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Exploration-Exploitation Duality with Both Tradeoff and Synergy:

The Curvilinear Interaction Effects of Learning Modes on Innovation Types

Abstract

How can a firm apply the appropriate interaction between exploration and exploitation to the
goal of either radical or incremental innovation? In this study, we seek to answer this puzzling
question by reframing exploitation and exploration as a duality of learning (i.e., two modes that
are partial complementary for synergy as well as partial conflicting for tradeoff). Specifically,
rather than assuming either a positive or negative interaction between exploration and
exploitation as prior literature have done, our study highlights a novel pattern of inverted U-
shaped interaction between exploration and exploitation for both radical and incremental
innovations. With a Chinese sample of 508 firms, our empirical evidence supports our
predictions of two patterns of inverted U-shaped interaction of exploration and exploitation.
Such unique findings showcase the unique value of reframing paradox into duality from the
meta-perspective of yin-yang balancing so as to shed new light on organizational ambidexterity

and innovation management.
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1. Introduction

Innovation can provide competitive advantages, especially under the key conditions of
increasing global competition, rapid technological advances, and frequent shifts in customer
preference (Chandy and Tellis, 1998). More specifically, both radical and incremental
innovations, as two fundamental innovation types, are imperative for organizations to survive
and prosper in dynamic business environments (Roy and Sarkar, 2016). The theories of
organizational learning (Huber, 1991) and dynamic capability (Teece et al., 1997) have both
highlighted the inherent link between learning as input and innovation as output (e.g., Adams et
al., 1998; Baker and Sinkula, 2007). In particular, exploitation and exploration have been
recognized as two core learning modes (input) to enable two core innovation types (output), with
exploration more salient for radical innovation in contrast to exploitation more salient for

incremental innovation (e.g., Kim and Atuahene-Gima, 2010).

Despite this assumed link between learning (as the input, means, and antecedent) and
innovation (as the end, goal, and outcome), the theoretical argument and empirical evidence
regarding why and how exploration and exploitation interactively shape innovation outcomes
remain ambiguous (see Gupta et al., 2006; Lavie et al., 2010; Zacher et al., 2016, for reviews).
The confusion seems to derive from the paradoxical nature of exploration-exploitation link not
only as an inherent tradeoff, but also as a potential synergy (e.g., Levinthal and March, 1993,
March, 1991; also see Gupta et al., 2006; Papachroni et al., 2016; Zacher et al., 2016).

In particular, the extant approaches tend to share an underlying assumption that the basic
interaction between exploitation and exploration is linear, either as a negative interaction for
conflicting tradeoff so that the two should be fully separated (e.g., Tushman and O’Reilly, 1996),
or a positive interaction for complementary synergy so that the two should be fully integrated
(e.g., Cao et al., 2009; Zacher et al., 2016). However, the more recent advance of paradox
research (e.g., Miron-Spektor et al., 2018; Schad et al., 2016; also see Hargrave and Van de Ven,
2017; Luger et al., 2018; Smets et al., 2015; Van Neerijnen et al., 2021), especially reframed
from the meta-perspective of yin-yang balancing (e.g., Li, 2016, 2021) inspires us to take
exploration and exploitation as a learning duality, so their inherent interaction could be nonlinear
as both partially conflicting and partially complementary (Li, 2014, 2016; Schad et al., 2016).
For the best result of exploration-exploitation duality, how to balance the two elements is the key

to the “golden duality” with the opposite elements becoming “a productive partnership”
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(Sugarman, 2014: 142). Despite the above promising theoretical path, none empirical research
has been conducted to explain or prescribe how such a balance would work, especially the
possibility of an inverted U-shaped interaction between exploration and exploitation under the

goal of innovation.

To close the above gap, this study theoretically proposes and empirically tests a unique
duality model of exploration-exploitation link for the inverted U-shaped interaction effects of
exploration and exploitation on both radical and incremental innovations. Specifically, by using
Chinese survey data, we find that the positive link between exploratory learning and radical
innovation is the strongest with a mixed interaction of high exploration and moderate
exploitation as two learning modes, but that link would be weaker when exploitation is either
low (weak) or high (strong); also, the positive link between exploitative learning and incremental
innovation is the strongest with a mixed interaction of high exploitation and moderate
exploration as two learning modes, but that link would be weaker when exploration is either low

(weak) or high (strong).

This study seeks to make three unique contributions to the body of knowledge concerning
the exploration-exploitation link, innovation, and paradox. First, we contribute to the research on
ambidexterity by reframing the prevailing views as either a positive or negative (linear)
interaction between exploration and exploitation into a third possibility about an inverted U-
shaped (curvilinear) interaction, echoing the idea of yin-yang balancing mindset (Li, 2016) and
paradox literature (Schad et al., 2016; Smith & Lewis, 2011). By testing the nonlinear effects of
exploitation-exploration links on both radical and incremental innovations, this study provides a
richer and deeper view concerning the novel effect of exploration-exploitation link as partially
conflicting and partially complementary (Li, 2016). More specifically, this study helps reconcile
the mixed findings by shedding a new light on the enduring puzzle of ambidexterity (e.g., Lavie
et al., 2010; Miron-Spektor et al., 2018), thus extending the theoretical view of Li (2016) with
the detailed explanations about how exploration and exploitation interactively play both primary
and subordinate roles in two different scenarios: radical and incremental innovations. In other
words, adopting the meta-perspective of yin-yang balancing (Li, 2021), our novel approach
provides an alternative view about the hidden nature of exploration-exploitation ambidexterity

for the two distinctive goals of radical or incremental innovations.

Second, we advance innovation research by framing the exploration-exploitation duality as a
3



salient antecedent to innovation, extending the theoretical reasoning of Li (2016) and responding
to the call of Lauritzen and Karafyllia (2019) for innovation scholars to embrace more
paradoxical thinking beyond their suggestion concerning differentiation-integration integration.
Specifically, our study specifies a unique nonlinear approach to balancing exploratory and
exploitative learning for both radical and incremental innovations. While Li (2016) inspired us
about how exploration and exploitation may interact in asymmetrical and curvilinear ways, our
study offers the detailed elaborations in terms of underlying mechanisms for exploration and
exploitation to interact in an inverted U-shaped pattern, as well as the concrete evidence with a
large sample and a bunch of robust analyses. This is a novel approach to managing innovation
via the ambidextrous links between exploitation and exploration as the input or means of

learning for different innovations as the output or ends of learning modes.

Finally, this study enriches the current paradox research by demonstrating that any paradox
can be better managed as a duality in terms of reframing the paradoxical elements as partially
complementary and partially conflicting in an inverted U-shaped pattern of interaction, where
both positive and negative effects of paradoxical ambidexterity can be better explained and
managed by the novel mechanisms of partial separation and partial integration in contrast to
full separation and/or full integration (Li, 2016; Smets et al., 2015). In particular, this duality
model sheds unique light on the challenge of “maintaining an appropriate balance” between
paradoxical elements as “a primary factor in system survival and prosperity” (March, 1991: 71),
even though “the precise mix” as “optimal is hard to specify” (Levinthal and March, 1993: 105).
This is highly consistent with the emerging trend of reframing paradox as a special balancing
between opposite elements (Li, 2016; Schad et al., 2016), rooted in the meta-perspective of yin-
yang balancing (L1, 2021).

2. Theoretical Review and Hypotheses Development
2.1. The Lingering Debate: Exploration-Exploitation Link as Tradeoff or Synergy

As a multi-dimensional concept, organizational learning is analyzed on the dimension of
learning mode in terms of exploration and exploitation (March, 1991). Exploration indicates the
learning mode of discovering and developing novel knowledge; in contrast, exploitation refers to
the learning mode of refining and reusing the existing knowledge (Atuahene-Gima, 2005; Cao et

al., 2009). Hence, the essence of exploration is path-breaking experimentation with new options,



closely related to distant search, and the essence of exploitation is path-dependent enhancement

of existing options, closely related to local search (Lavie et al., 2010).

In the research streams on organizational learning and ambidexterity (e.g., Cunha et al.,
2019; Luger et al., 2018; March, 1991; Raisch et al., 2009), the fundamental consensus is that
exploration and exploitation are paradoxical or duality-based in nature in terms of “persistent
contradictions between interdependent elements” (Schad et al., 2016: 10). Scholars have adopted
various approaches to explaining and managing the exploration-exploitation paradox or duality,
which involve either separating (i.e., structurally or temporarily) or integrating (e.g., the
contextual approach for synergy) (Gibson and Birkinshaw, 2004; Lavie et al., 2010; Raisch et al.,
2009; Smith and Lewis, 2011).

The early approaches to the paradox of exploration-exploitation prioritize separation
(structurally in different spaces or domains or temporally at different times), thus neglecting the
need for integrating exploration and exploitation in the same space and at the same time (Raisch
et al., 2009). The later approaches adopt the contextual and other views to highlight integration,
thus downplaying the need for separation (e.g., Gibson and Birkinshaw, 2004). Hence, there is a
conspicuous absence of any balanced approach that embraces both separation and integration
(Li, 2016). The tension inherent in the learning paradox has caused lingering debates concerning
the exploration-exploitation link (e.g., Gupta et al., 2006; Lavie et al., 2010). One of
controversial issues is about how to explain the paradoxical link between exploitation and

exploration in terms of their interdependent effect.

There are two key reasons to reflect a potentially negative interaction (i.e., inherent tradeoft)
between exploration and exploitation. One is their direct competition for the limited resources in
terms of financial investment, human resource, and managerial attention allocated to different
modes (we may call it resource-competition effect) (Lavie et al., 2000). Another is the driving-
out effect, which derives from the habitual inertia or trap of over-reliance on one mode at the
expense of the other, especially the tendency in favor of exploitation as learning myopia
(Levinthal and March, 1993), and also the severe incompatibility between different mindsets and
routines needed for these two learning modes (Greve, 2007; March, 1991). This effect, which
Leonard-Barton (1992) referred to as capability rigidity, highlights the danger that favoring
exploitation at the expense of exploration can make firms incapable of effectively leveraging

external changes (Christensen et al., 2016). To minimize capability rigidity, an interaction
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between exploration and exploitation is necessary as a special form of complementarity for the

purpose of counter-balancing the driving-out effect.

In contrast, there are also sound reasons for a potentially positive interaction (i.e., synergy)
between exploration and exploitation. One is the spillover effect that exploration could create
new knowledge that a firm can exploit both currently and in the future; exploitation could also
produce knowledge to support exploration both currently and in the future (Lavie et al., 2010).
Another is the resource-complementarity effect, which highlights an interaction effect between
exploration and exploitation to enhance firm performance as it provides a potential to leverage
complementary knowledge and other shared resources (Cao et al., 2009). The related evidence
shows that exposing to both familiar (related to exploitation) and new (related to exploration)

designs leads to the most novel solutions (e.g., Berg, 2016).

Related to the positive and negative theoretical assumptions (see Appendix 1 for the
summary), the empirical studies have also reported mixed findings. While some scholars found
positive effect (e.g., Berg, 2016; Cao et al., 2009; Chu et al., 2011; Katila and Ahuja, 2002),
others had negative effect (e.g., Atuahene-Gima and Murray, 2007; Siren et al., 2012; See
Appendix 2 for the summary). Reflecting above mentioned complexity, the extant ambidexterity
research elucidates at least six distinctive views to link and manage the two learning modes. The
first view (i.e., structural ambidexterity) assigns the two learning modes to structurally separated
units within the firm and integrated them by top management teams (TMTs) (e.g., Tushman et
al., 2010). The second view (i.e., temporal ambidexterity) assigns the two learning modes to two
different stages engaged by a firm and sequentially adjusted by TMTs (e.g., Siggelkow and
Levinthal, 2003). The third view (i.e., domain ambidexterity) suggests that firms can fully
separate exploration from exploitation across different units within a firm, or different firms as
alliance partners (Lavie and Rosenkopf, 2006). Collectively, these three views focus on a shared
mechanism of full “separation” between exploration and exploitation in sub-domains, either in
different units of a single firm or in diverse firms, so as to avoid their negative interaction as

conflicting tradeoff.

The fourth (i.e., contextual ambidexterity) and fifth (i.e., leadership ambidexterity) views
share a similar assumption that exploration and exploration can be simultaneously integrated by
providing a supportive context characterized by stretch, discipline, support, and trust (Gibson

and Birkinshaw, 2004) or by adopting supportive leaderships (Jansen et al., 2016). The final view
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(i.e., resource ambidexterity) shows a potential to take exploration and exploitation as two
complementary resources (He and Wong, 2004). Collectively, the last three views focus on a
shared mechanism of “integration” of exploration and exploitation in a single firm so as to

leverage their maximum positive interaction as complementary synergy.

In sum, a shared inadequacy among all above views is that, while they acknowledge either
tradeoff or synergy, they implicitly assume exploitation-exploration interaction as linear due to
their focus on either separation or integration between paradoxical elements. Hence, all above
mentioned views neglect the third possibility with a curvilinear link between exploration and
exploitation (see Appendix 1 and 2 for more details) in the same space and at the same time. This
possibility implies that the two learning modes can result in both partial tradeoff and partial
synergy in a nonlinear pattern. To effectively explain this third possibility, a novel lens is
required to embrace and appreciate paradox (Schad et al., 2016; Smith and Lewis, 2011; L,
2014), especially by reframing paradox into duality as both partial conflicting (for partial
tradeoff) and partially complementary (for partial synergy) (Li, 2014, 2021).

2.2. A Novel Duality Model Rooted in the Yin-Yang Balancing

The extant paradox theory (Miron-Spektor et al., 2018; Putnam et al., 2016; Schad et al.,
2016; Smith and Lewis, 2011) provides a useful lens to help explain the synergistic potential for
coping with persistent tensions. At the core of a meta-theory, paradox refers to “persistent
contradiction between interdependent elements” (Schad et al., 2016: 10). Paradox can be framed
in various ways, such as dialectical synthesis (Harvey, 2014), negative and positive feedback
cycles (Stacey, 1995), an oscillation between opposite poles (Ashforth and Reingen, 2014), and
dynamic equilibrium (Smith and Lewis, 2011). The paradox approach was introduced to the field
of management by Cameron and Quinn (1998) as a special mindset to manage the inherent
organizational complexity, and it has been gaining increasing attention in recent years toward a
meta-theory (Schad et al., 2016). This paradox viewpoint echoes with the Eastern mindset of yin-

yang balancing.

Adopting the unique approach of yin-yang balancing, we treat the issue of ambidexterity as
combining both separation and integration in the same space and at the same time, which can be
done by framing separation and integration not as mutually exclusive to the full extent, but only

to a partial extent in terms of a holistic and dynamic balance. In other words, as shown in the



yin-yang symbol (Lewis, 2000; Smith and Lewis, 2011), the black and white components are
distinct from one another, but one being inside of the other with a partial overlap (Li, 2014,
2016), thus impossible to fully separate as completely contradictory due to the inherent nature of

paradox as a holistic entity (Cunha et al., 2019; Farjoun and Fiss, 2022).

Further, the meta-perspective of yin-yang balancing is potent for exploring complex and
ambiguous phenomena in need for an appreciation of paradox beyond a simple tolerance. This
meta-perspective has three core operating mechanisms (Li, 2014, 2016). First, after the partial
separation of opposites at the macro-system level, the interdependence and interpenetration of
opposites require one opposite element to play the dominant role in one spatial area or at one
temporal stage as the micro-unit, while the other opposite element must play the subordinate role
in the same micro-unit, which is called asymmetrical balancing. Second, the interaction and
inter-transformation of opposites trigger a dynamic shift in the relative status of opposites from
one asymmetrical balance to another through a threshold as the inflection or tipping-off point,
which is called transitional balancing. Third, the subordinate opposite will complement the
dominant opposite in an inverted U-curved 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; in contrast, it is the most
complementary (for synergy) and the least conflicting (for tradeoff) when it is at a moderate
level, which is called curvilinear balancing. Put it differently, the asymmetry between the
dominant and subordinate opposites should be neither too small (the most conflicting), nor too
large (the least complementary), thus a moderate level of asymmetry is the most effective when

the dominant is moderately high and the subordinate is moderately low (L1, 2016, 2021).

We posit that the yin-yang balancing approach to paradox can help move beyond either
“separation” or “integration” approach toward the complex interaction between exploration and
exploitation for tradeoff and synergy in the same area and at the same time. Coping with the
inherent tension between exploration and exploitation calls for the new lens to help reframe their
link as a duality, thus not only recognizing their apparent tradeoff but also considering their
potential synergy simultaneously (Miron-Spektor et al., 2018). Further, the new lens can help
explain that successfully accommodating contradictory demands could lead to an enhanced
sustainability by enabling learning and creativity, fostering flexibility and resilience, and
unleashing human potential by incorporating both tradeoff and synergy (Smith and Lewis, 2011).

In fact, there is often a healthy tension at the core of any creative process, so innovations tend to
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emerge from actively engaging with, rather than escape from, such tensions. This is consistent
with the original argument that “learning makes negative as well as positive contributions to
competitive position” so that “the precise mix of exploitation and exploration that is optimal is
hard to specify” (Levinthal and March, 1993: 105).

Further, by reframing paradox into duality according to the meta-perspective of yin-yang
balancing, we embrace the third possibility of balancing opposite elements as various mixes
within a spectrum, rather than categorical poles, thus offering the novel mechanisms of partial
separation and partial integration in contrast to full separation and full integration (Li, 2014,
2016; Smets et al., 2015). The defining nature of paradox requires opposite elements to be both
conflicting and complementary, so partial separation (for partial tradeoff) and partial

integration (for partial synergy) seem to be the most promising mechanisms.

This duality has two unique values. First, it can cover both tradeoff and synergy
simultaneously to meet the paradoxical requirements by the original model of exploration-
exploitation balance offered by March (1991). Second, it can enhance the original model by
incorporating resource complementarity as a new form of synergy. This is consistent with the
recommended approach to balancing heterogeneity with homogeneity to a moderate extent at
organizational (e.g., a mix of slow and fast learners with a balance between socialization and
turnover, March, 1991) and inter-firm levels (e.g., a mix of strong and weak ties in an inter-firm
network, Uzzi, 1997).

In sum, the yin-yang balancing approach to paradox posits that exploration and exploitation
can and should be balanced simultaneously in an interactive pattern, especially reframed as a
duality for partial tradeoff and partial synergy via the mechanisms of partial separation and
partial integration. Different from the prior linear mindset to perceive the interplay between
exploration and exploitation as either positive or negative (e.g., Benner and Tushman, 2003;
Katila and Ahuja, 2002), the yin-yang reframing from paradox to duality has the potential to
explain their curvilinear interaction. In the next session, we develop two specific hypotheses for
the inverted U-shaped effects of exploration-exploitation interaction on the two typical forms of

innovation, i.e., radical and incremental innovations.

Let us introduce a Chinese firm’s example about how it may leverage the notion of yin-yang

balance thinking to accelerate its new product innovation. When Tencent tried to create the



innovative WeChat product in 2011, some notion of yin-yang balancing thinking emerged. First,
at that time, Tencent decided to speed up its development of WeChat, after the rival firm —
Xiaomi pioneered a similar app called Mi-Chat. To do this, Tencent spurred three different
business units to simultaneously compete (in order to achieve exploration) and cooperate (in
order to transfer the know-how as a quick way of exploitation) for developing rival products in
the IM category, and then allowed the market to single out the winner (Murmann & Zhu, 2021).
That is, within each developing teams, exploration and exploitation are performed
simultaneously and complementarily to accelerate the innovation (note that since the main goal
is radical innovation, exploration is the leading force). After realizing the possible potential of
WeChat prototype, the top executives of Tencent immediately poured the needed resources
toward the WeChat project, including valuable knowledge from all parallel R&D teams to
support the project in a cooperative manner. Founder Pony Ma once reflected, “In the history of
Tencent's development, several major product innovations that determined its fate, such as
Qzone and WeChat, came from independent breakthroughs at the middle and grassroots levels,
especially the horse-racing mechanism formed within Tencent.” This is consistent with our
hypothesis that exploitative learning should play a subordinate role to complement the force of

exploration.

Second, the routine and managerial philosophy of exploitation and exploration as yin-yang
duality in product development is welcomed in the firm. For instance, besides appropriating the
value of existing products (as exploitative purposes), Tencent has always grants business units
(and developing teams) significant autonomy and resources to develop new products, even if the
new products were beyond their duties (as exploratory purposes). This is the main reason why
the WeChat team, though responsible for email products rather than instant-messaging apps, was
allowed and encouraged to develop WeChat (which looks more like a next instant-messaging app
instead of an email app). Pony Ma, Tencent’s Chairman, specifically highlighted two principles
in his innovation philosophy: redundancy emphasizes competition between parallel teams, while
collaboration emphasizes cross-team cooperation. In our framing, redundancy highlights
exploratory learning as strong at the early stage as reflected by parallel competition, while
collaboration highlights the interplay between exploratory and exploitative learning at the later

stage as reflected by cross-team collaboration.

Third, due to the parallel development mode is bound to spend more organizational
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resources, thus the cost of redundancy in terms of the waste of resources, so Tencent's top
decision-makers will weigh the pros and cons with a general rule: if the R&D target is
incremental innovation, which has a high predictability and controllability, a firm will reduce the
use of parallel development mode so as to concentrate resources in a single team toward
exploitation, supplemented by a limited amount of exploratory learning. In contrast, when the
R&D target is radical innovation like WeChat, the parallel development mode will be more
adopted, and multiple R&D teams will simultaneously compete (as a way of exploration) and

cooperate (as exploitation in terms of sharing the existing know-how).
2.3. Exploration-Exploitation Interaction for Radical Innovation

The extant literature reveals two primary ways to view the link between learning mode (i.e.,
exploration and exploitation) and innovation type (i.e., radical and incremental innovations). The
first way assumes an independent or separated effect of learning mode on innovation type to the
extent that exploration is solely related to radical innovation, while exploitation is only
associated with incremental innovation (Atuahene-Gima, 2005). The second way assumes an
interaction effect of learning modes on innovation type to the extent that such an effect is linear,
either positive or negative (e.g., Berg, 2016; Cao et al., 2009; Chu et al., 2011; Katila and Ahuja,
2002). Distinctive from the above two prevailing ways, we propose a third way by reframing

paradox into duality to shed new light on the lingering debates over ambidexterity.

Specifically, in line with the yin-yang balancing approach to paradox (i.e., the duality lens),
especially the salient mechanism of curvilinear balancing, we propose that exploration will play
a dominant role in the overall process of radical innovation, but this dominant role must be
supplemented by the supporting role of exploitation up to a threshold in a nonlinear pattern as the
yin-yang balancing view suggested. In other words, the main effect of exploration on radical
innovation is expected to be the strongest when exploitation is at a moderate level, but such a

link will be weaker when exploitation is at a low or high level.

Our argument is built upon a set of reasons. First, by default, radical innovation requires
path-breaking learning to creatively destruct the existing paradigm by substituting it with a new
paradigm or new direction (Zhou and Li, 2012). Some empirical studies support the argument
that exploration contributes positively to radical innovation (e.g., Atuahene-Gima, 2005). As

suggested by the meta-perspective of yin-yang balancing, however, it is insufficient to focus on
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the role of exploration alone, thus necessary to take the role of exploitation as a supportive force
to complement the main role of exploration into consideration for radical innovation. In other
words, it will provide a more holistic picture if we combine and integrate exploration with
exploitation for their asymmetric interaction effect on radical innovation. Specifically, the
knowledge-based view suggests that novel innovations tend to emerge from a critical process of
knowledge recombination involving both exploratory and exploitative learning (Quintane et al.,
2011). Further, the effects of knowledge spillover, resource complementarity, and counter-
balance mentioned above all imply the value of exploitation in support of exploration for radical

innovation.

Second, when exploitation is too low or weak, the proper balance between exploration and
exploitation as partially complementary for synergy cannot be achieved. Exploration without the
support from exploitation at a sufficient level cannot maximize its contribution to radical
innovation. Specifically, radical experimentations without their follow-up refinements tend to
reduce the overall effectiveness due to the decreasing reliability (Smith and Tracey, 2016), and
possible information overload (Martin and Mitchell, 1998). Further, weak exploitation may result
in a lack of necessary base or pool for successful knowledge recombination (Amabile, 1996), and
also a lack of absorptive capacity for leveraging both new and old knowledge into radical
innovation (Cohen and Levinthal, 1990; Seo et al., 2015). Moreover, relying solely on the
exploration teams may lead to more parallel exploration without sufficient focus and follow-up
improvements. In short, when exploitation is too low or weak to support exploration, the main

effect of exploration on radical innovation will be constrained.

Third, when exploitation is too high or strong, the proper balance between exploration and
exploitation as partially complementary for synergy cannot be achieved. When exploration and
exploitation are both strong in a mix, the risk of driving-out effect will increase dramatically
since strong exploitation tends to reverse its supporting or subordinate role into a competing or
dominant role, thus difficult to integrate the two learning modes for any task in a coordinated
manner. Such driving-out effect are found by Atuahene-Gima and Murray (2007). In this case,
managers must directly face the escalating resource-competition problem not only in terms of
physical or financial resources but also in terms of managerial attention (Lavie et al., 2010;
March, 1991). Further, the short-term gains of quick return and low risk associated with

exploitation will gradually induce managers to reduce the synchronous devotion to exploration
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(Christensen et al., 2016) as learning myopia (Levinthal and March, 1993), which will eventually
result in a decline in radical innovation. Christensen and Bower (1996) also advocated that
beyond a certain point, exploitation will hinder the positive effect of exploration for radical

innovation performance.

Only when exploitation is at a moderate level, the best balance between exploration and
exploitation can be achieved as a healthy tension (Li, 2016) as yin-yang balancing mindset
advocated such curvilinear and asymmetric interaction. Such a balance will have the benefit of
creating novel knowledge for radical knowledge recombination (Miron-Spektor et al., 2018)
without the unnecessary risk of competing for limited resources. When exploration and
exploitation interact in such an asymmetrical manner in the same space and at the same time, the
potential for exploitation to support and complement exploration will be realized to enable
radical innovation by ensuring a smooth process of developing new ideas first and then
leveraging them into radical innovation, while the risk of exploitation as a competing force to
substitute exploration can be minimized within a controllable range. In addition, complementary
exploitation can assist firms in evaluating distant knowledge and therefore in reducing the
possibility of costly wrong paths when they explore in new fields (Brockman and Morgan,
2003). Consequently, we develop our first hypothesis about the inverted U-shaped interaction

effect on radical innovation as follows (see Figure 1a for a specific illustration):

H1: The positive relationship between exploration and radical innovation is the strongest
when exploitation is at a moderate level, but this link is weaker when exploitation is at a low

or high level.

2.4. Exploration-Exploitation Interaction for Incremental Innovation

Similarly, in line with the yin-yang balancing approach to paradox, especially the salient
mechanism of curvilinear balancing, we propose that exploitation will play a dominant role in
the overall process of incremental innovation, but this dominant role must be supplemented by
the supporting role of exploration up to a threshold in a nonlinear pattern as the yin-yang
balancing view suggested. In other words, the main effect of exploitation on incremental
innovation is expected to be the strongest when exploration is at a moderate level, but such a link
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will be weaker when exploration is at a low or high level.

Our argument is again built upon a set of reasons. First, by default, exploitation requires
path-dependent learning to refine and strengthen the existing paradigm by supplementing it with
an efficient application and further development of existing knowledge base (Raisch et al.,
2009). Several studies have found the direct evidence that exploitation can contribute to
incremental innovation (e.g., Atuahene-Gima, 2005). As suggested by the meta-perspective of
yin-yang balancing, however, it is insufficient to focus on the role of exploitation alone, thus
necessary to take the role of exploration into consideration for incremental innovation. In other
words, it will provide a more holistic picture if we combine and integrate exploitation with
exploration for their interaction effect on incremental innovation. Specifically, incremental
innovation is not only in need for an improvement in existing knowledge base (Piao and Zajac,
2016), but also in need for the new knowledge from exploration (Baskarada and Watson, 2017).
Adding novel knowledge elements from exploration to the existent knowledge bases often
provides new possibilities for knowledge combining in a novel way (Brockman & Morgan,
2003). Further, all the effects of knowledge spillover, resource-complementarity, and counter-
balance as mentioned before imply the value of exploration in support of exploitation for

incremental innovation.

Second, informed by the notion of yin-yang balancing, when exploration is too low or weak,
the proper balance between exploitation and exploration as partially complementary for synergy
cannot be achieved. Exploitation without the support from exploration at a sufficient level cannot
maximize its direct contribution to incremental innovation. Specifically, refinements without the
help from breakthroughs tend to exhaust the potential for continuous improvement on a
sustainable basis (Katila and Ahuja, 2002; Piao and Zajac, 2016), since there is a natural limit to
the number of new combinations that can be created by using the same set of knowledge element
from exploitation (Katila and Ahuja, 2002), so exploration at a sufficient level is necessary to
support the dominant role of exploitation for the goal of incremental innovation. That is there is a
high risk that relying solely on exploitation may lead to improvement instead of incremental
innovation. In short, when exploration is too low or weak to support exploitation, the main effect

of exploitation on incremental innovation will be naturally constrained.

Third, when exploration is too high or strong, the proper balance between exploitation and

exploration as partially complementary for synergy cannot be achieved. When exploitation and
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exploration are both strong in a mix, the risk of driving-out effect will increase dramatically
since strong exploration tends to reverse its supporting or subordinate role into a competing or
dominant role, thus difficult to integrate the two learning modes for any task in a coordinated
manner. In this case, managers must face the escalating resource-competition problem not only
in terms of physical or financial resources but also in terms of managerial attention (Lavie et al.,
2010; March, 1990). Further, new knowledge gained from exploration could be too different
from the existing knowledge base with a large gap in the absorptive capacity so as to hinder the
leverage of both new and old knowledge for incremental innovation (Cohen and Levinthal, 1990;
Zhang et al., 2010). Similarly, the coordination and integration of distant knowledge acquired by
exploration attempts cost managerial resources, and beyond a certain level, such cost may

outweigh the benefits role of exploration to support exploitation.

Only when exploration is at a moderate level, the best balance between exploitation and
exploration can be achieved as a healthy tension (Li, 2016). Such a balance will have the benefit
of facilitating practical solutions for incremental innovation without the unnecessary risk of
competing for limited resources. When exploitation and exploration interact in such an
asymmetrical manner in the same space and at the same time (like the interaction of yin and
yang), the potential for exploration to support and complement exploitation will be realized to
enable incremental innovation by ensuring a smooth process of absorbing new ideas into the
existing knowledge base, and then leveraging both new and old knowledge for the goal of
incremental innovation (Hargadon and Fanelli, 2002), while the potential risk of exploration as a
competing force to substitute exploitation can be properly minimized and manageable within a
controllable range. The evidence shows that the involvement of exploration in the process of
incremental innovation can indeed reduce the rigidity, functional fixedness, and myopia of
existing knowledge (Levinthal and March, 1993; Montag-Smit and Maertz, 2017). Consequently,
our second hypothesis is about the inverted U-shaped interaction effect on incremental

innovation as follows (see Figure 1b for a specific illustration):

H2: The positive relationship between exploitation and incremental innovation is the
strongest when exploration is at a moderate level, but this link is weaker when exploration

is at a low or high level.
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[Insert Figures 1a and 1b about here]

3. Methodology
3.1. Sample and Data Collection

To test our predictions, the sampling firms were all from China and were randomly chosen
from the name-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 provinces in China, including Shaanxi, Henan, Guangdong,
Jilin, Jiangsu, 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 constructed a questionnaire from the existing literature. The questionnaire was first in
English version and then translated into Chinese, and the Chinese scales were back-translated
into English by a third party to check the accuracy and consistency of the translation. A pilot test
was engaged with a group of 18 EMBA students with extensive managerial experience, whose
responses were deleted from the final study. These EMBA students in the pilot test were asked to
carefully read the questionnaire about its clarity and fitness (Dillman, 1978). The questionnaire

was then revised based upon the feedbacks from it.

For our data collection, the method of face-to-face data collection was used. 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 two respondents finished the questionnaire. Although this method is costly, we chose it over
other methods of online or mail survey for the purpose of enhancing data quality and reliability
by providing the on-site clarification; avoiding the situation where a busy executive may
delegate the questionnaire to his/her secretary, and ensuring the completion of the questionnaire
without the missing data. This method was possible because we conducted this survey with the
generous assistance and collaboration from local government officials. The government officials
were highly cooperative because they wanted to take the survey as a good chance to learn about

the business practices in the domain of organizational innovation, which was one of the top
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priorities of the goals of Chinese government 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 same 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. We do this in order to obtain the results of two questionnaires from
two leading executives in one enterprise, thus reducing the common method bias caused by all
the answers to the questions coming from the same person. Hence, two informants, CEO and
COQO, separately responded to the survey. After the CEO and COOQ 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 (while this is unlikely since COO often executes the strategies
from CEO, some differences in judgement do occur between CEO and COOQ), there was a further
inquiring procedure to clarify such a difference. Hence, we got two questionnaires from each
firm via the help of their top managers. After the date collection, an inter-rater reliability analysis
was performed (Powell, 1992). The analysis of variance test showed that all scores of items did
not differ significantly. Finally, by selecting the data of the independent and control variables
from Version A and the data of all dependent variables from Version B, we compiled our final

dataset.

In total, 750 enterprises were contacted, of which 616 enterprises delivered the relevant
information, among which 108 were later dropped for such reasons as incomplete data. As the
result, a total of 508 firms provided the required data with an effective response rate of 67.7%
(=508/750). In China, having good ties with state agencies may enhance the likelihood of
improving a firm’s legitimacy perceived by political agencies and help it gain access to rare
resources and favorable policies more readily; most firms want to develop good ties with the
state. With the direct help of the local state agencies, we were able to get a very high response
rate (compared with the response rate from those without such help) because most of the firms
involved were willing to take part in our face-to face survey so as to leave good impressions with
the state agencies. It should be noted that the state agencies did not participate in any data
collection and analysis process, except for the initial introduction to those firms involved, and the
results of the project would not directly affect the policies of the local states, so our research did

not suffer from any conflict of interest. As the surveys were completed by the top executives of
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firms with limited time to spare, this response rate was truly high.

Non-response bias was also tested (Armstrong & Overton, 1997). We compared the non-
responding and responding firms along major attributes (we got the attributes of non-responding
firms from the databases of government institutions), such as firm size, age and ownership status
by using the #-tests. All ¢-statistics were insignificant, which indicated the non-response bias was

not a serious issue.

Common method variance (CMV) was also checked. By getting two responses from the
same firm and creating the dataset by measuring the independent and control variables in Version
A and measuring dependent variables in Version B, we greatly reduced the possibility of CMV
(Podsakoff et al., 2003). We also performed Harman’s one-factor test (Podsakoff and Organ,
1986). The result of rotated component matrix showed no general factor. Hence, we were
confident that CMV was unlikely to be a problem in our dataset. Further, a confirmatory factor
analysis was also performed to test CMV (Menon et al., 1996). A measurement model was
assessed by linking all variables to a single factor. This model did not fit the data well,
suggesting that CMV was unlikely to be a problem here. Table 1 showed the means and standard
deviations of key variables and correlations. All the 17 dummies (i.e., size dummies, location

dummies, and industry dummies) are omitted from Table 1.
[Insert Table 1 about here]

3.2. 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]

3.2.1. 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 et al., 2008; Li et al., 2017). Specifically, our scale for
radical innovation had five items, and our scale for incremental innovation had four items. We
asked the respondents to offer their subjective assessment of radical and incremental innovations
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because the literature indicated that the subjective measures were highly correlated with the
objective measures of innovation outcomes, such as patent count and new product count (Song
and Parry, 1996), and the top managers can more easily judge the outcomes of their innovation

via this assessment. We used a five- point Likert scale for these measures.

Similarly, our scales to measure exploration and exploitation were also adapted and
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 additive main effects, but also their multiplicative

interaction effects on both innovation types (Lavie et al., 2010).
3.2.2. Control Variables

We also added some control variables to the regression model that explain the variance of
the firm’s radical/incremental innovation. First, we adopted firm age as a control variable,
measuring by the natural logarithm of the number of years since the firm’s birth; firm age is
relevant as young and old firms may have different attitudes towards risk and routines as firm
life cycle theory proposed. Second, in light of the literature about the impact of external factors
on organizational innovation, the environmental factors of demand turbulence and government
support were also chosen as control variables, as contingency theory highlighted the impact of
environment to stimulate firm innovation. Demand turbulence was perceived as emerging yet
risky opportunities to provoke innovation (Tsai and Yang, 2013). Government support was
perceived as the state policies in support of innovation (Li and Zhang, 2007), which are
especially critical in the emerging markets, such as China (Liu and White, 2001). Further, two
organizational factors were also added as control variables. On one side, the entrepreneurial
orientation literature has established that innovation outcomes are positively related to firm
proactiveness (Dess and Lumpkin, 2005). On the other side, innovation supportive climate has
been argued to foster employee creativity, individually or as a team, that further improves
organizational innovation (Khazanchi et al., 2007). To measure these contextual variables, the
respondents were asked to indicate the extent of the following: for instance, “predicting changes

99,

in customer preference is not easy”; “the governments have implemented supportive policies for

99, ¢

firm innovation”; “our firm tends to take bold actions before our competitors”, and “our firm has

a good internal climate for supporting innovation behaviors.” Then, province dummies may be
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included to control for the unobserved effects of subnational variations in market developments
and institution. Hence, we adopted five location dummy variables to control for location
dummies. Size dummies are also added. Finally, our sample firms included 9 industries, including
agriculture, biotechnology, manufacturing, software, among other industries, thus industry

dummies are added.
3.3. Reliability and Validity Analysis

Reliability measures the inter-item consistency of our constructs, which was assessed using
the Cronbach’s alpha (Cronbach, 1951). As reported in Table 2, alpha values of all constructs
were well above 0.7. Further, we also calculated composite reliability (CR) to assess the
reliability (Bagozzi and Yi, 1990). A CR value that greater than 0.70 may indicate the sufficient
reliability. As shown in Table 2, all constructs had CRs greater than 0.70.

A 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 (Fornell and Larcker, 1981). As we can see from Table 2, all the loadings of items were
well above 0.7. Additionally, the significant ¢-values for the individual paths also provided strong

evidence of convergent validity.

Discriminant validity is the degree to which measures of each latent construct are uniquely
enough to be distinguished from other constructs. Therefore, the correlation between each pair of
constructs should be less than the square root of AVE for each construct (Fornell and Larcker,
1981). As shown in Table 1, none of the correlations between two constructs is higher than the

square root of AVE for each construct, providing strong evidence of discriminant validity.
3.4. Regression Analysis

We used SPSS 13.0 to do the hierarchical regression analysis. We checked our data for
possible violations of normality assumptions, significant outliners, and other problems. We
found no significant violations. We mean-centered all the variables to minimize the possible
threat of multi-collinearity (Aiken and West, 1991). The VIF value was all below the
recommended cut-off of 10 (Neter et al., 1985).

4. Findings

Table 3 reported the results of the regression analysis. The dependent variable was radical
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innovation for Models 1-3. The overall Chi-Squares for all four models indicated the significant
explanatory power. In Model 1, all the control variables were added. In Model 2, the findings
showed that exploration was positively related to radical innovation (f = 0.175, p <0.001) as
well as the statistically positive effect of exploitation on radical innovation (f = 0.089, p <0.01).
These results implied the positive impact of exploration and exploitation on radical innovation,
satisfying the baseline effects of exploration and exploitation. Finally, in Model 3, the finding
showed that exploitation moderated the exploration-radical innovation link in an inverted U-
shaped pattern (B =0.127, p <0.001; B Square = - 0.164, p < 0.001), which strongly supported
Hypothesis 1.

Meanwhile, the dependent variable was incremental innovation for Models 4-6. The overall
Chi-Squares for these models indicated the significant explanatory power. In Model 4, the
control variables were added. In Model 5, the findings showed that exploration was positively
related to incremental innovation (B = 0.155, p <0.001) as well as the statistically positive effect
of exploitation on incremental innovation (p = 0.146, p < 0.001). These results implied the
positive impact of exploration and exploitation on incremental innovation, satisfying the baseline
effects of exploration and exploitation. Finally, in Model 6, the finding showed that exploration
moderated the exploitation-incremental innovation link in an inverted U-shaped pattern (p =
0.093, p<0.01; B Square =- 0.121, p <0.01), providing a strong support for Hypothesis 2. You
may also see Figures 2a and 2b for the support of the two hypotheses.

Figure 2a demonstrates how the relationship between exploration and radical innovation
varies across different levels of exploitation. To create this figure, the regression equation
predicting radical innovation was examined at different levels of exploitation. The vertical axis
of the graph represents values for the standardized regression coefficient for exploration
predicting radical innovation, and the horizontal axis represents values for exploitation (after
standardization). As shown in the figure, there is an inverted U-shaped relationship between
exploration and radical innovation across increasing levels of exploitation. The coefficient is the
highest when exploitation is at the intermediate level compared with when exploitation is either

too small or too large. These results thus support Hypothesis 1.

Figure 2b illustrates an analogous inverted U-shaped relationship between exploitation and
incremental innovation across increasing levels of exploration. The coefficient is the highest

when exploration is at the intermediate level compared with when exploration is either too small
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or too large. The figure, together with the significant quadratic interaction terms, provide

empirical supports for Hypotheses 2.

[Insert Table 3 about here]

[Insert Figures 2a and 2b about here]

Additional analysis. (1) After recheck our 508 samples, 2 out of 508 firms focus purely on
exploitation, and 1 out of 508 firms focus purely on exploration (and we find that these three
firms also report low performance in both two types of innovation). As the percentage (3/508 =
0.0059) is too small, it is hard to judge empirically why these situations take place (Based on the
low performance of their innovation performance, we can guess that these three companies did
not participate in innovation activities and only carried out their routine business). Further, when

we delete these 3 samples, our regression results still hold.

(2) Comparison the innovation performance in young vs. old firms, and small vs. large firms.
Empirically, we adopt and perform t-tests and find that younger firms, compared with older firms
tend more to engage in both radical innovation (F = 5.732, p <0.05) and incremental innovation
(F =4.083, p <0.05). For the relation between firm age and innovation, existing literature
showed mixed predictions. While some literature following Schumpeter suggested large firms
with sufficient resources and capabilities are more capable of innovation, scholars in the other
camp proposed opposite results (Acemoglu & Cao, 2015; Bianchini et al., 2015) due to the
reasons like less routinization and more flexibility. Thus, our finding echoes the latter camp.
Meanwhile, the difference in t-tests of the tendency of small firms and large firms of our samples

engaging in radical innovation and incremental innovation are both insignificant.

5. Discussion and Conclusion

Inspired by the reframed lens from paradox to duality according to the meta-perspective of
yin-yang balancing, our duality model of exploration-exploitation interaction can effectively
explain why and how the two learning modes are applicable simultaneously to the specific goals
of both radical and incremental innovations in novel patterns, especially the interaction effect of
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exploration-exploitation balance in the inverted U-shaped curvilinear patterns. Our duality model
can enrich the original model of learning (Levinthal and March, 1993; March, 1991) and also the
subsequent research on ambidexterity (e.g., Chen, 2017; Lavie et al., 2010), especially by
opening the black box of exploration-exploitation balance so as to shed light on the lingering
debates over ambidexterity.

4.1. Theoretical Contributions and Implications

This study has made three unique contributions to the body of knowledge in three areas, i.e.,
ambidexterity, innovation, and paradox. First, we contribute to the research on organizational
ambidexterity by reframing the prevailing views about a linear link (either positive or negative)
between exploration and exploitation into a nonlinear link (the third pattern of inverted U-shaped
interaction), echoing the idea of yin-yang balancing mindset (Li, 2016) and paradox literature
(Schad et al., 2016; Smith & Lewis, 2011). By testing the complex nonlinear effects of
exploitation-exploration interaction on both radical and incremental innovations, this study offers
a richer and deeper view concerning the simultaneously complementary and conflicting effects
of exploration-exploitation interaction so as to reconcile the mixed findings with new light on the
puzzle of ambidexterity (e.g., Lavie et al., 2010; Tushman et al., 2010). In other words, our

duality model opens the black box of exploration-exploitation ambidexterity.

Distinctive from the prior linear mindsets, our new duality model provides a more nuanced
understanding about a nonlinear exploration-exploitation link at the core of ambidexterity so as
to remedy the inherent biases of the two linear camps of organizational ambidexterity with their
exclusive focus on either tradeoff or synergy. Our third option with an inverted U-shaped pattern
can help reduce current ambiguities about the paradoxical roles of learning (Zacher et al., 2016).
In particular, by revealing the primarily endogenous form of synergy (i.e., the effect of resource
complementarity as a counterbalance to offset the driving-out effect) as a positive interaction
between exploration and exploitation, our duality model has the potential to integrate the two
linear camps of ambidextrous views (e.g., He and Wong, 2004; Lavie et al., 2010; Siggelkow
and Levinthal, 2003) by reframing them into their updated versions to embrace an endogenous
interaction for synergy (i.e., resource complementarity) as well as an exogenous intervention via
both mechanisms of partial integration and partial separation (i.e., spatial and temporal balances
up to a threshold in an inverted U-shaped pattern). Future research on ambidexterity can benefit

from the proposed novel nonlinear mindset at the core of our duality model. In particular, this
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duality model sheds light on the challenge of “maintaining an appropriate balance” between the

paradoxical elements as “a primary factor in system survival and prosperity” (March, 1991: 71),
even though “the precise mix” as “optimal is hard to specify” (Levinthal and March, 1993: 105).
In particular, this has the potential to shed light on the managerial practices in the context of

China, reflected in the metaphor of “Haier as the sea” (Li, Zhou and Zhou, 2016; Xing, 2016).

Second, we advance innovation research by framing the exploration-exploitation duality for
learning mode as a salient antecedent to innovation. Specifically, our study evokes a combined
pattern of two unique mechanisms for exploration-exploitation interaction in terms of partial
separation and partial integration with their balancing effects on both radical and incremental
innovations. Beyond the dominant focus of innovation research on the independent role of
exploration or exploitation for radical or incremental innovation (e.g., Atuahene-Gima, 2005;
Rothaermel, 2001), we emphasize the integrative effects of exploitation and exploration on both
radical and incremental innovations, especially the mechanisms of partial separation for partial
tradeoff and partial integration for partial synergy in a curvilinear pattern. This is a novel
approach to managing organizational innovation via the paradoxical interactions between

exploitation and exploration as the core input and different innovation types as the core output.

By integrating the ambidexterity literature with the innovation literature, this study seeks the
in-depth understanding about how to achieve the best innovation outcomes by establishing a core
link between learning mode (i.e., exploration and exploitation) and innovation type (i.e., radical
and incremental innovations). First, as learning involves knowledge input, the incompatibility
between different learning modes tends to be much weaker than that between different material
resources, so the potential for information sharing across the learning modes is higher than that
across material resources. Second, this study posits that varying asymmetrical gap between
exploration and exploitation is the underlying force for nonlinear effect, and its threshold from
being positive to negative is critical to effective innovation, which extends the research on the

complex links between learning mode and innovation type (Lavie et al., 2010).

Third, this study enriches the current paradox research by demonstrating that any paradox
can be better managed as a duality by reframing opposite elements as partially complementary
and also partially conflicting in an inverted U-shaped pattern, where both positive and negative
effects of paradoxical ambidexterity can be better explained and managed by the mechanisms of

partial separation and partial integration in a salient contrast to the traditional mechanism of full
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separation or full integration. The unique duality model, deriving from the meta-perspective of
yin-yang balancing as rooted in the oldest Chinese philosophies (Li, 2016), lies in its special
capability of reframing all paradoxes, such as diversity-unity, centralization-decentralization,
stability-change, competition-cooperation, and global-local, into manageable dualities in terms of
their effective balances (cf. Smith and Lewis, 2011; Zacher et al., 2016). This reframing is made
possible by the differentiation between paradox and duality, with the former as a strong form of
contradiction requiring tension tolerance and tension reduction (thus the greater need for
separation), while the latter as a weak form of contradiction in terms of a manageable balance
between tension and harmony (thus both separation and integration in balance for both partial
tradeoff and partial synergy, Li, 2016, 2021).

Our duality model strongly suggests that reframing paradox into duality is salient for the
deeper understanding about exploration-exploitation interaction as a valuable approach to the
study of ambidexterity not only as more holistic in the sense that tension can be healthy, but also
more dynamic in the sense that we can apply specific mechanisms to tension management. The
theme of nonlinear pattern of interaction with a threshold or inflection point deserves an urgent,
yet promising, attention in future research (Li, 2016, 2021). This is perhaps one of the most
salient issues for the best possible exploitation-exploration balance in particular and all
paradoxical balances in general (Papachroni et al., 2016; Smets et al., 2015). In a recent review,
Schad and colleagues (2016) explicitly explained the underlying distinction between paradox and
duality, with the latter more devoted to integration, while the former more devoted to separation.
In this sense, reframing paradox into duality is central to the enrichment and possible integration
of diverse management theories. For example, the duality model may help integrate the streams
on ambidexterity and dynamic capability, with exploration related to “sensing ability”” and
exploitation related to “seizing ability” (cf. March, 1991; Teece, 2007).

4.2. Limitations

Despite the above contributions and implications, this study has following limitations. First,
given our purpose about the simultaneous balance in spatial terms, we adopted a cross-sectional
design. This design cannot test the balancing mechanism of temporal transitions between
exploitation and exploration (e.g., Chen and Katila, 2008), or the longitudinal effect of tradeoff
or synergy (e.g., Lavie et al., 2010). In addition, this design cannot address the problem of

causality which calls for future longitudinal studies. Second, this study had only a single-country
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design. With this design, this study cannot claim the generalizability of the findings in other
contexts. Moreover, future studies may verify the robustness of results using other dependent
variables (like the objective measures from patent or new product sources). Relatedly, the A R for
the independent variables in our model is relatively small, which needs further exploration.
Third, this study only focused on the level of a single firm without examining the level of inter-
firm alliance, so we cannot directly compare the possible interaction between firm-level learning
and inter-firm learning (cf. Rothaermel, 2001). Fourth, this study does not focus on the reasons
why some firms are more capable of performing paradoxical learning than others, thus possible
antecedents to paradoxical learning, such as cognitive flexibility, are not added into the model
(Good and Michel, 2013). Future research should address the above limitations. Finally, when
considering the different impact of environmental turbulence, the balance of exploration-
exploitation may shift more towards exploration in order to enhance external adaptability.

Further studies may test such predictions with the new data.
4.3. Conclusion

There is a broad recognition that the paradox of exploration-exploitation link is one of the
most challenging puzzles in the management field (March, 1991; Miron-Spektor et al., 2017).
Despite the diverse attempts to address it as ambidexterity, there is little consensus on how to
manage this paradox for its maximum potential. To approach this issue from a novel duality lens
rooted in the meta-perspective of yin-yang balancing, this study has reframed the paradox of
learning into the duality of learning for the balanced dual goals of partial tradeoff and partial
synergy via the balanced dual mechanisms of partial separation and partial integration, which is
reflected in a curvilinear pattern. Hence, a novel duality model of exploration-exploitation link
has been proposed and also tested, with a special focus on an inverted U-shaped pattern about the

complex effects of exploration and exploitation on radical and incremental innovations.

The central theme of this study is that any paradox can be reframed into a duality toward a
holistic and dynamic balancing between the opposite elements with partial tradeoft and partial
synergy in an inverted U-shaped pattern of interaction. Such a paradoxical interaction is made
possible by the specific mechanisms of partial separation to manage partial tradeoff and partial
integration to manage partial synergy. Future studies are encouraged to specify the tipping off or
inflection point as the threshold in the curvilinear pattern of exploration-exploitation link to best

manage this interactive process, and also specify the necessary and sufficient contexts as the
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boundary conditions for the optimum balance between exploitation and exploration in particular
and all paradoxical opposites in general, not only for the goals of incremental and radical

innovations, but also for other organizational goals such as financial and non-financial goals as

well as short-term and long-term goals.
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Figure 1a. The Illustration of Hypothesis 1 (Exploitation as the moderator)
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Figure 1b. The illustration of Hypothesis 2 (Exploration as the moderator)
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c
Oy |

=N

>

o

C .
£ -
®O | :
ST - .
=1 |
| DN ;
5 | T e .
S | T |
: o :
E‘— T |
5 IURREL o E
: - o E
: -
c

0

T

=

_0 .

o

3

t}

c

3o

=

o

o

2

“uwn

2o

Q | 1 I I T T
=

a 1 5 Y | 4 5
g Exploration

Figure 2b. The result of relationship between exploitation and incremental innovation across increasing levels of

exploration (with 95% confidence interval).

35



Table 1: Means, Standard Deviations and Correlations

1 2 3 4 5 6 7 8 9
1 Firm age 1
2 Firm proactiveness -.047 1
3 Demand turbulence -.020 .098(*) 1
4 Government support .010 .065 .158(**) 1
5 Supportive climate -.070 .258(**) 159(**) .200(**) 1
6 Exploration -.093(*) 174(%%) 139(%)  .191(*¥) 247(*%) 846
7 Exploitation -.008 151(**) .068 178(**) 330(**%) 544(*%) 775
8 Radical innovation - 125(*%) 275(*%) 204(*%%)  287(*%) 374(*%) 377(*%)  .313(*%)  .860
9 Incremental innovation -.083 248(*%)  124(*%)  221(%%) A63(**) 357(*%)  .362(**)  .693(**) .83l
Mean 2.27 3.37 3.41 3.17 3.65 3.48 3.70 332 3.44
Standard deviations 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.
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Table 2: Items, Reliability and Validity Analyses

Items in the Questionnaire Alpha
Learning inputs:

Exploration (for the last 3 years) [Source from: Atuahene-Gima, 2005] 0.910
“Acquiring manufacturing technologies and skills entirely new to the firm”

“Learning product development skills and processes entirely new to the industry”

“Acquiring entirely new managerial and organizational skills that are important for innovation efficiency and effectiveness”
“Learning new skills in key innovation-related areas for the first time”

“Strengthening innovation skills in areas where it had no prior experience”

Exploitation (for the last 3 years) [Source from: Atuahene-Gima, 2005] 0.832
“Upgrading current knowledge and skills for familiar products and technologies”

“Enhancing skills in exploiting mature technologies improving productivity of current operations”

“Enhancing competencies in searching for upgrading solutions to customer problems”

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

“Strengthening knowledge and skills for projects that improve efficiency of existing activities”

Innovation outcomes:

Radical innovation [Source from: Dewar and Dutton, 1986; Li et al., 2008; Li et al., 2017] 0912
“Our firm create more radically new products than our competitors”

“Our firm introduce more radically new concepts and functions in products than our competitors”

“Our firm often develop and introduce completely new technologies successfully into the industry”

“Our firm is often the creator of new techniques and procedure skills”

“Our firm often introduce completely new products in the new market”

Incremental innovation [Source from: Dewar and Dutton, 1986; Li et al., 2008] 0.851

“Our firm create more variations in our existing products than our competitors”

Loading

0.814
0.846
0.844

0.877
0.851

0.776
0.807
0.798
0.753
0.739

0.858
0.881
0.837
0.867
0.860

0.855

CR AVE
0.926 0.716
0.882 0.601
0.934 0.740
0.899 0.691
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“Our firm improve more existing processes and products than our competitors” 0.852
“Our firm exploit existing technologies more deeply than our competitors” 0.781

“Our firm introduce new products incrementally in the market” 0.835

Note: CR refers to composite reliability, and AVE refers to average variance extracted.
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Table 3: Regression Model

Radical innovation

Incremental innovation

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Coeff S.E. Coeff S.E. Coeff S.E. Coeff S.E. Coeff S.E. Coeff S.E.

Firm age -0.155 0.046 -0.140  0.045 -0.146  0.045 -0.189  0.046 -0.173  0.044 -0.162 0.044
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Firm proactiveness 0.203 0.040 0.170 0.039 0.167 0.039 0.127 0.040  0.100 0.040 0.094  0.039
(0.000) (0.000) (0.000) (0.000) (0.000) (0.001)

Demand turbulence 0.125 0.039 0.112 0.038 0.098 0.038 0.064 0.039  0.057 0.038 0.041 0.039
(0.000) (0.000) (0.000) (0.046) (0.076) (0.347)

Government support 0.256 0.040 0.227 0.040 0.223 0.040 0.197 0.041  0.148 0.040 0.142 0.040
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Supportive climate 0.243 0.040 0.204 0.040 0.224 0.040 0.369 0.041  0.309 0.041 0.311 0.041
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Size dummies included included included included included included
Location dummies included included included included included included
Industry dummies included included included included included included

Exploration (ER) 0.175 0.043 0.207 0.046 0.155 0.043 0.172 0.045
(0.000) (0.000) (0.000) (0.000)

ER? 0.033 0.040 0.010 0.040 -0.041  0.040 -0.084 0.044
(0.412) (0.809) (0.351) (0.026)

Exploitation (EI) 0.089 0.043 0.153 0.050 0.146 0.043 0.207 0.050
(0.005) (0.000) (0.000) (0.000)

EI? -0.030  0.039  -0.047  0.039 -0.067  0.040  -0.075  0.041
(0.552) (0.245) (0.058) (0.018)
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ER*EI 0.127  0.041 0.093  0.042
(0.000) (0.008)
ER*EI2 -0.164  0.049
(0.000)
ER?*EI 0.121  0.052
(0.001)
R? 0.331 0.374 0.392 0.318 0.374 0.388
Adjusted R? 0.286 0.320 0.325 0.271 0315 0.319
F 7.359%% 6.97 %% 5,882 6.702%%* 6.295%** 5.663%**

Notes: p-values in parenthesis
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Appendix 1.

Summary table of existing knowledge about the exploration-exploitation relations

Indicating that exploration could create new knowledge that a firm can exploit both currently and in

Studies Main findings Basic mindset of the relation
between E and E
March (1991) The pioneering study that highlights the fact that organizational learning is analyzed on the dimension | Trade-off and synergy
of mode in terms of exploration of new possibilities and exploitation of old certainties, and all the
vulnerability of exploration.
Levinthal & Finding that the possible trap of over-reliance on one mode at the expense of the other, especially the | Trade-off
March (1993) tendency in favor of exploitation over exploration as learning myopia.
Siggelkow & Assigning the two modes of learning to two different stages engaged by a firm and sequentially Temporal ambidexterity
Levinthal adjusted by TMTs
(2003)
Gibson & Indicating that exploration and exploration can be simultaneously integrated by providing a Contextual ambidexterity
Birkinshaw supportive context characterized by stretch, discipline, support, and trust
(2004)
He & Wong Showing a potential to take exploration and exploitation together as two complementary resources. Resource ambidexterity
(2004)
Lavie & Separating exploration from exploitation across different units within a firm, or different firms as Domain ambidexterity
Rosenkopf alliance partners
(2006)
Cao et al. Highlighting an interactive effect between exploration and exploitation to enhance firm performance | Synergy
(2009) as it provides a potential to leverage complementary knowledge and other shared resources.
Jansen et al. Indicating that exploration and exploration can be simultaneously integrated by adopting supportive Leadership ambidexterity
(2016) leadership
Tushman et al. | Assigning the two modes of learning to two structurally separated units within the firm and integrated | Structural ambidexterity
(2010) them by top management teams
Lavie et al. Finding that the emerging paradox is that exploration and exploitation are contradictory activities, yet | Paradox
(2010) an organization cannot achieve desirable performance objectives without engaging in both.
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the future; exploitation could also produce knowledge to support exploration both currently and in the
future.

Smith & Lewis | Explicitly pointing out that the well-studied tension between exploration and exploitation illustrates the | Paradox
(2011) nature of paradox.

Christensen et | Portraying that the danger that favoring exploitation at the expense of exploration can make firms | Trade-off
al. (2016) incapable of effectively leveraging external changes.

Berg (2016) Showing that exposing to both familiar and new designs lead to the most novel solutions. Synergy
Our study Showing that there exists inverted U-shaped interaction between exploration and exploitation for the | Duality

goals of either radical innovation or incremental innovation that highlights partial synergy and partial
tradeoff
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Appendix 2. Summary of key quantitative studies on the interaction between exploration and exploitation

Studies Independent variables Dependent variables | Sample size Effect size of Effect size of control
independent variables | variables
Van Deusen & Exploration*exploitation Acquisition 52 NA NA
Muller (1999) performance
Katila & Ahuja Search depth*search scope Number of new 1185 NA 0.02
(2002) products
He & Wong (2004) | Exploration*exploitation Firm performance 206 NA NA
Atuahene-Gima & TMT exploratory New product 118 NA NA
Murray (2007) learning*exploitative performance
learning
Cao et al. (2009) Exploration*exploitation Firm performance 122 0.29 0.01
Uotila et al. (2009) | Relative exploration Future financial 2754 NA NA
orientation performance
Chu et al. (2011) Exploratory New product 298 0.01 0.03
learning*exploitative development
learning performance
Siren et al. (2012) Exploitation*exploration Strategic learning 206 -0.20 0.06
Voss et al. (2013) Product exploitation*market | SME revenue 424 NA 0.71
exploration performance
Product exploration*market
exploitation
Guisado-Gonzalez Exploration*exploitation Organizational 26280 NA NA
et al. (2017) performance
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