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External Knowledge search and Innovation: A Reverse Causation Hypothesis
ABSTRACT The breadth of external knowledge search has frequently been studied as an important
antecedent of innovation, especially when the internal resources of a firm are insufficient and the
industry environment is changing rapidly. In this paper we argue that the reverse could also be
possible: that innovation could broaden knowledge search because innovative firms have higher
absorptive capacity which in turn enables them to conduct and benefit from a broad search strategy.
Based on a panel dataset of Korean firms, we found a positive relationship between prior breadth of
external knowledge search and subsequent innovation mediated by absorptive capacity. The
mediating relationship is negatively moderated by the extent to which firms belong to a business
group and positively moderated by the high technology nature of the industry.
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INTRODUCTION

How can a firm be innovative? One answer is to look for more external knowledge to
complement the existing knowledge base of a firm (Laursen, 2012; Leiponen & Helfat, 2010).
External knowledge sourcing provides new ideas that are crucial for innovation. Activities such as
R&D outsourcing, acquisition, and alliance taped into the external pool of potentially useful
knowledge for innovation (Ahuja & Katila, 2001; Veugelers & Cassiman, 1999). External sourcing
strategy differs in both depth and breadth. In general, deeper involvement of external knowledge
sourcing enables closer interaction between knowledge sender and receiver, and allows transfer of
tacit knowledge for innovation (Santamaria, Nieto, & Barge-Gil, 2009). Breadth of external
knowledge sourcing is the number of external sources or search channels that firms rely upon for
innovation (Laursen & Salter, 2006: 134). Firms may conduct either a broader or a narrower search
breadth at a particular degree of search depth.

The role of search breadth as an enabler of innovation has been repeatedly proposed and
verified in the literature. Fundamentally, searching broadly for knowledge tends to help innovation
because of the variety in knowledge it provides to a firm (Laursen, 2012). Search breadth allows
access to more variety of knowledge that increases new combinations of knowledge (Wuyts, Dutta, &
Stremersch, 2004). A firm that engage in broad search becomes a “knowledge brokerage” (Hargadon
& Sutton, 1997) and have a “radar function” (Duysters & Lokshin, 2011) to connect disparate
knowledge. Search breadth also provides access to wide variety of technological capabilities which

complement existing capabilities of the firm (Faems et al., 2010). Finally, search breadth increases the
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odds of stumbling onto useful knowledge in an otherwise difficult to achieve situation (Leiponen &
Helfat, 2010; Mol & Birkinshaw, 2009; Prabhu, Chandy, & Ellis, 2005). For these reasons, search
breadth is seen to increase innovation. On the other hand, some research has started to look into
negative consequences of search breadth such as increased complexity, management cost and
appropriability concerns, and examines a diminishing return of excessive search breadth on
innovation (Chen at al., 2011; Duysters & Lokshin, 2011; Laursen & Salter, 2006).

The assumption about causality underlying these research studies is that search breadth
precedes innovation. Hence, research on search breadth and innovation has so far focused on
innovation as the dependent variable. However, not every firm can search broadly and benefit from
external linkages (Arora & Gambardella, 1994; Laursen, 2012). Search breadth could itself be an
endogenous construct. A different and potentially useful research question is, would innovation
generate search breadth? This is the question we address in this research.

Based on the literature on knowledge transfer, we develop a model to study the possibility of
innovation causing search breadth. What is worth noting is that, we are not suggesting that the current
assumption about knowledge search causing innovation is wrong, only that the reverse could also be
true. While knowledge search increases innovation, higher innovation may induce broader search. If
this is true, a firm could create a virtuous cycle by either investing in more innovation or a broader
knowledge search. We test this reverse causation idea with a panel data of 102 Korean manufacturing
firms. These firms have responded to three waves of Korean Innovation Survey (KIS) in 2002, 2005,
and 2008, allowing a time lag between search breadth and innovation to test our hypotheses.

Examining this possibility of reverse causation addresses both academic interest and
managerial concern on how to manage innovation and knowledge in organization. We aim to make
two main contributions to the literature in this paper. First, we extend current literature to show that
innovation could impact search breadth. Further, we argue that the strength of such impact increases if
firms operate in hi-tech industries or do not belong to a business group. In sum, this work provides
insights into how a firm’s innovation and knowledge search affect each other, and advocate a virtuous

cycle of innovation and knowledge search that have important implications for managers.
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THEORETICAL FRAMEWORK AND HYPOTHESIS DEVELOPMENT

We look at search breadth as the outcome of the knowledge transfer process between a firm, as
a knowledge receiver, and its external partners (Inkpen & Tsang, 2007; Szulanski, 1996; Minbaeva,
2007). Specifically, we argue that innovative firms are more able to learn from external partners.
Innovative firms will develop high absorptive capacity which in turn allows them to search broadly
for knowledge. Business group and industry nature would affect the learning process as they affect
motivation to learn and difficulty in tacit knowledge transfer respectively. We use arguments from
organizational theory on absorptive capacity and the knowledge-based view, as well as recent works
in knowledge transfer to develop our arguments on the role of innovation and learning in search
breadth. These arguments highlight why innovation could be an antecedent of search breadth.

Three mechanisms are critical in determining the extent of search breadth of a firm. The first
mechanism that facilitates search breadth is the learning ability of the knowledge receiver. The second
mechanism is the relationship between knowledge sender and receiver (Inkpen & Tsang, 2009;
Minbaeva, 2007). The third mechanism is the knowledge characteristics that would affect the
difficulties of knowledge transfer (Minbaeva, 2007). These three mechanisms underlie the arguments
of our hypotheses.

We firstly argue that innovative firms will conduct broader knowledge search. This is because
innovative firms have the ability to access and utilize diverse external knowledge. Internal and
external knowledge bases are considered complementary to each other (Cassiman & Veugelers, 2006).
The large internal knowledge base that innovative firms possess enables them to identify and acquire
diverse knowledge (Vega-Jurado, Gutiérrez-Gracia, & Fernandez-de-Lucio, 2009), and provides them
the experience to subsequently leverage the external knowledge with existing knowledge base (Wuyts
& Dutta, forthcoming).

At the same time, innovative firms require more diverse knowledge as input for their
innovation, as their internal knowledge base is insufficient for them to further increase their
innovative outputs that are already at a high level. The ability of innovative firm to access and utilize
diverse knowledge, coupling with the fact that they also require diverse knowledge for further
innovation, mean that innovative firms tend to adopt a broad search breadth strategy. We therefore
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propose that innovative firms will search for knowledge from a more diverse set of partners than firms
that are less innovative.

Hypothesis 1: Innovation is positively related to external knowledge search breadth

We further argue that the knowledge searching process of innovative firms that results in a
broad search breadth is mediated through a high absorptive capacity. Absorptive capacity is the ability
of a firm to recognize the value of, assimilate, and apply external knowledge to use (Cohen &
Levinthal, 1990). Absorptive capacity reflects the knowledge base of a firm (Escribano et al., 2009). It
is often operationalized as the R&D/total employee ratio. Because of their active engagement and
experience in innovation, innovative firms have a large knowledge base to absorb external knowledge.
Firms with high absorptive capacity are, in turn, able to value and search for external knowledge, and
are likely to conduct broad knowledge search. Arora and Gambardella (1994) find that firms with
higher absorptive capacity are more able to utilize knowledge obtained from external partners, hence
will enter into larger number of alliances. Fabrizio (2009) finds that activities that build up absorptive
capacity will increase the value of external search for innovation.

Hypothesis 2: Absorptive capacity mediates the positive relationship between innovation and

external knowledge search breadth

We also examine the moderating role of business group on the learning mechanism discussed
above that leads to search breadth, and argue that business group affiliation would lessen the
mediating role of absorptive capacity. Business group functions as an efficient market intermediation
and encourage interfirm business transactions within group (Choi, Lee, & Williams, 2011). Firms that
belong to business group are likely to interact and engage in knowledge transfer activities with
external partners who belong to the same business group. Business group membership increases the
motivation of a firm to seek knowledge from external partners. This is because there is an overarching
group control system for business group partners (White, Hoskisson, Yiu, & Bruton, 2008).
Expropriation concern over innovation is lowered for partners of the same business group. Moreover,
within-group business ties are often closer and longer than extra-group business ties (Mahmood et al.,
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2011). The closer and longer ties establish similarity in culture and practices with external partners,
which enhance the willingness of firms to transfer knowledge. On top of within-group ties, business
group membership increases the status of firms, allowing them to engage in more extra-group ties
with firms outside the business group.

As the willingness to seek knowledge from external partners increases for firms that belong to a
business group, the ability to seek external knowledge arising from absorptive capacity would play a
lesser role on search breadth. In other words, given the same ability on knowledge transfer, innovative
firms with business group membership would engage in broader search compared with firms without
business group membership. The ability to transfer knowledge is substituted by a willingness and
motivation to acquire and use more diverse external knowledge. Hence, based on our theoretical
framework, we expect business group affiliation to weaken the mediating role of absorptive capacity
between innovation and search breadth.

Hypothesis 3: The mediating effect of absorptive capacity on the innovation-search breadth

relationship will be weaker for firms that affiliate with a business group than not affiliate with a

business group.

Finally, we study the moderating role of industry nature and argue that absorptive capacity
plays a stronger mediating role between innovation and search breadth for firms in high-technology
than low-technology industries. High-technology and low-technology industries differ substantially in
the tacitness of knowledge prevailing in the industry. Knowledge transfer in high-technology industry,
such as biotechnology, pharmaceutical, and telecommunication, usually involves tacit knowledge
related to advanced science and engineering problems (Williams, 2007; Zucker, Darby, and
Armstrong, 2002). Tacit knowledge is difficult to transfer because it is ambiguous and non-codifiable
(Minbaeva, 2007; Simonin, 1999). Because of the difficulty in transferring tacit knowledge in high-
technology industries, it requires firms to equip with higher learning ability and more alliance
experience to evaluate, absorb, and utilize external knowledge, and benefit from the knowledge
transfer. Since innovative firms are higher in their ability and experience to learn, they have higher
absorptive capacity to transfer tacit knowledge and therefore will engage in broader search breadth.

5
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Fabrizio (2009) finds that absorptive capability is important for firms in the pharmaceutical and
biotechnology industries to search for innovation. On the other hand, knowledge search in low-
technology industries is more likely to involve explicit and codified knowledge. Knowledge transfer
is relatively easy and does not rely heavily on a high absorptive capacity. Hence, based on our
theoretical framework, high-technology industry strengthens the mediating role of absorptive capacity
to convert innovation to search breadth.

Hypothesis 4: The mediating effect of absorptive capacity on the innovation-search breadth

relationship will be stronger for firms in hi-tech industries than low-tech industries.

METHODS
Sample Context

We use a longitudinal sample of Korean manufacturing firms which participated in the Korean
Innovation Survey (KIS) to test our hypotheses. The KIS was conducted by the Science and
Technology Policy Institute in South Korea. Firms were randomly selected from the Korean
manufacturing industries and many of the sampled firms are SMEs. Similar to its European
counterpart Community Innovation Survey (CIS), the KIS questionnaires followed the Oslo Manual
of OECD (see some recent examples in de Faria, Lima, & Santos, 2010; Duysters & Lokshin, 2011;
Leiponen and Helfat, 2010, 2011). The surveys covered a large number of knowledge transfer and
innovation activities. So far some KIS data have been used in innovation-related research, showing
good reliability and validity of measures (e.g., Eom and Lee, 2010; Lee et al., 2010).

For our purpose, we construct a panel dataset using three waves of KIS surveys conducted in
the years 2002, 2005, and 2008, respectively. The Science and Technology Policy Institute provided
us the survey data of 102 firms which participated in all three surveys. Since we lagged the
independent variables in the analysis, our panel data comprise 204 firm-year observations of 102
firms across three surveys. As each wave of survey asked questions about knowledge and innovation-
related activities for the past two or three years before the survey time, the merging of three surveys

creates a dataset that span a time period of eight years (i.e., 2000-2007).
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Measure
For the panel data, we lagged absorptive capacity (i.e., mediating variable) and external

knowledge search breadth (i.e., dependent variable). This lag is able to account for the delay of the
effects of innovation, and also improve the accurateness of the causal inference by reducing the
possibility of the simultaneity and endogeneity problems (Baum, 2006). Appendix 1 listed all the
items of the measures used in this study.

External knowledge search breadth. We followed a common measurement of knowledge
source breadth in the CIS studies to measure external knowledge search breadth in two steps (Cohen
and Malerba, 2001; Duysters and Lokshin, 2011; Laursen and Salter, 2006; Leiponen and Helfat,
2010, 2011). In the first step, respondents were asked to rate the importance of nine information
sources as a catalyst for innovation on a six-point scale from 0 (no use), 1 (not at all), to 5 (very high).
The nine sources were worded differently in the three waves of survey but were comparable across
surveys (as shown in Appendix 1). They included (1) competitors, (2) suppliers, (3) customers, (4)
private service providers, (5) universities, (6) government and public research institutes, (7) external
associations, (8) professional journals and books, and (9) exhibitions, conference, and trade shows.
We coded each item as a dummy variable, assigned a value of 1 if the firm used a specific knowledge
source (i.e., original score equal to 2 or above), and 0 if not, during the period of 2002-2004 (and of
2005-2007). In the second step, we added the values of each binary item to form a score for external
knowledge search breadth. Thus, in a specific year, a firm’s external knowledge search breadth would
score 0 when none of the knowledge sources was used and 9 when all of the nine knowledge sources
were used.

Innovation. Innovation was measured as the sum of five dichotomized variables on (1)
incremental product innovation, (2) radical product innovation, (3) process innovation, (4)
organizational innovation, and (5) marketing innovation. Respondents were asked whether their firms
had generated each type of innovation. It was coded 1 if a firm generated the focal innovation, and 0 if
not. A firm would score 0 if it did not generate any innovation, and 5 if it produced all five types of

innovation.
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As the exact wording of the items on innovation was different for the 2002 and 2005
questionnaires, we re-categorized these items so that the measurements were consistent across the two
surveys (as shown in Appendix 1).

Absorptive capacity. Absorptive capacity is the capacity of a firm to absorb new knowledge.
The KIS did not contain any item that directly measures this capacity. We adopted the log
transformed number of R&D employees as the proxy of absorptive capacity, similar to Liu and White
(1997) and others. We used in our analyses the year-2001 and year-2004 data of R&D employees,
which were collected from the 2002 and 2005 questionnaire surveys, respectively.

Business group. Business group is measured as a dummy variable, coded 1 if a firm was
affiliated with a domestic group company, and coded 0 otherwise.

Industry. A dummy variable was created to measure industry. Firms were categorized into
high-tech vs. low-tech industries, based on the Korean Standard Industry Classification (KSIC) in
2002. The high-tech industries include petroleum products/nuclear energy, chemical products,
machinery/equipment, office/computing equipment, other electric machinery/conversion systems,
visual/sound/telecommunication devices, medical/precision/optical equipment/watch,
automobiles/trailers, and other transport equipment. The low-tech industries included: food/beverage,
garment, wood products, footwear/bags, printing, plastic, non-metal mineral products, primary metal,
and fabricated metal (excluding machinery/equipment). High-tech industry was coded 1 and low-tech
industry 0.

Control variables. We controlled for firm age, firm size, and financial performance that have
been showed to affect knowledge search breadth in previous research. Specifically, firm age was
calculated by subtracting the founding year of a firm from the survey years 2002 and 2005. Firm size
was measured as the total sales in years 2001 and 2004. Financial performance was measured by the

return on sales in years 1999 and 2002.

Analytical method
We use the generalized estimating equations (GEE; Liang and Zeger, 1986) to analyse the

effect of innovation on external search breadth in the panel data. We choose a GEE model because
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this technique allows for the modelling of correlated observations within firms resulting from the
repeated measures across years (c.f., Chan, Isobe, and Makino, 2008; Diestre and Rajagopalan, 2011;
Wowak, Hambrick, and Henderson, 2011). Our estimations were based on unstructured matrix, which
places least restrictions on the model estimations (Ballinger, 2004) and thus has less statistical biases
caused by testing techniques. All the data analyses were conducted in the STATA package, mostly

with its panel GEE ‘xtgee’ function.

RESULTS

The descriptive statistics of variables and correlation matrix between them are reported in Table

2. The results of panel regressions are presented in Tables 3-5.
[Insert Table 2 about here]

Hypothesis 1 predicts that the innovation will positively affect external knowledge search
breadth. Model 2 in Table 3 shows that the coefficient of innovation is statistically significant and
positive in sign (B = .24, p <.05). Thus, Hypothesis 1 is supported.

Hypothesis 2 suggests that absorptive capacity mediates the effect of innovation on external
knowledge search breadth. We tested this mediating effect using Baron and Kenny’s (1986) approach.
To confirm the mediation, we are required to meet three conditions: (1) in the regression of external
knowledge search breadth on innovation, innovation is statistically significant; (2) in the regression of
absorptive capacity on innovation, innovation is statistically significant; (3) when innovation and
absorptive capacity both enter the regression of external knowledge search breadth, absorptive
capacity is statistically significant, yet innovation becomes insignificant (in the complete mediation)
or weaker in magnitude (in the partial mediation). The results of Hypothesis 1, shown in Model 2,
have provided supports for the first condition. Model 3 reveals that the effect of innovation on
absorptive capacity was significant and positive (B = .14, p <.001), which was in line with the second
condition of mediation. In addition, Model 4 shows that the effect of absorptive capacity on external
knowledge search breadth was significant and positive (B = .55, p <.01), yet that of innovation was
reduced to insignificant, which was consistent with the third condition. These results thus indicate a

complete mediation of absorptive capacity in the effect of innovation on external knowledge search
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breadth. In addition to the Baron and Kenny’s (1986) test, we also ran a Sobel test, which confirmed
the significance of the mediating effect (ab path = 2.25, p <.05). Therefore, Hypothesis 2 was
supported.

[Insert Table 3 about here]

As the proposed moderators (business group and industry) are binary variables in Hypotheses 3
and 4, we employ sub-group comparison to test the moderating effects. We firstly tested Hypothesis 3
on the moderation of business group. For firms affiliated with business group, the three conditions of
mediation according to Baron and Kenny (1986) were not all met. Particularly, Model 6 (in Table 4)
failed to find a significant overall effect of innovation on external knowledge search breadth (B = -.04,
p > .10) and thus was unable to meet the first condition of mediation. The results implied that
absorptive capacity did not mediate the relationship between innovation and external knowledge
search breadth.

In contrast, for firms not affiliated with any business group, the mediation of absorptive
capacity was significant. Innovation was significantly and positively associated with external
knowledge search breadth (B = .27, p <.05, as shown in Model 10) and absorptive capacity (B = .14,
p < .01, as shown in Model 11). Moreover, when innovation and absorptive capacity were entered into
the same regression of external knowledge search breadth, the effect of innovation became
insignificant, while the effect of absorptive capacity remained significant and positive (B = .62, p
<.01, as shown in Model 12). The results of Sobel test further confirmed the mediating role of
absorptive capacity (Sobel test statistic = 2.07, p < .05). These results showed that absorptive capacity
fully mediated the effect of innovation on external knowledge search breadth in non-group firms.

Based on the above results, we can draw the conclusion that the business group moderates the
mediating effect of absorptive capacity on the relationship between innovation and external
knowledge search breadth. Hence, Hypothesis 3 was supported.

[Insert Table 4 about here]

For high-tech industry, Models 14-16 in Table 5 show generally evidence for the mediating

effect of absorptive capacity. Model 14 shows an overall positive impact of innovation on external
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knowledge search breadth (B = .41, p <.01). In addition, Model 15 reveals that the influence of
innovation on absorptive capacity was significant (B = .18, p <.001). Finally, Model 16 exhibits that,
when the effects of absorptive capacity and innovation were estimated simultaneously, absorptive
capacity had a significant impact on external knowledge search breadth while innovation did not. The
results met the three conditions of mediation suggested by Baron and Kenny (1986). Therefore,
absorptive capacity mediates the effect of innovation on external knowledge search breadth in high-
tech industry.

In contrast, the mediating effect of absorptive capacity was not supported for low-tech industry.
Neither the impacts of innovation on external knowledge search breadth (shown in Model 18) and on
absorptive capacity (in Model 19) were significant, nor was the effect of absorptive capacity on
external search breadth (in Model 20). Hence, for low-tech industry, absorptive capacity did not
mediate the effect of innovation on external knowledge search breadth. A comparison of the above
results between high-tech and low-tech industries implies that industry moderates the relationships
between innovation, absorptive capacity, and external knowledge search breadth. Therefore,
Hypothesis 4 was supported.

[Insert Table 5 about here]

DISCUSSION AND CONCULSIONS

This paper finds that innovation increases external knowledge search breadth through
absorptive capacity. Furthermore, this mediating effect is moderated by business group and industry.
Specifically, the mediation is only significant for firms without a business group affiliation, or firms
in high-tech industries.

This paper provides theoretical contributions to both knowledge search and innovation
literature. On the study of knowledge search, we extend current research to develop a model of
knowledge search breadth based on learning ability, motivation, and difficulty of knowledge transfer.

On the study of innovation, we showed that innovation is not only a consequence of knowledge search

11
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as found in the existing literature, but may also serve as a precursor to knowledge search strategy.
Thus, we add an important outcome of innovation that has seldom been studied.

The findings are also important to practicing managers. Knowledge search strategy is crucial in
turbulent environment, as firms involve in broader knowledge search can keep themselves alert and
aware of what is happening in the business environment. This paper suggests that being innovative
might be a way to broaden knowledge search outside of firms. Innovativeness and knowledge search
might fuel a virtuous cycle. Importantly, we find in this study that innovation is more likely to
increase the breadth of knowledge search when a firm is not affiliated with any business group and
when a firm is in high tech industry. Managers should pay attention to these environmental constraints
when devising their innovation and knowledge search strategy.

The contributions of this study should be viewed in light of some limitations, which at the same
time, points to future research opportunities. First, the Korean sample enables us to examine the
influence of business group, but at the same time may limit the generalizability of our findings to
other countries. Hence, more replications are needed to further verify the results found in this study.
In addition, the motivation of knowledge search and the characteristics of knowledge are only
indirectly measured via proxy variables, i.e., business group and industry, respectively. It would be
valuable to adopt some direct measures so that the relationships of interest shall be examined with less

bias. Finally, we only studied knowledge search breadth in this study.

12



Page 13 of 24

ANZAM 2013

References

Ahuja G & Katila R (2001) Technological acquisitions and the innovation performance of
acquiring firms: a longitudinal study, Strategic Management Journal, 22(3): 197-220.

Arora A & Gambardella A (1994) Evaluating technological information and utilizing it:
Scientific knowledge, technological capability, and external linkages in biotechnology,
Journal of Economic Behavior & Organization, 24(1): 91-114.

Ballinger GA (2004) Using generalized estimating equations for longitudinal data analysis,
Organizational research methods, 7(2): 127-150.

Baron RM & Kenny DA (1986) The moderator-mediator variable distinction in social
psychological research: Conceptual, strategic, and statistical considerations, Journal of
personality and social psychology, 51(6): 1173-1182.

Baum CF (2006) An introduction to modern econometrics using Stata: Stata Corp.

Cassiman B & Veugelers R (2006) In search of complementarity in innovation strategy:
internal R&D and external knowledge acquisition, Management science, 52(1): 68-82.

Chan CM, Isobe T & Makino S (2008) Which country matters? Institutional development and
foreign affiliate performance, Strategic Management Journal, 29(11): 1179-1205.

Chen J, Chen Y, & Vanhaverbeke W (2011) The influence of scope, depth, and orientation of
external technology sources on the innovative performance of Chinese firms.
Technovation, 31(8): 362-373.

Choi SB, Lee SH & Williams C (2011) Ownership and firm innovation in a transition
economy: Evidence from China. Research Policy, 40(3): 441-452.

Cohen WM & Levinthal DA (1990) Absorptive capacity: a new perspective on learning and
innovation. Administrative science quarterly: 128-152.

Cohen WM & Malerba F (2001) Is the tendency to variation a chief cause of progress?

Industrial and Corporate Change, 10(3): 587-608.

13



ANZAM 2013

de Faria P, Lima F, & Santos R (2010) Cooperation in innovation activities: The importance
of partners. Research Policy, 39(8): 1082-1092.

Diestre L & Rajagopalan N (2011) An environmental perspective on diversification: the
effects of chemical relatedness and regulatory sanctions. Academy of Management
Journal, 54(1): 97-115.

Duysters G & Lokshin B (2011) Determinants of alliance portfolio complexity and its effect
on innovative performance of companies. Journal of Product Innovation Management,
28(4): 570-585.

Eom BY & Lee K (2010) Determinants of industry—academy linkages and, their impact on
firm performance: The case of Korea as a latecomer in knowledge industrialization.
Research Policy, 39(5): 625-639.

Escribano A, Fosfuri A & Tribd JA (2009) Managing external knowledge flows: The
moderating role of absorptive capacity, Research Policy, 38(1): 96-105.

Fabrizio KR (2009) Absorptive capacity and the search for innovation. Research Policy,
38(2): 255-267.

Faems D, De Visser M, Andries P & Van Looy B (2010) Technology Alliance Portfolios and
Financial Performance: Value-Enhancing and Cost-Increasing Effects of Open
Innovation*. Journal of Product Innovation Management, 2'7(6): 785-796.

Hargadon A & Sutton RI (1997) Technology brokering and innovation in a product
development firm. Administrative science quarterly: 716-749.

Inkpen AC & Tsang EW (2007) Learning and Strategic Alliances. The Academy of
Management Annals, 1(1): 479-511.

Laursen K & Salter A (2006) Open for innovation: the role of openness in explaining

innovation performance among UK manufacturing firms. Strategic Management Journal,

27(2): 131-150.

14

Page 14 of 24



Page 15 of 24

ANZAM 2013

Laursen K (2012) Keep searching and you’ll find: what do we know about variety creation
through firms’ search activities for innovation? Industrial and Corporate Change, 21(5):
1181-1220.

Lee S, Park G, Yoon B & Park J (2010) Open innovation in SMEs—An intermediated
network model. Research Policy, 39(2): 290-300.

Leiponen A & Helfat CE (2010) Innovation objectives, knowledge sources, and the benefits
of breadth. Strategic Management Journal, 31(2): 224-236.

Leiponen A & Helfat CE (2011) Location, decentralization, and knowledge sources for
innovation. Organization Science, 22(3): 641-658.

Liang KY & Zeger SL (1986) Longitudinal data analysis using generalized linear models.
Biometrika, 73(1): 13-22.

Liu X & White RS. The relative contributions of foreign technology and domestic inputs to
innovation in Chinese manufacturing industries. Technovation, 17(3): 119-125.

Mahmood IP, Zhu H & Zajac EJ (2011) Where can capabilities come from? Network ties and
capability acquisition in business groups. Strategic Management Journal, 32(8): 820-848.

Minbaeva DB (2007) Knowledge transfer in multinational corporations. Management
International Review, 47(4): 567-593.

Mol MJ & Birkinshaw J (2009) The sources of management innovation: When firms
introduce new management practices. Journal of business research, 62(12): 1269-1280.

Prabhu JC, Chandy RK & Ellis ME (2005) The impact of acquisitions on innovation: poison
pill, placebo, or tonic? Journal of Marketing: 114-130.

Santamaria L, Nieto MJ & Barge-Gil A (2009) Beyond formal R&D: Taking advantage of
other sources of innovation in low-and medium-technology industries. Research Policy,
38(3): 507-517.

Simonin BL (1999) Ambiguity and the process of knowledge transfer in strategic alliances.

15



ANZAM 2013 Page 16 of 24

Strategic Management Journal, 20(7): 595-623.

Szulanski G (1996) Exploring internal stickiness: Impediments to the transfer of best practice
within the firm. Strategic Management Journal, 17: 27-43.

Vega-Jurado J, Gutiérrez-Gracia A & Fernandez-de-Lucio I (2009) Does external knowledge
sourcing matter for innovation? Evidence from the Spanish manufacturing industry.
Industrial and Corporate Change, 18(4): 637-670.

Veugelers R & Cassiman B (1999) Make and buy in innovation strategies: evidence from
Belgian manufacturing firms. Research Policy, 28(1): 63-80.

White RE, Hoskisson RE, Yiu DW & Bruton GD (2008) Employment and market innovation
in Chinese business group affiliated firms: The role of group control systems.
Management and Organization Review, 4(2): 225-256.

Williams C (2007) Transfer in context: Replication and adaptation in knowledge transfer
relationships. Strategic Management Journal, 28(9): 867—-889.

Wowak AJ, Hambrick DC & Henderson AD (2011) Do CEOs encounter within-tenure
settling up? A multiperiod perspective on executive pay and dismissal. Academy of
Management Journal, 54(4): 719-739.

Wuyts S & Dutta S (2012) Benefiting from Alliance Portfolio Diversity: The Role of Past
Internal Knowledge Creation Strategy. Journal of Management.

Wuyts S, Dutta S & Stremersch S (2004) Portfolios of interfirm agreements in technology-
intensive markets: consequences for innovation and profitability. Journal of Marketing:
88-100.

Zucker LG, Darby MR & Armstrong JS (2002) Commercializing knowledge: University
science, knowledge capture, and firm performance in biotechnology. Management

Science, 48(1): 138—153.

16



Page 17 of 24

ANZAM 2013

Appendix 1

Table 1 Item measurements

Variables Items in 2002 survey Items in 2005 Survey Items in 2008 Survey
External During 2002-2004, indicate the extent to | During 2005-2007, the extent to which
knowledge which each of the following sources of | the following source of information
search breadth information was used (for your was used (for innovation activity)?

Each item in the
survey was
coded 1 if the
source of
knowledge was
used, and 0 if
not. The value
of external
knowledge
search breadth
is the sum of
the nine
(dummy) items.

company’s technological innovation
activities) on a scale (0 =no use, 1=
very low, 5= very high).

(0=not used, 1 = very low, 5 = very
high)

Competitors in the industry

Competitors in the same industry

Suppliers (raw materials, software)

Suppliers

Suppliers of machinery/equipment

Customers

Customers

Business service providers (consulting,
legal, accounting, etc.)

Private service providers (including
consulting)

University

Universities

Government / national research institute

Government/Public (national) research
institutes

Non-profit organization (associations,
cooperatives, chamber of commerce,
etc.)

External associations (industry
associations, cooperatives)

Professional magazine

Professional journals / books

Professional technology conference

[Exhibitions, conference, trade shows

Trade shows / Exhibitions
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Innovation

Measured as the
sum of five
dummy
variables listed
on the right.

1. Incremental product innovation

For 2000-2001, was there any
technologically improved product
(yes/no)

Code 1 =yes, and 0 = no

1. Incremental product innovation

How many significantly improved
products to the market in 2002, 2003,
and 2004, respectively?

coded as 1 if there is any in any year,
and 0 otherwise

2. Radical product innovation

For 2000-2001, did it introduce a
technologically new product/service
(yes/no)

Code 1 =yes, and 0 = no

2. Radical product innovation

How many new products to the market
in 2002, 2003, and 2004, respectively?

coded as 1 if there is any in any year,
and 0 otherwise

3. Process innovation
For 2000-2001, was there any new
process or significant process

improvement (yes/no)

Code 1 =yes, and 0 = no

3. Process innovation

number of process innovation, i.e. new
or significantly improved production or
process logistics, purchase, accounting,
etc., in 2002, 2003, and 2004,
respectively

coded as 1 if there is any in any year,
and 0 otherwise

18
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4. Organizational innovation

For 2000-2001, is there any
organizational innovation? (yes/no)

Code 1 =yes, and 0 = no

4. Organizational innovation

For 2002-2004, this firm introduced the
following organizational innovation:

1) Significant change in
learning/knowledge sharing
(yes/no)

2) Change in production / Supply
management (yes/no)

3) Change in task
flexibility/interdepartmental
integration (yes/no)

4) Outsourcing
(function/department) (yes/no)

5) Change in external relationship
with suppliers, customers,
public organizations (yes/no)

coded as 1 if the answer to any item
above is yes, and 0 otherwise)

5. Marketing innovation

For 2000-2001, is there any marketing
innovation? (yes/no)

Code 1 =yes, and 0 = no

5. Marketing innovation

For 2002-2004, this firm introduced the
following marketing innovation:

1) Significant change in the
design/packaging of a good
(yes/no)

2) Significant change to
presentation in sales
outlets/marketing
concept/strategy (yes/no)

3) New marketing channel
(mobile, TV, etc.) (yes/no)

19
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coded as 1 if the answer to any item
above is yes, and 0 otherwise)

Absorptive
capacity

log transformed number of R&D
employees in 2001

log transformed number of R&D
employees in 2004

Business group

0 = not belong to a business group, 1 = belong to a business group

Industry

KSIC (Korean Standard Industry Classification) was adopted and then recoded into high-

tech vs. low-tech industries, specifically

1. Low-tech industries (food/beverage; garment; wood products; footwear/bags;
printing; plastic; non-metal mineral products; primary metal; fabricated metal

(excl. machinery/equipment)

2. High-tech industries (petroleum products/nuclear energy; chemical products;
machinery/equipment; office/computing equipment; other electric
machinery/conversion systems; visual/sound/telecommunication devices;
medical/precision/optical equipment/watch; automobiles/trailers; other

transport equipment)
0= low-tech and 1= high-tech

Firm size

Total sales at the end of 2001 (in 100 billion
won)

Total sales at the end of 2004 (in 100 billion
won)

Firm age

Years of operation (survey year 2002 minus
founding year)

Years of operation (survey year 2005 minus
founding year)

Financial
performance

Return on sales in 1999

Return on sales in 2002

20

Page 20 of 24



Page 21 of 24 ANZAM 2013

Table 2 Mean, Standard Deviation, and Correlations

Mean S.D. 1 2 3 4 5 6
1. Age 25.84 15.03
2. Size 4.47 14.9 A1
3.ROS 2.22 26.81 -.01 -.01
4. Innovation 2.28 1.72 -.05 15% .03
5. External 5.37 2.77 -.03 A7* -.03 A7*
knowledge
breadth
6. Absorptive 2.98 1.09 5% JEE* .05 29%%* 206%%*
capacity (In R&D
employees)
7. Industry 52 .50 -.04 14%* .07 147 .10 3%k
(1=high tech)
8. Group 21 41 -.10 13" 14" 13" 14%* -.06
(1=business
group affiliation)
N =204
+p<.10
*p<.05
**p<.01
*** p <.001
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Table 3 Effect of Innovation on External Knowledge Search Breadth and the Mediating Role of

Absorptive Capacity
Model 1 Model 2 Model 3 Model 4
Variables External External Absorptive External
knowledge knowledge capacity knowledge
search breadth search breadth search breadth
Intercept 5.44%%% 4 87** 2.34%** 3.62%**
(:39) (:46) (-19) (:62)
Age -.01 -.01 009" -.01
(.01 (.0 (.006) (.01
Size .03%* .03* 2% .02
(.01 (.01 (.006) (.01
ROS -.003 -.004 .002 -.005
(.007) (-007) (.002) (-007)
Innovation 24% Q1 4%%* 15
(.11 (.04) (.11)
Absorptive S5%*
capacity (.19)
Wald chi-square  6.33" 11.65% 29.01%** 21.03***
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Table 4 GEE Regression Models Examining the Moderating Effect of Business Group

Business Group (N =43)

Non-group (N =159)

Variables  Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12
External External Absorptive External External External Absorptive External
knowledge knowledge capacity knowledge knowledge knowledge capacity knowledge
search breadth  search search search search search breadth

breadth breadth breadth breadth

Intercept 5.59%** 5.71%%* 1.46%%* 4.18%%* 5.20%** 4.58%** 2.36%* 3.13%%*
71D (.93) (.42) (1.09) 47 (.54) (21 (.74)

Age .03 .02 .01 .03 -.01 -.01 01" -.02
(.03) (.03) (.01) (.03) (.01 (.01 (.0 (.0

Size -.002 -.001 .02%* -.02 O5%* 5%* 2% .03
(.02) (.02) (.007) (.02) (.02) (.02) (.007) (.02)

ROS -.005 -.005 .003** -.007 .09 15 .03 15
(-006) (.006) (.001) (.005) (:30) (:30) (.10) (.29)

Innovation -.04 43HE* -24 27% 4% .19

(.20) (.07) (.21) (-13) (.05) (.13)

Absorptive 4% 62 %*

capacity (.32) (.22)

Wald chi- 1.68 1.72 50.16%*** 7.52 8.51* 13.26* 25.02%%* 22.18%**

square
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Table S GEE Regression Models Examining the Moderating Effect of Industry

High-tech industry (N = 106)

Low-tech Industry (N = 98)

Variables Model 13 Model 14 Model 15 Model 16 Model 17 Model 18 Model 19 Model 20
External External Absorptive External External External Absorptive External
knowledge  knowledge capacity knowledge knowledge knowledge capacity knowledge
search search search search search search
breadth breadth breadth breadth breadth breadth

Intercept 6.05%** 5.04%** 2.33%x* 3.05%** 4.40%*** 4 35%** 2.40%** 3.60%**
(:53) (:59) (:23) (-82) (.56) (.68) (:30) (91

Age -.02 -.02 02%* -.04%* .01 .01 .001 .01
(.02) (.02) (.007) (.02) (.02) (.02) (.008) (.02)

Size 03" 02" 01* .008 19%* 19%* .03 A8%*
(.01 (.01 (.005) (.01 (.06) (.06) (.03) (.06)

ROS -.003 -.005 .002 -.007 =27 -.26 .04 =27
(-007) (.007) (.002) (-007) (:34) (:35) (:12) (:34)

Innovation A1F* 1 8FF* 27" .02 .05 -.001

(.15) (.05) (-15) (.16) (.06) (.16)

Absorptive 86** 32

capacity (.27) (:26)

Wald chi- 4.79 14.49%* 34.17%** 28.23%** 9.97* 10.01* 1.87 11.49*

square
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