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The Exploration-Exploitation Link Reframed from Paradox into Duality:
The Linear and Curvilinear Effects of Learning on Innovation
Abstract
How can we effectively balance exploration and exploitation as the dual means for the dual ends of radical and incremental innovations? In this article, we seek to answer this question by reframing exploration and exploitation as a duality of learning (i.e., two modes of learning that are both complementary as synergy and conflicting as tradeoff) to achieve both incremental and radical innovations. Specifically, in addition to the generally assumed linear links between exploitation and incremental innovation as well as between exploration and radical innovation, this study argues for the novel curvilinear (i.e., inverted U-shape) links between exploitation and radical innovation as well as between exploration and incremental innovation. Further, this study posits that the interaction effect of exploration-exploitation balance is curvilinear for both radical and incremental innovations. With a Chinese sample of 508 firms, our empirical evidence fully supports our conceptual model and hypotheses. Such findings showcase the unique value of the Eastern frame of Yin-Yang Balancing by framing paradox into duality. The critical implications for future research and practice are discussed at the end.
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Introduction

Innovation can create competitive advantages for firms, especially under the conditions of growing global competition, rapid technological advances, and frequent customer preference shifts (Chandy and Tellis, 1998; Govindarajan and Kopalle, 2006). Specifically, both radical and incremental innovations, as two basic modes of innovation, are imperative for organizations to survive and prosper in a dynamic business environment (Dahlin and Behrens, 2005; Dewar and Dutton, 1986; Ettlie, 1983). The theories of organizational learning (Crossan, Lane, and White, 1999; Huber, 1991) and dynamic capability (Eisenhardt and Martin, 2000; Teece, Pisano, and Shuen, 1997) highlight the inherent and critical link between learning and innovation (e.g., Adams, Day, and Dougherty, 1998; Baker and Sinkula, 2007; Kim and Atuahene-Gima, 2010). In particular, exploitation and exploration have been widely recognized as two basic modes of learning in the literature (Levinthal and March, 1993; March, 1991; see Gupta, Smith, and Shalley, 2006; Lavie, Stettner, and Tushman, 2010, for reviews).

Despite the assumed connection between learning and innovation, the theoretical argument and empirical evidence regarding why and how exploitation and exploration affect radical and incremental innovations remains ambiguous and mixed (Gupta et al., 2006; Lavie et al., 2010). This situation seems to derive from the original paradox that exploration and exploitation form a tradeoff, but all firms must have both in a proper balance to survive (Levinthal and March, 1993; March, 1991). The emerging trend appears to converge toward a shared theme of ambidextrous balance within a single firm, but the diverse models of ambidextrous balance compete with each other without any apparent consensus in sight (Gupta et al., 2006; Lavie et al., 2010). Further, the diverse models of ambidextrous balance share a single underlying assumption that ambidextrous balance is always linear, either positive or negative. Such an assumption fails to recognize the third possibility in terms of a curvilinear balance between exploration and exploitation. In fact, the optimum level of performance in general and innovation in particular may derive from both the conflicting tradeoff and the complementary synergy between exploration and exploitation (Li, 1998, 2010). In other words, the balance between exploration and exploitation may be reframed from a paradox into a duality to remedy the bias in the extant literature. Paradox refers to a pair of contradictory yet interrelated elements (Lewis, 2000; see Poole and Van de Ven, 1989; Smith and Lewis, 2011, for reviews), and duality refers to a pair of opposite elements that are partially conflicting and also partially complementary as opposites-in-unity (Li, 2008, 2011). There is a growing realization that the core cognitive frames or logic systems in the West (i.e., Aristotle’s “either/or” frame and Hegel’s dialectical frame) seem insufficient to address paradox (e.g., Poole and Van de Ven, 1989; Smith and Lewis, 2011), so the Eastern frame of Yin-Yang is needed as an alternative cognitive frame (e.g., Chae and Bloodgood, 2006; Chen, 2002, 2008; Chen and Miller, 2011; Fang, 2012; Li, 1998, 2008, 2011, 2012).
The purpose of this study is to theoretically propose and empirically test the duality model of exploration-exploitation balance as curvilinear rather than linear in terms of both main effect and interaction effect on both radical and incremental innovations. We focus on a single question: How can any firm balance exploration and exploitation for radical and incremental innovations? We seek to make some contributions to the literature about the exploration-exploitation balance by reframing paradox into duality in terms of conflicting tradeoff and complementary synergy at the same space and at the same time, which can only be achieved by evoking the Chinese frame of Yin-Yang Balancing (Li, 1998, 2010). In particular, this study highlights the critical distinction between duality and ambidexterity. The model of duality simultaneously embraces both tradeoff as negative interaction and synergy as positive interaction, while the model of ambidexterity only covers either tradeoff or synergy. The specific application of Yin-Yang Balancing to the paradox of exploration-exploitation balance is our response to the critical call for the West and the East to meet for their cross-fertilization (Chen and Miller, 2011; Li, 2012). Our central theme is that all paradoxes, including that of exploration-exploitation balance, should be reframed as dualities so as to achieve the optimum balance with minimum tradeoff and maximum synergy. 
The rest of this article is structured into four sections. First, we discuss the ongoing debates related to learning-innovation link, and apply the Chinese frame of Yin-Yang Balancing to them. Second, we provide a general model and specific hypotheses about the exploration-exploitation balance in terms of partial tradeoff and partial synergy concerning their respective main effects and interactive effects on incremental and radical innovations. Third, we present the empirical procedures and findings. Finally, we discuss the theoretical and practical implications for future research and practice at the end.
Old Debate and New Frame

Old Debate: Tradeoff or Synergy 

As a multi-dimensional concept, organizational learning can be analyzed on the dimension of learning mode in terms of exploration and exploitation (Levinthal and March, 1993; March, 1991). Exploration refers to a learning process to discover and acquire new knowledge and skills. Its primary goals are to attain novelty, diversity, and flexibility in products and/or services with novel variations (March, 1991). It exposes the firm to novel information about its extant and, more importantly, potential customers as well as competitors that depart fundamentally from the firm’s extant knowledge and skills. In contrast, exploitation refers to a learning process to refine and extend its extant knowledge and skills (March, 1991). Its central purposes include greater efficiency and reliability of existing products and/or services with the deeper understanding of current routines, customers, and competitors. In a general sense, exploration can be taken as a path-breaking mode of learning, while exploitation as a path-dependent mode of learning (Li, 2010). By definition, the two mode of learning constitute a paradox in the sense that the two are in conflict as a tradeoff, but they must co-exist in a balance.
Despite the apparent theoretical appeal in framing exploration and exploitation as a paradox, the conceptual ambiguity and tension inherent in any paradox have caused many confusions and debates in the research on exploration and exploitation (Gupta et al., 2006; Lavie et al., 2010). The most controversial issue is about how to explain the paradoxical link between exploitation and exploration in terms of their independent as well as interdependent effects on innovation and performance. The primary challenges of exploration-exploitation link lie in two fronts (Levinthal and March, 1993; March, 1991). First, even though an effective balance between exploration and exploitation is necessary for a long-term survival, there is a conflicting tradeoff between the two in terms of overall resource allocation, such as their competition for the limited stock of financial investment and managerial attention allocated to each of the two modes. The specific challenge in this aspect is how to achieve the optimum static balance in resource allocation for exploration and exploitation. This form of tradeoff is “explicit” or superficial (March, 1991), so it seems easy to achieve a relative balance in this form of tradeoff.

Second, despite the requirement for a balance, there is another form of tradeoff in terms of overall driving-out effect, which derives from the inertia or trap of over-reliance on one of these two modes, especially the mode of exploitation. The driving-out effect, which Leonard-Barton (1992) referred to as the capability-rigidity paradox, requires the co-existence of opposite forces as the counter-balance to offset the driving-out effect. It is the driving-out effect that makes the dynamic balancing between opposite forces imperative. The specific challenge in this aspect is how to achieve the optimum dynamic balance between opposite forces to offset the driving-out effect, which also indirectly dictates the optimum static balance of resource allocation. It is worth noting that the driving-out effect between exploration and exploitation is deeply rooted in their underlying conflicts in organizational goals (e.g., short-term or long-term survival) and routines (e.g., risk-prone or risk-averse approach). This form of tradeoff is “implicit” or deeply-rooted (March, 1991), so it seems difficult to achieve a relative balance in this form of tradeoff. To help explain the paradox of balance and tradeoff, it is useful to frame tradeoff in relative terms as a mix of opposite forces within a continuum, rather than in absolute terms as a complete separation between opposite forces from two polarized ends. Further, it is useful to differentiate an explicit or superficial form of tradeoff in terms of resource competition from an implicit or deeply-rooted form of tradeoff in terms of driving-out effect. However, the above two forms of tradeoff reflect the negative interactions between exploration and exploitation.
What is clearly missing from an exclusive focus on the inherent tradeoff is the endogenous synergy from the positive interaction of exploration and exploitation. In this aspect, an additional benefit of the relative perspective lies in its potential to reframe the counter-balance toward an optimum balance of exploration and exploitation, which is essential in offsetting the driving out effect from either exploration (e.g., largely due to the failure trap) or exploitation (e.g., largely due to the success trap) (Levinthal and March, 1993), as a form of synergy directly related to the driving-out effect as a basic form of tradeoff. These negative and positive effects are the inherent features of learning as a double-edged sword. In other words, the self-destructive tendency of all dynamic distortions in the exploration-exploitation balance as an excessive reliance on one at the expense of the other, especially in the case of exploitation, will require the opposite tendency to remedy all those distortions, especially the “natural” problem of learning myopia (Levinthal and March, 1993; also see Benner and Tushman, 2003; Chen and Katila, 2008).    
Even though the emerging trend appears to converge toward a shared theme of ambidextrous balance within a single firm, various models of ambidextrous balance co-exist and compete with each other without any general consensus in sight (see Adler et al., 2009; Raisch and Birkinshaw, 2008; Simsek, Heavey, Veiga, and Souder, 2009, for reviews). Specifically, there are at least six distinctive models of ambidexterity. The first model fully separates exploration and exploitation in a “spatial” term by assigning them to two units within the same firm, implicitly pursuing the different modes of innovation structurally (e.g., Raisch, Birkinshaw, Probst, and Tushman, 2009; Tushman and O’Reilly, 1996). This model is often called “structural model of ambidexterity.” The second model fully separates exploration and exploitation in a “temporal” term by assigning them to two evolutionary stages within the same firm, implicitly pursuing the different modes of innovation sequentially (e.g., Burgelman, 2002; Siggelkow and Levinthal, 2003). This model is often called “temporal model of ambidexterity.” In addition to the above two popular models, the third model fully separates exploration and exploitation in another “spatial” term by assigning them to different tasks or domains (e.g., for different modes of innovation or at distinctive levels of firm and inter-firm alliance), without explicitly assigning them to different units or stages (e.g., Atuahene-Gima, 2005; Li, 2010). For instance, Atuahene-Gima (2005) found that exploration was positively related to radical innovation, while negatively related to incremental innovation; exploitation was positively related to incremental innovation, while negatively related to radical innovation. Further, from the transaction value perspective, Li (2010) theorized that a single firm could primarily pursue exploitation internally, while a network of alliance could primarily pursue exploration externally (cf. Lavie, Kang, and Rosenkopf, 2011; Rothaermel, 2001). We can term the third model “task/ domain model of ambidexterity.”
In short, the above three models take the original insight into the inherent tradeoff between exploration and exploitation as the shared point of departure, but they differ in their solutions to the paradox of both balance and tradeoff in terms of either spatially or temporally separating the two modes of learning within the same firm. In other words, these models seek to balance the two modes of learning by fully separating them into different spatial units, temporal stages, or spatial tasks and domains, without explicitly taking the positive interaction into consideration. In this sense, the three models fail to reflect the original insights into the optimum static balance in resource allocation as well as the optimum dynamic balance to offset the driving-out effect, with the latter as both tradeoff and synergy. Given the shared theme in terms of separation for tradeoff without integration for synergy, the above three models can be grouped together under the label of independent ambidexterity in the sense that opposite forces can only co-exist in their separate domains or at different stages to avoid the tradeoff from their negative interaction, but also miss the potential synergy from their positive interaction. Hence, this group is insufficient to address both tradeoff and synergy in the balance between exploration and exploitation. 
In contrast to the above models that explicitly or implicitly embrace the tradeoff inherent in the exploration-exploitation link, the fourth model implicitly undermines the original insight into tradeoff by taking exploration and exploitation as fully complementary for their synergy as two types of resource for growth and innovation (e.g., He and Wong; 2004; Katila and Ahuja, 2002). We can term the fourth model “resource model of ambidexterity.” Similarly, the fifth model also implicitly undermines the original insight into tradeoff by focusing on the organizational context for simultaneously engaging in exploration and exploitation (e.g., Gibson and Birkinshaw, 2004). This model is often called “contextual model of ambidexterity.” Finally, the sixth model builds upon the above two models by focusing on the managerial capacity to simultaneously manage exploration and exploitation (e.g., Andriopoulos and Lewis, 2009; Lubatkin, Simsek, Ling, and Veiga, 2006). We can term the last model “managerial model of ambidexterity.” In short, these three models can enrich the original insight into the dynamic balance between exploration and exploitation as a basic form of synergy by highlighting the positive interaction for synergy from complementary resources, compatible contexts, and leveraged management. In other words, such models seek to balance exploration and exploitation by integrating them into a unified system without explicitly taking their inherent tradeoff into consideration. In this sense, the above three models fail to reflect the original insight into tradeoff as negative interaction. Given their shared theme in terms of integration for synergy without separation for tradeoff, the last three models can be grouped under the label of interdependent ambidexterity in the sense that all opposite forces will positively interact to gain from synergy without tradeoff as negative interaction. Hence, this group is insufficient to address both tradeoff and synergy in the balance between exploration and exploitation. 
It is worth noting that the contextual and managerial models of ambidexterity only focus on the issue of how to organize or manage the balance between exploration and exploitation as the exogenous form of synergy, rather than the issue of endogenous form of synergy. This neglected problem is shared by all the models of ambidexterity except for the resource model. The resource model solves the problem by implicitly assuming that exploration and exploitation can positively interact because they are interdependent as complementary resources. This point is critical since complementary resources can also be a form of synergy in addition to that of the counter-balance to offset the driving-out effect. We can term this form of synergy as “resource complementarity.” It is unfortunate that the original model of exploration-exploitation balance missed this form of synergy (cf. Levinthal and March, 1993; March, 1991). It seems that resource complementarity is connected to dynamic capability (Ancona, Goodman, Lawrence, and Tushman, 2001; Benner and Tushman, 2003; Eisenhardt and Martin, 2000; Teece, 2007; Teece et al., 1997) in the sense that dynamic capability can serve as the underlying anchor or platform to integrate exploration and exploitation for their endogenous synergy. In other words, there is an inherent link between the two modes of learning because they are two core integral components of dynamic capability (with absorptive capacity being “absorbed” into dynamic capability, cf. Katila and Ahuja, 2002). In sum, we take resource complementarity as the endogenous form of synergy so that we reframe exploration and exploitation as the two sides of the same coin of dynamic capability. This can be a significant extension of the original model of exploration-exploitation balance. 
Based upon the above discussion, we argue that the extant models of ambidexterity are not truly “ambidextrous” because they cannot explain the original insights about both tradeoff and synergy, thus failing to adequately explain the paradoxical nature of exploration-exploitation link (Levinthal and March, 1993; March, 1991). We further argue that underlying the shared problem of reflecting only one of the two original insights (i.e., either tradeoff or balance), is the shared assumption that the exploitation-exploration link is linear, either a positive synergy or a negative tradeoff. Hence, all extant models suffer from the same neglect of the third possibility in terms of a curvilinear link between exploitation and exploration. The third possibility implies that the two modes of learning are both needed because their independent and interdependent effects can be both positive and negative subject to the nature of interaction. In other words, the two modes of learning can be both tradeoff and synergy because “learning makes negative as well as positive contributions to competitive position” (Levinthal and March, 1993: 105). To fully understand the paradoxical nature of exploitation-exploration link as both negative tradeoff and positive synergy, a new frame of thinking is required to supplement the orthodox “either/or” logic, and the newly popular dialectical logic (Chen, 2002; 2008; Li, 1998, 2008, 2011). In particular, the new frame should be capable of explaining the third possibility of curvilinear links beyond linear links.
New Frame of Yin-Yang Balancing: Reframing Paradox into Duality
There is a growing recognition that the East (loosely defined as those regions that have been heavily influenced by the Chinese ancient civilization, including China, Japan, and Korea, Li, 2011) is able to provide certain unique perspectives as the alternatives to the West (e.g., Chae and Bloodgood, 2006; Chen, 2002, 2008; Chen and Miller, 2011; Fang, 2012; Li, 1998, 2008, 2011; Peng and Nisbett, 1998; Nisbett, 2003; Smith and Lewis, 2011). In particular, the Eastern frame not only challenges the orthodox “either/or” frame in the West as insufficient to explain the paradoxical nature of complex phenomena, but also challenges the newly popular dialectical frame in the West as insufficient because the latter seeks to resolve paradox by transcending its tradeoff, thus failing to embrace paradox as both tradeoff and synergy (cf. Poole and Van de Ven, 1989; Lewis, 2000). It is worth noting the dialectical frame is the logic underlying all models of ambidexterity that embrace either tradeoff or synergy, but never both. The good news is that the Eastern frame enjoys the unique power to fully embrace paradox as a duality of both tradeoff and synergy. To apply the Eastern frame to the exploitation-exploration balance, we can reframe paradox into duality so as to effectively explain the two modes of learning as two sides of the same coin or two double-edged swords with both linear and curvilinear effects.

We evoke the Chinese frame of Yin-Yang Balancing to reframe paradox into duality. As an indigenous epistemology from China, the frame of Yin-Yang Balancing is distinctive from the dialectical logic in the West (Chae and Bloodgood, 2006; Chen, 2002, 2008; Li, 1998; Peng and Nisbett, 1999; Smith and Lewis, 2011). However, the frame of Yin-Yang Balancing can absorb the dialectical frame and “either/or” frame by reframing paradox (dilemma or dualism) into duality (Li, 2008, 2011). Due to its unique capability to meet the challenges of complexity and ambiguity, the frame of Yin-Yang Balancing is perhaps the most effective in explaining why and how to balance the opposite forces into a holistic and dynamic unity. In particular, this frame is equally applicable to both the East and the West. It is evident that the Yin-Yang symbol bears a reframing effect on the Westerners, who are more likely to sense a greater change and adopt a more balanced view after the symbol is shown to them (Alter and Kwan, 2009). Many Western scholars have applied the frame of Yin-Yang Balancing effectively to their own research projects. For example, Collins and Porras (1994: 43-44) applied the Yin-Yang Balancing to the study of long-lasting visionary companies in the West by replacing the “Tyranny of the OR” with the “Genius of the AND” (see Dodd and Favaro, 2006 for their work on the imperative of balancing opposite forces as healthy tensions). Similar, Smith and Lewis (2011) evoked the Yin-Yang frame to construct a new approach to paradox. Further, Bohr applied the Yin-Yang frame to his famous Principle of Complementarity (Li, Leung, Chen and Luo, 2012). Finally, Giddens’ theory of structuration as a duality (1984) is perhaps the most consistent with the frame of Yin-Yang Balancing. In addition, the research on complex system is highly consistent with the frame (e.g., Prigogine and Stengers, 1984; Stacey, Griffin, and Shaw, 2000).
In general, the frame of Yin-Yang Balancing is potent for exploring complex and ambiguous phenomena that require both the tolerance for, and appreciation of, contradiction as the inherent nature of complex and ambiguous phenomena. Rooted in the Chinese ancient history, the frame of Yin-Yang Balancing is distinctive from Aristotle’s formal logic, which is mechanistic and reductionist due to its absolute denial of potential contradictions with a permanent “either/or” (thus never “both/and”). Further, the frame of Yin-Yang Balancing is distinctive from Hegel’s dialectical logic, which is ultimately mechanistic and reductionist due to its absolute requirement for resolving temporary contradictions with a transitory “both/and” but an ultimate “either/or” (Peng and Nisbett, 1999). In this sense, Hegel’s dialectical logic should be termed “both/or” logic (Li, 2008, 2011). In contrast, the frame of Yin-Yang Balancing can integrate “either/or” with “both/and” for a permanent “either/and” in relative terms. In this sense, it is best to take the frame of Yin-Yang Balancing as a duality in contrast to Aristotle’s logic as an explicit dualism, and Hegel’s logic as an implicit dualism with its temporary tolerance, yet an ultimate denial, of contradiction with its ultimate goal to resolve any contradiction (Li, 2008, 2011; cf. Chen, 2002, 2008; Chen and Miller, 2011; Peng and Nisbett, 1999; Smith and Lewis, 2011).

Specifically, the frame of Yin-Yang Balance consists of three core tenets: (1) holistic tenet (a complex phenomenon is a system of interdependent components for its multi-dimensional and comprehensive “spatial” content); (2) dynamic tenet (a complex phenomenon is a system of interactive components for its multi-phase and nonlinear temporal process), and (3) duality tenet (a complex phenomenon is a system of paired dialectical components as opposites-in-unity with both complementary synergy and conflicting tradeoff). Among the three tenets of the Yin-Yang Balance, the duality tenet serves as the anchor for the other two tenets because the holistic tenet and dynamic tenet cannot be possible without the duality tenet as indicated by the names of Yin and Yang as the opposites-in-unity (Li, 2008). Reciprocally, the duality tenet is made possible by the other two tenets as well. Specifically, the duality tenet is rooted in the interdependence and overlap between the opposite elements (related to the holistic tenet) as well as the interchange and transformation between the opposite elements (related to the dynamic tenet) (Li, 2008). In general, all tradeoffs, dilemmas, dichotomies, dualisms or paradoxes can be reframed as dualities to achieve the holistic and dynamic balances. As the two sides of the same coin, the relative or partial nature of duality is where the frame of Yin-Yang Balance differs from the “either/or” logic as well as the dialectical “both/or” logic in terms of separating all opposites (Li, 2008, 2011).
It is worth noting that the Chinese view of duality differs substantially from Western notion of paradox in three aspects (Li, 2008, 2011; cf. Chen, 2002, 2008; Lewis, 2000; Peng and Nisbett, 1998; Smith and Lewis, 2011). First, the notion of duality starts with the assumption that each of the opposite elements contains the “seed”of the other side, and this overlap is the basis for their non-separable interdependency and partial identity. In contrast, the notion of paradox starts with the assumption that each of the opposites is an independent entity with a full identity at first and only later they meet each other. Second, the notion of duality also maintains that neither side can fully transform into the other side. This partial transformation is the basis for their recursive and duality interaction. In contrast, the notion of paradox maintains that each side can fully transform into each other so that they will maintain their well-defined identities at the end of the process of transformation. Third, the notion of duality posits that the opposites are partially complementary and partially conflicting so that they do not need, and cannot achieve, any ultimate solution, and such dual effects require perpetually rebalancing actions. In contrast, the notion of paradox posits that the opposites are in a vicious cycle of conflict, thus in need of an ultimate solution in terms of sublation or transcendence by keeping the complementary parts but deleting the conflicting parts at the higher level in a spiral process. As the result, the Western notion of paradox fails to provide an effective alternative to the “either/or” frame, while the Chinese notion of duality can succeed in doing so. In this sense, we can regard the Western and Eastern frames as the two sides of a geocentric frame, with the Western frames good at analyzing more simple issues, and the Eastern frame good at synthesizing more complex issues. It is helpful to link the Western notion of paradox to Hegel’s dialectical logic as the “both/or” frame (i.e., a temporary tolerance, but an ultimate denial, of contradiction), and the Chinese notion of duality to the frame of Yin-Yang Balancing as the “either/and” frame (i.e., a permanent accommodation of contradiction as both partially conflicting and partially complementary) (Li, 2011). The frame of Yin-Yang Balancing is termd “either/and” because it adopts “either” for tradeoff as well as “and” for synergy.
To operationalize the frame of Yin-Yang Balancing, we need to extend beyond the three core tenets of holistic, dynamic and duality at the philosophical level to the application level. There are three key operating rules (Li, 2012). First, after the relative (partial) separation of opposite elements at the macro-system level, the interdependence and interaction require one opposite element to play the dominant role at each and every spatial aspect or temporal stage as the micro-unit, while the other opposite element must play the subordinate role in the same micro-unit. Related to the holistic tenet, the first operating rule can be termed asymmetrical balancing. Second, the interdependence and interaction trigger a dynamic shift in the relative positions of opposite elements from the original asymmetrical balance toward a threshold as an inflection or tipping-off point, which is unstable and requires a swift transition for the opposite elements to switch their roles from the old asymmetrical balance to a new asymmetrical balance. Related to the dynamic tenet, the second operating rule can be termed transitional balancing. Third, the subordinate element will complement the dominant element in an inverted U-shaped pattern: it is the least complementary when it is at a low level, but it is the most conflicting when it is at a high level; it is the least conflicting (tradeoff) and most complementary (synergy) when it is at a moderate level, which is consistent with the golden rule of balanced harmony (Chen and Miller, 2011; Li, 1998, 2011). Related to the duality tenet, the third operating rule can be termed curvilinear balancing. In other words, whenever the opposite elements are both at a high level in the same spatial aspect and at the same temporal stage, they will be highly conflicting in their interaction in an unhealthy tension, but they will be in a proper balance in a healthy tension when only one is high while the other is moderate. This is because the opposite elements are partially conflicting (tradeoff) and partially complementary (synergy), consistent with the “either/and” frame (Yin-Yang Balancing) in contrast to the “either/or” (Aristotle), “both/or” (Hegel), and also “both/and” (this naïve frame is often mistaken as “either/and” or “both/or”) frames.
It is worth noting that the “both/and” frame is naïve due to its neglect of the inherent tradeoff or conflict in a paradox with an exclusive focus on the complementary synergy between opposite forces. Being a naïve opposite to the “either/or” frame, the “both/and” frame is so different from Hegel’s dialectical logic or Yin-Yang Balancing that we should not mistake the former for the latter two frames. Further, it is also worth noting that the duality of tradeoff and synergy should be understood in relative terms as partial (i.e., to various degrees) rather than full tradeoff and synergy, and the degrees of exploration and exploitation in various balances or mixes should follow the three operating rules as asymmetrical, transitional and curvilinear (Li, 2012). Finally, the optimum balance should vary contingent upon the specific requirements in different spatial aspects and different temporal stages (Li, 1998, 2008). Hence, “the precise mix of exploitation and exploration that is optimal is hard to specify” (Levinthal and March, 1993: 105). However, our central theme is clear that all paradoxes should be reframed as dualities so as to achieve the optimum balance with minimum tradeoff and maximum synergy, both of which are in relative terms and both derive from their endogenous interactions even though they must be exogenously managed to ensure the optimum balance precisely due to their endogenous duality.
Overall Model and Specific Hypotheses

The Exploitation-Exploration Balance as Partial Tradeoff and Partial Synergy 

Built upon the above discussion, we can apply the “both/or” frame to the three models in the category of independent ambidexterity because they manage the tradeoff between exploration and exploitation via their spatial or temporal separation. In particular, the models of independent ambidexterity adopt the solution of superficial integration yet deep-level separation to avoid the negative interaction for tradeoff, but the separation eradicates the potential of positive interaction for synergy (the counter-balance to offset the driving-out effect and resource complementarity as two forms of synergy). It is worth noting that the neglect of positive interaction for synergy is also the core limitation of the original model of exploration-exploitation balance (Levinthal and March, 1993; March, 1991). 
Similarly, we can apply the “both/and” frame to the other three models in the category of interdependent ambidexterity because these models manage the synergy between exploration and exploitation via their integration. In particular, the models of interdependent ambidexterity adopt the solution of overall integration to leverage the positive interaction for synergy, but this overall integration discounts the impact of negative interaction for tradeoff. It is worth noting that this group makes a unique contribution by explicitly adding the notion of resource complementarity and also by implicitly suggesting the possibility of adopting dynamic capability as the shared anchor or platform for integrating exploration and exploitation as two integral part of dynamic capability. Nevertheless, the group of interdependent ambidexterity fails to embrace the inherent tradeoff. 
Based upon the above analysis, it is clear that neither of the above two groups is sufficient to simultaneously embrace tradeoff and synergy as required by the original model of exploration and exploitation link (Levinthal and March, 1993; March, 1991). While the group of independent ambidexterity only embraces tradeoff at the expense of synergy, the group of interdependent ambidexterity only embraces synergy at the expense of tradeoff. In short, rooted in the biased “both/or” and “both/and” frames, neither group of ambidextrous models can simultaneously embrace both tradeoff and synergy as a duality. 
To remedy the biases of the models of ambidexterity, the frame of Yin-Yang Balancing has the capability to integrate the two opposite groups into one holistic and dynamic unity (duality). The integration of the two groups has two unique values. First, this integration can cover both tradeoff and balance simultaneously so as to effectively meet the paradoxical requirements by the original model of exploration-exploitation balance. Second, this integration can enhance and enrich the original model by incorporating resource complementarity as a new form of synergy. This unique extension is valuable in the sense that the exploration-exploitation link is not only a tradeoff from the negative interaction of resource competition and driving-out effect, but also a synergy from the positive interaction of resource complementarity and counter-balance to offset the driving-out effect. Further, this unique extension is highly valuable in the sense that dynamic capability can be evoked to serve as the shared anchor or platform for the endogenous interaction between exploration and exploitation as the integral core components of dynamic capability in addition to the exogenous interaction of organizational and managerial routines and processes to facilitate the endogenous interaction. In sum, the application of the frame of Yin-Yang Balancing can broadly expand the horizon of the exploration-exploitation balance by integrating it with the rich research on resource and capability so as to effectively address the challenges and concerns in the extant research on the exploration-exploitation link (Gupta et al., 2006; Lavie et al., 2010).
Given the purpose of explaining the spatial tradeoff and synergy between exploration and exploitation as a duality, we choose to focus on the first and third operating rules of the frame of Yin-Yang Balance, which are the asymmetrical balancing and curvilinear balancing (Li, 2012). First, according to the rule of asymmetrical balancing, exploration and exploitation will play the dominant roles in different spatial aspects, while the opposite elements will play the subordinate roles in the given spatial aspect as the complements. Second, according to the rule of curvilinear balancing, the subordinate roles of exploration and exploitation will follow a curvilinear pattern to complement the dominant role of their opposite elements up to a point as an inflection point or threshold (positive interaction for synergy) as well as substitute the dominant role after the point. In sum, the application of the two operating rules of Yin-Yang Balancing to the balance between exploration and exploitation will take the forms of main effect and interaction effect. 
General Effects of Learning on Innovation

Innovations are frequently classified into different categories according to different criteria, among which the typology of radical and incremental innovation is the most commonly adopted (e.g., Atuahene-Gima, 2005; Dewar and Dutton, 1986; Dosi, 1982; Ettlie, 1983). Consistent with the literature (see Dahlin and Behrens, 2005; Garcia and Calantone, 2002, for reviews), we refer to incremental innovation as a product or service enhancement upon the existing technologies to meet the existing needs of customers, while radical innovation is a product or service innovation upon new technologies so as to offer substantially new benefits to emerging customers. There is a general consensus that innovation is directly related to learning (Adams et al., 1998; Baker and Sinkula, 2007; Zahra, Ireland, and Hitt, 2000). Given their special roles as two distinctive modes of learning, exploration and exploitation will have different effects on radical and incremental innovations as two basic modes of innovation (Atuahene-Gima, 2005; Kim and Atuahene-Gima, 2010; O’Reilly and Tushman, 2008; Song and Montoya-Weiss, 1998). It is worth noting that we take exploration and exploitation as the ex ante effort of learning (input), while we treat radical and incremental innovations as the ex post outcome of learning (output) (Chen and Katila, 2008; He and Wong, 2004).
Applying the frame of Yin-Yang Balancing to the complex links between learning mode and innovation mode, we propose that exploration and exploitation will have highly different effects on radical and incremental innovations. Such different effects will include both main effects and interaction effects. As we argued earlier in our discussion about the six models of ambidexterity, both the main effects of exploration and exploitation on radical and incremental innovations as well as their interaction effects will be both linear and curvilinear in different aspects.  
Specific Effects of Learning on Innovation
According to the operating rule of asymmetrical balancing, one of the two modes of learning will have to play a dominant role in influencing one of the two modes of innovation, while the other mode of learning will play a subordinate role. Given the direct link between exploration and radical innovation (Atuahene-Gima, 2005), exploration is expected to be the dominant force for radical innovation, while exploitation will be the subordinate force for radical innovation. In addition, according to the operating rule of curvilinear balancing, the subordinate element will be complementary to the dominant element in a curvilinear pattern. Hence, exploitation is expected to have a curvilinear effect on radical innovation, while exploration will have a curvilinear effect on incremental innovation. Our argument differs partially from all the models of ambidexterity to the extent that we simultaneously embrace the exploration-exploitation balance as both a tradeoff and a synergy, but we also differentiate between the main effects of exploration and exploitation on either radical innovation or incremental innovation as two different aspects; the differentiation is achieved without the “structural” or “temporal” separation. Distinctive from our approach, the “task/domain model of ambidexterity” (e.g., Atuahene-Gima, 2005) argued for a positive linear link between exploration and radical innovation, but a negative linear link between exploitation and radical innovation (the reverse is argued for incremental innovation). Also different from our approach, the “resource model of ambidexterity” (e.g., Katila and Ahuja, 2002) argued for both curvilinear effects of exploration and exploitation on general innovation without distinguishing radical innovation from incremental innovation.
Based upon the above discussion, we propose two hypotheses regarding the distinctive main effects of exploration and exploitation on either radical or incremental innovation.
Hypothesis 1: Besides its positive linear main effect on radical innovation, exploration will have a curvilinear (inverted U-shape) main effect on incremental innovation.
Hypothesis 2: Besides its positive linear main effect on incremental innovation, exploitation will have a curvilinear (inverted U-shape) main effect on radical innovation.

When we apply the above discussion to the interaction effect of exploration and exploitation on radical and incremental innovations, we can propose one hypothesis regarding the interaction effects of exploration and exploitation on either radical or incremental innovation. Our argument again differs partially from all the models of ambidexterity. In particular, we neither argue for a positive interaction effect as the “resource model of ambidexterity” (e.g., He and Wong, 2004; Katila and Ahuja, 2002), nor we argue for a negative interaction effect as the “task/domain model of ambidexterity” (e.g., Atuahene-Gima, 2005).     
Hypothesis 3: The interaction effect of exploration-exploitation balance will be curvilinear (inverted U-shape) on (a) radical innovation, and (b) incremental innovation.
Built upon the complex links between the two basic modes of learning (i.e., exploration and exploitation) and the two basic modes of innovation (i.e., radical and incremental innovations), we develop the duality model of learning-innovation link (Figure 1). The implied central theme of our duality model is that all paradoxes, including the paradox of exploration-exploitation link, should be reframed into dualities so as to achieve the optimum balance with minimum tradeoff (from only relatively, but never absolutely, negative interactions) and maximum synergy (from only relatively, but never absolutely, positive interactions). Specifically, our duality model argues for two basic forms of spatial balance in terms of asymmetrical effect and curvilinear effect. It is the asymmetrical effect and curvilinear effect, which reflect the endogenous duality of opposite forces, that call for the exogenous intervention to manage the endogenous duality to ensure the optimum balance. This is the unique insight from the Eastern frame of Yin-Yang Balancing.
[Insert Figure 1 about here]
Methodology
Sample and Data Collection
To test our conceptual model and hypotheses derived from the frame of Yin-Yang Balancing, the sampling companies were randomly selected from the lists provided by the local offices of Chinese Economy & Commerce Committee (an administrative institution for managing business activities) at the provincial government level. We chose our sample from six different provinces in China, including Shaanxi, Guangdong, Henan, Jiangsu, Jilin, and Shandong. The six provinces are located across the eastern, western, southern and northern parts of China so as to provide a sufficient geographic diversity for our purpose of having a representative sample. 
We developed a questionnaire based on the existing literature (e.g., Atuahene-Gima, 2005; Atuahene-Gima and Murray, 2007). The questionnaire was first prepared in English and then translated into Chinese. The Chinese-version scales were back-translated into English by a third party to check the accuracy and consistency of the translation. A pilot test was conducted with a group of eighteen EMBA students with extensive managerial experience, whose responses were excluded from the final study. These EMBA students in the pilot test were asked to carefully read the questionnaire regarding its structure, readability, clarity, and completeness (Dillman, 1978). The questionnaire was then revised based upon the feedbacks from the pilot study. 

In the data collection process, the face-to-face interview method was adopted. Specifically, the questionnaire was brought to each respondent directly by a group of two interviewers. The two interviewers explained the details of questions face-to-face to each of two respondents, and then the respondent finished the questionnaire. Although this method is resource-intensive, we chose it over the standard methods of mail or online survey for the purpose of enhancing data quality and reliability by providing the on-site clarification; avoiding the situation where a busy executive delegates the questionnaire to his/her secretary, and ensuring the completion of the questionnaire without the missing data. This method was possible and successful because we conducted this survey with the generous assistance from local government officials. The government officials were highly cooperative because they wanted to take the survey as an opportunity to learn about the business practices in the domain of innovation, which was one of the top priorities of the government goals in recent years.
In the survey process, we got two paired questionnaires filled by two key respondents from each firm. All the questionnaires collected were ordinal numbered (from 1 to 750). Under each number, there were two versions of the questionnaire for each firm: Version A and Version B. Version A was for CEO to complete, while Version B was for COO (or anyone in charge of daily operations) to complete. Hence, two informants, CEO and COO, separately responded to the survey. After the CEO and COO finished the questionnaire, the results were checked by the two interviewers on the spot. If there was any major difference in the answers to the same question, there was an inquiring procedure to clarify such a difference. Hence, we got two questionnaires from each firm. After the date collection, an inter-rater reliability analysis was performed (Powell, 1992). The analysis of variance test showed that most scores of items did not differ significantly. Finally, by selecting the data of all independent and control variables from Version A as well as the data of all dependent variables from Version B, we compiled our final dataset.
A total of 750 enterprises were approached, of which 616 enterprises provided the relevant information, among which 108 were later dropped for reasons such as incomplete data. As the result, a total of 508 firms provided the required data with an effective response rate of 67.7% (508 out of 750). Given the fact that the survey was completed by CEOs and other top executives, such a response rate was extremely high. This high response rate was largely due to the help we got from the local government officials and also the face-to-face interview method we adopted.  
Non-response bias, causing by the difference between the answers of respondents and non-respondents (Armstrong and Overton, 1977), was also tested. We compared the responding and non-responding firms along major attributes such as firm size, ownership status and firm age by using the t-tests. All t-statistics were insignificant, which indicated the non-response bias was not a serious issue. Additionally, we split the total sample into two groups: the early wave (first two-thirds) and late wave (last third) and checked their consistency. The basic rationale for this test is that late respondents are more similar to non-respondents than early respondents. The results also showed no significant differences (p > 0.10) in the responses between early and late respondents. Hence, non-response bias was not a problem in our dataset.

In order to minimize the social desirability bias, we ensured full anonymity for informants through the survey process. We also followed the methods suggested by Fisher (1993) and used more specific and less direct questions to reduce the social desirability bias. In addition, on the cover page of our questionnaire, we informed the respondents that this survey was designed for academic research and that there were no right/wrong answers to our questions.
Common method variance was also checked. By getting two responses from same firm and creating the dataset by measuring independent and control variables in Version A and measuring dependent variables in Version B, we greatly reduced the possibility of common method variance (Podsakoff, Mackenzie, Lee, and Podsakoff, 2003). Additionally, we also performed Harman’s one-factor test to further examine the possibility of common method variance (Podsakoff and Organ, 1986). The result of rotated component matrix showed no general factor. Hence, we were confident that common method variance was unlikely to be a problem in our dataset. Further, a confirmatory factor analysis was also performed to test for common method variance (Menon et al., 1996). A measurement model was assessed by linking dependent and independent variables to a single factor. This model did not fit the data well, suggesting that common method variance was unlikely to be a problem here. The descriptive statistics in Table 1 showed the means and standard deviations of the major variables as well as the correlations among such variables.

[Insert Table 1 about here]
Scales and Measures
Validated instruments from existing literature were adapted by using a five-point Likert scale, with “1” for “strongly disagree” and “5” for “strongly agree”. The detailed information of measures was provided in Table 2.
[Insert Table 2 about here]
Dependent and Independent Variables
We adapted the available scales to measure radical and incremental innovations, which had been validated in the context of China (Li, Liu, Li, and Wu, 2008). Specifically, our scale for radical innovation had five items, while our scale for incremental innovation had four items. We asked the respondents to offer their subjective assessment of radical and innovations because the literature indicates that the subjective measures are highly correlated with the objective measures of innovation outcomes, such as patent count and new product count (e.g., Alegre, Lapiedra, and Chiva, 2006; Song and Parry, 1996). We used a five- point Likert scale for these measures.
Similarly, our scales to measure exploration and exploitation were also adapted from the available scales (Zahra, Ireland, and Hitt, 2000), which had been validated in the context of China (Atuahene-Gima, 2005). Again, we used a five- point Likert scale for both measures. It is worth noting that we purposely adopted the approach to measuring exploration and exploitation as two variables rather than a single variable as a continuum because we wanted to examine not only the possible additive main effects of exploration and exploitation on radical and incremental innovations, but also their possible multiplicative interaction effects on both modes of innovation (see Gupta et al., 2006; Lavie et al., 2010, for reviews).
Control Variables
We also added some control variables to the regression model that explain the variance of the firm’s radical/incremental innovation. Firm size has been emphasized as an important factor affecting firm innovation outcomes (Chandy and Tellis, 2000). The firm size was measured with a five-point scale: 1 = fewer than 51 employees; 2 = 51-200 employees; 3 = 201-500 employees; 4 = 501-1000 employees, and 5 = more than 1000 employees (Graves and Langowitz, 1993). Similarly, we also adopted firm age as a control variable, which was measured by the natural logarithm of the number of years since the firm’s birth. In light of the literature about the impact of external factors on organizational innovation, the environmental factors of demand turbulence and government support were chosen as control variables. Demand turbulence was perceived as emerging yet risky opportunities that were importance to innovation (Kohli and Jaworski, 1990). Government support was perceived as the state policies in support of innovation (Li and Zhang, 2007), which are especially critical in the emerging markets (Liu and White, 2001). Meanwhile, two organizational factors were also added as control variables. The entrepreneurial orientation literature has established that innovation is positively related to organizational proactiveness (Dess and Lumpkin, 2005). Further, innovation-supportive climate has been argued to foster employee creativity, thus leading to more innovative outcomes (Khazanchi, Lewis and Boyer, 2007). These environmental and organizational variables were measured by five-point Likert scales in our questionnaire, and all were adopted from the literature. Items include ‘predicting changes in customer preference is not easy’; ‘the governments have implemented supportive policies for firm innovation’; ‘our firm tends to take bold actions before our competitors’, and ‘our firm has a good internal climate for supporting innovation’.
Reliability and Validity Analysis
Reliability assesses the inter-item consistency, which was estimated using the Cronbach’s alpha. Typically, reliability coefficients of 0.7 or higher are considered adequate (Cronbach, 1951). As reported in Table 2, alpha values of all factors were well above 0.7. Meanwhile, following the suggestions of Bagozzi and Yi (1990), we also computed composite reliability (CR) scores to assess the reliability. According to their suggestions, a CR value greater than 0.70 may indicate the sufficient reliability. As shown in Table 2, all factors had CRs greater than 0.70.
Validity test was performed via the confirmative factor analysis (CFA) by LISREL 8.0. Convergent validity is the extent to which the items on a scale truly measure the theoretical construct. A loading of 0.7 or more is the suggested level for each item loading on established scales (Fornell and Larker, 1981). As we can see from Table 2, all the loadings of items were well above 0.7. Additionally, the t-values for the individual paths showed that all the indicators were significantly related to their underlying constructs. Thus, our results implied the statistical significance of the relationships between the items and their respective construct, and thus provided strong evidence of convergent validity.

Discriminant validity is the degree to which measures of each latent construct are unique enough to be distinguished from other constructs. Discriminant validity exists if the items share more common variance with their respective construct than any variance the construct shares with the other constructs. Therefore, the correlation between each pair of constructs should be less than the square root of AVE for each individual construct (Fornell and Larker, 1981). As we see in Table 1, we can conclude that none of the correlations between two constructs is higher than the square root of AVE for each construct. These results provided strong evidence of discriminant validity.
Regression Analysis
We used SPSS 13.0 to do the hierarchical regression analysis. Before the regression analysis, we checked our data for possible violations of normality assumptions, significant outliners, and other problems. We found no significant violations, so we concluded that the data were amenable to the regression analysis. We mean-centered all the variables to minimize the possible threat of multi-collinearity in the equation where we included interaction terms (Aiken and West, 1991). The values of the variance inflation factor (VIF) were all below the recommended cut-off of 10 (Neter, Wasserman, and Kutner, 1985).
Findings
Table 3 reported the results of the regression analysis. The dependent variable was radical innovation for Models 1-4. The overall Chi-Squares for all four models indicated the significant explanatory power. In Model 1, all the control variables were added. In Models 2-3, the findings showed that exploration was positively related to radical innovation (β = 0.177, p < 0.001), while exploitation was related to radical innovation in an inverted U-shaped pattern (β = 0.114, p < 0.001; β Square = - 0.105, p < 0.001). Hence, Hypothesis 1 was supported. 
The dependent variable was incremental innovation for Models 5-8. The overall Chi-Squares for these models indicated the significant explanatory power. In Model 5, the control variables were added. In Models 6-7, the findings showed that exploitation was positively related to incremental innovation (β = 0.167, p < 0.001), while exploration was related to incremental innovation in an inverted U-shaped pattern (β = 0.132, p < 0.001; β Square = - 0.071, p < 0.01). Hence, Hypothesis 2 was also supported.
Finally, in Model 4, the finding showed that exploitation moderated the exploration-radical innovation link in an inverted U-shaped pattern (β = 0.087, p < 0.01; β Square = - 0.261, p < 0.001); in Model 8, the finding showed that exploration moderated the exploitation-incremental innovation link in an inverted U-shaped pattern (β = 0.116, p < 0.01; β Square = - 0.194, p < 0.001). Hence, Hypotheses 3a and 3b were both supported. See Figures 2a, 2b, 3a and 3b for both 2-dimensional and 3-dimensional curves and plots to reflect the curvilinear effects.
[Insert Table 3 about here]
[Insert Figures 2a, 2b, 3a, and 3b about here]
Discussion

The above empirical findings support that the proposed duality model, which argues for the different main effects (linear and curvilinear) and the same interaction effects (curvilinear) of exploration and exploitation on radical and incremental innovations. These findings can make three contributions to theory-building and two contributions to practice, and they all bear critical implications for future theory-building and practice. The contributions and implications share the central theme that all paradoxes should be reframed into dualities so as to achieve the optimum balance between opposite forces with minimum tradeoff and maximum synergy (both in relative terms) due to their endogenous interactions in need of exogenous interventions. 
Theoretical Contributions and Implications
Specifically, this study has made three contributions to the literatures. First, this study has demonstrated the unique value of the Chinese frame of Yin-Yang Balancing, which can reframe all paradoxes, such as competition-cooperation, stability-change, global-local, into dualities so as to achieve their optimum balances (cf. Farjoun, 2010; Smith and Lewis, 2011). As an application of the frame of Yin-Yang Balancing, the proposed duality model can remedy the inherent biases of all ambidextrous models. Second, this study has suggested an effective strategy to achieve the optimum balance between exploration and exploitation in spatial terms. The strategy is to make two distinctions between various types of effect in different aspects (tasks or domains). The first is to differentiate main effect from interaction effect, while the second is to differentiate linear effect from curvilinear effect. As a novel attempt to address the thorniest issue in the original model of exploration-exploitation balance, our duality model has the potential to integrate all models of ambidexterity. Third, this study has identified a new endogenous source of synergy (i.e., resource complementarity) as the inherent positive interaction between exploration and exploitation. This new endogenous source complements the other endogenous source of synergy in terms of the counter-balance to offset the driving-out effect, as implied in the original model of exploration-exploitation balance. The above two endogenous sources of synergy match the two endogenous sources of tradeoff in terms of resource competition and driving-out effect. Implicitly related to dynamic capability, the novel notion of endogenous synergy has the unique potential to enrich and also integrate the research streams on learning and innovation, including dynamic capability, absorptive capacity, knowledge-based view, core competence and rigidity, entrepreneurship, transaction value perspective, and even the theory of the firm (see Li, 2010 for a review). In particular, the novel notion of endogenous interaction has the potential to integrate the externally-oriented perspectives (focusing on the contextual forces, such as the structural, temporary, contextual, and managerial models of ambidexterity, for exogenous organizational interventions) with the internally-oriented perspectives (focusing on the intrinsic factors, such as resource model of ambidexterity). 
The above theoretical contributions bear five major implications for future theory-building. First, they imply that the frame of Yin-Yang Balancing should be embraced broadly in the West because it has the unique value of reframing paradoxes into dualities to achieve the optimum balances between any opposite forces. This is perhaps the biggest benefit of the emerging trend for the West to meet the East (Chen and Miller, 2011; Li, 2011, 2012; Smith and Lewis, 2011). Second, the notion of endogenous interaction between exploration and exploitation is central to the enrichment and even possible integration of diverse management theories. This may be done by taking the duality model of exploration-exploitation balance as the central theme to unify the diverse theories related to organizational learning and competitive advantage. Third, the duality model with both tradeoff and synergy has the potential to enrich the models of ambidexterity to the extent that these models can be integrated to fully embrace both tradeoff and synergy as well as both endogenous interaction and exogenous intervention (by the means of spatial or temporal separation as well as contextual or managerial integration). Fourth, the issue of inflection point or threshold in terms of where and when the turning point in the curvilinear link occurs deserves the urgent attention in future research. This issue is perhaps the most central to how to achieve the optimum balance between exploration and exploitation in particular and between all opposite forces in general.
Finally, the duality model implies the need to identify the underlying dimensions that can integrate opposite forces into unities. For instance, the dimension of dynamic capability has the potential to unify exploration and exploitation as the two sides of the same coin. The broadest dimension that can be shared by potentially all elements is quality to reflect the non-quantity heterogeneity within every element. This insight suggests that not all components of the same element enjoy the same quality. It seems plausible to speculate that all high-quality components of different elements are more likely to be compatible, thus prone to integration. In this sense, the high-quality exploration may be compatible with the high-quality exploitation, while the low-quality exploration is likely to be incompatible with the low-quality exploitation; further, the low-quality opposite element is more likely to be incompatible with the high-quality counterpart. The dimension of time could be related to quality as a key criterion in the sense that high-quality may take the form of long-term effect on some desirable outcomes (e.g., Auh and Mengus, 2005; Lavie et al., 2011). Hence, all the exploratory and exploitative activities with long-term positive effects on competitive advantages could be taken as high in quality. It is reasonable to speculate that the quality of exploration and exploitation would be primarily determined by the quality of management concerning exploration-exploitation balance. The quality of both exploration and exploitation may be framed as endogenous in terms of resource-specific quality; the quality of balance management may be framed as exogenous in terms of organization-specific quality. In this sense, we could reframe dynamic capability as consisting of three core dimensions related to exploration-exploitation balance: (1) exploration as the capability to create novel resources; (2) exploitation as the capability to leverage the existing resources, and (3) balance management as the capability to balance exploration and exploitation (cf. Danneels, 2010; Eisenhardt and Martin, 2000; Teece, 2007). This approach has the potential to integrate all models of ambidexterity with the central theme of dynamic capability, and also the potential to complete the theory of dynamic capability by integrating it with exploration-exploitation balance. Finally, quality can serve as the ultimate criterion to evaluate dynamic capability with its three core dimensions. Future research should pursue this line of inquiry, especially the curvilinear pattern of dynamic capability.
Managerial Contributions and Implications

Besides the above three contributions and four implications for theory-building, this study has two contributions as implications for managerial practice. First, this study calls for managers to pay special attention to the operating rules of asymmetrical and curvilinear balancing in spatial terms to achieve the optimum balance between exploration and exploitation. Instead of taking the two modes of learning as either tradeoff or synergy, managers must perceive them as a duality so as to effectively balance them. Second, this study also draws special attention to the endogenous synergy in contrast to all the models of ambidexterity (with the exception of resource model) that focus on the exogenous intervention via the mechanisms of spatial or temporal separation as well as contextual or managerial integration. In this sense, managers can adopt different mechanisms of exogenous intervention contingent upon the different features of endogenous interaction. For instance, resource competition and resource complementarity will require different mechanisms of exogenous intervention, so will the counter-balance as compared to the driving-out effect.
Limitations
Despite the above contributions and implications for theory-building and practice, this study has three limitations. First, given our focus on the spatial balance, we adopted a cross-sectional design. This design could not test the operating rule of transitional balancing in terms of the temporal transitions between exploration and exploitation (Chen and Katila, 2008). Further, this design could not test the longitudinal effects of tradeoff and synergy. Even though a few studies have tried to test the long-term effects of tradeoff and synergy, they tend to focus on the indirect proxies (e.g., sales growth or net profit as short-term measures; return to investment or market value as long-term measures, Auh and Mengus, 2005; Lavie et al., 2009). Such an approach fails to measure the longitudinal measures of temporal stages and inflection points. Second, this study had a single-country design. With this design, this study could not claim the generalizability of the findings, including both main and interaction effects in other contexts. Third, this study only focused the level of a single firm without examining the level of inter-firm alliance, so we could not directly compare the possible interaction between firm-level learning and inter-firm learning (cf. Lavie et al., 2011; Rothaermel, 2001). Future research should address the above limitations.
Conclusion

There is a broad recognition that the paradox of exploration-exploitation balance is one of the most challenging puzzles in the field of management (Gupta et al., 2006; Lavie et al., 2010). Despite the diverse attempts to address the paradox as ambidexterity, there is little consensus on how to explain and manage this paradox. To approach this issue from a novel perspective rooted in the Chinese frame of Yin-Yang Balancing, this study has reframed this paradox into a duality of partial tradeoff and partial synergy, which can be reflected in curvilinear patterns. The central theme of this study is that all paradoxes should be reframed into dualities to achieve the optimum balance between opposite forces with minimum tradeoff and maximum synergy in relative terms. In this sense, all models of ambidexterity as well as the mixed empirical findings are all partially right, so they could be integrated into a framework with dynamic capability as the shared theme as well as a curvilinear pattern as their shared feature. Future research is required to specify the inflection point in the curvilinear pattern of exploration-exploitation balance in particular and dynamic capability in general, and also identify the necessary and sufficient conditions for the optimum balance.
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Figure 1
The Duality Model of Exploration-Exploitation Balance
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Table 1
Means, Standard Deviations and Correlations
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1 Firm size
	1
	
	
	
	
	
	
	
	
	

	2 Firm age
	.547(**)
	1
	
	
	
	
	
	
	
	

	3 Organizational proactiveness
	-.048
	-.047
	1
	
	
	
	
	
	
	

	4 Demand turbulence
	-.005
	-.020
	.098(*)
	1
	
	
	
	
	
	

	5 Government support
	.081
	.010
	.065
	.158(**)
	1
	
	
	
	
	

	6 Supportive climate
	-.007
	-.070
	.258(**)
	.159(**)
	.200(**)
	1
	
	
	
	

	7 Exploration
	-.039
	-.093(*)
	.174(**)
	.139(**)
	.191(**)
	.247(**)
	.846
	
	
	

	8 Exploitation
	.027
	-.008
	.151(**)
	.068
	.178(**)
	.330(**)
	.544(**)
	.775
	
	

	9 Radical innovation
	-.022
	-.125(**)
	.275(**)
	.204(**)
	.287(**)
	.374(**)
	.377(**)
	.313(**)
	.860
	

	10 Incremental innovation
	-.006
	-.083
	.248(**)
	.124(**)
	.221(**)
	.463(**)
	.357(**)
	.362(**)
	.693(**)
	.831

	Mean
	2.62
	2.27
	3.37
	3.41
	3.17
	3.65
	3.48
	3.70
	3.32
	3.44

	Standard deviations
	1.467
	0.874
	0.986
	0.896
	0.978
	0.834
	0.808
	0.590
	0.846
	0.742


The data on the diagonal (in bold font) is the square root of AVE of the construct.
* Correlation is significant at the 0.05 level; *** Correlation is significant at the 0.01 level.

Table 2
Items, Reliability and Validity Analyses
	Items in the Questionnaire
	Alpha
	Loading
	CR
	AVE

	Exploration (last 3 years)
	0.910
	
	0.926
	0.716

	Acquiring manufacturing technologies and skills entirely new to the firm
	
	0.814
	
	

	Learning product development skills and processes entirely new to the industry
	
	0.846
	
	

	Acquiring entirely new organizational skills that are important for innovation efficiency and effectiveness
	
	0.844
	
	

	Learning new skills in key innovation-related areas for the first time
	
	0.877
	
	

	Strengthening innovation skills in areas where it had no prior experience
	
	0.851
	
	

	Exploitation (last 3 years)
	0.832
	
	0.882
	0.601

	Upgrading current knowledge and skills for familiar products and technologies
	
	0.776
	
	

	Enhancing skills in exploiting mature technologies improving productivity of current operations
	
	0.807
	
	

	Enhancing competencies in searching for upgrading solutions to customer problems
	
	0.798
	
	

	Upgrading skills in product development processes in which the firm already possesses significant experience
	
	0.753
	
	

	Strengthening knowledge for projects that improve efficiency of existing activities
	
	0.739
	
	

	Radical innovation (last 3 years)
	0.912
	
	0.934
	0.740

	We create more completely new products than our competitors
	
	0.858
	
	

	We introduce more radically new concept and functions in products than our competitors
	
	0.881
	
	

	We often develop and introduce new technologies successfully into the industry
	
	0.837
	
	

	We are often the creator of new techniques and procedure skills
	
	0.867
	
	

	We often introduce completely new products in the new market
	
	0.860
	
	

	Incremental innovation (last 3 years)
	0.851
	
	0.899
	0.691

	We create more novel patterns of products than our competitors
	
	0.855
	
	

	We improve more existing process and products than our competitors
	
	0.852
	
	

	We exploit existing technologies more deeply than our competitors
	
	0.781
	
	

	We introduce new products incrementally in the market
	
	0.835
	
	


Notes: CR refers to composite reliability and AVE refers to average variance extracted.

Table 3
Regression Model (N=508)
	
	
	Radical innovation
	
	
	Incremental innovation

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

	Firm size
	.054
	.059
	.062
	.066+
	
	.153***
	.142***
	.136***
	.142***

	Firm age
	-.169***
	-.155***
	-.156***
	-.161***
	
	-.180***
	-.163***
	-.161***
	-.159***

	Organizational proactiveness
	.223***
	.193***
	.192***
	.195***
	
	.150***
	.129***
	.125***
	.122***

	Demand turbulence
	.120***
	.108***
	.118***
	.098***
	
	.078*
	.074*
	.071*
	.018

	Government support
	.241***
	.206***
	.218***
	.203***
	
	.183***
	.140***
	.137***
	.118***

	Supportive climate
	.252***
	.213***
	.212***
	.221***
	
	.387***
	.337***
	.338***
	.329***

	Exploration (ER)
	
	.167***
	.177***
	.248***
	
	
	.118***
	.132***
	.154***

	ER2
	
	
	.080*
	.043
	
	
	
	-.071**
	-.083***

	Exploitation (EI)
	
	.111***
	.114***
	.156***
	
	
	.169***
	.167***
	.193***

	EI2
	
	
	-.105***
	-.145***
	
	
	
	-.019
	-.018

	ER*EI
	
	
	
	.087**
	
	
	
	
	.116**

	ER*EI 2
	
	
	
	-.261***
	
	
	
	
	

	ER2*EI 
	
	
	
	
	
	
	
	
	-.194***

	R2
	.304
	.353
	.367
	.400
	
	.319
	.370
	.374
	.405

	Adjusted R2
	.279
	.318
	.325
	.345
	
	.295
	.323
	.331
	.354

	F score
	11.991***
	10.016***
	8.752***
	7.200***
	
	13.661***
	9.937***
	8.704***
	7.964***


Notes: +p < 0.1; *p < 0.05; **p < 0.01; ***p < 0.001

Figure 2A
The 3-Dimentional Plot for the Curvilinear Interaction Effect of Exploration and Exploitation on Incremental Innovation
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Figure 2B
The 3-Dimentional Plot for the Curvilinear Interaction Effect of Exploration and Exploitation on Radical Innovation
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Figure 3A
The 2-Dimensional Plot for the Curvilinear Interaction between Exploration and Exploitation on Incremental Innovation
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Figure 3B
The 2-Dimensional Plot for the Curvilinear Interaction Effect of Exploration and Exploitation on Radical Innovation
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