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CAUSES OF KNOWLEDGE FLOW IN MNCS

ABSTRACT

This study hypothesizes and tests the influence of intracompany trade flows, centralization, and communication on the flow of knowledge into and out of 202 Irish subsidiaries.  Knowledge flow is subdivided into manufacturing, R&D, and marketing knowledge flows, and whether the flow is to or from HQ or other subsidiaries.  This detail allows the study to construct a multi-channel network around each subsidiary and treat knowledge flows (rather than subsidiaries) as the unit of analysis.  The results suggest that intracompany trade flows are a primary cause of manufacturing and R&D knowledge flows, but not marketing knowledge flow.  Path analysis reveals that the relationship between trade and knowledge flows between subsidiaries is mediated by communication, while trade’s relationship to the flow of knowledge from HQ to subsidiary is mediated by centralization.

CAUSES OF KNOWLEDGE FLOW IN MNCS


Knowledge sharing is arguably the most important attribute of the modern multinational corporation (MNC).  While traditional theories of the MNC tend to see its primary advantages as the ability to exploit differences in factor costs between countries and realize economies of scale beyond those provided by a single country, recent theory increasingly emphasizes an MNC's ability to share knowledge across countries (Bartlett and Ghoshal, 1989; Kogut and Zander, 1993).  Knowledge sharing is especially important in firms with global or transnational strategies.  Here a firm's operations are configured as a highly interdependent network of differentiated activities (Porter, 1986; Ghoshal and Nohria, 1989).  And because the subunits of the network are differentiated in terms of the knowledge each develops and possesses, there is significant opportunity to realize firm advantage from transferring knowledge.


While knowledge sharing in MNCs is important, little is known about what drives it or causes it to happen.  As Gupta and Govindarajan point out, “very little systematic empirical investigation into the determinants of intra-MNC knowledge transfer has so far been attempted.” (2000:474).  The reason for this seems to be that most studies investigate knowledge flow at too high a level to adequately address issues of causality.  While the importance of viewing an MNC as a network of subunits and knowledge flows is widely recognized, most studies don’t fully represent the network properties of an MNC.  Networks consist of nodes and connecting channels, and with the exception of Gupta and Govindarajan (2000), existing models and empirical tests of knowledge flow in MNCs have not explicitly reflected these characteristics.

Previous research has frequently operationalized knowledge flow by measuring the overall level of communication, integration, or knowledge exchange occurring between a subsidiary and the rest of the organization.  Some studies distinguish between knowledge received and knowledge provided.  But rarely has research measured knowledge flow along specific channels connecting a subsidiary to multiple nodes of a network.  Such measurement is necessary if one intends to study why some channels develop while others don't.  Not all potential channels in an intraorganizational network get developed.  Understanding how specific channels or connections are established is a crucial part of a more causal theory of knowledge sharing in organizations.  Present MNC theory largely assumes that proper channels exist in organizations, but provides little insight into the mechanisms that selectively establish channels between specific subunits.  Further specifying what such mechanisms might be is the purpose of the study.

Literature Review and Hypothesis Development


There is a diverse literature that deals with knowledge sharing in MNCs.  Most studies use the concept of knowledge sharing to address other subjects: new product development (Subramaniam and Venkatraman, 2001), the transfer of marketing knowledge across strategic alliances (Simonin, 1999), or deriving benefits from international acquisitions (Bresman, Birkinshaw, and Nobel, 1999).  While these studies contribute to the general understanding of knowledge sharing in MNCs, knowledge-based perspectives of MNC activity have become so ubiquitous that it is difficult to integrate across them.  Of primary interest to the present study are studies which describe knowledge flows between a subsidiary and other parts of an MNC, with an emphasis on identifying the factors that cause or moderate such flow.  Table 1 lists the most relevant studies and the factors each identifies as a determinant of knowledge flow.

(Insert Table 1 about here)


Ghoshal and Bartlett (1988) found that a subsidiary’s ability to diffuse knowledge to the rest of the company was positively linked to normative integration between the subsidiary and rest of company, HQ-subsidiary communication, and susidiary-subsidiary communication.  Kogut and Zander (1993) and Zander and Kogut (1995) found that the nature of the knowledge to be transferred (especially characteristics of its tacitness) tends to influence both the method used to transfer the knowledge and the speed of its transfer.  Hakenson and Nobel (2001) found that integration between a subsidiary and the rest of the company was the primary predictor of  reverse knowledge transfer from the subsidiary to HQ or to another subsidiary.  But subsidiaries that were both highly embedded in the local environment and highly integrated engaged in the highest levels of reverse knowledge transfer.


Nobel and Birkinshaw (1998) identified a contingency relationship between a subsidiary’s R&D role or strategy (local adapter, international adapter, or international creator) and its pattern of control and communication with the rest of the company and the external environment.  While knowledge flow tends to be implicit in this study, the suggestion is that differences in strategy tend to cause differences in communication and knowledge flow.  Most recently, Gupta and Govindarajan (2000) investigated the influence of a range of factors on subsidiary-level knowledge flows, including formal integrating mechanisms, lateral and vertical socialization mechanisms, incentive systems, and HQ-subsidiary centralization.  This appears to be the only large sample study to date which has measured multiple channels of knowledge flow into and out of a subsidiary.  Four types of knowledge flow are measured for each subsidiary: flow to peer subsidiaries, flow from peer subsidiaries, flow to HQ, and flow from HQ.  Interestingly, there are significant differences in the determinants of the four types of knowledge flow, which indicates that studying knowledge flow at this level of analysis is important.

While many of the determinants listed in Table 1 facilitate knowledge sharing and some may even be “necessary” preconditions for knowledge sharing, few constitute “sufficient” explanations for knowledge sharing in large, complex organizations, like MNCs.  Most of these determinants either encourage or accompany knowledge sharing in an MNC.  They establish the potential for knowledge sharing (the “necessary” conditions for knowledge sharing).  But they tend not to distinguish why knowledge flows from subunit A to subunit B and not to subunit C (more “sufficient conditions, capable of explaining specific channel development).

While the existing MNC literature emphasizes the roles of communication and integration as determinants of knowledge flow, a wider literature suggests two other mechanisms that might contribute at a more basic level to channel development in an intraorganizational network.  The first is the formal structure or hierarchy of an organization, and the second is specific task interdependencies (in our case those associated with intracompany trade) that initially require simple information processing for coordination and control, which subsequently evolve into channels for knowledge sharing.


Formal structure and hierarchy have long been linked to information processing in MNCs (Egelhoff, 1982, 1991; Habib and Victor, 1991).  The central idea here is that a hierarchy represents a channel along which power and information tend to flow.  Centralization, or the degree to which power and influence are concentrated in a hierarchy, is generally thought to be positively correlated with the flow of coordination and control information in an MNC (Gates and Egelhoff, 1986).  But whether centralization encourages or facilitates the transfer of knowledge from HQ to subsidiary or from subsidiary to HQ is an open question.  Research has generally linked subsidiary autonomy or decentralization to higher levels of local innovation and knowledge creation (Behrman and Fischer, 1980; Ghoshal and Bartlett, 1988; Nobel and Birkinshaw, 1998), but only Ghoshal and Bartlett (1988) and Gupta and Govindarajan (2000) have explicitly examined the influence of centralization/autonomy on knowledge transfer.  Ghoshal and Bartlett found no significant relationship, while Gupta and Govindarajan found centralization did encourage knowledge flow from HQ to subsidiary.  Since most recent literature on learning and knowledge transfer in MNCs has emphasized non-hierarchical transfer mechanisms (Hedlund and Rolander, 1990), it provides little guidance on this issue.  If hierarchy and centralization are primary facilitators of knowledge transfer, one would expect centralization to be primarily related to knowledge flows between subsidiary and HQ, and not knowledge flows between subsidiaries.  One might also expect the forward flow of knowledge from HQ to subsidiary to be more strongly related to centralization than the reverse flow of knowledge from subsidiary to HQ.  This logic leads to the following hypotheses:

Hypothesis 1  The centralization of decision making exercised over a subsidiary will be:

a. Positively related to knowledge flows between a subsidiary and its parent HQ.

b. Unrelated to knowledge flows between a subsidiary and other subsidiaries.

Hypothesis 2  The centralization of decision making exercised over a subsidiary will be more strongly related to the forward flow of knowledge from HQ to subsidiary than the reverse flow of knowledge from subsidiary to HQ.

There is a large literature linking workflow interdependency to information-processing requirements between subunits and the information flows that satisfy these requirements (Chapple and Sayles, 1961; Thompson, 1967; Galbraith, 1973).  An important part of workflow interdependency at the HQ-subsidiary level of an MNC is represented by intracompany transfers of product.  When most MNCs had multidomestic strategies (Porter, 1986), intracompany transfers were minimal, as most workflow interdependency was contained within each subsidiary.  But, as strategies have become more global, more workflow interdependencies now stretch across subsidiaries, and between subsidiaries and HQ.  This network of interdependencies has necessitated increased flows of coordination and control information across the same network.  Here it is useful to distinguish between (1) coordination and control information and (2) knowledge.  The former tends to be routine, mundane, and explicit.  The latter tends to be more non-routine, involves more abstraction and insight, and often more tacit forms of understanding.  While most of the information processing caused by such intracompany transfers of product is probably not knowledge transfer, but the routine flow of more mundane coordination and control information, it seems likely that flows of knowledge will tend to follow this same channel.  Thus, we posit that intracompany transfers of product are a primary cause of knowledge flows and knowledge support patterns in MNCs.

When intracompany transfers involve intermediate products (work in process), there is task interdependency of a technological and logistical nature between the supplying and receiving subunits.  While this interdependency is directly associated with the flow of routine information (how many components, with what specifications need to be supplied), it also leads to awareness and familiarity between R&D and manufacturing personnel in the receiving subsidiary and similar personnel in the supplying subunits.  When new knowledge or requirements for new knowledge develop on either end of this relationship, such new knowledge (which is generally non-routine) will also tend to flow along this same relationship, because of the existing familiarity established by previous flows of routine information.  This is the proposed logic for linking intracompany trade flows to knowledge flows.

Since the Irish market itself is extremely small relative to the size of intracompany imports, most intracompany imports by Irish manufacturing subsidiaries are intermediate rather than finished products.  This kind of interdependency leads to prior association and familiarity in the manufacturing and R&D areas, which supports the following hypothesis:

Hypothesis 3  The levels of manufacturing and R&D knowledge support an Irish subsidiary receives from a location will be positively related to the level of intracompany imports from that location.

The above hypothesis assumes that most technical knowledge tends to flow down the value chain.  To the extent that such knowledge also flows up the value chain, intracompany imports will also tend to be positively related to the technical knowledge support provided by an Irish subsidiary.


Using similar logic, one can further hypothesize that exports of product from an Irish subsidiary to another location will be related to technical knowledge flows from the subsidiary to that location:

Hypothesis 4 The levels of manufacturing and R&D knowledge support an Irish subsidiary provides to a location will be positively related to the level of intracompany exports made to that location.

This hypothesis also assumes that product flows involve intermediate product, which help to connect technical personnel in the subsidiary with similar personnel in the receiving subunit.  While Irish manufacturing subsidiaries largely receive intermediate product, they supply significant amounts of both intermediate and finished product to other locations.  Since our study can't separate the two, this hypothesis relies on the former being large enough for the hypothesized relationship to emerge from the data.


Intracompany exports of finished products are associated with more market-based interdependencies, and consequently, should be linked to marketing knowledge flows and patterns of support.  To the extent that an Irish subsidiary exports finished product to other company locations, such transfers should be positively related to both the providing of marketing knowledge support to such locations and the receiving of marketing knowledge support from such locations.  While the previous hypotheses assumed that technical knowledge tends to flow downstream in an organization, there is no similar consensus about the downstream versus upstream flow of marketing knowledge in a firm. Valuable marketing knowledge can be developed both by upstream planning units and by downstream sales and marketing units in local environments.  This leads to the following hypothesis:

Hypothesis 5 The levels of marketing knowledge support an Irish subsidiary provides to a location and receives from a location will be positively related to the level of intracompany exports made to that location.


Before testing these hypotheses, we would like to combine them into a broader model of the causal relationships that seem to underlie knowledge flow in MNCs.  Intracompany trade flows (task interdependency), centralization, and communication and prior familiarity have all been causally linked to the flow of knowledge into and out of a foreign subsidiary.  In Figure 1 we attempt to develop a more comprehensive model linking all these concepts.  The study will  

(Insert Figure 1 about here)

use path analysis to test the various relationships shown in this model.  Path analysis assumes at least a weak causal ordering among the variables of the model.  There is a weak causal relationship from A to B, if A may or may not cause B, but B does not cause A.


Before proceeding, it is important to fully understand how the four concepts shown in Figure 1 were defined and measured by the study.  Three of the concepts (trade flows, communication flows, knowledge flows) occur between two nodes of an intraorganizational network.  For each company the study defines a three node, two channel network.  One node is the Irish subsidiary, a second node is the parent HQ, and a third node is other foreign subsidiaries in Europe (for firms headquartered outside Europe) or other foreign subsidiaries outside Europe (for firms headquartered in Europe).  Thus, the node “other foreign subsidiaries” lies outside of the HQ region of a company.  Whenever the study relates trade, communication, and knowledge flows, it does so by relating flows that occur between the same two nodes.  The fourth concept in the model, the degree of centralization exerted over a subsidiary’s decisions, is constant across all of a subsidiary’s relationships with different nodes of the network.


Path 1 in the proposed model states that intracompany trade flows (task interdependency) may cause increased centralization, but changes in centralization won't generally cause changes in trade flows.  Paths 2a and 2b state that communication between a subsidiary and another node may be caused by increases in intracompany trade flows or increases in centralization, but changes in such communication are unlikely to cause changes in trade flows or changes in centralization.  Path 3a states that centralization may cause increased knowledge flow between a subsidiary and another node, while such knowledge flow is unlikely to influence centralization.  Hypotheses 1 and 2 relate to this path and further specify the nature of causal influence between these two concepts.  Path 3b states that communication and prior familiarity between a subsidiary and another node may cause knowledge to flow between the two, while such knowledge flow won’t generally precede or initiate communication and familiarity between the two nodes.


Finally, Path 3c states that intracompany trade flows between a subsidiary and another node may cause knowledge flows between the two nodes, while such knowledge flow won’t generally influence trade flows between the two.  Path 3c and Path 2a-3b both link intracompany trade flows to knowledge flows and allow the model to explore the role of communication and prior familiarity in this linkage.  Hypotheses 3, 4, and 5 relate to these two paths.  The logic underlying these hypotheses is that trade flows between two nodes cause routine communication and prior familiarity between the nodes, which facilitates more non-routine knowledge flow between the two.  Thus, to the extent that the study can adequately operationalize Path 2a-3b, the hypotheses would predict that this path will explain some of the variation that would otherwise occur directly between trade flows and knowledge flows (Path 3c)

RESEARCH DESIGN

Sample


The sample data come from a survey study of the strategy and management practices of manufacturing subsidiaries in Ireland.  Initially, semi-structured interviews were conducted in several subsidiaries to better understand important issues and any peculiarities of Irish subsidiaries.  Then structured interviews were conducted in ten additional subsidiaries and used to pretest the measures employed in the survey study.  Finally, a mail survey was sent to the subsidiary general manager of each foreign-owned company with manufacturing operations in Ireland.  Company names and addresses were taken from the IDA (Industrial Development Authority) list of foreign-owned companies with manufacturing.  The population sampled was the 593 foreign manufacturing subsidiaries in Ireland.  Usable questionnaires were received back from 202 companies, representing 34% of the population.  Table 2 summarizes the sample in terms of parent country, industry, and subsidiary size.

(Insert Table 2 about here)

Measures

Levels of knowledge flow - The study measured separately the levels of manufacturing, marketing, and R&D knowledge support provided by the Irish subsidiary to (1) other company operations in Europe, and (2) other company operations outside Europe.  In a similar manner, it measured the levels of support received by the Irish subsidiary from other company operations in Europe and outside Europe.  Subsidiary general managers used a 4-point scale to estimate each of the above levels of support.  The three types of knowledge support were described as follows:

Examples of manufacturing support include new technology or new ideas, help in solving problems, and similar assistance, rather than the transfer of products or components.

Examples of marketing/sales support include advice, market intelligence, product literature and sales material, and assistance with sales training.

Examples of R&D support include making product modifications, developing new product and process technology, and providing technical information and problem solving.

In order to address the hypotheses, the following assumption was made.  For a European headquartered company, knowledge flows to and from Europe are regarded as knowledge flows with the parent while knowledge flows outside Europe are knowledge flows with other subsidiaries.  For non-European headquartered companies, a similar but opposite assumption is made.1

Intracompany exports and imports - The study measured the percentage of a subsidiary’s sales going to internal customers (other parts of the company) as opposed to external customers.  Then it measured the percentage of internal sales going to (1) parent, (2) Ireland, (3) rest of Europe, and (4) rest of the world (the sum of these four equals 100%).  Similar measures were made of a subsidiary’s internal purchases (from other parts of the company) going into the subsidiary’s cost of goods sold.  Subsidiary general managers estimated these percentages.  The structured interviews showed that subsidiary general managers tended to know this information or could readily obtain it from the financial officer.  As with the measures of knowledge flow, these data were grouped into measures of exports and imports with the parent and with other subsidiaries in the outside parent region.

Centralization – This variable was measured with a version of the Ghoshal and Bartlett (1988) measure of subsidiary autonomy, which asked respondents to mark on 5-point scales the relative influence of a subsidiary on five types of decisions.  The scores were combined to form a scale (alpha = .73).  To convert this measure of autonomy into a measure of centralization, signs of relationships were reversed.

Communication – The study measured the number of visits a subsidiary’s management (the subsidiary general manager and his or her management team) made to (1) the parent’s country, (2) other company operations in Europe, and (3) other company operations outside Europe, over a period of one year.  These data were then grouped into visits to the parent and visits to other subsidiaries in the outside parent region.  Visits are a type of communication that is especially linked to the creation of familiarity and trust.

Finally, in order to avoid a potential bias in the data, certain cases were omitted from the analyses. Some of the subsidiaries probably reported providing or receiving “no support” from the rest of Europe simply because the company has no other operation in Europe (Ireland is responsible for all of the company’s European business).  Or other company operations in Europe may be unrelated to the business in Ireland.  Similar situations could also exist for the region outside Europe.  In these cases, there is high association between knowledge flows (they are all rated 1 = no support) and trade flows (they are all 0).  Since this association supports the hypotheses and is spurious, it needs to be excluded from the analysis.  An example will show how this was accomplished.  When manufacturing support provided to Europe and received from Europe are both equal to 1 (no support) and intracompany product transfers from Europe are zero, both of the above manufacturing knowledge support flows were coded “missing” (because it is probable the company has no related manufacturing operation in the rest of Europe).  A similar adjustment was made for marketing knowledge flows, this time employing intracompany product flow to Europe (when this is zero and there is no marketing knowledge exchange, it is probable there is no relevant marketing operation in Europe).  R&D knowledge flows were coded missing when no knowledge support was provided or received between an Irish subsidiary and a given region.  This adjustment removed a minimum of 18 Irish-Europe marketing relationships and a maximum of 77 Irish-outside Europe R&D relationships from the sample, with the other four relationships falling between these extremes.  To the extent that this adjustment excludes any relationships that should have been retained (cases where relevant operations do exist, but share no relationship with Ireland), it tends to weaken rather than distort the reported findings.  Most of the important relationships in the data appear strong enough to tolerate this conservative approach.

Table 3 shows the means, standard deviations and correlations among the seven independent or causal variables (trade flows, communication flows, centralization).  Table 4 shows similar data for the twelve dependent variables (knowledge flows).

(Insert Tables 3 and 4 about here)

Findings

Table 5 shows the betas of the 15 regression analyses used to evaluate the paths of the model.  Each variable in Figure 1 is regressed on the variables 

(Insert Table 5 about here)

that might cause it.  To evaluate Path 1, the single centralization variable is regressed on the four trade flow variables.  All four types of trade flow are positively and significantly related to centralization.  Paths 2a and 2b are evaluated by regressing each of the two communication variables (visits to parent, visits to other subsidiaries) on the two relevant types of trade flow and centralization.  There is significant support for Path 2a as it relates to visits to other subsidiaries.  Exports to and imports from other subsidiaries cause more communication (visits) with other subsidiaries.  Such communication with other subsidiaries is not influenced by centralization, so there is no support here for Path 2b.  The reverse situation tends to exist for communication (visits) with parent HQ.  Here trade flows to and from the parent are not significant predictors of the levels of communication between subsidiary and parent.  Instead, centralization exerts a weak positive influence on communication (Beta = .12, p = .12).  Thus, communication with other subsidiaries is primarily driven by trade flows (Path 2a), while communication with parent HQ is primarily driven by centralization (Path 2b).


To evaluate Paths 3a, 3b, and 3c, the twelve types of knowledge flow were each regressed on the appropriate trade flow and visit variables and centralization.  The significant relationships in Table 5 show that all three paths tend to exist.  The following subsections discuss these results and relate them to the hypotheses.

Influence of Centralization

Hypothesis 1 states that centralization will be positively related to knowledge flows between a subsidiary and its parent HQ, but unrelated to knowledge flows between subsidiaries.  Table 5 shows that centralization only shares a significant relationship with two types of knowledge flow: manufacturing knowledge received from parent HQ and R&D knowledge received from parent HQ.  Since both flows are positive and involve parent HQ, they tend to support the hypothesis.  It is important to observe, however, that marketing knowledge flows are not influenced by centralization.


Hypothesis 2 further specifies that centralization will more strongly influence the forward flow of knowledge from HQ to subsidiary than the reverse flow from subsidiary to HQ.  Interestingly, the reverse flow of knowledge is not at all encouraged by centralization.  Instead, the data even suggest that autonomy, rather than centralization, may encourage reverse knowledge flow from subsidiaries to HQs.  The beta for R&D knowledge provided to parent HQ is -.13 (p = .13), while for marketing knowledge the beta is -.11 (p = .21).  The reverse flow of manufacturing knowledge appears unrelated to centralization or autonomy.  Thus, centralization appears to encourage the forward flow of manufacturing and R&D knowledge from HQs to subsidiaries, but subsidiary autonomy appears to encourage the reverse flow of R&D and marketing knowledge from subsidiaries to HQs.  While this last pattern is weak, it is further reinforced when the same pattern occurs again for reverse knowledge flow to other subsidiaries.  The betas for R&D and marketing knowledge provided to other subsidiaries are -.16 (p = .24) and -.12 (p = .19) respectively.  Thus, autonomy seems to consistently, if not strongly, encourage the reverse flow of R&D and marketing knowledge to both HQ and other subsidiaries.  The only other study which appears to have examined this issue is Ghoshal and Bartlett (1988).  They found no relationship between centralization/autonomy and knowledge flow, but they measured knowledge flow as the total number of innovations diffused by a subsidiary.  Our study suggests that when knowledge flow is further disaggregated by function, some insightful patterns emerge.

Causes of Manufacturing Knowledge Flow

Figure 2 shows the path analyses for each of the four types of manufacturing knowledge flow.  We begin with the model in the upper left-hand 

(Insert Figure 2 about here)

corner and proceed to consider the four models in a clockwise manner.  Hypothesis 3 states that the levels of manufacturing and R&D knowledge support a subsidiary receives from a location will be positively related to the level of intracompany imports from that location.  In Figure 2, the paths linking product imports to knowledge received from the parent and knowledge received from other subsidiaries are both statistically significant, with betas of .34*** and .22* respectively.  The logic underlying this relationship was that imports led to routine communication (visits) and familiarity between the two nodes, which is a primary condition and cause of knowledge flow between the nodes.


Manufacturing knowledge from the parent, however, doesn’t appear to be influenced by subsidiary visits to the parent.  Instead, imports from the parent and exports to the parent seem to cause greater centralization, which then causes increased knowledge flow from the parent to the subsidiary.  Thus, imports from the parent are the dominant cause of knowledge flow from the parent, but subsidiary visits don’t enter the model, or mediate this relationship.  Instead, centralization becomes the other intervening factor between imports and knowledge flow.  Manufacturing knowledge flow from other subsidiaries tends to more strongly support the logic underlying Hypothesis 3.  In this model, subsidiary visits enters as an important intervening factor between imports and knowledge flow, while centralization is absent from the model.


Hypothesis 4 states that the levels of manufacturing and R&D knowledge support a subsidiary provides to a location will be positively related to its level of intracompany exports to that location.  The model describing knowledge flow to other subsidiaries supports this hypothesis.  In this case, all of the influence of exports on knowledge flow is mediated by subsidiary visits.  When visits are included in the model, there is no significant direct influence of exports on knowledge flow.  This strongly supports the logic underlying Hypothesis 4.  The model describing knowledge flow to parent HQ, however, reveals a very different picture.  As with the previous model, knowledge flow is most strongly influenced by visits.  But in this case, visits are not significantly influenced by exports.  There is only a modest direct influence of exports on knowledge flow.  Also interesting is the lack of relationship between centralization and knowledge flow.  While centralization is positively related to the receiving of knowledge from parent HQ (the first model in Figure 2), it is not related to the providing of knowledge to parent HQ.

Causes of R&D Knowledge Flow

Figure 3 shows the path analyses for each of the four types of R&D knowledge flow.  There are many similarities between the findings of this section 

(Insert Figure 3 about here)

and those of the previous section, but there are also some important differences.  Once again, centralization rather than subsidiary visits mediates the covariation of knowledge received from the parent HQ with intracompany imports and exports.  But while imports strongly drove the receipt of manufacturing knowledge from parent HQ, the receipt of R&D knowledge is more directly driven by exports to the parent HQ.  The latter is not consistent with Hypothesis 3.  Thus, parent HQs tend to provide R&D knowledge to their supplier subsidiaries (an upstream flow of knowledge) and manufacturing knowledge to their customer subsidiaries (a downstream flow of knowledge).  R&D knowledge flow from other subsidiaries shows a strong linkage with imports from other subsidiaries, which does support Hypothesis 3.  The indirect linkage through visits, however, is lacking.


R&D knowledge flow to other subsidiaries strongly supports Hypothesis 4 and shows results nearly identical to those for manufacturing knowledge flow to other subsidiaries.  The final model in Figure 3, which describes R&D knowledge flow to parent HQ, also shows visits to the parent to be the primary driver of knowledge flow to the parent.  But as was previously noted, visits to the parent are unrelated to any of the preceding variables in the causal model.  Centralization, which was unrelated to the providing of manufacturing knowledge to the parent HQ, actually shows a significant negative relationship to the providing of R&D knowledge to the parent HQ.  Thus, autonomy is positively associated with the reverse flow of R&D knowledge to parent HQ, but not manufacturing knowledge.  There is a logic to this finding.  Autonomy is generally extended to the most sophisticated and competent subsidiaries, and it is these subsidiaries that are best positioned to provide useful R&D knowledge to a parent.  Useful manufacturing knowledge, on the other hand, appears to be more widely available from all sites in an MNC network.

Causes of Marketing Knowledge Flow

Figure 4 shows the path analyses for each of the four types of marketing knowledge flow.  Hypothesis 5 stated that the levels of marketing knowledge 

(Insert Figure 4 about here)

support a subsidiary provides to or receives from a location will be positively related to its exports of finished product to that location.  The first model shows a positive linkage between exports to parent HQ and the receipt of marketing knowledge from parent HQ.  This is the only relationship and model that supports Hypothesis 5.  The other two significant relationships between knowledge flow and exports and imports do not follow the hypothesis, nor do they suggest any meaningful explanation.  It is also interesting to notice that centralization and visits are less related to marketing knowledge flow than they are to manufacturing or R&D knowledge flow.  In general, marketing knowledge flow is not well explained by the variables of the study.


One possible explanation for this result is that transfers of finished product may not build networks of familiarity the way intermediate product flows do.  The latter flow involves similar people on both ends of the relationship and a more continuous workflow.  The flow of finished product, on the other hand, is more a cross-functional transfer (from manufacturing to marketing) with a more discontinuous workflow.  As a result, transfers of finished product involve more sequential interdependency, while transfers of intermediate product involve more reciprocal interdependency, with greater levels of familiarity and mutual adjustment (Thompson, 1967).  Thus, it is possible that transfers of finished product are not generally creating networks of familiarity in MNCs, the way this concept was conceptualized and empirically supported for transfers of intermediate product.

DISCUSSION AND CONCLUSIONS


As discussed at the beginning, what actually causes knowledge flow to occur in MNCs is only partially developed in the existing literature.  To date, this literature is more a theory of key characteristics associated with knowledge flow than a causal or process model of how knowledge flow actually occurs.  Our study has sought to extend theory by using a research design that focuses on a lower level of analysis than previous studies - the individual or specific type of knowledge flow.  By measuring the source, recipient, and content of knowledge flow, we have sought to develop a more comprehensive description of subsidiary-level knowledge flows than currently exists.


The hypotheses pursued two causal directions: (1) that formal authority or centralization drives knowledge flow, and (2) that prior interaction and familiarity stemming from intracompany exports and imports (task interdependency) drives knowledge flow.  The latter is especially consistent with a network perspective of knowledge flow.  It proposes a specific mechanism for building connections between the nodes of an intraorganizational network.  We see the lack of such understanding as the primary weakness of existing MNC network theory.  When there are a large number of geographically and culturally separated nodes, how do some channels get developed while other potential channels remain undeveloped?  In this context, there appears to be a sound logic for arguing that intracompany exports and imports create channels for knowledge flow.


As hypothesized, the study found that manufacturing and R&D knowledge flows tend to follow intracompany trade flows.  The associated logic is that product flows create task interdependencies and routine information flows between a subsidiary and other parts of a company.  These build channels of prior association and familiarity, along which non-routine knowledge flows can occur.  This explanation is consistent with previous findings that communication between subunits is positively linked to knowledge flow (Ghoshal and Bartlett, 1988; Nobel and Birkinshaw, 1998), but our explanation goes a step further.  It suggests that channels of familiarity and communication are frequently established by internal product flows.  Without product flows these channels tend not to develop.  This explanation was hypothesized to apply equally to HQ and subsidiary subunits.


The data support the above logic for knowledge flow between subsidiaries, but not between subsidiaries and HQs.  While the direct influence of trade flows on knowledge flows remains strong in most of the models, its effect tends to be significantly mediated by (1) the communication variable for knowledge flows to and from other subsidiaries, and (2) the centralization variable for knowledge flows from parent HQ to a subsidiary.  The fact that knowledge flow between subsidiaries is not influenced by centralization, but is rather mediated by communication, is very consistent with the way knowledge sharing is represented in network perspectives of the MNC.  It is also very interesting to discover that the large flow of manufacturing and R&D knowledge from HQ to subsidiary is driven by a different process.  Here internal trade flows don't drive communication, and communication is not linked to the receipt of knowledge from a parent HQ.  Instead, internal trade flows tend to drive centralization, and centralization drives the transfer of knowledge from HQ to subsidiary.  Thus, the study suggests that the process of transferring knowledge from a HQ differs from the process underlying knowledge flow between subsidiaries.  Knowledge flow is consistently encouraged by internal trade, but in one case this is primarily mediated by centralization, and in the other by communication and familiarity.


There are some limitations associated with the present study.  First, the operationalization of the communication concept is somewhat incomplete.  The study used visits by subsidiary management to another node as an estimator of communication between the two nodes.  It is regrettable that visits received by the Irish subsidiary from the other nodes were not available.  Our belief is that a more complete operationalization of the communication concept would have partialed out more of the direct covariation between trade flows and knowledge flows and further strengthened the argument that communication and familiarity mediates the linkage.  A second limitation concerns the use of Irish subsidiaries.  Irish subsidiaries are somewhat atypical with regard to their export orientation and the small size of the home market.  The high level of exports and imports helps the study by accentuating international trade and knowledge flows, thus making it easier to study their relationship.  But the small home market may limit the scope of marketing knowledge that flows into and out of Irish subsidiaries.  The above limitations tend not to bias the findings of the study, but rather to weaken their strength.


Finally, it is interesting to contrast the present study with the recent Gupta and Govindarajan (2000) study, since these appear to be the only studies to date to have explicitly operationalized multiple channel network models.  Both studies use knowledge flow rather than subsidiary as the unit of analysis.  While the two studies take a similar perspective of knowledge flow in MNCs, each investigates and produces a different causal map of such knowledge flows.  Gupta and Govindarajan show how subsidiary knowledge flows are influenced by the value of a subsidiary’s knowledge stock, its motivational disposition to share or acquire knowledge, its capacity to absorb knowledge, and the richness of transmission channels.  Our study explores the causal influence of intracompany trade flows on knowledge flows, with centralization and communication as mediating variables.  Both studies find that the causes of knowledge flow vary across the different types of knowledge flow.  This strongly argues for more research at this level of analysis, instead of attempting to generalize about knowledge flow in MNCs.  There don’t appear to be any contradictions between the two models.  They are largely complementary and focus on mapping different kinds of causal influence.  Together, they present a more insightful picture of how knowledge flow occurs between specific nodes of an MNC network.
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Note

1.  One may wonder why we initially defined the two nodes Ireland interacts with as “Europe” and “outside Europe” (instead of “HQ” and “other subsidiaries”).  Gupta and Govindarajan (2000) measure the latter, and our study also ends up transforming the data and analyses into this format.  Our initial thinking was heavily influenced by the work of Bartlett and Ghoshal (1989), Hedlund and Rolander (1990), Ghoshal and Nohria (1989), etc. regarding the way intraorganizational knowledge flow occurs under a transnational or heterarchical perspective.  Here knowledge flow is egalitarian; hierarchy doesn’t play a significant role, and the causes and processes underlying knowledge flow are supposed to be similar across the intraorganizational network (HQ is just another node).  This is the model we initially set out to operationalize.  This model generally supports the hypothesized influence of trade flows on knowledge flows.  But when we were examining the robustness of this relationship by separating European and non-European headquartered firms, we discovered that the strongest and most revealing relationships lay with grouping HQ regions and non-HQ regions as the two nodes (rather than “Europe” and “outside Europe”).  The network measured by the study is not egalitarian, but possesses hierarchical properties (which are now reflected in the analysis).
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A Causal Model of Knowledge Flow in MNCs
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Figure 2

Causes of Manufacturing Knowledge Flow
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Figure 3

Causes of R&D Knowledge Flow

Exports to








Exports to

parent









other subs



       .14T


       .17T






         .41***





      .19*









      

Centralization


R&D knowledge




Visits to 


R&D knowledge







flow from parent




other subs


flow from other subs


.17*








             .27***

               .36**

Imports from








Imports from

parent









other subs

Exports to








Exports to

parent









other subs



      .14T 









    .41***





       -.14T








   .38***

Centralization


R&D knowledge




Visits to 


R&D knowledge







flow to parent




other subs


flow to other subs


           .17*


           .24**




           .27***

Imports from


Visits to





Imports from

parent



parent





other subs

Figure 4

Causes of Marketing Knowledge Flow
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Table 1

Empirical Studies of the Determinants of Knowledge Flow within MNCs

___________________________________________________________________________


Authors



    Determinants of Knowledge Flow



Ghoshal & Bartlett

Sub's normative integration with rest of company

(1988) HQ-sub communication

Sub-sub communication

Kogut & Zander

Codifiability of knowledge

(1993); Zander &

Teachability of knowledge

Kogut (1995)


Complexity of knowledge

Hakanson & Nobel 

Sub integration with rest of company

(2001)



Sub embeddedness in local environment

Nobel & Birkinshaw

Sub’s R&D role (local adapter, international adapter,

(1998) International creator)

Gupta & Govindarajan
Sub’s mode of entry (acquisition or greenfield)

(2000)



Sub size

Relative economic levels of sender and receiver

Formal integrating mechanisms (liaison personnel,

   temporary task forces, permanent teams)

Lateral and vertical socialization mechanisms

   (assignments elsewhere in company, company-wide

   development programs, mentors at HQ)

Incentive systems (subsidiary-focused or network-focused)

HQ-sub centralization

Table 2

Characteristics of Irish Subsidiaries in the Sample

___________________________________________________________________________

Parent country



Number of subsidiaries



U.S.






  97

Canada/Australia




    5

Japan






  10

Germany





  27

UK






  16

Netherlands





    9

France





    8

Switzerland





    7

Sweden





    5

Miscellaneous European



  18












202

Industry




Number of subsidiaries



Consumer packaged goods


  22

Miscellaneous consumer



  13

Pharmaceuticals & specialty chemicals

  26

Medical equipment & supplies


  19

Electronics & computers



  45

Machinery & parts




  36

Miscellaneous industrial



  41












202

Subsidiary sales

(million Irish pounds/year)


Number of subsidiaries



Less than 3





  43

3 - 9






  44

10 - 24





  39

25 - 99





  36

100 - 700





  14












176

Table 3

Means, Standard Deviations, and Correlations among the Independent Variables

__________________________Mean________S.D.___________1______2______3______4______5______6____

	1.  Exports to parent
	17.7
	
	28.2
	
	
	
	
	
	
	

	2.  Imports from parent
	20.8
	
	29.0
	
	 .26***
	
	
	
	
	

	3.  Exports to other subs
	15.2
	
	27.7
	
	-.16*
	-.08
	
	
	
	

	4.  Imports from other subs
	  2.2
	
	  8.0
	
	-.09
	-.08
	 .24***
	
	
	

	5.  Centralization
	  3.6
	
	    .7
	
	 .14
	 .18*
	 .21**
	 .14*
	
	

	6.  Visits to parent
	11.1
	
	  9.4
	
	-.02
	-.07
	 .03
	 .07
	 .10
	

	7.  Visits to other subs
	15.5
	
	15.3
	
	-.22**
	-.14
	 .47***
	 .36***
	 .09
	 .16*


* p<.05 (2-tailed test); ** p<.01; *** p<.001;  (n = 160-197)

Table 4

Means, Standard Deviations, and Correlations among Levels of Knowledge Support

Type of support__________    ___Mean_ _S.D._  ______1______2_  ____3______4______ _ __5______6__  ___7  ____8__________9___ __10__ __11____

	Manufacturing support
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1.  Received from parent
	2.2
	  .9
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2.  Provided to parent
	1.7
	  .8
	
	.22**
	
	
	
	
	
	
	
	
	
	
	
	

	3.  Received from other subs
	1.4
	  .6
	
	.16
	.12
	
	
	
	
	
	
	
	
	
	
	

	4.  Provided to other subs
	1.7
	  .9
	
	.06
	.58***
	.25*
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	R&D support
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5.  Received from parent
	2.6
	  .8
	
	.32***
	.16
	-.15
	.19
	
	
	
	
	
	
	
	
	

	6.  Provided to parent
	1.7
	  .9
	
	-.15
	.40***
	.11
	.07
	
	-.10
	
	
	
	
	
	
	

	7.  Received from other subs
	1.9
	  .8
	
	.06
	-.02
	.50***
	-.15
	
	-.03
	-.18
	
	
	
	
	
	

	8.  Provided to other subs
	2.2
	1.1
	
	.12
	.26
	-.14
	.37**
	
	-.10
	.60***
	-.18
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Marketing support
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9.  Received from parent
	2.1
	1.0
	
	.11
	.12
	.07
	.21
	
	.18
	-.03
	.20
	-.23
	
	
	
	

	10. Provided to parent
	1.8
	1.0
	
	.07
	.27**
	.22*
	.21
	
	.16
	.30***
	.11
	.10
	
	.17*
	
	

	11. Received from other subs
	1.8
	1.1
	
	-.13
	.06
	.27*
	.34**
	
	.02
	.05
	.12
	.03
	
	.38***
	.22*
	

	12. Provided to other subs
	1.7
	1.0
	
	.13
	.17
	.20
	.29**
	
	.04
	.10
	-.03
	.21
	
	-.04
	.64***
	.38***


* p<.05 (2-tailed test); ** p<.01; *** p<.001;  (n = 43-164)

Table 5

Regression Analyses





Exports to       Imports from     Exports to
      Imports from

    Visits to         Visits to

Dependent variable
           parent
         parent          other subs  other subs  Centralization_parent      other subs____F_______

	Centralization
	.14T
	.17*
	.21**
	.12T
	
	
	
	  5.7***

	
	
	
	
	
	
	
	
	

	Visits to parent
	-.01
	-.09
	
	
	.12
	
	
	  1.1

	Visits to other subs
	
	
	.41***
	.27***
	-.03
	
	
	20.7***

	
	
	
	
	
	
	
	
	

	Manufacturing knowledge
	
	
	
	
	
	
	
	

	Received from parent
	.05
	.34***
	
	
	.19*
	.08
	
	  9.3***

	Provided to parent
	.13T
	.09
	
	
	-.07
	.30***
	
	  5.0***

	Received from other subs
	
	
	-.11
	.22*
	-.06
	
	.27*
	  3.6**

	Provided to other subs
	
	
	-.09
	-.02
	-.04
	
	.39***
	  3.2*

	
	
	
	
	
	
	
	
	

	R&D knowledge
	
	
	
	
	
	
	
	

	Received from  parent
	.17T
	-.05
	
	
	.19*
	.04
	
	  2.3T

	Provided to parent
	-.04
	-.04
	
	
	-.14T
	.24**
	
	  2.8*

	Received from other subs
	
	
	.01
	.36**
	.08
	
	.15
	  3.5*

	Provided to other subs
	
	
	.13
	-.06
	-.16
	
	.38*
	  3.1*

	
	
	
	
	
	
	
	
	

	Marketing knowledge
	
	
	
	
	
	
	
	

	Received from  parent
	.29***
	-.10
	
	
	-.02
	-.05
	
	  2.8*

	Provided to parent
	  0
	.04
	
	
	-.11
	.03
	
	    .4

	Received from other subs
	
	
	-.15
	.21*
	-.06
	
	.15
	  2.0T

	Provided to other subs
	
	
	-.34**
	.10
	-.12
	
	.32**
	  4.6**


T p< .10, * p<.05, ** p<.01, *** p<.001,  (n = 54-190)

