovation by Dropping from the Sample Countries One at a Time
	 
	Excluding Chinese R&D Subsidiaries
	Excluding French R&D Subsidiaries
	Excluding German R&D Subsidiaries
	Excluding Indian R&D Subsidiaries
	Excluding Taiwanese R&D Subsidiaries
	Excluding United Kingdom R&D Subsidiaries
	Excluding US R&D Subsidiaries

	 
	
	
	
	
	
	
	

	 
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)
	(14)

	Post-Broadband Introduction
	0.189
	0.221
	0.172
	0.204
	0.210
	0.247
	0.189
	0.211
	0.189
	0.221
	0.171
	0.210
	0.240
	0.278

	 
	(0.060)
	(0.064)
	(0.060)
	(0.064)
	(0.063)
	(0.066)
	(0.060)
	(0.066)
	(0.060)
	(0.064)
	(0.061)
	(0.066)
	(0.076)
	(0.081)

	 
	[0.002]
	[0.001]
	[0.004]
	[0.002]
	[0.001]
	[0.000]
	[0.002]
	[0.002]
	[0.002]
	[0.001]
	[0.006]
	[0.002]
	[0.002]
	[0.001]

	Headquarters-Managed* Post-Broadband Introduction
	-0.248
	-0.29
	-0.214
	-0.257
	-0.291
	-0.331
	-0.279
	-0.272
	-0.248
	-0.29
	-0.230
	-0.276
	-0.301
	-0.356

	
	(0.086)
	(0.088)
	(0.083)
	(0.081)
	(0.090)
	(0.093)
	(0.089)
	(0.088)
	(0.086)
	(0.088)
	(0.092)
	(0.095)
	(0.099)
	(0.104)

	 
	[0.004]
	[0.001]
	[0.010]
	[0.002]
	[0.001]
	[0.000]
	[0.002]
	[0.002]
	[0.004]
	[0.001]
	[0.013]
	[0.004]
	[0.003]
	[0.001]

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Control Variables
	No
	Yes
	No
	Yes
	No
	Yes
	No
	Yes
	No
	Yes
	No
	Yes
	No
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of Observations
	1006
	974
	943
	911
	940
	909
	997
	967
	1000
	968
	919
	890
	777
	746

	Number of Clusters
	255
	255
	245
	245
	241
	241
	255
	255
	252
	252
	242
	242
	182
	182

	R-squared 
	0.07
	0.088
	0.078
	0.099
	0.077
	0.096
	0.071
	0.086
	0.071
	0.088
	0.071
	0.091
	0.084
	0.098

	Notes. This table presents the triple difference estimates of the effect of broadband introduction on the innovation of R&D subsidiaries managed by headquarters vis-à-vis those managed by other subsidiaries for the PSM matched sample of R&D subsidiaries excluding those located in the China (Columns 1-2), France (Columns 3-4), Germany (Columns 5-6), India (Columns 7-8), and Taiwan (Columns 9-10), United Kingdom (Columns 11-12), and the United States (Columns 13-14). Post-broadband introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for both the R&D subsidiary-country and the Managing-entity country. Headquarters-Managed*Post-Broadband Introduction reflects the interaction term of the binary indicator for headquarters-managed R&D subsidiary with the binary indicator for post-broadband introduction. The main effect for the binary indicator for headquarters-managed R&D subsidiary is absorbed by subsidiary fixed effects. The dependent variable is Innovation Quantity, measured as the natural log of one plus the total number of patents invented by the R&D subsidiary in year t+1. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 

	
	

	
	

	
	

	
	

	
	





Table D.4 PSM Balancing Tests for U.S. Subsidiaries with U.S. Managing Entities
	 
	Unmatched
	Mean
	 
	% 
	t-test

	Variable
	Matched
	HQ-Managed
	MS-Managed
	% Bias
	Reduced Bias
	t
	p>t

	Subsidiary Innovation Output
	U
	0.188
	0.122
	15.5
	 
	0.61
	0.541

	
	M
	0.102
	0.122
	-4.9
	68.4
	-0.21
	0.834

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Innovation Quality
	U
	0.085
	0.104
	-4.6
	 
	-0.20
	0.846

	
	M
	0.042
	0.104
	-15.2
	-230.6
	-0.73
	0.469

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Innovation Market Value
	U
	0.145
	0.000
	29.8
	 
	1.07
	0.287

	
	M
	0.154
	0.000
	31.6
	-6.2
	1.00
	0.322

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Ln R&D
	U
	2.430
	1.530
	48.5
	 
	1.97
	0.051

	
	M
	1.591
	1.530
	3.3
	93.2
	0.14
	0.890

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Role
	U
	1.594
	1.487
	13.6
	 
	0.62
	0.539

	
	M
	1.381
	1.487
	-13.5
	0.9
	-0.48
	0.633

	 
	 
	 
	 
	 
	 
	 
	 

	Subsidiary Knowledge Flows from Managing Entity
	U
	0.009
	0.027
	-17.3
	 
	-0.96
	0.338

	
	M
	0.000
	0.027
	-25.7
	-49.1
	-1.00
	0.322

	 
	 
	 
	 
	 
	 
	 
	 

	Managing Entity Innovation Output
	U
	0.385
	0.448
	-5.5
	 
	-0.26
	0.793

	
	M
	0.408
	0.448
	-3.4
	37.5
	-0.11
	0.912

	 
	 
	 
	 
	 
	 
	 
	 

	Managing Entity Ln R&D
	U
	2.272
	1.578
	28.8
	 
	1.17
	0.245

	
	M
	2.063
	1.578
	20.2
	30.0
	0.76
	0.451

	 
	 
	 
	 
	 
	 
	 
	 

	MNE Size
	U
	14.343
	14.848
	-28.4
	 
	-1.36
	0.176

	 
	M
	14.281
	14.848
	-31.9
	-12.4
	-1.02
	0.315

	 
	 
	 
	 
	 
	 
	 
	 

	MNE Diversification
	U
	0.610
	0.624
	-3.0
	 
	-0.12
	0.903

	 
	M
	0.635
	0.624
	2.3
	24.0
	0.08
	0.940

	 
	 
	 
	 
	 
	 
	 
	 

	MNE Stock Compensation Expense
	U
	8.160
	5.586
	63.5
	 
	2.86
	0.005

	
	M
	7.452
	5.586
	46.1
	27.5
	1.48
	0.146

	 
	 
	 
	 
	 
	 
	 
	 

	Host-Country Revealed Technological Advantage
	U
	1.036
	1.312
	-144.5
	 
	-6.20
	0.000

	
	M
	1.205
	1.312
	-56.0
	61.3
	-2.68
	0.010

	 
	 
	 
	 
	 
	 
	 
	 

	Host-Country Industry Market Concentration
	U
	0.432
	0.401
	29.0
	 
	1.52
	0.132

	
	M
	0.405
	0.401
	3.7
	87.3
	0.12
	0.908


Notes. The balancing test shows the mean pre-treatment values of the variables.

[bookmark: _Hlk216694742]
Table D.5 Alternative Explanations: Cultural Distance and Market Concentration
	 
	Managing Entity-R&D Subsidiary Cultural Distance
	 
	Market Concentration

	Dependent Variable= ln (Number of Patents +1)t+1
	Low
	High
	 
	Low
	High

	
	(1)
	(2)
	 
	(3)
	(4)

	Post-Broadband Introduction
	0.258
	0.223
	 
	0.123
	0.299

	 
	(0.104)
	(0.095)
	 
	(0.071)
	(0.105)

	 
	[0.014]
	[0.021]
	 
	[0.085]
	[0.005]

	Headquarters-Managed* Post-Broadband Introduction
	-0.265
	-0.342
	 
	-0.261
	-0.295

	
	(0.125)
	(0.142)
	 
	(0.090)
	(0.137)

	 
	[0.036]
	[0.017]
	 
	[0.004]
	[0.033]

	 
	 
	 
	 
	 
	 

	Control Variables
	Yes
	Yes
	 
	Yes
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	
	 
	 
	 
	 
	 

	Number of Observations
	513
	468
	 
	492
	489

	Number of Clusters
	133
	125
	 
	151
	122

	R-squared 
	0.147
	0.096
	 
	0.137
	0.101

	Split Sample Comparison
	 
	 
	 
	 
	 

	Post-Broadband Introduction F-Statistic
	 
	0.140
	 
	 
	2.820

	p-value
	 
	[0.710]
	 
	 
	[0.096]

	Headquarters-Managed* Post-Broadband Introduction F-statistic
	0.290
	 
	 
	0.060

	p-value
	 
	[0.589]
	 
	 
	[0.806]

	Notes. Estimated on the PSM matched sample. This table contains the  DDD estimates of the effect of broadband introduction on innovation output. The sample is split based on the median value of the respective variables in the column heads. The dependent variable innovation output calculated as the natural log of one plus the total number of patent applications filed by the R&D subsidiary in year t+1. Post-Broadband Introduction is a binary indicator for the years after the broadband penetration rate has surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing entity country. The main effect for the binary indicator for headquarters-managed R&D is absorbed by subsidiary fixed effects. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets.

	
	

	
	

	
	

	
	

	
	












Table D.6
[bookmark: _Hlk216690882][bookmark: _Hlk216690901]Alternative Explanation: The Effect of Broadband Introduction on R&D Subsidiary External Knowledge Flows

	 
	(1)
	(2)
	(3)

	Post-Broadband Introduction
	0.004
	0.000
	0.020

	
	(0.068)
	(0.128)
	(0.130)

	 
	[0.956]
	[0.998]
	[0.878]

	Headquarters-Managed* Post-Broadband 
	 
	-0.012
	-0.049

	Introduction
	 
	(0.139)
	(0.138)

	 
	 
	[0.929]
	[0.725]

	 
	 
	 
	 

	Control Variables
	No
	No
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	No
	Yes
	Yes

	
	 
	 
	 

	Number of Observations
	1013
	1013
	981

	Number of Clusters
	258
	258
	258

	R-squared 
	0.025
	0.075
	0.085

	Notes. This table presents the difference-in-differences estimates of the introduction of broadband technology and external knowledge flows using the PSM matched sample. The PSM matched sample uses a vector of mean pre-treatment variables that can affect innovation outcomes. Changes in sample size are due to missing control data. Post-broadband introduction is a binary indicator for whether the broadband penetration rate has surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing-entity country. Headquarters-Managed*Post-broadband Introduction reflects the interaction term of the binary indicator for headquarters-managed R&D subsidiary with the binary indicator for post-broadband introduction. The main effect for the binary indicator for headquarters-managed R&D subsidiary is absorbed by subsidiary fixed effects. External Knowledge Flows is the natural log plus one of the total number of new citations to non-MNE prior art by the R&D subsidiary (excluding examiner citations) in year t+1. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	












[bookmark: _Hlk216690934]Table D.7 Alternative Explanations: R&D Subsidiary Fixed Assets and Host-Country Economic, Institutional, and Political Factors
	[bookmark: _Hlk216690949]Dependent Variable = ln(total patents +1)t+1
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	Post-Broadband Introduction
	0.214
	0.227
	0.230
	0.208
	0.208
	0.208
	0.205

	 
	(0.074)
	(0.074)
	(0.074)
	(0.066)
	(0.067)
	(0.067)
	(0.069)

	 
	[0.004]
	[0.002]
	[0.002]
	[0.002]
	[0.002]
	[0.002]
	[0.003]

	Headquarters-Managed* Post-Broadband Introduction
	-0.193
	-0.198
	-0.225
	-0.252
	-0.258
	-0.255
	-0.251

	
	(0.097)
	(0.093)
	(0.112)
	(0.089)
	(0.090)
	(0.091)
	(0.089)

	 
	[0.047]
	[0.035]
	[0.046]
	[0.005]
	[0.004]
	[0.005]
	[0.005]

	R&D Subsidiary Fixed Assets
	-0.014
	 
	 
	 
	 
	 
	 

	 
	(0.005)
	 
	 
	 
	 
	 
	 

	 
	[0.010]
	 
	 
	 
	 
	 
	 

	GDP Growth
	 
	-0.001
	 
	 
	 
	 
	 

	 
	 
	(0.005)
	 
	 
	 
	 
	 

	 
	 
	[0.895]
	 
	 
	 
	 
	 

	IPR Index
	 
	 
	-0.024
	 
	 
	 
	 

	 
	 
	 
	(0.037)
	 
	 
	 
	 

	 
	 
	 
	[0.509]
	 
	 
	 
	 

	Bureaucratic Quality
	 
	 
	 
	0.372
	 
	 
	 

	 
	 
	 
	 
	(0.184)
	 
	 
	 

	 
	 
	 
	 
	[0.045]
	 
	 
	 

	Investment Profile 
	 
	 
	 
	 
	0.007
	 
	 

	 
	 
	 
	 
	 
	(0.030)
	 
	 

	 
	 
	 
	 
	 
	[0.808]
	 
	 

	Rule of Law
	 
	 
	 
	 
	 
	0.004
	 

	 
	 
	 
	 
	 
	 
	(0.045)
	 

	 
	 
	 
	 
	 
	 
	[0.933]
	 

	Political Stability
	 
	 
	 
	 
	 
	 
	0.001

	 
	 
	 
	 
	 
	 
	 
	(0.005)

	 
	 
	 
	 
	 
	 
	 
	[0.807]

	[bookmark: _Hlk216690963]Control Variables
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	 
	 
	 
	 
	 
	 
	 
	 

	Number of Observations
	760
	815
	771
	956
	956
	956
	950

	Number of Clusters
	226
	242
	230
	255
	255
	255
	253

	R-squared 
	0.068
	0.078
	0.075
	0.087
	0.082
	0.082
	0.082

	[bookmark: _Hlk216690972]Notes. Estimated on the PSM matched sample. This table contains the DDD estimates of the effect of Broadband Introduction on Innovation Output controlling for R&D Subsidiary Fixed Assets, and host-country GDP Growth, Intellectual Property Rights Index (IPR), Bureaucratic Quality, Investment Profile, Rule of Law, and Political Risk. Reductions in sample size are due to missing observations. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 

	
	

	
	

	
	


Table D.8 Alternative Explanation: Tax Avoidance

	 
	MNE Tax Avoidance
	 
	Patent Box
	 
	Host-Country Effective Tax Rate
	 
	Host- versus Home Country Effective Tax Rate

	Dependent Variable = ln(total patents +1) t+1
	(1)
	 
	(2)
	 
	(3)
	 
	(4)

	Post-Broadband Introduction
	0.232
	 
	0.221
	 
	0.162
	 
	0.162

	 
	(0.068)
	 
	(0.071)
	 
	(0.060)
	 
	(0.060)

	 
	[0.001]
	 
	[0.002]
	 
	[0.007]
	 
	[0.008]

	Headquarters-Managed* Post-Broadband Introduction
	-0.274
	 
	-0.196
	 
	-0.224
	 
	-0.224

	
	(0.095)
	 
	(0.092)
	 
	(0.091)
	 
	(0.092)

	 
	[0.004]
	 
	[0.035]
	 
	[0.015]
	 
	[0.015]

	MNE Tax Avoidance
	-0.045
	 
	 
	 
	 
	 
	 

	 
	(0.022)
	 
	 
	 
	 
	 
	 

	 
	[0.041]
	 
	 
	 
	 
	 
	 

	Patent Box
	 
	 
	-0.185
	 
	 
	 
	 

	 
	 
	 
	(0.152)
	 
	 
	 
	 

	 
	 
	 
	[0.224]
	 
	 
	 
	 

	Host-Country Effective Tax Rate
	 
	 
	 
	 
	0.116
	 
	 

	 
	 
	 
	 
	 
	(0.185)
	 
	 

	 
	 
	 
	 
	 
	[0.530]
	 
	 

	Host- versus Home-Country Effective Tax Rate
	 
	 
	 
	 
	 
	 
	0.064

	 
	 
	 
	 
	 
	 
	 
	(0.167)

	 
	 
	 
	 
	 
	 
	 
	[0.703]

	 
	 
	 
	 
	 
	 
	 
	 

	Control Variables
	Yes
	 
	Yes
	 
	Yes
	 
	Yes

	Subsidiary Fixed Effects
	Yes
	 
	Yes
	 
	Yes
	 
	Yes

	Year Fixed Effects
	Yes
	 
	Yes
	 
	Yes
	 
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	 
	Yes
	 
	Yes
	 
	Yes

	 
	 
	 
	 
	 
	 
	 
	 

	Number of Observations
	864
	 
	828
	 
	907
	 
	907

	Number of Clusters
	249
	 
	248
	 
	243
	 
	243

	R-squared 
	0.086
	 
	0.083
	 
	0.081
	 
	0.081

	Notes. Estimated on the PSM matched sample. This table contains the DDD estimates of the effect of Broadband Introduction on Innovation Output controlling for MNE Tax Avoidance, measured as the five year sum of MNE cash taxes paid divided by the five year sum of pretax income (Column 1); Patent Box, which is a binary indicator for the host country having a patent box regime (Column 2); Host-Country-Industry Effective Tax Rate (Column 3); and Host-versus Home Country-Industry Effective Tax Rate, measured as the host-country-industry effective tax rate minus the home-country-industry effective tax rate (Column 4).  All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 

	
	

	
	

	
	

	
	

	
	

	
	


Table D.9 Within-MNE Analysis
	 
	Innovation Output
	 
	Innovation Quality
	 
	Innovation Market Value

	 
	(1)
	(2)
	(3)
	 
	(4)
	(5)
	(6)
	 
	(7)
	(8)
	(9)

	Post-Broadband Introduction
	0.101
	0.224
	0.254
	 
	0.280
	0.515
	0.559
	 
	0.205
	0.503
	0.618

	 
	(0.040)
	(0.064)
	(0.070)
	 
	(0.083)
	(0.146)
	(0.161)
	 
	(0.110)
	(0.222)
	(0.256)

	 
	[0.013]
	[0.001]
	[0.000]
	 
	[0.001]
	[0.000]
	[0.001]
	 
	[0.063]
	[0.024]
	[0.016]

	Headquarters-Managed* Post-Broadband Introduction
	 
	-0.228
	-0.280
	 
	 
	-0.431
	-0.465
	 
	 
	-0.514
	-0.661

	
	 
	(0.076)
	(0.092)
	 
	 
	(0.162)
	(0.176)
	 
	 
	(0.233)
	(0.282)

	
	 
	[0.003]
	[0.002]
	 
	 
	[0.008]
	[0.009]
	 
	 
	[0.028]
	[0.020]

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Control Variables
	No
	No
	Yes
	 
	No
	No
	Yes
	 
	No
	No
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	No
	Yes
	Yes
	 
	No
	Yes
	Yes
	 
	No
	Yes
	Yes

	MNE-Year Fixed Effects
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes
	 
	Yes
	Yes
	Yes

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of Observations
	1013
	1013
	981
	 
	876
	876
	854
	 
	917
	917
	885

	Number of Clusters
	258
	258
	258
	 
	257
	257
	257
	 
	251
	251
	251

	R-squared 
	0.393
	0.427
	0.440
	 
	0.410
	0.463
	0.483
	 
	0.315
	0.362
	0.382

	Notes. Estimated on the PSM matched sample. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 




Table D.10 Within-Subsidiary Analysis 

	 
	Knowledge Flows from Managing Entity
	 
	Co-inventions with Managing Entity

	Dyadic Level
	(1)
	(2)
	 
	(3)
	(4)

	Post-Broadband Introduction
	0.152
	0.148
	 
	0.086
	0.083

	 
	(0.074)
	(0.076)
	 
	(0.032)
	(0.032)

	 
	[0.042]
	[0.053]
	 
	[0.007]
	[0.009]

	Headquarters-Managed* Post-Broadband Introduction
	-0.165
	-0.152
	 
	-0.100
	-0.093

	
	(0.082)
	(0.082)
	 
	(0.044)
	(0.043)

	 
	[0.045]
	[0.064]
	 
	[0.025]
	[0.032]

	 
	 
	 
	 
	 
	 

	Control Variables
	No
	Yes
	 
	No
	Yes

	Dyad Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	
	 
	 
	 
	 
	 

	Number of Observations
	1920
	1920
	 
	1920
	1920

	Number of Clusters
	409
	409
	 
	409
	409

	R-squared 
	0.029
	0.034
	 
	0.046
	0.051

	Notes. This table contains the DDD estimates of the effect of broadband introduction on knowledge flows from the managing entity to the R&D subsidiaries by managing entity type (Columns 1-2) and Co-inventions with the Managing Entity (Columns 3-4). The sample contains the dyadic R&D-subsidiary-managing entity-year observations for R&D subsidiaries that performed R&D projects for both headquarters and subsidiaries. Knowledge Flows from Managing Entity is the proportion of R&D subsidiary citations in year t+1 to prior art invented by the managing entity that the R&D subsidiary had not previously cited in the past five years. Co-inventions with Managing Entity is the natural log plus one of the total number of patents in year t+1 with inventors from both the R&D subsidiary and managing entity locations. Post-Broadband Introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing entity country. Headquarters-Managed*Post-Broadband Introduction reflects the interaction term of the binary indicator for headquarters-managed R&D subsidiary dyad with the binary indicator for post-broadband introduction. The main effect for the binary indicator for headquarters-managed R&D is absorbed by dyad fixed effects. All models are estimated using fixed effects OLS with robust standard errors clustered at the dyadic level. Standard errors are in parentheses and p-values are in brackets. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	










Table D.11 Placebo Tests
	 
	One-Year Lead
	Two-Year Lead
	Three-Year Lead

	 
	(1)
	(2)
	(3)

	Innovation Output
	 
	 
	 

	Post-Broadband Introduction
	0.068
	-0.108
	-0.241

	 
	(0.054)
	(0.080)
	(0.160)

	 
	[0.206]
	[0.179]
	[0.132]

	Headquarters-Managed* Post-Broadband Introduction
	-0.065
	0.171
	0.369

	
	(0.066)
	(0.118)
	(0.178)

	 
	[0.332]
	[0.149]
	[0.039]

	 
	 
	 
	 

	Innovation Quality
	 
	 
	 

	Post-Broadband Introduction
	0.120
	-0.288
	-0.480

	 
	(0.105)
	(0.212)
	(0.305)

	 
	[0.255]
	[0.175]
	[0.116]

	Headquarters-Managed* Post-Broadband Introduction
	-0.126
	0.241
	0.317

	
	(0.114)
	(0.215)
	(0.295)

	 
	[0.272]
	[0.262]
	[0.284]

	 
	 
	 
	 

	Innovation Market Value
	 
	 
	 

	Post-Broadband Introduction
	-0.153
	-0.222
	-0.760

	 
	(0.141)
	(0.237)
	(0.690)

	 
	[0.280]
	[0.350]
	[0.271]

	Headquarters-Managed* Post-Broadband Introduction
	0.133
	0.456
	0.961

	
	(0.195)
	(0.307)
	(0.691)

	 
	[0.496]
	[0.139]
	[0.166]

	 
	 
	 
	 

	Notes. This table contains the coefficients to the leading Post-Broadband Introduction main term and leading interaction term of Headquarters-Managed*Post Broadband Introduction. The panels Innovation Output, Innovation Quality, and Innovation Market Value indicate the dependent variable used in the triple difference analysis. The leads were estimated for the baseline model in Table 5 containing time varying control variables. The Columns indicate one-year, two-year, and three-year leads for Post-Broadband Introduction and Headquarters-Managed*Post-Broadband Introduction. All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary or dyadic level, as appropriate. Standard errors are in parentheses and p-values are in brackets. All tests are two-tailed.

	
	

	
	

	
	

	
	




Table D.12 Staggered Difference-In-Differences Cohort Analysis 
	 
	Innovation Output
	Innovation Quality
	Innovation Market Value

	 
	(1)
	(2)
	(3)

	Cohort 1 Post-Broadband Introduction
	0.172
	0.192
	0.435

	 
	(0.050)
	(0.090)
	(0.140)

	 
	[0.001]
	[0.032]
	[0.002]

	Cohort 2 Post-Broadband Introduction
	0.417
	0.750
	0.812

	 
	(0.113)
	(0.269)
	(0.264)

	 
	[0.000]
	[0.005]
	[0.002]

	Cohort 3 Post-Broadband Introduction
	0.119
	0.108
	0.253

	 
	(0.059)
	(0.142)
	(0.112)

	 
	[0.042]
	[0.449]
	[0.023]

	Cohort 4 Post-Broadband Introduction
	0.218
	0.166
	0.406

	 
	(0.060)
	(0.104)
	(0.103)

	 
	[0.000]
	[0.112]
	[0.000]

	Cohort 5 Post-Broadband Introduction
	0.352
	0.408
	0.388

	 
	(0.060)
	(0.108)
	(0.136)

	 
	[0.000]
	[0.000]
	[0.004]

	Cohort 6 Post-Broadband Introduction
	0.151
	0.177
	0.387

	 
	(0.082)
	(0.164)
	(0.142)

	 
	[0.067]
	[0.280]
	[0.006]

	Cohort 1 Post-Broadband Introduction*Headquarters-Managed
	-0.223
	-0.147
	-0.438

	 
	(0.065)
	(0.116)
	(0.166)

	 
	[0.001]
	[0.206]
	[0.009]

	Cohort 2 Post-Broadband Introduction*Headquarters-Managed
	-0.345
	-0.612
	-0.801

	 
	(0.145)
	(0.301)
	(0.323)

	 
	[0.018]
	[0.042]
	[0.013]

	Cohort 3 Post-Broadband Introduction*Headquarters-Managed
	-0.174
	-0.200
	-0.228

	 
	(0.122)
	(0.257)
	(0.175)

	 
	[0.155]
	[0.437]
	[0.193]

	Cohort 4 Post-Broadband Introduction*Headquarters-Managed
	-0.171
	-0.159
	-0.351

	 
	(0.079)
	(0.153)
	(0.152)

	 
	[0.031]
	[0.297]
	[0.021]

	Cohort 5 Post-Broadband Introduction*Headquarters-Managed
	-0.215
	-0.144
	-0.101

	 
	(0.094)
	(0.146)
	(0.152)

	 
	[0.022]
	[0.325]
	[0.503]

	Cohort 6 Post-Broadband Introduction*Headquarters-Managed
	-0.044
	-0.083
	-0.326

	 
	(0.107)
	(0.216)
	(0.181)

	 
	[0.681]
	[0.702]
	[0.071]


Notes. This table contains the coefficients for the cohort triple differences analyses, following Wooldridge (2021). The analysis is estimated on the full sample from Table 5. The dependent variable is Innovation Output, measured as the natural log plus one of total patents produced by the subsidiary in t+1. Innovation Quality is the natural log of one plus the total number of forward citations (excluding examiner and self-citations) received by the R&D subsidiary in five years for the patents filed in year t+1. Innovation Market Value is the natural log of one plus the total market-adjusted MNE returns (millions of dollars) on the three-day window following the patent issue date for the patents invented by the focal R&D subsidiary in year t+1, deflated to 1982 using the CPI. Each cohort is the observations that were treated in a given period. Wooldridge (2021) discusses that when there are relatively few observations for a treated cohort year, one might combine cohorts for estimation. Considering the first and last years in the sample have relatively few treated observations, we combine the first three treated years for the first cohort and the last three treated years for the last cohort. All other cohorts represent individual years. Running each year as a separate cohort yields coefficients with the same sign, albeit their standard errors are larger. The analysis is estimated using random effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. All tests are two-tailed.

Table D.13 Broadband Heterogeneity-Robust Treatment Effects

	 
	HQ-Managed
	MS-Managed

	 
	(1)
	(2)

	Post-Broadband Average Total Effect
	-0.141
	0.244

	 
	(0.103)
	(0.106)

	 
	[0.171]
	[0.022]

	Estimation of Treatment Effects
	 
	 

	Effect 1
	-0.033
	0.133

	 
	(0.082)
	(0.054)

	 
	[0.689]
	[0.013]

	Effect 2
	-0.161
	0.075

	 
	(0.078)
	(0.111)

	 
	[0.038]
	[0.498]

	Effect 3
	-0.132
	0.554

	 
	(0.136)
	(0.379)

	 
	[0.332]
	[0.144]

	Effect 4
	-0.082
	0.315

	 
	(0.181)
	(0.149)

	 
	[0.652]
	[0.034]

	Effect 5
	-0.380
	0.263

	 
	(0.232)
	(0.167)

	 
	[0.102]
	[0.115]

	Test of Equality of the Effects p-value
	0.252
	0.166

	Notes. This table contains the results for the estimator from de Chaisemartin et al. (2024) for the PSM matched sample. The Post-Broadband Average Total Effect is the heterogeneity-robust estimates for HQ-managed and MS-managed R&D subsidiaries. The dependent variable is Innovation Output which is the natural log of one plus the total number of patents invented by the R&D subsidiary in year t+1. The Estimation of Treatment Effects (Effects 1-5) are the dynamic effect estimates that compare the change in outcome between R&D subsidiaries that switched to treatment ℓ periods ago and those that have not yet been treated. The Test of Equality of the Effects is a test for whether the effects are evolving significantly over time.

	
	

	
	

	
	

	
	






Table D.14 Results for Different Thresholds of Broadband Introduction
	 
	Innovation Output
	Innovation Quality
	Innovation Market Value

	Thresholds
	(1)
	(2)
	(3)

	Three Percent
	 
	 
	 

	Post-Broadband Introduction
	0.105
	0.157
	0.033

	 
	(0.054)
	(0.095)
	(0.104)

	 
	[0.053]
	[0.101]
	[0.751]

	Headquarters-Managed* Post-Broadband Introduction
	-0.058
	-0.147
	-0.023

	
	(0.077)
	(0.105)
	(0.197)

	 
	[0.451]
	[0.164]
	[0.908]

	Five Percent
	 
	 
	 

	Post-Broadband Introduction
	0.221
	0.506
	0.318

	 
	(0.064)
	(0.179)
	(0.155)

	 
	[0.001]
	[0.005]
	[0.041]

	Headquarters-Managed* Post-Broadband Introduction
	-0.290
	-0.458
	-0.478

	
	(0.088)
	(0.199)
	(0.203)

	 
	[0.001]
	[0.022]
	[0.020]

	Seven Percent
	 
	 
	 

	Post-Broadband Introduction
	0.276
	0.577
	0.363

	 
	(0.062)
	(0.163)
	(0.155)

	 
	[0.000]
	[0.000]
	[0.020]

	Headquarters-Managed* Post-Broadband Introduction
	-0.289
	-0.429
	-0.583

	
	(0.082)
	(0.177)
	(0.187)

	 
	[0.001]
	[0.016]
	[0.002]

	Nine Percent
	 
	 
	 

	Post-Broadband Introduction
	0.201
	0.421
	0.232

	 
	(0.053)
	(0.136)
	(0.125)

	 
	[0.000]
	[0.002]
	[0.064]

	Headquarters-Managed* Post-Broadband Introduction
	-0.244
	-0.355
	-0.448

	
	(0.083)
	(0.171)
	(0.166)

	 
	[0.004]
	[0.039]
	[0.008]

	Notes. Coefficients to the DDD post-broadband main effect and the interaction term of Headquarters-Managed*Post Broadband Introduction for the full models with time varying controls of the baseline analysis (Model 9 of Table 5 and Models 5 and 10 of Table 11). All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. All tests are two-tailed.

	
	

	
	






Table D.15 Specification check: Inverse hyberbolic sine transformation and fixed effects Poisson 

	Estimation Method:
	Inverse Hyperbolic Sine Transformation of Non-Logged Innovation Output
	 
	Fixed Effects Poisson Pseudo-Maximum Likelihood Estimating Non-Logged Innovation Output

	 
	Full Sample
	Matched Sample
	 
	Full Sample
	Matched Sample

	Subsidiary Level
	(1)
	(2)
	 
	(3)
	(4)

	Post-Broadband Introduction
	0.268
	0.276
	 
	0.421
	1.660

	 
	(0.049)
	(0.079)
	 
	(0.105)
	(0.341)

	 
	[0.000]
	[0.001]
	 
	[0.000]
	[0.000]

	Headquarters-Managed* Post-Broadband Introduction
	-0.264
	-0.361
	 
	-0.488
	-2.934

	
	(0.066)
	(0.110)
	 
	(0.188)
	(0.749)

	 
	[0.000]
	[0.001]
	 
	[0.009]
	[0.000]

	 
	 
	 
	 
	 
	 

	Control Variables
	Yes
	Yes
	 
	Yes
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes
	 
	Yes
	Yes

	
	 
	 
	 
	 
	 

	Number of Observations
	3764
	981
	 
	1746
	351

	Number of Clusters
	914
	258
	 
	312
	56

	Log Likelihood
	-1805
	-311
	 
	-1488
	-382

	R-Squared
	0.068
	0.088
	 
	 
	 

	Notes. This table presents the DDD estimates of the effect of broadband introduction on the innovation of R&D subsidiaries managed by headquarters vis-à-vis those managed by other subsidiaries using the Inverse Hyperbolic Sine Transformation (Columns 1-2) and Fixed Effects Poisson Pseudo-Maximum Likelihood (Columns 3-4) of non-logged innovation output in year t+1.  The PSM matched sample uses a vector of mean pre-treatment variables that can affect innovation outcomes. Post-broadband introduction is a binary indicator for whether the broadband penetration rate has reached or surpassed five percent market penetration rate for both the R&D subsidiary-country and the managing-entity country. Headquarters-Managed*Post-Broadband Introduction reflects the interaction term of the binary indicator for headquarters-managed R&D subsidiary with the binary indicator for post-broadband introduction. The main effect for the binary indicator for headquarters-managed R&D subsidiary is absorbed by subsidiary fixed effects. All models are estimated with subsidiary fixed effects and standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 

	
	

	
	

	
	

	
	

	
	



Table D.16 Three-Year Lead for Innovation Output
	[bookmark: _Hlk216650668] 
	Innovation Output Three-Year Lead

	 
	Full Sample
	Matched Sample

	Dependent Variable = ln(total patents +1) t+3
	(1)
	(2)

	Post-Broadband Introduction
	0.129
	0.191

	 
	(0.047)
	(0.097)

	 
	[0.006]
	[0.050]

	Headquarters-Managed* Post-Broadband Introduction
	-0.129
	-0.229

	
	(0.059)
	(0.117)

	
	[0.030]
	[0.052]

	 
	 
	 

	Control Variables
	Yes
	Yes

	Subsidiary Fixed Effects
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes

	Headquarters-Managed-Year Fixed Effects
	Yes
	Yes

	
	 
	 

	Number of Observations
	3369
	851

	Number of Clusters
	765
	214

	R-squared 
	0.11
	0.07

	Notes. This table presents the DDD estimates of the effect of broadband introduction on the innovation of R&D subsidiaries managed by headquarters vis-à-vis those managed by other subsidiaries. The PSM matched sample uses a vector of mean pre-treatment variables that can affect innovation outcomes. Innovation Output Three Year Lead is natural log of one plus the total number of patents invented by the R&D subsidiary in year t+3.  All models are estimated using fixed effects OLS with robust standard errors clustered at the subsidiary level. Standard errors are in parentheses and p-values are in brackets. 
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