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Introduction

• Internal R&D: proprietary R&D investment conducted 
internally by the firm, in-house R&D activities

• External R&D: R&D investment outsourced to external 
entities, externally contracted R&D investment

• Examine how internal and external R&D investments affect 
total factor productivity (TFP) under varying levels of market 
competition

• Examine how internal and external R&D spillover effects 
affect TFP under varying levels of market competition



Introduction

• Compare productivity effects of internal vs. external R&D

• Assess how market competition moderates these effects

• Compare productivity effects of internal R&D spillover vs. 
external R&D spillover

• Assess how market competition moderates these effects

• Provide empirical evidence on the role of competitive 
pressure in shaping the effectiveness of firm-level innovation 
strategies



Introduction

• First: Internal R&D tends to generate more tailored and 
proprietary innovations, leading to greater productivity gains

• Second: Both internal and external R&D investments exhibit 
higher performance in markets characterized by intense 
competition

• Third: Spillover effects from externally acquired R&D are 
substantially larger than those from internal R&D

• Fourth : Both internal and external R&D generate stronger 
spillover effects in less competitive markets



Theoretical Background

• IRDit and ERDit: internal and external R&D

• Sin,it and Sex,it: internal and external R&D spillovers

• : coefficients associated with marginal effects 
of internal and external R&D investments and their spillover 
variables (less than one)

• : markup-dependent productivity coefficients 
and markup-dependent spillover coefficients

• Mit: markups for each firm
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Theoretical Background

• First
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Theoretical Background

• Second:
- In-house research generates a larger share of tacit, firm-
specific knowledge that is difficult to codify and imitate, 
allowing the innovating firm to capture a greater portion of the 
returns (Nelson and Winter, 1982; Teece, 1986)

- External R&D—through licensing or contract research—tends to 
produce more standardized knowledge with weaker protection 
against imitation, thereby reducing the focal firm’s ability to fully 
appropriate its benefits (Cohen and Levinthal, 1989; Cassiman and 
Veugelers, 2006)
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Theoretical Background

• Third: 

- External R&D often produces knowledge that is more 
codified, standardized, and explicitly documented, which 
facilitates diffusion across firms and industries (Knott, 2008)

- Internal R&D creates a larger share of tacit and firm-specific 
knowledge, embedded in routines and organizational 
practices, which is less transferable and thus less likely to 
generate measurable spillover effects (Nelson and Winter, 
1982) 
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Theoretical Background

• Fourth: Effects of internal and external R&D investment are 
greater for firms operating in low-markup segments (i.e., 
highly competitive environments), whereas they are smaller 
for firms in high-markup segments (i.e., less competitive 
environments)
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Theoretical Background

• Fifth: Effect of R&D spillovers will increase as the markup rises

- Under weak competition, firms possess greater slack and 

absorptive capacity, enabling them to better internalize 

external knowledge and thereby amplify the productivity impact 

of R&D spillovers
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Data

• Use the data from the South Korea’s Statistical Office’s Firm 
Activity Survey from 2006 to 2018



Internal and External R&D



Internal and External R&D



Internal and External R&D

• Firms that make internal R&D investments tend to be more 
persistent compared to those that make external R&D 
investments



Internal and External R&D

• From <Table 3 & 4>: Internal R&D investments tend to be more 
persistent External R&D investments

- Irreversibility of internal R&D investments: Czarnitzki and Toole 

(2011, 2013), Cho and Lee (2021)

- Sunk cost: Manez et al. (2009), Manez and Love (2020) . Lee and 

Kim (2022)

- Friction and adjustment for internal R&D: Schankerman and 

Nadiri (1984), Bloom (2007), Doraszelski and Jaumandreu (2013), 

Aysun (2020), Aysun et al. (2025)

- Uncertainty or risk for internal R&D: Bloom (2007), Czarnitzki and Toole 

(2011, 2013), Doraszelski and Jaumandreu (2013), Lee and Kim (2022)



Production Function Estimation and TFP

• Use C-D production function using Olley and Pakes (1996) 
and Levinsohn and Petrin (2003) and construct TFP



Firm Level Markups

• Measure of Competition: Markup=P/MC

• Follow De Loecker (2011) and De Loecker and Warzynski 
(2012)

• where     is the output elasticity of material costs or the 
coefficient estimate in production function and     is the 
proportion of material costs to sales revenue

m

m



R&D Spillover Variables

• Define two proxy variables of the spillover effects following 
Knott (2008) 

• Leader Distance : 

• Sum Above : 
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TFP, Spillovers, and Markups



Empirical Model and Estimation Method

• Empirical Estimation Model

• Estimation Method: Fixed Effects Instrumental Variable(FEIV) 
Estimation Method
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R&D, Markups, and TFP

<Figure 3> Relationship between Internal and External 
R&D Investments, Markup, and TFP



R&D Spillover, Markups, and TFP

<Figure 4> Relationship between Internal and External 
R&D Leader Distance, Markup, and TFP

Panel A: Internal R&D Leader Distance, Markup, and TFP Panel B: External R&D Leader Distance, Markup, and TFP



R&D Spillover, Markups, and TFP

Panel A: Internal R&D Sum Above, Markup, and TFP Panel B: External R&D Sum Above, Markup, and TFP

<Figure 5> Relationship between Internal and External 
R&D Sum Above, Markup, and TFP



Effects of Internal and External R&D



Effects of Internal and External R&D

• Effects of Internal and External R&D on TFP are significantly 
positive

• Effects of both internal and external R&D investment on Total 
Factor Productivity (TFP) are higher when markups are low, 
indicating stronger competition

• Effect of internal R&D investment on TFP is greater than that 
of external R&D investment

• However, as competition intensifies (markups decrease), the 
gap between the effects of internal and external R&D 
investments narrows



Effects of Internal and External R&D

• Spillover effect of external R&D investment om TFP is greater 
than that of internal R&D investment

• Effects of both internal and external R&D Spillovers tend to 
be larger when competition is weak (i.e., when markups are 
high)



Concluding Remarks

• Try to address the policy implications!

• Try to link empirical results with real-world cases!



Suggestions

• We encourage you to suggest an idea!

• Thank you for your attention!
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