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Abstract We investigate how the second-order learning process moderates the rela-
tionship between innovation performance and two types of knowledge seeking behav-
ior, namely exploration and exploitation. We reinvestigate the second-order learning
process of the top 100 Korean firms from 1997 to 2007 by capturing CEO turnover,
board turnover, and R&D alliances. We argue that the current findings about exploration
and exploitation should be reclassified in terms of innovation input and output. We
suggest that researchers investigate the organizational learning process to understand the
link between innovation inputs and outputs. Our empirical results show that while
innovation inputs are not related to exploratory outputs, the second-order learning
process reshapes the relationship between both exploration/exploitation type innovation
inputs and exploratory innovation outputs, and that the new focus of organizational
learning process can refine current innovation literature.

Keywords Exploration - Exploitation - Second-order learning - Innovation

How do exploration- and exploitation-type knowledge seeking activities affect inno-
vation outputs? To answer this question, the existing literature has applied somewhat
inconsistent criteria to distinguish exploration and exploitation activities, and has
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subsequently delivered mixed findings to various fields of strategic management
(e.g., Benner & Tushman, 2003; Holmqvist, 2004; Levinthal & March, 1993; Lu,
Tsang, & Peng, 2008; McGrath, 2001; Raisch, Birkinshaw, Probst, & Tushman,
2009; Sidhu, Commandeur, & Volberda, 2007; Siggelkow & Rivkin, 2006; Su,
Tsang, & Peng, 2009; Zhou & Li, 2007). In particular, previous studies of exploration
and exploitation have relied on their own definitions (see Table 1 for examples) and
heterogeneous antecedents, moderators, and performance indexes (e.g., Gupta,
Smith, & Shalley, 2006; Lavie, Stettner, & Tushman, 2010; Li, Vanhaverbeke, &
Schoenmakers, 2008; Raisch & Birkinshaw, 2008). Most of these studies were based
on an implicit assumption that a certain form of knowledge creation inputs, whether
exploration or exploitation, may lead to the same form of knowledge creation outputs.

Transforming a large sum of knowledge creation inputs (e.g., massive investments
in R&D activities) into meaningful innovation outputs requires processes of internal
management that are both delicate and complex (Ahlstrom, 2010; Choi & Williams,
2012; Pisano & Shih, 2009; Tippins & Sohi, 2003; Zhang, Li, Hitt, & Cui, 2007). As
Pisano and Shih (2009) pointed out, large input of knowledge creation investments
alone does not automatically lead to better innovation outputs. Tippins and Sohi
(2003) also argued that organizational learning is one of the most critical determi-
nants which affect the association between investments in information technology
and organizational efficiency. Thamhain (2003) emphasized the role of organizational
contexts in satisfying individual members. Bierly and Chakrabarti (1996) argued that
organizational characteristics such as strategic flexibility can moderate the relation-
ship between technological learning and new product development. Although many
studies have investigated the relationship between R&D inputs and innovation out-
puts, only a few have focused on the internal transformation process linking knowl-
edge creation inputs and outputs (Laursen & Salter, 2006; Morbey, 1988, 1989;
Sarkar, Echambadi, Agarwal, & Sen, 2000).

Highlighting the sequential steps of knowledge creation inputs, internal process,
and innovation outputs, we investigate how determining whether inputs are explora-
tion or exploitation type may refine the current findings regarding the way innovation
inputs become innovation outputs (remaining the same or transforming into a
completely different type). We also examine how one of the internal learning
processes, the second-order learning process, can reinforce or reshape the relationship
between exploration-type inputs and outputs, and between exploitation-type inputs
and exploration-type outputs. Lant and Mezias (1992) defined the second-order
learning process as the exploration of alternative routines, rules, technologies, goals,
and purposes instead of just learning how to repeat current routines with more
efficiency, while the first-order learning process as routines, incremental, conserva-
tive processes that serve to maintain stable relations and sustain existing rules. We test
our hypotheses by focusing on the top 100 Korean firms during the years 1997-2007,
as these show substantial variation in terms of innovation inputs, internal learning
processes, and innovation outputs. Our empirical results show a negative relationship
between both exploration/exploitation-type inputs and exploration-type outputs, but
that once the relationship is moderated by second-order learning processes, the
negative relationship is reshaped. In terms of exploration-type outputs, second-
order learning processes proved to be beneficial in making exploration/exploitation-
type inputs meaningful.
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Overall, this study makes three contributions. First, we emphasize that academic
researchers need to consider the role of internal learning process in knowledge
creation activities. Our study shows that a second-order learning process can effec-
tively transform exploitation-type inputs into exploration-type innovation outputs.
Thus, managing internal processes may sometimes be more critical than actual R&D
investments inputs. Second, we provide guidelines to refine the inconsistent findings
of previous studies. By distinguishing between types of knowledge creation inputs,
we may answer whether mixed findings are caused by confusion between inputs and
outputs or by fundamental differences in the heterogeneous contexts of each study.
Third, our study suggests that the variance observed in the impact of second-order
learning processes may depend on such organizational contexts as CEO turnover,
board turnover, or R&D alliances. These findings provide new guidelines for
reexamining the role of internal transformation processes in future knowledge crea-
tion studies.

Theoretical background and hypotheses

March (1991) provided a fairly broad distinction between exploration and exploitation.
That is, exploitation activities include refinement, choice, production, efficiency, selec-
tion, implementation, and execution, while search, variation, risk taking, experimenta-
tion, play, flexibility, discovery, and innovation are categorized as exploratory activities.
While this broad definition may have been a good foundation for active empirical
research over the last two decades, it also made for a report of mixed outputs.
Understanding exploration and exploitation as organizational learning processes that
represent a sequential system of input, internal management, and output may be one of
the possible solutions to resolve the inconsistent previous findings (Benner & Tushman,
2003; Greve, 2007; Nemanich, Keller, & Vera, 2007; Nerkar, 2003; Sidhu et al., 2007).

Many studies view exploration and exploitation as organizational learning pro-
cesses (Gupta et al., 2006; Li, Chen, Liu, & Peng, 2012). Typically, organizational
learning processes begin with scanning and searching, and move on to information
access, interpretation, integration, knowledge creation, retention, and dissemination
(Garvin, 1998). Exploration and exploitation, which are critical organizational learn-
ing processes, require an investment in input, including complex internal processes
that integrate various inputs into meaningful outputs, and refining those outputs
(Katila & Ahuja, 2002; Li et al., 2008; Sidhu et al., 2007). Once we identify
exploration and exploitation as part of a sequential organizational learning process
starting with input, internal process, and outputs, the final quality of output naturally
depends on two critical factors: types of inputs and internal processes. Thus, if
internal processes are not efficient or effective, exploitative inputs cannot guarantee
an exploitative output. Similarly, exploratory inputs cannot always produce explor-
atory outputs.

Once we assume that internal processes are equal across firms, formatting input is the
only critical determinant for output. In terms of input type, previous studies have
classified investments for input as_either exploration or exploitation activities (often
labeled “exploration” for the sake of search scope and “exploitation” for search depth;
Katila & Ahuja, 2002; Sidhu et al., 2007). According to March (1991), the exploitative
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activity is more clear, precise, and focused on the near term than are exploratory
activities. Organizations look for knowledge they can easily combine with existing
knowledge bases, often characterized by lower risk rather than entirely different knowl-
edge. For R&D activities, firms continually invest in local searching activities, by
exploiting internal resources and reinforcing current R&D activities (Cohen &
Levinthal, 1990; Griliches, 1998), as well as relatively distant searches through univer-
sities, research institutes, and alliances with other firms (Cohen, Nelson, & Walsh, 2002;
Hagedoomn & Schakenraad, 1994).

R&D activities are a good indicator that organizations are pursuing exploratory
learning activities. Companies continually invest in exploration-oriented R&D inputs
while simultaneously performing activities that link R&D inputs to outputs. In most
cases, inputs are identified as investment activities or resources in the hope to create new
knowledge, while outputs are usually understood as newly created objects, such as new
knowledge, patents, and/or products. Rosenkopf and Nerkar (2001) highlighted the
pattern of R&D inputs which eventually determine output quality of innovation. They
argued that when the search activity is centered on exploration, outputs are likely to be
exploratory, especially explorations that seek knowledge across organizational and
technological boundaries, usually expected to yield a positive impact on subsequent
technological evolution. Lavie and Rosenkopf (2006) suggested that both exploration
and exploitation have distinctive learning modes, eventually reinforcing the efficiency
of their learning mechanisms. That is, search activities centered on exploratory R&D
inputs often move into the internal learning process that is suitable for exploratory
outputs. To successfully manage exploratory R&D inputs, firms may need to align
internal knowledge transformation processes such as organizing new task force teams,
adjusting evaluation and incentive structures, and accommodating innovation failures
(Christensen, 2006; Rosenkopf & Nerkar, 2001). Developing the fine tuning processes
to readjust internal processes and input formats tends to be path-dependent and accel-
erates over repeated experiences (Levitt & March, 1988). If the input is exploratory in its
innovation process, the path-dependent nature of knowledge seeking behavior will
constantly pursue newness and underline reorientation, while the output of the learning
process will more likely be exploratory (Levitt & March, 1988).

Still, radically transforming the original quality and format of knowledge input of
R&D activities is fairly demanding. Knowledge seeking activities can be costly, time-
consuming, and path-dependent (Nelson & Winter, 1982). For example, when orga-
nizations pursue local search activities, they may end up improving their existing
knowledge and experience only marginally (Almeida, Phene, & Grant, 2003; Lavie &
Rosenkopf, 2006). Due to the organizational nature of inertia and the cost of
exploring completely new knowledge, such learning activities may offer only incre-
mental contributions rather than radical advancement. Rosenkopf and Nerkar (2001)
showed that concentrating on local search for R&D inputs may lead to new but
similar technology developments rather than radical innovations. In short, while
activities following exploitative R&D inputs may improve existing knowledge bases
through incremental changes, they may not create entirely new or radical knowledge.
Therefore, we predict the following:

Hypothesis 1 Assuming that the internal processes are fairly equal across firms, the
quality of innovation outputs is heavily dependent on the format of inputs.
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Hypothesis 1a Assuming that the internal processes are fairly equal across firms, the
exploratory innovation inputs will more likely produce exploratory innovation outputs.

Hypothesis 1b Assuming that the internal processes are fairly equal across firms, the
exploitative innovation inputs will be less likely to produce exploratory innovation
outputs.

In addition to the type of innovation inputs, R&D outputs are significantly
dependent on organizational routines or internal learning processes (Pisano, 1994).
Previous studies of R&D activities have shown that R&D inputs themselves do not
automatically lead to successful innovation performance, leaving internal processes
as a kind of black box (Powell, Koput, & Smith-Doerr, 1996; Rothaermel & Hess,
2007; Sampson, 2007). Internal learning processes such as collaboration patterns,
strategic reorientation, knowledge acquisitions through M&As, and top management
turnover may entirely reshape how an innovative idea is created, shared, and inte-
grated and how it may successfully reach the markets. These internal learning
processes include trial and error, experiential learning, risk-taking, cross-functional
coordination, and consolidation of different technologies (Thamhain, 2003). Previous
studies have highlighted the compatibility with organizational strategy (Westerman,
McFarlan, & Iansiti, 2006), involvement and understanding of CEQ’s vision
(Tushman, Anderson, & O’Reilly, 1997), and the position of an R&D team inside the
entire organization and communication process (Van den Bulte & Moenaert, 1998).

Organizational learning that can achieve the strategic renewal and outcomes for the
organization is classified into either first- or second-order learning processes (Lant &
Mezias, 1992). A first-order learning process is an attempt to improve the proficiency or
effectiveness of existing methods for current business, while second-order learning is a
reorienting process where new routines, technologies, and goals are sought for the
purpose of enhancing revenues and profits in the future. Previous studies have shown
that innovative performance depends on the type of learning process and interactions
between R&D inputs and learning process (e.g., Autio, Kanninen, & Gustafsson, 2008;
Bierly & Chakrabarti, 1996; Virany, Tushman, & Romanelli, 1992). Exploitative inputs
tend to increase the likelihood of an internal learning process for adopting exploitative
procedures such as first-order learning (Teece, Pisano, & Shuen, 1997). This first-order
learning process attempts to maintain consistency within the organization (i.e., staying
as consistent as possible within existing rules by utilizing incremental change to improve
existing strategies, structures, systems, etc.). Therefore, if input takes the form of
exploitation, with the aim of achieving an incremental improvement, the organization
will likely employ a first-order learning process.

A second-order learning process can alter underlying assumptions, the foundations
of an organization, and experiments on activities requiring new decision making
(Virany et al., 1992). Pisano and Shih (2009) suggested that managers need to
creatively integrate their disciplines, fields, and organizations to produce fundamen-
tally innovative outcomes. Others have argued that the search for an external network
is needed to connect innovative strategies (Li & Atuahene-Gima, 2001) and ongoing
interactions between knowledge inputs and a second-order learning process. Using a
successful second-order learning process in the past will increase the probability that
an organization will rely on that in the future. Thus, it is second-order learning
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process rather than first-order that can reshape the relationship between innovation
inputs and outputs.

Organizations pursuing exploratory R&D inputs are likely to produce exploratory
outputs because of distant search routines in evolutionary economics as explained in
Hypothesis 1. Organizational inertia may prevent an organization from deviating
from accustomed routines (Levitt & March, 1988). When second-order learning
processes are combined, organizations may expect considerable changes such as
reorienting their routines, approaching goals in a different way, and modifying
policies (Lant & Mezias, 1992; Tushman & Romannelli, 1985). Even when R&D
inputs are exploitative, a change in intention and environmental fluctuation can
entirely reshape final outputs. Strategic reorientation and environmental change cause
organizational members to reconsider their existing approaches and procedures.
Thus, second-order learning processes tend to reshape exploitative inputs into ex-
ploratory outputs, and intensify the positive association between exploratory innova-
tion inputs and outputs. Therefore, we predict the following:

Hypothesis 2 Given innovation inputs, second-order learning processes significant-
ly moderate the relationship between innovation inputs and outputs.

Hypothesis 2a Second-order learning processes positively moderate the relationship
between exploratory innovation inputs and exploratory innovation outputs.

Hypothesis 2b When a second-order learning process is applied, exploitative inno-
vation inputs may lead to exploratory innovation outputs.

Methods
Sample and data

We draw our sample from the top 100 Korean companies (in terms of annual sales)
included in the Korea Composite Stock Price Index (KOSPI). Since the Asian
financial crisis of 1997, Korea has fostered a fairly successful economy as an
emerging market with intense environmental changes and strategic reorientations, a
context which may be sufficient for investigating the impact of second-order learning
(Kim, Bae, & Garry, 2012). The companies in our study also provide a rare empirical
opportunity to examine the relationship between innovation inputs and outputs in an
emerging market context. We chose them based on knowledge seeking behaviors
critical for sustaining their survival, because their historical evolution is relatively
easy to track, and because they are exceptionally active in terms of capital expendi-
ture in both exploration and exploitation innovation inputs.

After excluding firms that lacked detailed R&D activities, one of the key inputs for
the innovative output, in their corporate publications, our base sample for this study
was 93 companies. For data gathering we relied on annual reports obtained from the
Financial Supervisory Service DART (Data Analysis, Retrieval and Transfer) system.
We collected the 11-year panel data of R&D inputs, outputs, and second-order
learning processes adopted by these firms from 1997 to 2007.
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Dependent variable

Exploratory output Following studies that relied on change in sales amounts
(Bierly & Daly, 2007; Burgelman, 2002; Cao, Gedajlovic, & Zhang, 2009; He
& Wong, 2004), our dependent variable, exploratory output, was measured
using changes in variance of sales composition not likely to be the result of
existing corporate activities, but from search and investment activities in different
fields. In terms of learning process, this outcome does not overlap with input and final
outcomes of corporate R&D activities and yields relatively high clarity. We measured
the change in sales composition during the first three years after initial R&D investment.
Following previous research (Artz, Norman, Hatfield, & Cardinal, 2010; Katila &
Ahuja, 2002), we lagged the three years between R&D investments and subsequent
changes in sales compositions. We collected the data about sales composition from
annual reports. Our focus of analysis was about incremental changes due to new
products or technologies.

Independent variables

Exploitative R&D input and exploratory R&D input The Korean Generally Accepted
Accounting Principles (K-GAAP) regulate how expenses on R&D may be classified, as
either research expenses or ordinary development expenses. We follow the K-GAAP
criteria to distinguish research expenses from ordinary development expenses. These
classification criteria list examples of what may be classified as research expenses (i.c.,
activities to acquire new knowledge, searching for research results, and improvements in
materials, equipment, product, process, system, service, etc.). Examples of development
expense activities include designing, manufacturing, and examining activities of pro-
totypes prior to usage and of the finished final item for which economic profit will be
generated once the development process is completed.

In order to measure exploratory R&D input, we chose change in research expense.
These were measured as a year-on-year increase in research expense taken from
annual reports. We log-transformed the values to control for possible skewed distri-
bution of our sample. We also measured exploitative R&D inputs with changes in
development expenses as a year-on-year increase in development expense from the
annual reports. This was also log-transformed.

Second-order learning Strategic reorientation is a discontinuous and simultaneous
transition of organizational strategy, structure, power distribution, and control practice
(Tushman & Romanelli, 1985). Previous studies of the second-order learning process
used the “reorientation of organizational strategy” concept as an empirical variable
(Lant, Milliken, & Batra, 1992; Virany et al., 1992). This study used three measures
of second-order learning: CEO turnover, Board turnover, and R&D alliances. CEO
turnover is recognized as a new learning activity inside organizations, reported to
influence the reorientation of corporate strategies and performance (Lant et al., 1992;
Virany et al., 1992). When a CEO is replaced, change occurs in the overall decision
making system and reorientation takes place in various areas of an organization. We
measure CEO turnover as the number of CEO changes occurring within the last
three years since R&D investment.
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Board member turnover is an organizational mechanism that can alter the inner
and outer environment. Thamhain (2003) argued that organizational components
such as leadership and people play important roles in R&D team performance. A
new board member may cause reorientation of organizational strategy and possible
shifts in power structure and control system. Changes in board members can also
bring about new learning effects and influence organizational performances (Lant et
al., 1992; Virany et al., 1992). To test this, we counted director replacement compared
to the previous year.

Many companies enter into R&D alliances agreements in pursuit of new knowl-
edge (Sampson, 2007). R&D alliances represent corporate efforts to acquire knowl-
edge and the type of alliance reorients corporate strategies (Lavie & Rosenkopf,
2006). In the R&D process, strategic alliances manage innovation strategy and final
output (Li & Atuahene-Gima, 2001). Therefore, we counted new alliance agreements
in annual reports.

Control variables

We included several control variables that could affect the results but were not our
main theoretical scope. Sales growth rate measured the rate of increase in sales
amount. Sales growth rate includes all increased performance that occurs from
activities including R&D inputs and other marketing activities. To control these, we
included sales growth rate as a control variable. We also included Firm size and Firm
age to minimize their influence on the size of R&D inputs. Firm size was defined as
the logarithm of total assets, and firm age was measured by the log-transformed
number of years since incorporation. We included an Industry dummy to control for
the effect of industry on R&D and capital investment.

Model specifications

The strength of panel analysis lies in its ability to observe both time series and cross-
sectional changes and capture both observable and unobservable effects of the
independent variable on the dependent variable (Baltagi, 2001; Hsiao, 2003).
Following Breusch and Pagan (1980), a Lagrange multiplier test was conducted to
check the suitability of samples for panel analysis. The result of the Lagrange
multiplier test showed a result lower than the p-value of .00, rejecting the null
hypothesis at the .1 % level of significance. These samples are more suitable for a
random effects panel analysis than pooled ordinary least squares (OLS) which
assumes observation values of a firm from different time points to be a separate
datum (Greene & Zhang, 2003). In order to conduct a sound panel analysis, two
preconditions about variances and covariance of error terms must be met: (1) they
should not be auto-correlated and (2) the error terms of the observations should be
homoskedastic (Bergh & Holbein, 1997). The Wooldridge (2002) test rejected the
null hypothesis, stating that first-order autocorrelation does not exist within errors of
panel linear regression model, so we took the panel-specific autocorrelation condition
to_assume that each panel has_autocorrelation. Since our dataset was likely to be
biased due to heteroskedasticity, panel feasible generalized least squares (FGLS) was
implemented in the analysis (Greene & Zhang, 2003).
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Results

Table 2 illustrates the descriptive statistics and correlations between variables. The
correlation table indicates that correlations between major variables are not high.
Before conducting the main analysis, we examine the multicollinearity assumption.
Variance inflation factors (VIFs) indicate no serious multicollinearity problems. The
largest VIF of the variable is 3.81, indicating that all variables recorded VIFs less than
the universal standard of multicollinearity of 10.

Table 3 provides the results of random-effects FGLS regression analysis which
measured changes in research expenses and in development expenses as independent
variables. The Wald chi-square statistics in this table show that all models are highly
significant (p < .01) and the addition of our key variables improved model fit. Model
1 is the base model including only the control variables, and Model 2 is the regression
model to test Hypothesis 1. Models 3, 4, and 5 are models with various interaction
terms with exploratory and exploitative innovation inputs to test Hypothesis 2.

Before verifying the hypotheses, the base model shows that the dependent variable
is significantly influenced by firm size. In Hypothesis la, we predicted a positive
relationship between exploratory innovation inputs and exploratory innovation out-
puts. From Model 2 in Table 3, we see that the coefficient for changes in research
expenses is negative and significant (p < .01). Contrary to our argument, this result
indicates that exploratory innovation inputs are negatively associated with exploratory
innovation outputs. Hypothesis 1a is not supported. In Hypothesis 1b, we predicted a
negative relationship between exploitative innovation inputs and exploratory innovation
outputs. From Model 2 in Table 3, we see that the coefficient for change in development
expenses is negative and significant (p <.01). Hypothesis 1b is strongly supported.

In Hypothesis 2a, we predicted a positive interaction effect of second-order learning
process with changes in research expenses on exploratory innovation outputs. It is
verified in Models 3 to 5. Model 3 measured second-order learning with CEO turnover.
The interaction effect is supported (p < .01). Model 4 measured board turnover as
second-order learning. The interaction effect shows a significant result (p <.1). Model 5
gave the number of R&D alliances for external knowledge sourcing as a second-order
learning process. We see that the coefficient for the interaction term is not significant. Of
the three constructs designed to measure second-order learning, CEO turnover and
board turnover are supported. In Hypothesis 2b, we predicted a positive interaction
effect of second-order learning process with changes in development expenses on the
exploratory innovation outputs. It is also verified from Models 3 to 5. Model 3 measured
second-order learning with CEO turnover. The interaction effect is supported (p < .05).
Model 4 measured board turnover as second-order learning. The interaction effect shows
a significant result (p < .05). Model 5 observed number of R&D alliances. This model
shows that the coefficient for interaction term is not significant.

We also ran additional tests to check the robustness of our results. First we
measured exploratory innovation inputs as changes in commissioned research con-
tracts for more focused exploratory activities. We reestimated our models with the
same analyses. The results for all analyses were qualitatively similar to the reported
results (available from the authors). Second, though we focused on the 100 top
Korean companies, we repeated the same analyses using selected sets of data from
companies who had converted| their main business in the past three decades.
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Table 3 FGLS estimates of regression on exploratory outputs
Model 1 Model 2 Model 3 Model 4 Model 5
Changes in —.00090***  —00121***  —01133%**  —00096%**
research expenses
(.00028) (.00028) (.00028) (.00032)
Changes in —.00080*** —00123***  —00126%*  —.00104***
development expenses
(.00025) (.00026) (.00023) (.00027)
CEO turnover —.00731%**
(.00193)
Changes in research .00062**
expenses x CEO turnover
(.00029)
Changes in development L00112%**
expenses X CEO Turnover
(.00030)
Board turnover —.00032%%*
(.00017)
Changes in research .00002**
expenses x Board turnover
(.00001)
Changes in development .00003*
expense x Board turnover
(.00002)
Number of R&D alliance .00054
(.00072)
Changes in research expenses x .00008
Number of R&D alliance
(.00007)
Changes in development —.00062
expenses x Number of
R&D alliance
(.00075)
Firm size —.00130 .00267* .00316%* .00307*** .00252%**
(.00080) (.00118) (.00121) (.00112) (.00127)
Firm age —.00699***  —01110%**  —00747*%*  —01086*** —.01070***
(.00238) (.00283) (.00233) (.00278) (.00305)
Sales growth rate —.000000 —.00003 —.00004 —.00002 —.00004
(.00000) (.00003) (.00003) (.00003) (.00003)
Industry dummies Included Included Included Included Included
Constant .04170%** 00286 —.01410 —.00331 —. 74301 %**
(.01040) (.01452) (.01513) (.01418) (:23122)
Wald Chi-Square 69.43%*%* 54.86%** 69.01%** 146.97%** 57.01%%%*
Prob. > Chi-Square .00000 .00000 .00000 .00000 .00000
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Corporate transformation may be regarded as the successful accomplishment of
organizational innovation (Burgelman, 1996). About 30 companies fit this category
including LG Chemicals, Samsung SDI, and Hyundai Heavy Industries. Even given
this sample, Hypothesis 1a was rejected summarily. This shows the moderating effect
of second-order learning obtains even for companies that experience dramatic
changes in sales composition.

Discussion
Contributions

In applying knowledge-seeking activities of exploration and exploitation to corporate
R&D activities, this study empirically suggests how exploratory or exploitative R&D
inputs are linked to exploratory innovation outputs. By applying a second-order learning
process (Lant & Mezias, 1992), this study attempts to reinvestigate the changes in
overall R&D processes. Empirical results showed that exploitative R&D inputs were
negatively related to exploratory output in the absence of any organizational learning
process. Contrary to our prediction, exploratory R&D inputs were negatively associated
with exploratory R&D output. Though previous studies have argued that exploratory
search activities and routines are highly correlated with exploratory output (Lavie &
Rosenkopf, 2006; Rosenkopf & Nerkar, 2001), due to inertia and existing routines,
Korean firms have failed to align their internal learning processes in order to motivate
organizational members to find new knowledge across organizational boundaries. Our
results showed that internal mechanisms like an organizational learning process are an
important factor in increasing exploratory output regardless of innovation input type.

We found that the interaction effects between second-order learning process and
exploratory and exploitative innovation inputs had a positive association with explor-
atory outputs. For the impact of second-order processes, there were meaningful variances
in statistical significance. CEO and board turnover, which are strongly correlated with
direct discontinuous and simultaneous transitions of organizational strategy, moderated
the impact of exploratory and exploitative innovation inputs on exploratory innovation
outputs. On the other hand, the second-order learning process measured by R&D
alliances did not show significant interaction effects. Previous studies have reported that
R&D alliances with new partners can lead to the subsequent development of innovative
technologies and bring exploratory innovation outputs (Koza & Lewin, 1998). The fact
that we could not find any significant impact of alliances may imply that Korean
companies classify simple technology licensing agreements as technological alliances
in their annual reports. We also found that in Korean companies R&D alliances were not
sufficient to change the relationship between innovation input and output. Thus, we
empirically suggest that second-order learning can reshape the relationship between
innovation inputs and exploratory innovation outputs.

Theoretical implications

This study offers several theoretical implications including new guidelines for future
research. Academic scholars need to focus the sequential linkage between R&D
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activities and innovation performance in terms of organizational learning, which
include the roles played by internal learning mechanisms and the characteristics of
innovation input. Types of innovation input may determine the potential substance of
future outputs from the organizational learning process point of view. Moreover, we
further suggest that individual organizations develop a transformational capability to
convert given inputs into meaningful innovation outputs. Such capabilities are often
related to internal learning mechanisms such as networks of collaborations, strategic
reorientation, M&As, and CEO successions. This study provides a way to explain the
mixed empirical results of the relationship between exploration/exploitation-type inno-
vation inputs and innovation outputs. Considering the significant role played by the
internal learning process, individual organizations could turn the same inputs into
significantly different outputs by employing various alternatives (Chiu, Huang, &
Chen, 2012; Christensen, 2006). Finally, the type of second-order learning process
emphasizing strategic reorientation may determine the type of output produced. In
particular, internal changes such as CEO and board turnover proved to be a more critical
factor in producing exploratory innovation outputs rather than R&D alliances.

Practical implications

This paper contributes to practice by showing implications for firms conducting R&D
activities. It is critical to understand how input itself does not produce the same kind of
successful innovation output. Managers need to recognize that aggressive investment in
innovation inputs can sometimes exacerbate innovation outputs when they do not apply
an optimal internal learning process. Specifically, to increase entirely new innovations
and exploratory outputs, they must secure the right innovation inputs and integrate
efficient knowledge transformation mechanisms. While previous studies have highlight-
ed the effectiveness of inter-firm alliances, our study does not confirm the utility of
alliances for dramatic innovation but rather suggests that CEO leadership is one of the
most critical factors in determining innovation output. When CEO leadership is com-
bined with different types of innovation input, the CEO is more influential than either
input. These findings may be specific only to Korea, since our research took place
during a period well-known for the critical impact of transformative leadership on most
Korean firms (Froese, 2013).

Limitations and future research

Our study is not, however, free of limitations. We did not integrate the impact of first-
order learning, which may be more effective than second-order learning in different
contexts. For example, when an industry is old, mature, and technologically stable, the
first-order learning process may bring ready-made knowledge and innovations. Future
studies may investigate conditions where first- or second-order learning processes are
more effective in terms of creating successful innovations. Second, our study did not
consider how dramatic changes in the competitive environment can alter knowledge
seeking behavior and internal learning processes. Previous studies have reported that
financial crisis_or stock market bubbles fundamentally change existing relationships
between corporate strategies and financial outcomes (Park & Mezias, 2005). To better
understand the dynamic effects of ever-changing environments, studies may wish to
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replicate ours in the context of crises or dramatic changes in government regulations
(Zhu, Wittmann, & Peng, 2012). Third, our research investigated only large Korean firms
from 1997 to 2007. As such, these findings may be limited in terms of generalizability
across corporate size, level of technology development, country, and economy. Future
studies could easily replicate our analyses in terms of emerging markets like India, China,
and Brazil. These could be extended by analyzing the same question in advanced
economies. Fourth, our study relied only on quantitative analysis methods. However,
the sequential process of organizational knowledge creation may be better understood
using qualitative approaches such as focus group interviews, in-depth case studies, and
field analyses. These studies could fruitfully triangulate their findings with previous
statistical findings. Finally, future studies may wish to extend our research question by
integrating other strategic management issues such as corporate strategic orientations,
market-seeking and technology-seeking activities, organizational culture, characteristics
of executive members, and hierarchical structures.

Conclusion

In seeking an explanation for the mixed results of exploration and exploitation studies
following March’s (1991) research, this study presents the need for understanding
exploration and exploitation in terms of learning processes. Based on the organiza-
tional learning view, this study analyzed R&D activities as a sequential process of
making innovation inputs, applying internal learning process, and creating innovation
outputs. Most previous studies were based on an implicit assumption that a certain
form of knowledge creation inputs, whether exploration or exploitation, may lead to
the same form of knowledge creation outputs. However, knowledge-seeking activi-
ties do not always produce successful innovation outputs, and the relationship
between R&D investments and performance can be uncertain and demanding. In
applying knowledge-seeking activities of exploration and exploitation to corporate
R&D activities, this study investigates how the second-order learning process
moderates the relationship between innovation performances. We investigate the
second-order learning process of the top 100 Korean firms from 1997 to 2007
by capturing CEO turnovers, board turnover, and R&D alliances. Our empirical
results show that while innovation inputs are not related to exploratory outputs,
the second-order learning process reshapes the relationship between both
exploration/exploitation type innovation inputs and exploratory innovation out-
puts. This paper suggests the new focus of organizational learning process can
refine current innovation literature.
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