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Introduction

> In New Trade Theory, firm heterogeneity influences the choice of

production organization (Melitz, 2003;Helpman, 2006).

» However, the fundamental assumption that firm heterogeneity is
captured through exogenously determined productivity

differentials remains unsatisfactory.

> A new body of theoretical work that seeks to understand the

sources of firm heterogeneity has emerged in recent years:

W Technology investment, heterogeneous productivity and exporting
(Yeaple, 2005; Bustos, 2007; Lileeva and Trefler, 2007).

J Heterogeneity in imported inputs (Kugler and Verhoogen, 2008)

d Knowledge capital as a source of FDI and outsourcing (Chen et al.,
2008).



Introduction

The objectives of this paper:

1. To confront some of the predictions from the theoretical
literature of technology investment and production
organization using firm level data from two highly globalised
sectors in India (software and pharmaceutical).

2. To inform future theoretical work towards the better
understanding of the relationship between technology adoption
and complex patterns of production organisation

d Need to distinguish between trade in goods in services;

inward and outward FDI; outsourcing of professional and
manual jobs.

d Especially need to account for the fact a firm can engage in
many forms of production organisation!



Introduction

Figure 3. Technology investment and firm-year observations

by number of production organization activities
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Introduction

Figure 4: Technology inwestment and finr-year observations
vy number of production omanization actrties
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Introduction

Related empirical works:

» Joint decision of exporting and innovation

d

d
J
d

Baldwin and Gu (2004) for Canada

Bustos (2007) for Argentina

Aw et al. (2008, 2009) for Taiwan

Girma et al. (2008) for British and Irish firms.



Introduction

The upshot of this paper:

>

There exists heterogeneous effects resulting from the

choice of production organisation on the dynamics of
technology investment, depending on industry characteristics,
the interaction between the various forms of production
organisation and the type of technology investment into

account.
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Theoretical Underpinnings

Models of exporting and technology investments

Simple model

°* Demand:x = Ap_g and x" = A*p'g, £ = ——>1

0

® Production: inputs costing ¢ =1 can produce " units of product

- -1 _ -¢epne-1
o with § = (e-1)7e 8 (measure of productivity)

® Fixed cost of exporting: Je

T>1,
® Per-unit (melting iceberg) trading cost:



Theoretical Underpinnings

Models of exporting and technology investments

Simple model
* Maximum profits as a function of exporting decision (e)

m(e):= ¢[A+ eT'EA*]- ef

. S
e Exportcut-off. ' 174
’ 1o (4> 1)
* By paying a fixed cost, , productivity increases to :
(Technology investment )

[r=1)
* Maximum profits by investing in technology
m.(e)=A ¢p[A+ el 'EA*T- ef, - f,
oo
T - dt e A

®* |nvestment cut-off:



Theoretical Underpinnings

Models of exporting and technology investments

Simple model
* Profits when a firm does not invest and does not export

= ¢A
* Profits when a firm invest and export
m, = A¢[A+T_£A*]' fX‘ f]

m,-1,
e Difference

Am=lorea - f e (V- 1sd- £]¢ (- 1)pr A7)

* |ndifference e
Doty A Lt S
(A+1°4) (A+17°4)




Theoretical Underpinnings

Models of exporting and technology investments

Optimal choices of exporting and investing

(A-T)
'

I mvest Invest
Export Export

.

A+T7 4"
Mo Investing No Investing
No Exparting Export
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AAdapted Frows Laveo aod Trefler (2007)



Empirical approach: empirical model

* Dynamic model of technology investment with firm-specific heterogeneity
MNTECH, =0 TECH,.,+ f ,PROD,_,+ ,SIZE + f,AGE, + y TRADE. +
y,FDI, + ), OUTSOURCE + f.+ D.+ e,

e ATECH denotes change in technology investment and TECH ., captures
the persistence in technology investment

® PROD is productivity and SIZE and AGE are firm size and age
respectively

® TRADE is a vector of import/export of services and goods; FDI comprises
outward and inward FDI; and OUTSOURCE contains outsourcing of
professional and manual jobs

* fdenotes time-invariant firm-specific heterogeneity, D is a vector of time
dummies and e is a random error term



Empirical approach: definition of variables

Variable

Definition

Technology investment

The sum of real expenditures on own R&D, computers and
software, royalty fees and imports of capital goods.

Knowledge investment

The sum of real expenditures on own R&D, software and royalty
fees.

Physical technology investment

The sum of real expenditure on computers and imports of capital
goods.

Size

Log of total assets

Capital productivity

Log of sales divided by fixed capital.

Total factor Productivity

Log of total factor productivity estimated based on 3-input (labour,
fixed capital and material inputs) production function using the
Levinshon-Petrin (2003) technique.

Age

Log of firm age since incorporation.

Services exports

Services exports/total sales

Goods exports

Goods exports/total sales

Services imports

Services imports/total sales

Intermediates imports

Intermediates goods imports/total sales

Indian MNE

Investment by Indian multinationals in their overseas subsidiaries
divided by total sales.

Foreign MNE

The share of foreign finance in the firms’ total equity.

Outsourcing of professional jobs

The value of outsourced professional jobs divided by total sales.

Outsourcing of manual jobs

The value of outsourced manual jobs divided by total sales.




Empirical approach: estimation method

The empirical model is estimated with the dynamic panel data estimator
due to Blundell and Bond (1998)

It controls for firm-specific effects and distinguishes true state
dependence driving the dynamics of technology investment from
unobserved heterogeneity.

It allows for the endogeneity of the model regressors.

It estimates simultaneously the model in level and first-differences within
a GMM framework (implying that it does not suffer from the problem of
weak instruments among other things))



Database description

® Source: Prowess database from the Centre for Monitoring the Indian
Economy.

® |t covers publicly listed and unlisted firms from a wide cross-section of
manufacturing, services, utilities, and financial industries.

®* These companies account for more than 70% of industrial output.

® This study focuses on two highly-globalised sectors: software services and
pharmaceutical industry.

® Period of analysis:1997-2007



Sample characteristics

Table 1.Frequency distribution of firms

Software indusiry Pharmacentical indusiry
VEAT
Man- | Indian | Foreign Motr | Indian | Foregn
MMNEs | MNEs | MINEs | Total | MNEs | MNEs | MMNEs | Toatal
1997 112 1 B 121 217 1 25 24 5
1995 131 1 & 141 221 2 25 29
1999 211 2 12 225 258 2 27 207
2000 203 21 18 a0 203 4 24 280
2001 245 55 21 o221 225 200 a1 274
2002 255 a0 27 ahe 212 25 24 200
2005 285 | a0 | 404 245 25 20 29H
2004 319 5 a2 | 444 260 a1 27 o18
2005 203 10a 20 297 250 a5 27 290
2006 223 a0 41 259 204 o8 a7 274
2007 154 BT 47 28 E 152 a0 o Y
Total | 2,44 a3T T8 | 3550 [ 2,459 221 S17 | 4997




Sample characteristics

Table 2. Summary statistics of main variables of interest

Software mdnsry Phamaceutical industry
Yartahle
1907 2000 2000-2007 1907 2000 2001-2007

111e 3 atd | mesn atd | tean atd | tean atd
dew. dew. dew. dewr.

Grronwth in technalogy 0.05 0614 | 01| 04611
ivesttriett 0.014 | 0488 0074 0448

Log of technalogy 0. 343 0769 0537 1.03
ivesttriett 0439 0833 | 0620 1.108
Total factot productiwity | 2958 1468 | -3026 | 1614 | 4205 0928 -373| 1.115
Capita productiaty 0115 1.61 | 0257 1708 D288 143 0221 1488
Sz 2.541 1681 | 2549 2138 | 333 | 1485 3297 1.9
Log of aze 1.992 0706 22685 0671 2700 0806 2937 0705




Sample characteristics

Table 3. Growth of technology investment:

Premia to exporters, importers, multinational and outsourcers

Crtoup Software Pharmacentical
mduzry indusiry
Services expotess [, 35 itk (1.4 2 G+
(roods expottets [, (5 St (.4 5ttt
JerACes Hrnotters [.4] et [ afteeet
(zoods inpotes [ 27 Stk (.4 75k
Indian roaltnabionals [, Sttt (.4 S+
Foreign rmiltinationals [, 27 gttt [.2 bttt
Chatsoutcers of professional jobs | 0L25[F** [ 1+
Chatsoucers of manual jobs 0024 [ 154+
Tatal obsetwations 25304 2382




Empirical findings: baseline Model (Table 4)

Total factor productivity Capital productivity

Softwrare Pharmaceutical | Software | Pharmaceutical

industry indiustry industry | industry
Lagged technology -0 GETERE | S0 G (e -Q.aO0EREE 0GR T
investment
Productivity L () Qe -0 0Z25EEE ] D Qper
Hize () 2] Bt ()2 e (). 24l (), A e
Age O ()] e O (), 14 et
SErVices EXports (), Qe (), 3 T (.04 T 0, 435
(Foods BXports (), 16 4 ()] 1]+ (). 17 Gt () 14 Cprt
SErvices imports A ()8 Tt N T
Intermediates imports -0, QapeeE | ) 5T (.05 1% -, GEY I
Indian multinaticnals (), 0 [+ ()] Lyt (). Q0T (), Laarers
Foreign multinationals U (), 5 3 I O e
Cutsourcing of professional | O 1244+ - 0.0 QG+ U i 0, Q) et
jobs
Cutsourcing of manual jobs | -0 87 G () 4 S -0E1TEEE | 0 GG e
Total observations 2535 2380 2535 2382
Mumber of firms e 454 Eod 454
Sargan test (p-walue) 0191 0115 Q.G7T 0710
Serial correlation test (p- 0. E040 R 0.G2E 0. 5Er7
valug)




Empirical findings

1. A 10 percentage points change in the intensity of goods exports
would induce firms to increase their rate of technology investment
by 1.11 to 1.76 percentage points (Table 4).

2. Service exports also enhance the process of technology
upgrading, especially for pharmaceutical firms (Table 4).

3. The technology enhancing effects of goods exports are more
pronounced among Indian MNEs (Table 5).

4. Foreign pharmaceutical MNESs’ services exports are associated
with less technology investment ( Table 5).

5. Imports of services are substitutes for technology investment in
software industry especially for foreign MNEs (Table 5).

6. Important complementarity between imports of intermediate
goods and technology investment for pharma firms (Table 5).



Empirical findings

7. For software firms, the higher the share of foreign MNEs, the
lower the rate of technology investment (Table 5).

8. For pharma firms, positive relationship between amount of
outward FDI and technology investment at home (Table 5).

9. Outsourcing of professional jobs has beneficial effects, especially
in the case of software services (Table 5).

10. Significant positive (negative) relationship between the share of
foreign MNEs in pharma industry and knowledge (physical
technology) investment (Tables 6 & 7).

11. Faster convergence rate in the investment of physical technology
compared to knowledge investment (Tables 6 & 7).



Conclusion

The existence of heterogeneous and complicated relationship between
choice of production organisation and technology investment has
implications for a well-designed technology policy as well theory
that seeks to understand the fundamental factors behind firm’s firm
heterogeneity (and by implication industry dynamics and nations’

competitive advantages).
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