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KEEPING OPTIONS ALIVE: EVIDENCE FROM THE FLAT PANEL INDUSTRY 

 

 

ABSTRACT 

 

This study explores how dual investment strategy become effective during technology replacement. To the 

early entrants of a nascent industry, a dual investment strategy might not be effective. To the late entrants 

competing at the level of ecosystems, however, dual investments becomes effective. The effect becomes 

more salient when the firms feature a business group structure and focus on emerging markets as they 

facilitate managing compounded complexity borne out of maintaining dual options. We find supporting 

evidence for our theoretical predictions through empirical analyses using 330,774 patents filed in the 

global flat panel display industry from 1970 to 2010.  
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KEEPING OPTIONS ALIVE: EVIDENCE FROM THE FLAT PANEL INDUSTRY 

 

INTRODUCTION 

When there are multiple technologies competing toward a substitution for old dominant technology, each 

individual firm must make its own investment choice in advance (e.g., Dosi, 1982; Schilling, 2002; 

Suarez, 2004). Investment decisions are inherently risky, and this risk becomes further exacerbated by the 

nonlinear path of technology substitution. Old technologies might reemerge (Raffaelli, 2019), or a 

seemingly inferior technology might be an eventual winner (Cusumano, Mylonadis & Rosenbloom, 1992; 

David, 1985). The pattern of technology substitution is also widely heterogeneous across industries (e.g., 

Adner & Kapoor, 2016). Given this non-linearity of technology substitution processes, a plausible choice 

is to spread technological bets by investing in multiple technologies at the same time rather than being 

specialized in a single technology, what we call ñdual investmentò strategy. By doing so, firms build 

multiple options with partial commitment across competing technologies (McGrath, 1997; McGrath and 

Nerkar, 2004). However, empirical studies generally suggest the opposite might be the case (e.g., Eggers, 

2012; Klingebiel & Rammer, 2014; Toh & Kim, 2013). For example, managerial costs of maintaining dual 

options within the boundary of a firm (Eggers, 2012) and switching costs between dual options due to 

competitive relationship between the dual options (Toh & Kim, 2013) may be the reasons behind the 

ineffectiveness of dual investment strategy.  

This paper aims to reconcile seemingly contradicting theories and equivocal empirical findings by 

identifying an underlying mechanism by which determines the effectiveness of dual investment strategy. 

First, we explore how entry timing (i.e., early vs. late) conditions the effectiveness of dual investment 

strategy. Second, we investigate the moderating effect of organizational forms, specifically business 

groups often found in emerging economies, on the effectiveness of dual investment strategy. Lastly, we 

investigate the moderating effect of geographical orientation of organization, specifically emerging market 

focus. In other words, we examine if and how dual investment strategy can be effective given the 

uncertainty caused by technology substitution. 
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function of the new technology as a category is lacking (Dobrev & Gotsopoulos, 2010: 1153). Compared 

with late entrants, early entrants are fully immersed in the legitimacy vacuum. Hence, they need to build 

new knowledge through trial-and-error learning with little prior experience, which incurs more explorative 

costs especially when the firms develop multiple technologies at the same time (Bingham & Davis, 2012). 

Moreover, under the legitimacy vacuum, such explorative behavior exhibits a sign of less confidence in a 

new technology to crucial gatekeepers such as venture capitalists or internal budget controllers, who make 

the funding decision for the new technologies. 
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In the late stage, however, the competition becomes more non-linear and socio complex. The 

performance at consumer markets often determines the winner. To ensure such marketability, it becomes 

critical to construct an eco-system which embraces complementary assets and goods which ensure the 

quality of the whole consumer experience
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the major markets of the FPD industry (i.e. the U.S., Japan, and Korea), and use the proportion of patents 

elsewhere as the reference category. Finally, we proxied firm size with a dummy variable indicating 

whether the firm has been on the Fortune Global 500 List. 

Analyses 

We hypothesized that a dual investment strategy is better for late entrants than a single investment 

strategy, and that such benefits are more salient among firms with a strong business group structure or 

with an emerging market focus. To formally test our hypotheses, we used generalized estimating equation 

(GEE) negative binomial model with a first-order autoregressive correlation structure (AR1). GEE models 

are suitable for controlling for the unobserved firm-level heterogeneity because it provides population-

average coefficients (Echambadi, Campbell, & Agarwal, 2006: 1810).
6
  

RESULTS 

Table A1 in Online Appendix A displays the descriptive statistics and zero-order correlations for all 

variables. Low values of both variance inflation factors (ranging from 1.08 to 5.06) and condition indices 

(ranging from 1.00 to 5.72) indicate that multicollinearity is unlikely to impact our estimates. 

Hypothesis 1 predicted that late entrants that enter with both technologies (i.e., both LCD and PDP) 

tend to be more successful than late entrants entering with a single technology (i.e., either LCD or PDP).
7
 

In Model 1a and 1b of Table 1, we first ran the analysis in the sample of 
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entering with only PDP, firms that enter with both technologies obtain more LCD patents (b=-0.001 vs b=-

0.542, p<0.001, Model 2a), and do not underperform in developing PDP patents either (b=0.310 vs 

b=0.354, p=0.684, Model 2b). In terms of the magnitude of the reported effects, firms that entered the 

FPD industry with both technologies have 0.61 more LCD patents per year than firms that entered with 

only PDP, and 0.08 more PDP patents than firms entering with only LCD.
8
 Please note that the magnitude 

is calculated annual base. Given the slow substitution process in FPD, the accumulated magnitude over the 

multiple years is quite significant in its economic impact. Moreover, in our sample, more than half of the 

firm-year observations have zero patent per year. The number shows the importance of a patent in FPD 

industry.  

In Hypothesis 2, we argued that among late entrants entering with dual technological investments, 

firms with a strong business group structure would outperform those with a weak business group structure. 

In Models 3a and 3b of Table 1, we added the interaction terms between strong business group structure 

and the indicators of technology choices at entry. We find that H2 is supported in the LCD patenting 

model, but not in the PDP patenting model. Specifically, when the dependent variable is the annual count 

of LCD patents, the coefficient on the interaction between entering with both and strong business group 

structure is positive and significant at the 10% level (b=0.190, p=0.073, Model 3a). In Model 3b where the 

dependent variable is the annual count of PDP patents, the coefficient of that interaction term is 

insignificant. One potential reason might be that compared with PDP, LCD development requires more 

intensive capital investments at the beginning (Castellano, 1992), so the support from business groups 

matters more in LCD patenting. Therefore, H2 is partially supported.  

Hypothesis 3 suggested that among late entrants entering with both LCD and PDP technologies, 

firm with a stronger focus on emerging markets would exhibit faster knowledge growth than those with 

less focus on emerging markets. To test this hypothesis, we added in Models 4a and 4b the interactions 

between presence in emerging markets and the indicators of technology choices at entry. Consistent with 

H3, the interaction terms are positive and significant at Ŭ = 0.01 level (b=0.438, p<0.001, Model 4a; 
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b=0.299, p<0.001, Model 4b). Figure 3 plots the estimated number of patents of firms with different 

technology choices at entry, organizational structure and geographical foci.  

[Table 1 
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uncertainty at various stages of an industry. As a core technology shows its technological prowess in 

replacing old technology, the competition between each ecosystem emerges (Adner & Kapoor, 2016). 

Competition at the level of ecosystem lays favorable conditions by which entrants with a dual investment 

strategy 
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Appendix A.  

Panel A. Variable definitions and summary statistics 

 

Variable name     Definitions             

1 Annual count of LCD patents Number of LCD patents a firm applied for each year 

2 Annual count of PDP patents Number of PDP patents a firm applied for each year 

3 Enter with both  A dummy variable equal 1 if the proportion of LCD and PDP 

patents during the first 5 years since entry are below 80%, and 0 

otherwise. 

4 Enter with PDP  A dummy variable equal 1 if the proportion of PDP patents during 

the first 5 years since entry is above 80%, and 0 otherwise. 

5 Strong business group structure A dummy variable equal 1 if the number of subsidiaries is above 

the median number of subsidiaries of firms each year, and 0 

otherwise. 

6 Focus on emerging markets Proportion of patents that are granted in countries in countries 

defined as emerging economies by the IMF. 

7 LCD patent stock  Natural log of the total number of LCD patents since entry. 

8 PDP patent stock  Natural log of the total number of PDP patents since entry. 

9 General FPD patent stock Natural log of the total number of patents that are classified as both 

LCD and PDP technologies.  

10 Alliance   A dummy variable equal 1 if the firm has had any FPD patent co-

developed with another firm, and 0 otherwise. Alliances between 

two or more firms affiliated with the same business group are 

excluded. 

11 Focus on major FPD markets Proportion of patents that are granted in the US, Japan and Korea. 

12 Independent firms  A dummy variable equal 1 if the firm does not have any 
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NOTES 

1
One might argue that weak intellectual property rights protection in emerging economies may 

discourage firms from patenting in those countries and reduce the value of those patenting activities. 

However, the number of patents filed and granted in emerging markets by foreign firms has surged during 

the past few decades. In addition, despite the generally weak appropriability regimes, the literature 

suggests that foreign firms have developed various tactics to achieve de facto protection (e.g. Keupp, 

Beckenbauer and Gassmann, 2010). 

2
To ensure the quality of the patents, we only consider LCD or PDP patents that are eventually 

granted. 

3
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Table 1. Technology Choice at Entry and Their Subsequent Knowledge Creation 

 

All firms 

 

Late entrants 

 

LCD PDP 

 

LCD PDP LCD PDP LCD PDP 

 

Model 1a Model 1b 

 

Model 2a Model 2b Model 3a Model 3b Model 4a Model 4b 

            

    Enter with both -0.092+ 0.179** 

 

-0.001 0.310** 0.033 0.425** 0.009 0.357** 

 

(0.052) (0.053) 

 

(0.062) (0.059) (0.069) (0.069) (0.064) (0.061) 

Enter with PDP -0.510** 0.136+ 

 

-0.542** 0.354** -0.512** 0.400** -0.594** 0.328** 

 

(0.078) (0.079) 

 

(0.110) (0.100) (0.117) (0.108) (0.115) (0.103) 
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Table 2. Late Entrants' Technology Choice at Entry  

and Their Subsequent Knowledge Creation: Split-sample Analysis  

 

 

Firms entering between 1983 and 1990 

 

Firms entering after 1990 

 

LCD PDP LCD PDP 

 

LCD PDP LCD PDP 

 

Model 5a 
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Figure 1. Emergence of LCD and PDP Technology 
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Figure 2. Firms’ Technology Choice at Entry by Entry Year 

 

  




