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S u m m a r y

The aim o f this thesis is to investigate some o f the economic consequences for manufacturing 

firms o f  investing in research and development (R&D), using the Irish m anufacturing sector 

as a case study.

Chapter 1 outlines summary statistics on R&D in Irish m anufacturing and the current policy 

objective o f  increasing R&D investment in Ireland. The aims, data sources and structure o f  

the thesis are also outlined.

Chapter 2 benchmarks the post-entry survival and growth o f  almost 4,000 indigenous new 

entrant plants that entered the Irish manufacturing sector over the period 1985 to 1995. A 

limitation o f  earlier studies that have explored the effect o f  innovation on the post-entry 

survival and growth o f  new entrant plants has been the use o f  sectoral level innovation data. 

This has restricted the authors from reaching conclusions about the role o f  innovative activity 

within a plant on its subsequent survival and growth. Using a panel dataset o f  almost four 

thousand plants which entered the Irish manufacturing sector over the period 1985-1995, we 

find that innovating plants have a higher probability o f  survival, but having survived, enjoy 

lower annual growth rates than non-innovators. In addition, we suggest that a major 

advantage for an innovating plant is that its post-entry growth is not constrained by initial 

size. In contrast, we find that initial size remains a significant explanatory factor in the 

subsequent growth o f non-innovating plants.

In Chapter 3 we question whether R&D activity is an important determinant o f  the probability 

that a plant will sur\'ive. We model the survival o f a cohort o f  indigenous plants over the 

period 1986 to 1996 as a function o f  sectoral and firm characteristics. Using a Cox duration 

model we conclude that R&D activity is an important factor that increases the probability o f  

survival for that plant. Specifically, R&D active indigenous plants have a higher probability 

o f  surviving the entire period 1986-1996 relative to non-R&D active plants. We show that this 

result is robust to alternative measures o f  technological activity in indigenous plants.

In Chapter 4, we examine whether investment in R&D increases or decreases labour demand 

in individual firms. We estimate a dynamic labour demand model using GM M  estimation. It 

is found that employment growth is slightly higher in R&D active firms, not because o f  a 

greater propensity to increase employment as output increases, but because R&D active



companies have higher sales. Our second finding is that it is the quality rather the quantity o f 

employment that differs significantly between innovative and non-innovative plants.

The rapid growth over the past decade in (i) the number o f foreign-owned plants in the high- 

tech sectors and (ii) the research and development activities o f  foreign-owned plants has 

given rise to an increased interest in the relationship between foreign direct investment (FDI) 

and economic growth in Ireland. The central question explored in Chapter 5 is whether the 

tangible contribution o f  MNC plants that undertake R&D investment in Ireland is greater than 

the tangible contribution o f  MNC plants that undertake no R&D investment. We use a plant- 

level dataset and conclude that the scale o f  R&D activity in an MNC plant is an important 

determinant in (i) lengthening the duration over which that plant will remain in Ireland and in 

(ii) improving the quality o f  employment created in that plant. Although it has long been 

recognised that the attraction o f FDI to Ireland has been beneficial, the results o f  this chapter 

supports the idea that R&D active firms generally provide greater benefit to the economy. On 

employment grounds alone, policy should favour R&D active plants in high-tech sectors.

The intangible benefits o f  R&D active foreign-owned plants are examined in Chapter 6. A 

key benefit o f  foreign direct investment, in addition to increased employment and capital 

inflows, is the potential spillover o f  technology from foreign to indigenous companies in the 

host region. Specifically, in the literature, it has been suggested that the presence o f  FDI in a 

host region can improve the productivity o f  local firms. Using the traditional productivity 

approach to measuring spillovers, it is found that there are productivity spillovers from 

foreign-owned plants to indigenous plants in Ireland. We conclude that although there is 

evidence o f  productivity spillovers, there is no evidence to suggest that any o f these 

productivity spillovers are R&D productivity spillovers.

There are three parts to Chapter 7. The final chapter presents a brief summary o f  each chapter, 

policy implications and issues for future research.
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C h a p t e r  1 

I n t r o d u c t i o n  t o  t h e  T h e s i s

1.1 Setting the Context

"R&D is seen as the life blood o f  our industry and its part in jo b  maintenance and 
creation cannot be overstated. Government support fo r  R&D can only be welcomed 
and encouraged. I f  the benefits o f  R&D were fu lly  appreciated by government they 
would increase their support tenfold. "

-Irish-owned engineering company employing 100+ persons.

"Supporting the growth o f  R&D helps increase the technology base making it 
attractive fo r  multinationals to invest in Ireland. Furthermore it has the effect o f  
creating an environment whereby our highly qualified young professionals can gain 
meaningful employment without going abroad or alternatively attracting those that 
have left back home. "

-Foreign-owned electronics company employing 100+ persons.

"Government involvement in funding R&D in industry is not necessary - a business 
shouldn't require incentives to invest in the fundam ental ‘‘lifeblood’’ o f  its existence. "

-Irish-owned engineering company employing 100+ persons.'

Following a period o f recession, the Irish economy has enjoyed significant growth 

over the past decade, earning Ireland its “Celtic Tiger” nickname. Irish GNP increased

by 70 per cent over the period 1987 -  1997 during which time the EU, US and UK

• 2economies expanded by 27, 24 and 20 per cent respectively. The growth m GNP can

be partly explained by growth in the Irish manufacturing sector. The contrast in 

manufacturing employment growth has been primarily with EU countries, which have



seen employment in manufacturing fall by approximately 21 per cent since 1977, 

while employment in the Irish manufacturing sector during the same period has risen 

by over 21 per cent.^

A key feature o f Ireland’s growth has been the expansion o f R&D investment in the 

manufacturing sector. The Irish manufacturing sector has experienced remarkable 

growth rates in business expenditure on research and development (BERD) since 

1982, which far outstripped those o f other EU and OECD countries (Table 1.2). Since 

1982, BERD as a percentage o f GDP has increased over threefold in Ireland. In 

contrast, the corresponding estimates for other EU and OECD countries have 

increased by 0.05 and 0.01 per cent respectively. In 1997, the Irish manufacturing 

sector invested 1.11 per cent o f GDP in R&D. This is similar to investment elsewhere 

in other European countries (1.15 per cent) but is below the OECD average o f 1.49 

per cent o f GDP. The Irish Council for Science, Technology and Innovation advises 

that “Ireland should aim to achieve a level o f  spending on R&D equivalent to 2.5 per 

cent o f  GDP. This target will require BERD as a percentage o f  GDP to double to 

over two per cent in the near future.^

' A selection o f  verbatim quotes on the role o f  government in supporting research and development, 
collected by the Science and Technology Division o f Forfas in the 1993 Survey o f  Technology in 
Industry and which are available at http://www.forfas.ie/forfasdev/publications/archive/rdbus.htm.
 ̂ See Barry (1999, p. 1).
 ̂ See Table 1.1.

This target refers to all investment in R&D in Ireland (i.e., business expenditure (BERD), higher 
education (HERD) and government expenditure (GOVERD). The sum o f these 3 categories o f  R&D 
investment is gross expenditure on R&D (GERD). See the statement from the Irish Council for 
Science, Technology and Innovation (1999) at http://www.forfas.ie/report/rti.htm.
 ̂This assumes that BERD will continue to account for approximately 75 per cent o f all R&D in Ireland 

(i.e., GERD). See Table 1.3.
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In endogenous growth models, the engine o f growth that drives long run economic 

expansion is investment in research and development.^ These models would assign to 

the rise in BERD a major role in explaining Ireland’s recent growth performance. For 

example, the latest OECD policy brief on innovation (September 2000) cites Ireland 

as an example o f a country where multifactor productivity has increased and explains 

that this is due to ""improved managerial practices, organisational change, and, most 

importantly, to smarter and more innovative ways o f  producing goods and services” 

(OECD, 2000, p.2).

The incentives o f individual firms to undertake R&D investment are crucial in the 

context o f R&D and macroeconomic growth. There will be no increases in aggregate 

R&D investment to drive macroeconomic growth if  individual firms do not have the 

incentive to invest in research and development. The incentive to undertake R&D 

depends on the impact o f this investment on firms’ sales, profits and competitiveness. 

However, there is only a small fraction of manufacturing firms investing substantially 

and continuously in R&D in Ireland. The latest survey o f technology in industry 

shows that in 1997 only 1,250 manufacturing firms, out o f a population o f 4,739, were 

engaged in R&D activities: 890 o f these plants were indigenous and the remaining 

360 were foreign-owned.^ Only 55 per cent o f R&D active indigenous plants engaged 

in R&D on a continuous basis and only 39 per cent o f these plants invested in excess 

o f £100,000 in R&D in 1997. In contrast approximately 79 per cent of R&D active 

foreign plants invested in excess o f £100,000 in the same year. Forfas surveyed a 

group o f non-innovating firms to ascertain the factors that hampered innovation in

 ̂ See Romer (1986, 1990) and Grossman and Helpman (1991). 
’ See Forfas (1999) and CSO (2000b).
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these companies. All o f the significant issues raised by the respondents related to the 

issue o f finance and the inherent riskiness o f investment in R&D. The most significant 

issue was lack o f appropriate finance, followed by the excessively high cost of 

innovation, the long pay-off period required and finally, that this type o f investment 

involves excessive risk.^

W hile the Irish government stresses the importance o f increasing BERD, it has not 

supported BERD to the same extent as other countries. Data in Table 1.4 show that 

although the percentage o f BERD in Ireland funded from the exchequer has increased 

between 1991 and 1997, in contrast to other EU and OECD countries, the Irish state in 

1997 still funded a below average percentage o f BERD relative to the EU and OECD 

averages. The annual budget for R&D projects was approximately £20 million per 

annum over this p e r i o d . T h e  National Development Plan, published in November 

1999, allows for an increase in this budget and £1.9 billion is to be allocated to 

support R&D projects over the period 2000-2006.' ’ These grants are available to both 

indigenous and foreign-owned companies. The aim of the grants to indigenous plants 

is to increase their growth and competitiveness while the aim of grant-aiding research 

and development in foreign-owned firms is to increase their embeddedness in 

Ireland.'^ Hitherto, there has been no investigation as to whether increased R&D 

investment will increase the growth and competitiveness o f indigenous firms or the 

embeddedness o f foreign-owned plants in Ireland.

* Forfas is the policy and advisory board for industrial developm ent in Ireland.
’ See Forfas (1994).

See the Irish Tim es (Novem ber 19’*', 1999).
"  The evolution o f governm ent policy tow ards supporting this level o f  grant-aid for R&D can be 
follow ed in earlier publications, specifically in the N ational D evelopm ent Plan 1994-1999  (National 
D evelopm ent Plan, 1993) and in a 'Strategy fo r  enterprise in Ireland in the 2!^' cen tu ry ’ published by 
Forfas (1996).

See Table 6.1 (p .121) in the National Development Plan (1999).
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1.2 Aims of the Thesis

The aim of this thesis is to investigate some o f the consequences for manufacturing 

firms o f  investing in research and development, using the Irish manufacturing sector 

as a case study. This thesis presents the analysis o f a dataset that allowed us for the 

first time to compare the performance o f firms that are and are not engaging in R&D 

in Ireland.

Two chapters consider the survival and growth o f new entrants and incumbent 

indigenous firms respectively in the manufacturing sector. First, we investigate 

whether investment in R&D increases the probability o f survival and growth o f new 

entrant plants. Our second investigation relates to how R&D activity might alter the 

probability o f survival and growth o f new entrants. Based on a theoretical model by 

Pakes and Ericson (1989, 1998) we conduct an econometric study which attempts to 

shed some light on the relationship betw'een a new entrant’s innovative activity and its 

ability to overcome its small initial size as an obstacle to future growth.

Investment in R&D is expected to improve a firm ’s sales, market share and profits. 

This should improve that firm ’s probability o f survival. We analyse the probability o f 

survival o f indigenous incumbent plants and the role of R&D investment in improving 

their survival. A Cox duration model is estimated to determine the impact o f R&D on 

the probability o f survival, controlling for the myriad o f other plant and sectoral 

characteristics that influence the probability o f exit.
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Our next investigation focuses on the possible conflict that exists between the policy­

m akers’ desire to increase R&D investment on the one hand and to increase job 

creation on the other. It has been argued that investment in technology destroys jobs 

and reduces labour demand. We investigate to what extent the quantity and quality of 

labour demand differs between R&D active and non-R&D active indigenous firms.

Given the importance o f multinational firms in terms o f output, employment and 

research and development in Ireland, we investigate the impact o f R&D in foreign- 

owned plants on the host region, using Ireland as a case study. After discussing the 

significance o f R&D expenditures in foreign-owned plants in Ireland, we investigate 

to what extent it matters, in terms o f the duration the plant operates in Ireland and the 

quantity and quality o f the employment it creates, that a foreign-owned plant 

undertakes R&D in addition to its assembly operations. The presence o f R&D 

investment in a foreign-owned plant may indicate a relatively greater commitment to 

the host region.

There may also be intangible benefits arising from R&D investment in foreign-owned 

plants. We attempt to examine whether there are (i) any intra-sectoral productivity 

spillovers from foreign-owned plants to indigenous plants and (ii) whether any of 

these productivity spillovers are in fact R&D productivity spillovers.

1.3 Data Sources

In 1996, when research on this thesis began, there existed no complete dataset on Irish 

manufacturing industry with which to analyse the issues set out in Section 1.2. All of 

the datasets used throughout this thesis were constructed from data generously



supplied by the Science and Technology Division o f Forfas which also assisted in 

their construction. The datasets explored herein are a unique combination of three 

sources.

R&D data: The R&D data are drawn from a survey o f R&D performing firms, 

undertaken by the Science and Technology Division o f Forfas. This organisation has 

statutory responsibility for R&D statistics in Ireland. For the years 1986 to 1997, the 

biannual surveys (1986, 1988, 1990, 1991, 1993, 1995 and 1997) o f technology in 

industry and a survey o f innovation (1992) reported data on R&D performers in the 

manufacturing and internationally traded sectors. The surveys o f technology in 

industry are undertaken every second year in accordance with OECD guidelines set 

out in the Frascati Manual (OECD, 1994a). The surveyors aspired to report data on all 

of those companies thought to undertake R&D investment in Ireland.

Throughout this thesis R&D is defined as “creative work undertaken on a systematic 

basis in order to increase the stock o f  knowledge, including knowledge o f  man, 

culture and society, and the use o f  this stock o f  knowledge to devise new applications” 

(OECD, 1994a, p.29). R&D expenditures in manufacturing companies include 

expenditures on the following areas'^

• development o f prototypes for new or improved products or processes,

• construction and development o f pilot plants,

• industrial design and drawing directly linked to R&D projects,

• industrial engineering and tooling up directly associated with the development

o f new or improved products or processes,
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• trial production (where this implies full-scale testing and subsequent further 

design and engineering)

while excluding expenditures on

• patent and licence work that is not related to any R&D project,

• routine testing, standardisation and pre-production preparation,

• after-sales service and trouble-shooting,

• general purpose data collection, including market research,

• feasibility studies,

• enforcement o f standards and regulations.

Employment data: The employment data are drawn from the annual employment 

surveys undertaken by the same agency. These employment surveys cover the 

population o f firms in the manufacturing and internationally traded service sectors. 

The employment dataset used varies across chapters. Chapter 2 (the study o f new 

entrants) required the employment dataset to include only new entrant plants over the 

period 1980 to 1996. This required the exclusion o f all plants from the dataset with 

positive employment (i.e., that were alive) in 1980. The employment data for 

Chapters 3 to 6 have been subdivided to include every firm with greater than or equal 

to ten employees in each year 1980 to 1998. We matched the R&D data to the 

employment data at plant level. Using the employment data as a definitive list o f the 

population o f manufacturing plants in Ireland, we subsequently divided this 

population into R&D active and non-R&D active plants.

These are the guidelines given to respondents o f  the Forfas Surveys o f  Technology in Industry.



Sales/Cost data'. The data on sales and costs are drawn from the Irish economy 

expenditure (lEE) surveys undertaken by Forfas. These data are based on a sample o f 

manufacturing plants and more recently with an emphasis on the largest indigenous 

and foreign-owned manufacturing plants (1983-1998).

Because o f the long time frame over which this thesis has been researched, the data 

used in different essays are not identical. There have been three datasets constructed 

for the five essays in this thesis. The first dataset was built between October 1996 and 

June 1997. This dataset joined the R&D surveys (1986-1993) and employment 

surveys (1985-1996) for individual plants. This dataset was applied in our analysis in 

Chapters 3 and 5.

The second dataset was constructed for Chapter 2 between January and June 1999. A 

panel dataset o f all new entrant plants over the period 1980-1996 was constructed 

based on the employment surveys. The second step was the matching o f any o f these 

plants to the R&D surveys where approximately 10 per cent o f the plants could be 

matched against R&D expenditures.

The third dataset was constructed between January and July 2000 and was applied to 

the analysis in Chapters 4 and 6. This dataset is a copy o f the integrated dataset (BIS) 

recently constructed by Forfas where the responses for all three surveys (R&D, 

employment and lEE) are stored in one file for each plant. For the first time, our data 

includes information on sales and costs for a sample o f R&D active and non-R&D 

active plants.
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1.4 Structure

This thesis contains five essays that are distinguished primarily by whether they relate 

to indigenous or foreign-owned'‘* plants or both. Studies o f this topic in other 

countries typically look at all firms operating in the economy. In the Irish context we 

believe that it is important not to aggregate foreign and domestic firms for several 

reasons. First, as pointed out elsewhere, there are significant differences between 

foreign and domestic firms with regards to size, market orientation, etc.'^ Second, it is 

not generally meaningful to try to relate R&D expenditures undertaken by FDI firms 

in the host country to employment growth in the host country, in the same manner as 

one might for domestically-owned firms, since FDI firms will typically benefit from 

current R&D expenditures in the home country or in other host countries'^ and indeed 

from the firm ’s world-wide "knowledge stocks".'^ Consequently, in this thesis we 

look at foreign and indigenous manufacturing industry separately.

The first essay, in Chapter 2, examines the survival and growth of new entrant plants 

from 1986-1995.'* Chapter 3 examines the role o f R&D in the post-entry survival of 

indigenous incumbent plants over the period 1986-1996.'^

The third essay (Chapter 4) examines the impact o f technological activity on the 

quantity and quality o f labour demand in manufacturing firms.

A cco rd in g  to  Forfas, a  firm  is c lassified  as fo re ign -ow ned  w hen 5 0 %  +  eq u ity  is held  by  non-Irish  
residen t(s).

See R uane and G o rg  (1997).
C onversely , th e  FDI su b sid iary  m ay  be u n d ertak in g  R & D  in th e  host co u n try  w hich  generates 

em ploym en t in o th er co u n tries , in clud ing  the  hom e country , w here  th e  co m p an y  has p lants.
T h is w o u ld  be p a rticu la rly  th e  case for m any  o f  th e  m ajor com pan ies in v estin g  in Ireland  over the  

past decade, such as In tel, M icrosoft, IBM , etc,
A p re lim in ary  pap er on th is  top ic  w as aw ard ed  the  Social Sc ience  R esearch  C ouncil research  aw ard 

in 1999 and w as su b seq u en tly  p resen ted  at th e  Irish E conom ics A ssocia tion  co n feren ce  in A pril 2000.
A p rev ious version  o f  th is  chap ter w as p resen ted  at the  Irish E conom ics A sso c ia tio n  conference  in 

A pril 1998.
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The final two essays examine the impact of R&D by foreign-owned manufacturing 

plants in Ireland. Chapter 5 examines the tangible consequences o f R&D investment 

in foreign-owned plants. Specifically, it considers whether R&D active foreign-owned 

companies operate in Ireland for a longer duration and have a higher quantity and 

quality o f job creation relative to non-R&D active foreign subsidiaries.^' Chapter 6 

investigates whether there are any productivity spillovers from multinational plants to 

indigenous plants in Ireland. It concludes with an investigation as to whether there are 

any R&D productivity spillovers in the Irish case.^^

Each individual chapter contains an appendix including tables, graphs and other 

appendices referred to in the respective chapter. The final chapter. Chapter 7, presents 

a brief summary o f each chapter, policy implications and issues for further research 

arising from this thesis.

A very prelim inary study o f  labour demand and R& D activity w as presented at a conference on 
“Econom ic Growth and Em ploym ent” held by Statistics Canada, October 1997.

This chapter is forthcom ing in R esearch P o licy  and w as originally  presented to the INTECH  
“Industrial Structure, Innovation Dynam ics and T echnology P olicy” conference held in Lisbon, 
October 1998.

A very preliminary version o f  this chapter w as presented to the Irish E conom ics A ssociation  
conference in April 1999.
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1.A Tables

Table 1.1: International Comparisons of Employment Growth in Manufacturing
Sectors, 1977-1997

Country Manufacturing 
Employment 1977 

(OOO’s)

Manufacturing 
Employment 1997 

(OOO’s)

Percentage
Change

1977-1997
Ireland 226 274 21.2%
Portugal 918 982 7.0%
N etherlands 1,092 1,094 0.2%
Denmark 546 513 -6.0%
G reece' 633 576 -9.0%
Italy 5,441 4,548 -16.4%
Germany 11,369 9,000 -20,8%
Spain 3,192 2,432 -23.8%
Belgium ' 1,007 683 -32.2%
United Kingdom 7,461 4,990 -33.1%

European Countries
Total 31,885 25,092 -21.3%

Canada 1,951 2,167 11.1%
Japan 13,400 14,420 7.6%
USA 20,889 20,835 -0.3%
Source: O ECD (1999).
Note: ' Latest Figures Available 1996.

^N o figures available for France post-1989 and no com parable figures available for 
Luxembourg. Therefore both o f these countries are omitted from th is table.

Table 1.2: International Comparisons of Business Expenditure on Research and 
Development as a percentage of GDP, 1982-1997

Country / 
Organisation

1982 1988 1991 1993 1995 1997

Ireland 0.32 0.47 0.63 0.82 0.99 1.11

EU Average 1.10 1.28 1.23 1.17 1.14 1.15

OECD Average 1.48 1.60 1.58 1.46 1.46 1.49
Source: Forfas (1995) for data 1982-1991; Forfas (1999) for data 1993-1997,
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Table 1.3: BERD as a percentage of Gross Expenditure on Research and
Development (GERD), 1997

Country BERD as a % of 
GDP

BERD as a % of 
GERD

France 1.38 61
Denmark 1.26 63
United Kingdom 1.26 65
Ireland 1.11 74
Netherlands 1.10 53
Belgium 1.07 67
Canada 1.03 63

OECD average 1.49 68
EU average 1.15 62
Sourcc: Forfas (1999, p.23).

Table 1.4: The percentage of BERD financed by Government, 1991 and 1997

Country % BERD financed by 
Government 

1991

% BERD financed 
by Government 

1997
France 22.3 13.1
Denmark 7.9 5.1
United Kingdom 14.6 9.5
Ireland 3.7 5.3
Netherlands 7.5 5.6
Belgium 7.8 4.4
Canada 9.8 7.0

OECD average 14.9 10.7
EU average 13,4 9.6
Source: Forfas (1999, p.24),
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C h a p t e r  2

D o e s  In v e s t m e n t  in  In n o v a t io n  Im p r o v e  t h e  S u r v iv a l  
AND G r o w t h  o f  In d ig e n o u s  N e w  E n t r a n t  P l a n t s ?

2.1 Introduction

Since 1991, employment in indigenous manufacturing plants in Ireland has increased 

by almost 16 per cent to approximately 127,500 employees. This overall increase was 

determined in part by an underlying process o f plant entry and exit. Over the period 

some 2,020 plants closed with the loss o f over 34,000 jobs while simultaneously 

2,205 plants entered with the creation o f over 33,000 j o b s . I n  1998, over 6 per cent 

of the operating indigenous plants had entered in the previous year and already 

accounted for nearly 4 per cent o f total manufacturing employment (CSO, 2000b). If 

previous experience prevails, approximately 10 per cent o f this cohort o f new entrants 

will exit each year in the first three years after 1998. Within seven years fifty per cent 

o f the cohort will have exited.^"'

Geroski (1991, p.31) describes the consequences o f most entry, "{IJife in the bottom 

end o f  the industry size distribution is, no doubt, nasty, brutish and short. To reach a 

position remotely comparable to the mean sized firm ...requires a relatively long and 

highly risky expansion programme that most entrants quite simply fa il  to achieve." 

Over fifty per cent o f new indigenous plants enter the Irish manufacturing sector at

See the annual Census o f  Industrial Production  (published by the Central Statistics O ffice) for the 
years 1991 to 1998.
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twenty per cent or less o f minimum efficient scale (MES), where MES is a measure of 

the average scale o f output per plant in the sector. Since empirical evidence suggests 

that the probability o f survival o f any plant is increasing in its initial size,^^ the 

probability o f post-entry survival and growth appears bleak for the majority o f new 

entrant plants in Ireland. Several studies have attempted to explain the persistent 

survival and subsequent growth o f new entrant plants as a vector o f plant level, 

sectoral and macroeconomic characteristics (Audretsch 1991, 1995; Audretsch and 

Mahmood, 1995; Walsh, 2000). Specifically, many of these studies question whether 

it is realistic to expect a plant that enters at a relatively small scale to survive and 

grow subsequently.

Brock (1983) suggests that the role o f innovation in new entrants is important in 

offsetting any initial size disadvantage and Acs and Audretsch (1990, p.74) argue that 

" ...innovative activity may he the single most significant strategic instrument 

available to small firm s in compensating fo r  size related cost d i s a d v a n t a g e s . In 

this context, Audretsch (1991), Wagner (1994) and Audretsch and Mahmood (1995) 

estimated the probability o f survival o f new entrants controlling for the overall 

innovativeness and R&D intensity (i.e., the innovative environment) o f the sector in 

which new entrants operated. Audretsch (1991) and Wagner (1994) found that the 

innovative environment has no implications for the new entrant survival rate. In 

contrast, Audretsch and Mahmood (1995) found that the risk o f exit for new entrants 

was greater in highly innovative environments. All o f these studies relied on sectoral 

rather than plant-level innovation data. Thus it was impossible for the authors to

See Table 2.1.
Own calculations based on Forfas em ploym ent data. See Table 2.2.
See Audretsch and M ahmood (1995).
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identify the direct contribution o f innovative activity to the post-entry performance of 

an individual new entrant relative to other new entrant plants within the same sector.

The purpose o f this chapter is to attempt to fill this gap in the literature. We estimate 

the post-entry survival and growth o f new plants controlling for the presence of 

innovative activity within the individual plant. Specifically we test the hypothesis 

introduced by Pakes and Ericson (1989, 1995, 1998), namely, that the investment 

undertaken by new entrants in innovation creates a learning process that allows them 

to improve their post-entry probability o f survival and growth in contrast with non­

innovating new plants.

In Section 2.2 we outline the theoretical debate on the role o f innovation in new 

entrant survival and growth. We link the role o f innovation in improving plant 

performance to that o f other plant, sectoral and macroeconomic characteristics. We 

describe our data sources, our data and our econometric methodology in Section 2.3. 

The econometric results are presented in Section 2.4, while Section 2.5 contains a 

brief summary and some conclusions. We find that innovating plants have a higher 

probability o f survival, but having survived, enjoy lower annual growth rates than 

non-innovators. We suggest though that the major advantage to plants engaging in 

innovation is that their post-entry growth is not affected by initial entry size. In 

contrast, we find that the post-entry growth o f non-innovating plants is dependent on 

initial size, i.e., their small initial size could constrain their post-entry growth.

16



2.2 A Theory of Post-Entry Survival and Growth

The majority o f new entrants enter at a small scale and perhaps, most importantly, at a 

scale well below the minimum efficient scale (MES) o f the industry in which they 

o p e ra te .Jo v a n o ic  (1982) models entry on this small scale as a rational response on 

the part o f new entrants.^* An entrepreneur establishes a firm with some innovative 

idea that existing firms have not encountered or have encountered and dismissed. 

However, the entrepreneur has no idea o f the true competence o f the firm until it is 

operational. Exogenous factors such as insufficient demand or superior new entrant 

competitors may impact on the ability o f the entrepreneur to succeed. Endogenous 

factors such as the qualit>' o f m.anagement employed by the company w'ill also impact 

on the entrepreneur's success or failure. Jovanoic formalises this process o f entry by 

initially noting that any new entrant faces costs that are randomly different across all 

new entrant firms. The new entrants know the distribution o f the costs prior to entry 

and only know that their true costs (actual post-entry costs) will be drawn from this 

distribution. If a firm's true costs are low and its post-entry experience is good, it is 

likely to survive, and vice versa. The central feature o f this model is that a new entrant 

can only have its expected success confirmed post-entry.

While there is a process o f learning in Jovanoic's model, the process is restricted to 

learning about whether the firm is efficient relative to other new entrants. In 

particular, there appears to be no scope for any new entrant to learn how to change its 

relative efficiency post-entry in this model. In effect, the firm's probability o f survival

O w n ca lcu la tio n s based  on Forfas em ploym ent data  (T ab le  2 .2). A lso  see A u d re tsch  (1995 , p .74).
It is argued  th a t new  en tran ts m ay  have no cho ice  bu t to  en te r at th is  re la tiv e ly  sm all scale , as they  

face cap ital co n stra in ts and have  no repu ta tion  on w hich  to  ra ise  fin an ce  (B rouw er, 1999, p .8) o r they 
en te r sm all as a s tra tegy  to  avoid  th e  aggressive  reaction  o f  ex is tin g  incu m b en ts  (C aves and Porter, 
1977).
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29and its ability to grow to attain the MES of the industry is set forever. However, 

Nelson and W inter (1982) note that many kinds o f organisations commit resources to 

learning, especially attempting to learn from successful competitors. Crucially, they 

suggest that learning can be broadened beyond the concept o f learning described by 

Jovanoic to include a process whereby the plant learns not only its true post-entry 

efficiency but also how to improve its relative efficiency. The improvement in 

efficiency arises from the plant growing and attaining the MES scale o f output 

relatively more quickly than it would otherwise have done. Pakes and Ericson (1989, 

1998) extend the Jovanoic model to incorporate strategies pursued by new entrants to 

accelerate the learning process, such as knowledge creating processes like R&D. They 

label this alternative model 'active exploration'. This model assumes "that the firm  

knows the current value o f  the parameter that determines the distribution o f  its 

profits, but that the value o f  that profitability parameter changes over time in 

response to the stochastic outcomes o f  the firm 's own investments, and those o f  other 

actors in the same markets" (Pakes and Ericson, 1998, p.4).

We interpret Audretsch (1991, 1995) as using a reduced form version o f the 'active 

exploration' model to estimate the probability o f survival o f new entrant firms. 

Audretsch proposes that the stochastic outcome of the firm's own investment in 

innovation will determine its survival and growth. The success o f growth-inducing 

activities (i.e., innovation) will encourage the firm to remain in the industry where its 

low scale relative to MES might otherwise have convinced it to exit. Thus the 

probability o f any firm remaining in business in period t, Pv(Q.^ > 0 ) , is determined

Pakes and Ericson (1998) describe the Jovanoic model as 'passive learning': "firms are endowed at 
birth with an unknown value o f  a time-invariant profitability  param eter which determines the 
distribution o f  its profits thereafter. Past profit realisations contain information on the value o f  the
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by the marginal impact of innovation on growth and the extent to which a firm is 

burdened by a size disadvantage (size relative to MES)

P r ( 0 „ > O )  = / O „ , c ( e , ) - c ( 0 * ) )  (1)

where is the marginal impact of innovation on growth, c(Q.^) is the firm's average 

cost of producing at a scale of output in period t and c(Q ) is the average cost of 

producing at the MES level of output.

The marginal impact of innovation on growth, , is a function of both the plant's own 

investments in R&D, and the innovative environment of the sector in which the plant 

operates. We expect to be increasing unambiguously in the quantity of the plant's 

own R&D expenditures.

2.3 Data and Estimation

In this chapter, we test the hypothesis that the likelihood of survival and subsequent 

growth of individual new entrants is dependent on their probability of innovating, 

while controlling for other plant, industry and macroeconomic characteristics.

param eter which determines the distribution o f  possib le future profit streams, and this fa c t is used by 
management to form  a probability  distribution over future cash flow s"  (p.4).

19



2.3.1 Data Sources

The dataset used in this analysis is a unique combination of two sources. The research 

and development data are drawn from a survey of R&D performing firms, undertaken 

by the policy and advisory board for industrial development in Ireland (Forfas). These 

data are the basis of Irish official data on R&D, as released in official publications and 

sent to the OECD and European Commission. For the years 1986 to 1995, the 

biannual surveys report data on the population of R&D performers in the 

manufacturing and internationally traded services sectors. We define an innovative 

plant as any plant that reported R&D expenditures at least once between 1986 and 

1995. The employment data are drawn from the annual employment surveys 

undertaken by the same agency. We use the annual employment surveys to identify 

3,876 new entrants over the period 1985-1995 (i.e., using their first recorded 

employment to indicate the time of entry). The subsequent employment performance 

of the plant allows us to quantify its growth and to determine whether the plant 

remains alive or has closed.^*’

2.3.2 Description of Variables

The post-entry survival and employment growth performance of all new entrant plants 

(1985-1995) has been tracked annually from the date of entry until 1996. A plant is 

deemed to have survived if it is alive in 1996 and exited otherwise. We calculate the 

growth rate, , of each plant as its employment growth rate (Davis et a i,  1996, 

p .189-190). Specifically,

It w ould be preferable to measure the growth o f  a plant using output rather than em ploym ent data as 
em ploym ent growth may reveal the preference o f  firms for labour relative to capital, energy and other
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8  c, =■
n„, -n„

( 2 )

where and are the employment levels o f the plant in time period t and t-1 

respectively and where

is the average employment size o f the plant in both periods. The measure is symmetric 

about zero and lies in the closed interval [-2, 2]. A value o f -2 indicates that the plant 

has ceased to exist and a value o f 2 captures the birth o f a plant.

As noted earlier, we model the sur\dval and growth o f new entrants as determined by 

the plant’s innovative activity and by other plant, sectoral and macroeconomic 

characteristics.^'

Innovative Activity. We proxy innovative activity at individual firm level using a 

dummy variable for the firm's research and development expenditures; this dummy 

variable assumes a value o f 1 if  the new entrant invested any positive amount in R&D 

over the period 1986-1995.^^ We denote these plants as R&D active new entrant 

plants. This definition classifies 305 new' entrants as R&D active and 3,469 plants as

inputs in the production process. H owever, the data available at firm -level relate to em ploym ent data 
only.

See Table A 2.2  for summary statistics.
W e adopt this lenient definition o f  an R& D active plant because (i) plants w ith small R&D  

expenditures m ay not consistently have been recorded in every survey and (ii) new  entrant plants 
cannot be expected to satisfy the criteria used elsew here in this thesis o f  a mean annual investm ent in
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non-R&D active over the period 1985-1995. In this way we extend the Audretsch 

(1991) and Audretsch and Mahmood (1995) studies which were unable to distinguish 

the innovative activities of individual new entrants within a sector. We expect the 

probability o f survival and the year-to-year employment growth rate to be greater for 

innovating (R&D active) relative to non-innovating (non-R&D active) new entrants 

within a sector. As outlined in Section 2.2, the process o f innovating may allow new 

entrants to offset any disadvantages that arise from their small scale entry or intense 

competition from other non-innovating plants.

Plant Characteristics'. We measure the initial size o f an entrant in terms o f its first 

recorded employment size relative to the MES in that year at the 3-digit NACE 

sectoral l e v e l . W e  calculate a conservative estimate o f MES for each o f the eighty 

five sectors using employment data. In the spirit o f  Sutton (1991, p. 96) the MES of 

any sector at time t is the mean employment size o f all plants alive at / -1  in each 

industr>'. We expect the probability of survival of new entrants to be greater the larger 

their scale o f entry relative to MES. Storey and Wynarczyk (1996, p .l)  argue that "it 

is the much higher likelihood o f  death that, other than size per se, is the main feature  

that distinguishes small from  large firms.” A relatively larger firm may be more 

technically efficient and, as Nas and Lappalahti (1997) suggest, may have adequate 

size to consider downsizing before considering exiting in the face o f an economic 

downturn. Small firms have no option to downsize and are immediately faced with the

R&D o f  £1 0 0 ,0 0 0  to be classified  as R&D active. See Baldwin (1 9 9 7 ) for a d iscussion o f  innovative  
small firms that are and are not engaged in R&D.

It is questionable whether a firm arrives at its planned level o f  em ploym ent in its first calendar year
o f  operations. It could be suggested that the process o f  birth for the plant takes 2 or 3 years, in which  
case the initial size o f  the firm should be measured at the end o f  year 2 or 3. H owever, w e  continue to 
measure the em ploym ent size in the first calendar year because o f  the d ifficu lty  in determ ining which
plants arrive at their planned level o f  em ploym ent in year 1, 2 or beyond.
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decision to exit. This relationship may be non-linear and to capture this we also 

include the squared value o f the ratio o f initial size to MES.

We include the annual age o f the plants from the year o f initial entry to 1996 in order 

to control for life-cycle effects. The probability o f survival has been found to increase 

with age. As time passes surviving plants lose their 'liability o f newness' because they 

benefit from increasing experience in the market place (Jovanoic, 1982; Hannan and 

Carroll, 1992; Majumdar, 1997). In similar fashion to initial size, this relationship 

may not be linear. To control for the plant life-cycle we include the annual age o f the 

plant and this value squared to account for any non-linear relationship.

Industry Characteristics: We expect the probability o f survival and growth to be 

greater for those new entrant plants that have entered growing (expanding) sectors, on 

the grounds that these expanding sectors may be expected to have higher price-cost 

margins that allow inefficient fimis to remain profitable. In slow growing industries, 

where competition between plants may be more intense, we would expect a relatively 

higher exit rate among relatively less efficient firms (Audretsch and Mahmood, 1995; 

Walsh and Konings, 1997). Therefore we control for the industry growth rate. We 

calculate this as the percentage change in absolute employment in each o f eighty five 

3-digit NACE industries over the period 1985-1996.

Agarwal and Gort (1996) propose that the stage o f evolution o f a market is important 

for the survival o f new entrant plants. They argue that the rate o f growth in industry 

demand and the MES o f the industry will change as a market evolves from infancy to 

maturity. In infancy an industry has a handful o f sellers and as the market evolves
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there is a period o f high net entry. Eventually as the market matures the entry rate falls 

and there is net exit. Plants that enter during this latter stage exhibit higher 

probabilities o f survival relative to plants that entered in the infancy o f the market. 

Agarwal and Gort explain this apparent paradox (p.495) by noting that entrants which 

commence production during a period o f net exit in a market must have superior 

initial endowments relative to firms that entered at any other stage. These later 

entrants are aware that the market is experiencing net exit and that competition within 

the market is consequently at its most intense. Thus entry tends only to be attractive to 

above average entrants. We include the annual birth rate and the annual plant turnover 

rate in eighty five 3-digit NACE industries to control for the stage o f market 

evolution.

M acroeconomic Characteristics: We control for the likely effects o f the business 

cycle by including time dummies.

2.3.3 Econometric Methodology

We model the annual employment growth rates o f all new entrant plants from their 

date o f entry to 1996 as determined by plant, sectoral and macroeconomic 

characteristics. Our dataset o f new entrants is an unbalanced panel where new entrants 

enter and exit at different times. Sample selection bias, where a new entrant plant is 

incompletely observed for the full period (1985-1996) because o f an endogenous 

reason, potentially poses serious problems for panel data estimators. Specifically, 

Verbeek (2000, p.345) concludes that while the fixed effects estimator may be

‘̂*The annual entry rate is calculated as the number o f  plants that enter at tim e t divided by the average 
number o f  plants in the sector in t and t-1 . The plant turnover rate is calculated as the number o f  plants
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relatively more robust against selection bias than the random effects estimator, sample 

selection bias can render the fixed effects estimator inconsistent and the random 

effects estimator both biased and inconsistent.

We therefore use the Heckman (1979) two-step (probit/OLS) regression which 

estimates post-entry growth conditional on the probability o f survival. This estimator 

controls for sample selection bias. Following the Heckman procedure we identify a 

list o f  variables thought to determine whether the dependent variable (i.e., growth 

rate) in the OLS equation is observed (i.e., the plant survived until 1996) or missing 

(i.e., the plant died prior to 1996). This equation takes the form o f a probit regression. 

The dependent variable is 1 if the plant survived until 1996 and facilitated the 

recording o f growth rates, and zero if  the plant died prior to 1996. The second 

equation is an OLS regression which estimates the post-entry growth rate o f plants 

conditional on their probabilities o f survival estimated in the probit regression.

2.4 Empirical Results

2.4.1 Innovation, Survival and Growth

The results o f the probit regression can be read from the top half o f  Table 2.3. The 

probability o f survival for new entrant plants initially decreases with age at a 

diminishing rate. The sign o f this coefficient is contrary to the expectation that the 

probability o f a plant surviving is increasing in the amount o f experience it has in the 

marketplace. Our results are opposite to those estimated for Audretsch (1991) and 

Audretsch and Mahmood (1995). This difference may be explained by the use o f a

that en te r and  ex it betw een  t-1 and t d iv id ed  by the  average  n u m b er o f  p lan ts in th e  sec tor in t and  t-1 .
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probit estimator to estimate the survival o f the plant rather than a Cox duration (1972, 

1975) model that takes into account duration heterogeneity (i.e., differences in the 

length o f time a plant survives).

The greater the initial size o f a plant relative to the MES o f the sector in which it 

operates, the greater the probability o f survival. As noted earlier, Audretsch (1991, 

1995) modelled the survival o f new entrant plants as depending in large part on the 

magnitude o f the size disadvantage they faced. Our finding supports Audretsch’s 

(1991, 1995) opinion that the small size o f many new entrants may be problematic for 

their successful post-entry survival. In similar fashion to the life cycle effect the 

relationship is non-linear and the probability o f  survival increases at a diminishing 

rate.

The probability o f survival o f a new entrant plant is decreasing in the level o f entry 

into the sector and increasing in the level o f plant turnover. This latter finding 

supports the suggestion o f Agarwal and Gorts’ (1996), that plants which enter during 

periods o f net exit are generally superior plants which have greater capabilities than 

plants which entered during a period o f net entry.

We find that a new entrant has a greater chance o f surviving the higher are industry 

growth rates. This estimate confirms Audretsch’s (1995, p. 162) expectation that low 

sectoral growth rates raise the share o f exiting plants accounted for by new entrants.

See Davis & Haitiwanger (1990).
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Finally, it is estimated that innovating plants have a superior probability o f survival 

relative to non-innovating plants. We are not aware o f any other studies linking new 

entrant plant’s innovative activities and subsequent survival using plant level data. 

The relatively greater probability o f survival estimated for innovating new entrants is 

similar to results found for incumbent Irish firms.

In the bottom half o f Table 2.3 we present the coefficients o f the explanatory variables 

o f employment growth in new entrant plants that entered over the period 1985-1995.^^ 

These OLS coefficients are computed conditional on the probabilities o f survival 

estimated in the probit regression. Growth is initially decreasing in age but at a 

diminishing rate. Unexpectedly, new plants operating in high growth industries have 

lower growth rates where as we might have expected faster growing industries to offer 

the best chance to new firms to increase their market shares. The smaller the initial 

size o f the plant relative to MES, the greater the growth rate. The sign o f the 

coefficient o f size/MES squared confirms that this is non-linear. We estimate that 

growth is now increasing in the entry rate into the sector. Finally, we find that non­

innovating new entrants grow faster.

The major result o f this analysis is that innovating plants have a higher probability o f 

survival, but having survived, enjoy lower annual growth rates than non-innovators. 

While this result seems paradoxical, there is one obvious possible explanation. It may 

be that employment growth is a very inadequate measure o f a plant's growth rate. It is 

reported that innovative companies generally exhibit higher profits (Geroski, 1994;

This result is derived in Chapter 3.
The reader is encouraged to compare the fo llow in g  coefficien ts with an ordinary OLS regression that 

suffers from sam ple selection bias. The results o f  the ordinary OLS are presented in Table A 2 .L  The  
sign, m agnitude and significance o f  many o f  the variables are different.
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Nas and Lappalahti, 1997) and relatively higher turnover and real export growth 

(Roper et a i ,  1996) relative to less innovative plants. Thus innovating new entrants 

may have superior market share, profits or turnover growth that is not reflected in

•IQ

their employment levels. In a different context, Blechinger et al. (1997, p .50) note a 

characteristic unique to small firms that they ‘‘operate at a level at which additional 

output can be produced with less additional labour and/or capital. ” Therefore it is 

possible that innovating plants in our sample are growing relatively quickly, however 

it is a growth performance that is reflected in sales or profits and not increased labour 

demand.

2.4.2 Active vs. Passive Learning

It is not clear that tracking annual growth captures the sole advantage o f innovating 

new entrants over non-innovators. Pakes and Ericson (1989, 1998) suggest that 

another real advantage for an innovating plant is its ability to 'actively learn' to 

overcome its initial entry size as a constraining influence on its future growth. Pakes 

and Ericson (1998) suggest an empirical regularity that allows us to distinguish 

between their concept of'active learning' and 'passive learning'. If  a new entrant plant 

engages in 'passive learning', its growth experience will be dependent on its initial 

conditions (i.e., its initial size). As outlined earlier the presence o f innovative activity 

within the plant is interpreted as 'active learning' - an attempt by the new entrant plant 

not only to learn about its relative efficiency compared to other entrants (passive 

learning) but to seek to improve its relative efficiency. Pakes and Ericson (1998, p .37) 

note that "the distinction [between active learning and passive learning stories] can

The sectoral variable ‘plant turnover’ has been om itted from the OLS equation.
B lechinger e t  al, (1997) w ere seeking to explain w hy the elasticity  o f  labour demand with respect to 

em ploym ent differed across European countries.
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be taken to data (sic) by examining the regression function o f  current size on 

immediate past sizes and initial size. Both models imply that this regression function  

should be weakly increasing in initial size, hut the passive learning model implies that 

it should be strictly increasing in that variable, while the active learning model 

implies that it need not be ." The prediction o f the active learning model is very 

powerful. Such an active learning plant can enter substantially below MES without 

this initial small size impacting adversely on its future growth.

To test this hypothesis, we estimate the regression function o f annual employment 

growth on initial size relative to MES, controlling for other plant, sectoral and 

macroeconomic characteristics.^^ The function is estimated again using the two-stage 

Heckman (1979) estimator. We divide our plants into two cohorts, innovating and 

non-innovating new entrants, to test for the predicted consequences of'active learning' 

and 'passive learning' in new entrants. In this way, we test for ‘active learning’ in 

innovating plants and ‘passive learning’ in non-innovating new entrants.

The post-entry growth o f innovating plants can be characterised by ‘active learning’ if 

their post-entry growth does not depend on initial size relative to MES. There is 

evidence o f two distinct types o f learning between innovative and non-innovative new 

entrants respectively. The initial size of new entrants relative to their MES is 

insignificant in explaining the growth o f innovative new entrants (Table 2.4). In the

This is a sim ilar specification to the regression suggested originally by Pakes and Ericson (1998). W e  
model em ploym ent growth on initial size  rather than current plant size  on past sizes and initial size  (as 
suggested by Pakes and Ericson). W e altered the specification in this manner because Pakes and 
E ricsons’ original specification involved panel data estim ation w ith lagged dependent variables. This 
requires genera! m ethod o f  m om ents (G M M ) estim ation. H ow ever w e w ere unable to control for 
sam ple selection bias w hile also using the GM M  estimator. Our suggested specification  o f  em ploym ent 
growth on initial size  can be estim ated using the Heckman (1 9 7 9 ) estim ator that also controls for 
sam ple selection bias.
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spirit o f Pakes and Ericson (1998) this suggests that innovative activity is indeed an 

indicator o f ‘active learning’ in these plants. In addition, we test for the presence of 

‘passive learning’ and estimate the model for non-innovating new entrants only. In 

contrast, for non-innovators, growth is negatively related, at a diminishing rate, to 

initial size relative to MES (Table 2.5). Therefore, current employment growth is 

dependent on initial size for non-innovating new entrant plants. In the spirit o f Pakes 

and Ericson (1998) this suggests that non-innovating new entrants may be passive 

learners. Their current growth is significantly dependent on initial size relative to 

MES. In contrast with innovating plants, non-innovating plants have not invested in 

research and development / innovation and consequently have not learned to break the 

link between their post-entry growth and initial entry size.

2.5 Summary and Conclusions

This chapter has added to a range o f previous studies on innovation and new entrant 

plants (Audretsch, 1991; Audretsch and Mahmood, 1995) by using plant level data to 

determine the impact o f innovation within an individual new entrant on its subsequent 

survival and growth. We estimated the survival and growth o f over 3,500 new entrant 

plants (1985-1995) in the Irish manufacturing sector using plant level data. We add to 

the range o f previous studies by accounting for innovative activity at the level o f the 

individual plant rather than at sectoral level.

We found that innovative activity increases the probability o f survival but not the 

post-entry growth rate o f a new plant. Specifically, innovating plants have a relatively 

higher probability o f survival, but having survived, enjoy lower annual growth rates 

relative to surviving non-innovators. We suggest that this apparently paradoxical
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result may be the outcome of measuring post-entry growth using employment data, 

and that if post-entry performance were measured in terms o f value-added, sales or 

profits, a different result might pertain. Unfortunately, our data do not allow us to 

undertake such an analysis.

Over fifty per cent o f new indigenous plants enter the manufacturing sector at less 

than 20 per cent o f minimum efficient scale. Consequently the prospects for post­

entry survival and growth may be bleak for many of these relatively small firms. In 

this context we suggest that the major advantage o f innovating new entrant plants is 

that their post-entry growth does not depend as critically on their small initial entry 

size. In contrast, the post-entry growth o f non-innovating plants is found to be 

dependent on initial entry size. This may be evidence o f 'active learning' occurring in 

innovative new entrants and 'passive learning' occurring in non-innovating plants 

(Pakes and Ericson 1989, 1998). Innovating new entrants ‘actively leam ’ how to 

improve their post-entry growth and survival. In this way, their growth becomes less 

dependent on their initial size. By contrast, non-innovating plants by definition do not 

invest in such learning and therefore their post-entry growth remains dependent on 

their initial small size.
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2.A Tables

Table 2.1: A Life-Table' Analysis of New Entrant Plants, 1981-1996

Time Survived Probability of Surviving
Year 1 90.9
Year 2 81.2
Year 3 72.3
Year 4 65.0
Year 5 58.9
Year 6 54.6
Year 7 50.2
Year 8 47.0
Year 9 43.8
Year 10 41.4
Year 11 39.2
Year 12 37.7
Year 13 36.3
Year 14 35.4
Year 15 33.9
Year 16 33.9

Source: Own calculations based on Forfds data.
Note: 'These are the results o f  a lifetable analysis o f 5,790 indigenous plants that entered the m anufacturing

sector between 1981 and 1996. It shows the probability o f  a new entrant surviving a given tim e period. 
For example, the probability o f  surviving 1 year is nearly 91 per cent and alm ost 34 per cent to survive 
16 years.
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Table 2.2: A Classification of New Entrant Plants: Initial Size relative to Minimum
Efficient Scale, 1981-1996^

Initial Size / MES 
(%)

Number o f New 
Entrant Plants

% of all New Entrant Plants in 
this Initial Size/MES Category

0-9 % 1,618 2 8 %
10-19% 1,401 2 4 %
20-29 % 730 13 %
30-39 % 514 9 %
40-49 % 338 6 %
50-59 % 201 4 %
60-69 % 143 2 %
70-79 % 122 2 %
80-89 % 91 2 %
90-99 % 83 1 %
100% + 488 9 %

Total 5,729 100%
Source: Own calculations based on Forfds data.
Note:  ̂Initial size is first recorded employment size. MES of each 3-digit sector is the mean employment of

all plants alive in previous year.
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Table 2.3: Regression Results for Heckman Two Step Regression: A ll New Entrant
Plants

Dependent Variable:
Annual Employment Growth

Coefficients (Standard errors)

Probit:
^g^i, -.191*" (.011)

Age^i, .006*** (.001)

(S iz e /  \
7 m e s >‘

.116*** (.017)

(S iz e /
 ̂ /M ES>  '

-.013*“ (.002)

EntryRate -2.393 *** (.164)

IndustryGruwthj! .001*** (.000)

PlantTurnoverj^ 1.476*** (.124)

Innovator. .906 •" (.028)

Time Dummies Yes

OLS:
-.541*** (.008)

Age^ i, .041*** (.001)

(S iz e /  \
7 m e s ’>

-.086 *•• (.012)

(S iz e /
 ̂ /M E S ’ '

.008 •*• (.002)

EiitryRate .919*** (.085)

IndustryGrowth -.001*** (.000)

Innovator. -.349*** (.017)

Time Dummies Yes

No. o f Observations" 29,926
athro -1.681*** (.027)
Insigma -.315*** (.009)
Rho -.933
Sigma .730
lambda -.681

4222.94

? x > 0.0000

Log Likelihood -28577.09
N o te :  “  T h i s  is t h e  to ta l  n u m b e r  o f  o b s e rv a t io n s  e n t e r e d  at  t h e  p ro b i t  s tage .  A  s m a l l e r  n u m b e r  o f  o b s e rv a t io n s

a p p e a r s  a t  t h e  O L S  stage .
***  s ig n i f i c a n t  a t  t h e  1%  leve l ,  ** s ig n i f i c a n t  a t  t h e  5 %  level ,  * s ig n i f i c a n t  a t  t h e  1 0 %  level .
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Table 2.4: Regression Results for Heckman Two Step Regression: Innovating New
Entrant Plants

Dependent Variable:
Annua! Employment Growth

Coefficients (Standard errors)

Probit:
-.178"* (.041)

Age^ u .007* (.004)

(S iz e /  \
 ̂ 7 m b s ’‘

-.200*** (.051)

(S ize /
 ̂ /M E S ’ '

.026*** (.009)

EntryRate .054 (.702)

IndustryGrowth .001** (.001)

PlantTunioverjj -.684 (.556)

Time Dummies Yes
OLS:

-.521*** (.016)

Age'i, .035*** (.001)

(S iz e /  \
'■ 7 m e s ’‘

-.013 (.017)

(S ize /
 ̂ /M E S ’ '

-.001 (.002)

EntryRate .644*" (.186)

IndustryGrowth -.000 (.017)

Time Dummies Yes

No. o f Observations" 2,627
athro -1.642*** (.070)
Insigma -.662*** (.018)
Rho -.928
Sigma .516
lambda -.479

•7 191.65

?x>x^ 0.0000

Log Likelihood -2353.91
N o te : “  T h is  is  th e  to ta l n u m b e r  o f  o b se rv a tio n s  e n te re d  a t th e  p ro b it s ta g e . A  s m a lle r  n u m b e r  o f  o b s e rv a tio n s

e n te r e d  th e  O L S  s ta g e .
* * *  s ig n if ic a n t  a t th e  1%  le v e l, ** s ig n if ic a n t  a t th e  5 %  le v e l, * s ig n if ic a n t  a t th e  10%  lev e l.
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Table 2.5: Regression Results for Heckman Two Step Regression: Non-Innovating New
Entrant Plants

Dependent Variable:
Annual Employment Growth

Coefficients (Standard errors)

Probit:
-1.847*" (.011)

A g e \ , .005 *** (.001)

(S iz e /  \7m e s ‘̂
.172"* (.019)

(S iz e /
 ̂ 7m e s > '

-.018’** (.003)

EntryRate j! -2.408*** (.166)

IridustryGrowthj, .001 *** (.000)

PlantTurnoverj! 1.465*** (.123)

Time Dummies Yes

OLS:
-.542*** (.009)

Age^i, .041 **• (.001)

(S iz e /  )
'' 7m e s ’ ‘

-.124*** (.015)

(S iz e /  
/M E S ’ '

.012*** (.002)

Entry’Rate .968*** (.095)

IndustryGrowthji -.001*** (.000)

Time Dummies Yes

No. o f Observations" 27,299
athro -1.789 (.000)
Insigma -.243 (.010)
Rho -0.946
Sigma .785
lambda -.742

2869.05

Pr>z' 0.0000

Log Likelihood -25920.07
N ote: “  T h is  is the total num ber o f  ob servation s en tered  at the probit stage . A  sm a ller  nu m b er o f  ob serv a tio n s

entered  the  O L S stage.
* * *  sig n if ica n t at th e  1% le v e l, ** s ig n ifica n t at the  5%  le v e l, * s ig n ifica n t at the  10%  lev e l.
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2.B Appendices

Appendix A

Table A2.1: Regression Results for OLS Estimation of Non-Failing New Entrant Plants
assuming Random Selection, 1985-1996

OLS: Coefficients (Standard errors)

-.583*" (.007)

Age^„ .041” * (.001)

(S iz e /  \
'' 7 m e s ’ ‘

-.037*** (.010)

(S iz e /  'i2.
 ̂ / m b s ’ '

.002 (.001)

EntryRate .573*** (.085)

IndustryGrowth -.000 (.000)

Innovator- .090*" (.011)

Tim e  Dummies Yes
R ' .549
No. o f Observations 13,852
Note: *** significant at the 1% level.

H eteroskedastic consistent standard errors.

Table A2.2: Descriptive Statistics for Econometric Estimation

Variable Obs Mean Std. Dev, Min Max
29933 5.097184 3.030428 1 12

A g e \, 29933 35.16447 35.76925 1 144

IndustryGrowth 29933 21.63017 67.37141 -98 480

(S iz e /  \
 ̂ 7 m e s ’‘

29933 .4062374 .7660534 0 16.8

(S iz e /
 ̂ /M ES> '

29933 .751365 5.447844 0 282.2
4

EntryRatej, 29933 .0677132 .0729527 0 1.286

PlantTurnoverj! 29933 -.0110824 .0850767 -1 1.143

Innovator. 29933 .0877627 .2829542 0 1

Source: Own estim ations.
Note: Num ber o f  observations is the number o f  plants * number o f  years that w e observed the plant.
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C h a p t e r  3

T h e  p o s t - e n t r y  s u r v i v a l  o f  I n d ig e n o u s  p l a n t s :  D o e s  
A PLANT'S T e c h n o l o g i c a l  A c t i v i t y  m a t t e r ?

3.1 Introduction

Over the period 1991-1998, 2,020 indigenous plants exited the Irish manufacturing 

sector with the loss o f almost 35,000 jobs. On average, 7.5 per cent o f indigenous 

plants exited each year with over 4 per cent o f manufacturing employment being 

destroyed as a result.”*̂  The magnitude o f the job destruction is even more striking 

when compared against the level of job creation over the same period. Between 1991 

and 1998 new entrant firms created almost 34,000 jobs while exiting firms 

simultaneously destroyed almost 35,000."” It would appear that for every new job 

created over this period another job was destroyed as a consequence o f exiting firms. 

The question arises as to what extent the survival o f these indigenous firms varies 

with their individual characteristics and specifically to what extent investment in 

research and development (R&D) has altered the probability o f survival o f individual 

plants?

The exploration o f the role o f firm level technological activity"*^ and subsequent 

survival is a hybrid o f two literature traditions. The first o f these relates to the 

determinants o f survival itse lf For example, in empirical studies, the probability of 

survival o f a plant has been found to increase with the size o f the firm (Evans, 1987),

See Table 3.1.
See Table 3.2.
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the age o f the firm (Dunne et al., 1989), the lower the rate o f entry into the industry 

(Siegfried, 1992), and the greater the growth rate o f the industry in which the plant 

operates (Audretsch and Mahmood, 1995).

The second of these traditions started with W inter (1984), who focused on the issue o f 

the survival o f new entrants relative to incumbent plants. He postulated that the 

probability o f survival o f new entrant firms relative to incumbent firms in an industry, 

depended on which group controlled the technological development and future o f that 

industry. Where incumbent firms were responsible for the majority o f innovations in 

an industry, they had a relatively higher probability o f survival than new entrant 

firms. Sutton (1991) used the theory o f endogenous sunk costs to explain how 

incumbent firms could improve their probabilities o f survival by controlling the 

technological environment. His theoretical analysis showed that by investing in R&D, 

incumbent firms increased the minimum efficient scale (MES) o f the industry, which 

decreased the probability o f growth and sur\'ival o f new entrant firms. Audretsch 

(1991, 1995) and Audretsch and Mahmood (1995) used technological dominance to 

explain variations in the survival o f new entrant firms in the United States. They 

found that control o f the technological environment was empirically important in 

improving the probability of survival o f new entrant firms and by inference 

decreasing the probability o f survival o f incumbent firms. Walsh and Konings (1997) 

applied a variation o f this analysis to Ireland. They used a dichotomous variable to 

describe which subsectors in the Irish manufacturing sector were relatively more or 

less R&D intensive. They concluded that indigenous plants in R&D intensive 

industries had lower probabilities o f exit relative to indigenous plants in less R&D

In this chap ter  w e  use the term s technological activity  and R & D  activ ity  in terchangeably .

39



intensive sectors. We are not aware o f any studies that has related the survival o f an 

individual plant to the scale of its own R&D investment.

In this chapter we examine the determinants o f the probability o f survival o f 

indigenous incumbent plants in the Irish manufacturing sector. We limit our study to 

indigenous plants because we are concerned with the link between R&D behaviour at 

plant level and the survival o f the firm. In the majority o f indigenous cases this link is 

present as the plant is the firm, in contrast with the foreign-owned sector in Ireland 

where all plants are su b s id ia r ie s .W e  focus on incumbent plants because we believe 

that R&D investment may have very different consequences for new entrant and 

incumbent firms. Specifically, we suggested in Chapter 1 that R&D investment by 

new entrants may compensate for a small initial entry size. Invoking endogenous sunk 

cost theory, we suggest for incumbent firms that the issue may be more about 

increasing the MES in the sector as a means to increasing its probability o f survival 

relative to other incumbents and new entrants.

In the analysis we use plant-level technological data rather than sectoral level data to 

explore this relationship. We estimate two models o f the probability o f survival; a 

logit model and a Cox duration model. We estimate the survival experience o f a 

cohort o f indigenous incumbent plants (1986-1996) as a function o f their 

technological activity and other plant and industry characteristics. We find that 

technological activity has a positive influence on a plant's probability o f survival. This 

conclusion is robust to several different measures o f a plant's technological activity: 

scale o f R&D activity, R&D intensity and sales o f innovative products. We find that
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plant size and the extent o f new firm entry into an industry are also important 

determinants o f an incumbent plant's probability o f survival.

In Section 3.2 we outline sectoral patterns o f firm survival. A theory o f plant level 

technological activity and superior probabilities o f survival is developed in Section 

3.3. Section 3.4 presents the results o f a logit model that seeks to explain variations in 

the survival rates between firms. The results o f a Cox duration model that takes 

account o f  the limitations o f this logit model are presented in Section 3.5. The final 

section contains some conclusions.

3.2 Sectoral Patterns of Firm Survival

The survival rates o f a cohort o f plants'*'* over the period 1986-1996 are shown in 

Table 3.3. The overall percentage o f 2,114 plants that survive the eleven years is 69 

per cent. We can disaggregate further and explore the survival rates o f plants in the 

high-tech relative to the low-tech sector.”*̂  The high-tech (low-tech) sector contains 

high (low) R&D intensive sectors according to the OECD classification. The 

probability o f a plant surviving the period 1986-1996 in the high-tech sector is 73.04 

per cent, compared with the corresponding probability for plants in the low-tech 

sector o f 68.35 per cent.'**’ While at this aggregate level, there is a suggestion that

Dunne et al. (19 8 9 ) concluded that the survival experiences o f  a subsidiary plant w ill be different to 
that o f  a single plant firm. The continuing survival o f  a subsidiary plant w ill be influenced by political 
decisions as w ell as econom ic performance.

T his cohort o f  2 ,114  indigenous plants includes all plants with ten or m ore em ployees and are three 
or more years o f  age in 1986.

W e have adapted the O ECD classification o f  high-tech, m edium -high, m edium -low  and low -tech  
into tw o sectors. High tech is the aggregation o f  high and m edium  high-tech. The low -tech sector is the 
aggregation o f  m edium -low  and low -tech. The O ECD classification is set out in Table 3.3.

These probabilities have been estim ated using life-table analysis. L ife-table analysis is a technique  
which permits the estim ation o f  the probability o f  an event (exit) occurring at different tim e (years) 
points. It a llow s for the fact that not all plants w ill have exited during the period o f  observation. Life- 
table analysis a llow s a cohort to be distinguished by one characteristic on ly  and the differing  
probabilities to be estim ated for each group. A W ilcoxon(G ehan) test for equality o f  the estimated
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plants in an R&D intensive industry have a higher probabihty o f survival (a similar 

result to that estimated by Walsh and Konings, 1997), this difference is not 

statistically significant when we disaggregate further into the individual subsectors. 

There is an enormous variation in the probabilities o f survival between these 

subsectors, as evident in Table 3.3."*̂  The range o f probabilities in those subsectors in 

the high-tech sector is from 50.00 per cent to 82.61 per cent. Similarly in those 

subsectors which comprise the low-tech sector, the range o f probabilities o f survival 

is from 43.42 per cent to 88.89 per cent. How do we account for this variation in 

survival rates between subsectors that are classified as having the same level of

48technological sophistication? Audretsch and Mahmood (1995) in a study o f the 

variations o f survival rates among new entrant plants emphasise the importance of 

plant characteristics. It is the central hypothesis o f this chapter that the overall 

classification o f sectors cannot explain survival rates and that the presence or absence 

o f research and development spend in an individual plant should be taken into 

account.

We divide our cohort into R&D spenders and non-R&D spenders to conduct a life- 

table analysis. This analysis will provide us with the estimated probabilities of 

survival for both groups over the period 1986-1996. In Figure 3.1 we have graphed 

both survivor functions. The probability o f survival for the R&D spending plants 

exceeds that o f the non-R&D spending plants at every point in time 1986-1996. The 

probability o f an R&D spending plant surviving ten years after 1986 at 85.96 per cent, 

is significantly higher than the corresponding estimate for non-R&D spending plants

p ro b ab ilitie s  o f  survival sh o u ld  be undertaken . In th is  c ase  th e  d iffe ren t p ro b ab ilitie s  o f  surv ival for the 
h igh -tech  and  low -tech  sec to rs are s ta tis tica lly  in sig n ifican t at th e  10%  level (p ro b ab ility = .1 3 0 ).

W e d isag g reg a te  in to  th e  O E C D  24 industria l subsectors.
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o f 66.36 per cent.'*^ Why could we expect ex ante, that R &D  spending plants would 

have a higher probability o f survival relative to non-R&D spending plants?

3.3 Theory of Technological Activity and Survival

We take a simple approach to modelling the probability o f survival o f an individual 

plant. We adapt a model first introduced by Audretsch (1991) and later developed by 

Audretsch and Mahmood (1995). These authors tested the hypothesis that the

probability o f any given firm  j ,  o f age t, remaining in industry i, P r(^J > 0 ), is a

function o f the technological regime in the industry in addition to traditional industry 

and plant characteristics. The technological regime in an industry defines industries 

according to whether the majority o f innovations are produced by incumbent firms or 

new entrant firms. We consider a model below where plant level technological 

activity rather than the industry's technological regime is a determinant o f the 

probability o f survival.

Successful innovative activity is the means by which finns grow and prosper. 

Audretsch (1991) justifies the inclusion o f the probability o f innovative activity as a 

determinant o f the survival o f new entrant firms because innovative activity is the 

means by which new firms grow and attain the industry minimum efficient scale. A  

simple theory o f the costs o f production justifies this approach. A  new entrant ignores 

its fixed costs in the short run and increases its output as long as its price is greater 

than average variable cost. However as a firm  undergoes the transition from a new 

entrant to a young incumbent, it must consider payment o f its fixed costs, as price

High-tech and low-tech represent two differing levels o f technological sophistication. A ll subsectors 
in each o f these sectors by definition have the same level o f technological sophistication.
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must cover average cost in the long run. We hypothesise that growth in profitability 

{ n)  for a given scale o f output becomes relatively more important a consideration

than increasing scale. In this instance the probability o f survival o f an incumbent firm 

j ,  o f  age /, in industry i is determined by its current and expected profitability. The 

more profitable that the firm is, the greater its probability o f sui'vival:

> 0 )  = / ( ; r / p  (1)

We can think o f Equation 1 as a model o f income choice in the tradition o f Knight 

(1971).^® Therefore we consider that the probability that a firm will decide to remain 

in the industry is increasing in the level o f profitability the finn currently enjoys.

In turn, profitability is determined by the price-cost margin that the firm earns which 

in turn depends on market size and the number o f firms in the industry. If  we assume 

that the firms are Cournot quantity setters and they compete in homogeneous 

products, a typical profit function for a firm j  o f age t in industry i can be written as

= bit 2 +  { n - \ )
(2)

T he W ilcoxon  (G ehan) test show s that these  d iffe ren t su rv ivo r fu n c tio n s are  s ta tis tica lly  d iffe ren t at 
th e  1% level. (P rob. .0000)

Jovano ic  (1 9 9 4 ) and B lanchflow er and M eyer (19 9 4 ) have used  a m odel o f  incom e cho ice  to 
in te rp ret the  decision  o f  an ind iv idual to  start a new  firm  or becom e th e  em ployee  o f  an ex is tin g  firm . 
The p ro b ab ility  o f  an ind iv idual sta rtin g  a new  firm  is g reater w hen  th e  gap  be tw een  th e  ex pected  
pro fits  from  being  an en trep ren eu r exceed  th e  ex pected  w age they  w o u ld  rece iv e  as an em ployee. In 
E quation  1 w e are reversing  th is decision  process. A firm  has a cu rren t level o f  p ro fitab ility . T h is is to  
be b enchm arked  against the  next best incom e cho ice  facing  th e  o w ners i f  they  ap p lied  th e ir  re so u rces 
ou tsid e  th e  industry.
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where Kl are the profits earned by this firm, S is the size of the market and n is the 

number of firms in the marketplace. In this case if we consider Equation 2 along with 

Equation 1, the probability of survival of this firm depends on the number of firms in 

the industry because for a given market size, the number of firms in the industry 

determines the profits earned by the firm.

An extension to the standard Cournot result presented in Equation 2 is to allow for 

differentiated products.^' One firm j  differentiates its products relative to its rivals. 

Product differentiation raises consumers' willingness to pay. Specifically, a product 

may be differentiated by raising its quality above the quality of competing products. If 

quality is important to consumers, they will be willing to pay a higher price for this 

higher quality product. We can introduce a parameter d into Equation 2 to measure 

the degree of product differentiation attributable to our firm relative to the remaining 

firms. If 0 = \, the products are completely homogeneous between firm j  and the 

remaining firms. If 9=0, the products sold by firm j  are completely differentiated 

from the remaining firms in the industry. We obtain a modified profit function for 

firmy

kI - Bit 2 + { n - \ ) e (3)

where S and n are the size of the market and the number of firms in the market. 

Equation 3 states that the profits earned by any firm of a given age in any industry is 

determined by the degree of product differentiation and the size of the market. When
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a firm differentiates completely its products (0 = 0 ) relative to those sold by rivals in 

the industry, the firm removes the interdependence o f its profits on the number o f 

firms in the market. The firm becomes a monopolist for the differentiated product and 

remaining firms compete with the original homogeneous product {9 = \). Their profits 

remain dependent on the number o f firms in the marketplace.

Successful product innovation^^ is the source o f product differentiation. Following the 

notation developed in Equation 3, the probability th a t^ = 0  is increasing in the success 

o f a firm's technological activity, as defined by a successful innovative output (SIO)

?v {6  = Q) = f { S I 0 )  (4)

Through the various mechanisms outlined in Equations 1 - 4, we arrive at the central 

hypothesis o f this chapter, namely that the probability o f survival o f a firm j ,  o f  age t, 

in industry i, will be determined by the extent o f successful innovation {SIO) in this 

firm

Vv(YJ^>d) = f ( S I O )  (5)

To our model in Equation 5 we must add some more traditional plant and industry 

characteristics that have traditionally explained variations in the probability o f 

survival between firms. We consider each o f these variables in turn.

See M artin  (1993).
W e cou ld  m odel p rocess innovation  in a sim ila r fashion by ex ten d in g  th e  C ourno t m odel to accoun t 

for d iffe rin g  m arg inal costs. P rocess innovation  w ou ld  resu lt in low er m arg inal costs  for a firm  re la tive  
to  rivals.
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Plant size: The probability o f survival for a firm increases with its size. Majumdar 

(1997) notes in a study o f Indian firms that with increasing size comes more diverse 

capabilities, superior access to capital and a superior ability to exhaust economies of 

scale and scope. Nas and Lappalahti (1997) focus on the ability o f a firm to react to 

changes in its external environment. The option o f downsizing in the face o f an 

economic downturn is only available to large firms. Large firms have adequate size to 

consider downsizing before they consider exiting the industry. By contrast, small 

firms have no option to downsize, and are immediately faced with the decision to exit.

Plant age: The probability o f survival increases with the age o f the firm. Jovanoic 

(1982) termed the benefits gained from increasing experience in a market as market 

entrenchment benefits. Learning is important in exhausting economies o f scale and 

scope and learning is a function o f time. M ajumdar (1997) summarises this point 

when noting that older firms are not prone to the liability o f  newness.

Entry: Love (1996) in a study o f variations in firm exit across the British counties 

concludes that new firm entry is the dominant determinant o f exit. There is an 

expected positive correlation between the extent o f entry into an industry and the rate 

o f exit o f  incumbent plants, i.e., the probability o f survival o f incumbent plants falls 

as the rate o f entry increases. Audretsch (1995) describes the process as one o f 

displacement. It occurs where informational asymmetries exist between the existing 

incumbent firms and potential new entrant firms. Innovative ideas occur outside o f the 

industry and are ignored by the existing incumbents. New entrant firms enter with 

these innovative ideas and steal market share, eventually growing to displace the
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existing incumbents. Siegfried (1992) provides evidence of inefficient incumbents 

being displaced by new entrant firms in the United States while Kleijweg and Lever 

(1996) provide similar evidence for Dutch manufacturing firms.

Rate o f  growth: Audretsch and Mahmood (1995) and Walsh and Konings (1997) 

model the probability o f survival o f a firm as determined by the rate o f growth in the 

industry. These authors expect that the probability o f survival for all firms in an 

industry will be higher, the greater the rate o f growth o f the industry. Relatively faster 

growing industries are thought to have elevated price-cost margins. These elevated 

margins are more forgiving for less efficient firms in the industry, which can still 

enjoy profitability despite their uncompetitive position. In slow growing industries, 

where intense price and non-price competition may result for a given market share, 

we would expect a high rate o f exit among inefficient firms.

Thus we extend Equation 5 to take account of these factors. The probability of 

survival o f an indigenous incumbent plant j ,  o f age t, in industry i, in the Irish 

manufacturing sector will be determined as follows^^

Pr(K̂ .̂  > 0) = {SIO{+),Size{+),Age{+),Ind. Entry Rate{~),Ind. Growth Rate{+)) (6)

The expected influence o f  the variable on the probability o f  survival is noted as (+) or (-) in 
parentheses.
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3.4 Logit Regression

3.4.1 Data Sources

The data used here are a unique combination o f two sources. The R&D data are drawn 

from a survey o f R&D performing plants, undertaken by the pohcy and advisory 

board for industrial development in Ireland (Forfas). This organisation has statutory 

responsibility for R&D statistics in Ireland. For the years 1986 to 1993, the biannual 

surveys reported data on the population o f R&D performers with ten or more 

employees in the manufacturing and internationally-traded services sectors.^”* The 

employment data are drawn from the annual employment surveys undertaken by the 

same agency. Similar to the R&D data, these employment surveys cover the 

population o f plants in the manufacturing and internationally traded service sectors. 

The employment survey data covers all firms and in matching the two Forfas surveys, 

we have excluded any plant with less than ten employees through the period 1986 to 

1996.

Within indigenous plants, we focus only on the incumbent plants. We do this by 

generating a cohort that includes all plants with ten or more employees and three or 

more years old in 1986. We then analyse their survival until 1996.^^ A plant is 

deemed to have survived if  it has positive employment in 1996 and exited from the 

cohort if  it has zero employment in 1996. Where a plant has positive employment in 

one year followed by a report o f zero employment in the following year, we deemed

Forfas estim a te  a response  ra te  c lose  to  100%  for th is  survey.
”  T he response  rate  is g reater than  90%  for th is  survey  (S trobI, 1996).

T h is e lim in a tes  any new  en tran t firm s (19 8 7 -1 9 9 5 ) from  b e in g  in c lu d ed  in o u r analysis. T h is  a llow s 
us in em pirica l tes tin g  to  focus on ly  on incum ben t firm s. O u r cohort is th e  p o p u latio n  o f  ind ig en o u s 
incum ben t p lan ts in 1986,
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that plant to have exited the cohort during that year. In this way we capture the 

duration o f the plant's life after 1986.

3.4.2 Description of the Variables

Technological activity: We use the five R&D surveys between 1986 and 1993 to 

measure technological activity in plants in our cohort. Given that these surveys report 

R&D spend for the population o f indigenous R&D spenders, a plant with zero spend 

is considered as a non-R&D spending plant. We measure scale o f R&D activity as the 

mean R&D spend per annum in the plant (1986-1993). The population o f R&D 

spending firms and non-R&D spending firms remains the same for all three measures 

o f plant level technological activity. For the R&D spending firms only, we calculate 

two alternative measures o f their technological activities. The first measure is R&D 

intensity i.e., the mean R&D spend of the plant as a percentage o f its sales. The 

second measure relates to innovative output. It is the mean percentage o f the firm's 

sales that is accounted for by products developed within the firm in the last three to 

five years.

Plant size: We measure plant size as the employment size o f the plant in 1986 and we 

normalise this with the industry minimum efficient scale (MES) in 1986. In the spirit 

o f Sutton (1991, p.96) we measure the MES o f each subsector at time t as the mean 

employment size in the subsector at time t - \ .

Plant age: Plant age is the age o f the plant in 1986.
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Entry: The industry entry rate is calculated using methodology outlined in Davis and 

Haltiwanger (1990). An annual plant turnover rate by industrial subsector (using the 

24 sector OECD aggregation) is calculated annually between 1986 and 1996. We then 

measure the number o f plants entering as a percentage o f this turnover. We calculated 

the mean annual entry rate for each o f our subsectors as a measure o f the extent o f 

entry into an industry (1986-1996).

Growth rate: The industry growth rate is measured as the growth in value added by 

industrial subsector (1986-1995). These measures were sourced from the Census of 

Industrial Production. We used concordance tables to translate the CSO industry 

classification into the OECD industrial classification.^^

3.4.3 Logit Regression Results

We use a logit regression model to estimate the probability o f an indigenous 

incumbent plant surviving the period 1986-1996. The dependent variable captures 

whether the plant survived or exited over the period. A value o f one implies the plant 

survived while a value o f zero classifies the plant as having exited. We regress this 

dependent variable on each o f our three measures o f technological activity listed 

above as well as the plant and industry characteristics outlined in Section 3.3. We 

include also a dummy variable to control for the industrial subsector in which the 

plants are located. We present the results o f Equations (4.1) through (4.3) in Table 

3.5.

Table 3.4 presents summary statistics for all o f  the variables used in this chapter.
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Equations 4.1, 4.2 and 4.3 differ only in the measure o f technological activity used. 

All o f these measures o f technological activity have positive coefficients and are 

statistically significant at the 1 per cent level. As the scale, intensity and output o f the 

plant's R&D activity increases, the greater the probability that the plant survived the 

period 1986-1996. This is the central hypothesis o f this chapter.

In accordance with expectations, as the size o f the plant relative to industry minimum 

efficient scale increases, the greater the probability o f survival for the plant. For a 

given plant size, the higher the minimum efficient scale o f the industry, the lower the 

probability o f survival for an incumbent plant. This reflects the traditional industrial 

organisation result o f  MES as a determinant o f the number o f firms in an industry.

The mean annual entry rate into an industry is significant in Equations 4.2 and 4.3 at 

the 10 per cent level. The positive coefficient conflicts with our expectation that the 

greater the extent o f entry into an industr>' the lower the probability’ o f survival would 

be for incumbents. However, an alternative view o f entry and the survival of 

incumbents exists. The greater the extent o f plant entry into the industry, the more 

intense the competition between new entrants for a given market share. The 

competition may be so intense that the vast majority o f new entrant plants fail and are 

forced to exit, i.e., the revolving door metaphor, where an entrant arrives and 

subsequendy exits (Audretsch, 1995). The remaining new entrant plants are so 

crippled by this early competition that they are not in a position to grow and displace 

the incumbents. This would result in a positive coefficient as reported in our logit 

regression.
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The age o f the plant and the growth rate o f the industry are insignificant explanatory 

variables o f the probability o f survival. We do not display the results for the 24 

category sectoral dummy variable for illustration purposes. In all o f  the equations,

58only four o f the twenty-two subsectors have significant explanatory power.

3.4.4 Limitation of the Logit Regression: Duration heterogeneity

The first limitation o f the logit model is its inability to account for duration 

heterogeneity, i.e., the difference in a plant exiting our cohort in 1987 and a plant 

exiting in 1995. Clearly survival time is important but it cannot be introduced as an 

explanatory variable into the logit model. Cox and Oakes (1984, p.6) note that 

"'inclusion o f  the actual fa ilure time as an explanatory variable in a discriminant 

analysis (dichotomous dependent variable) would be a serious error, as the fa ilure  

time is part o f  the response, not part o f  the factors influencing response” We need to 

model the sur\'ival experience o f plants in our cohort taking into account differences 

in survival times.

3.5 A Duration Model

3.5.1 Econometric IVIethodology

The Cox (1972, 1975) duration model estimates the risk o f exit (hazard) facing a plant 

in our cohort as a function o f the explanatory variables already used in the logit 

regression. This proportional hazards model takes account o f duration heterogeneity. 

The hazard is the conditional probability o f a plant leaving the manufacturing sector

These are Clothing, Leather and Footwear, Paper and Paper Products and Furniture and other 
M anufacturing when compared to Food, Drink and Tobacco.
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at duration t. The hazard rate is the rate at w hich a plant exits during period t given 

that it has survived until time t, i.e., it m easures the risk o f  exit for a plant during the 

next year. W e obtain a baseline hazard function, h^i t) , w hich is estim ated w hen all o f

the explanatory variables (covariates) are set to zero. It is an estim ate o f  the risk o f  

exit facing each plant in the cohort in each year 1986-1996. The C ox m odel then 

estim ates the influence o f  each o f  our explanatory variables on this baseline hazard 

function. Is the hazard o f  a plant exiting at a m om ent in tim e increased or decreased 

when an explanatory variable is nonzero? A negative (positive) coefficient indicates 

that this baseline risk o f  exit at a m om ent in time is reduced (increased).

In order to use the proportional hazards Cox model, we m ust assum e that the ratio o f  

the baseline hazard function /zQ(r)and the estim ated hazard function h{t) (w hen an

explanatory variable is included) is proportional across time. This im plies that the 

contribution o f  the explanatory variable to the risk o f  exit across tim e is identical. In 

our case, the contribution o f  R&D activity to the risk o f  exit facing a p lant is the same 

in 1986 as it is in 1996. The im plication o f  using this proportional hazards m odel is 

that none o f  our explanatory variables vary across time. They are all cross-sectional.^^

W e express the m odel to evaluate m any independent variables as

”  The analysis in this chapter was initially com pleted in March 1998 when the tim e-varying Cox 
duration m odel could not be estim ated due to the lack o f  a panel dim ension in our first dataset. W e 
have subsequently tested the robustness o f  the fo llow in g  results in a tim e-varying m odel, using a 
sim ilar cohort o f  plants but also using the third and m ost recent dataset that w e have constructed. This 
recent analysis could not be incorporated directly into the text because w e cannot confirm  that the 
descriptive statistics presented throughout the chapter apply to our m ost recent dataset (i.e ., the O ECD  
sectoral classification used in this chapter is no longer stored in our new  dataset). The tim e-varying  
analysis is outlined in Appendix B.
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where h^it) is the basehne hazard function when all o f the covariates are set to zero

and h{t) is the estimated hazard function when the value o f the covariates

(x , , x^ . . . x  ) are nonzero.1 2  n

The emphasis o f this chapter is on the probability o f survival for an indigenous plant 

given its characteristics and external environment. The survival function S(t) is an 

estimate o f the probability o f surviving longer than a specified period. The cumulative 

hazard function H{t)  is related to the survival function: H{t)  = -  In 5 (0  , where

=[5q(0 ]^

0xand where p  = . The survival function is obtained by raising the baseline

survival function (this is the function when all the explanatory variables are set to

0\zero) to the power o f . The cumulative hazard and the cumulative survival 

functions approximately add to one. The difference from one will be due to the 

standard error o f the cumulative sur\’ival estimates. Therefore the probability o f 

surviving a given time period is one minus the probability o f dying in that period.



3.5.2 Results of the Cox Duration Model

Table 3.6 shows the regression results from four alternative equations (5.1-5.4). All 

four o f these equations differ in one respect only, namely the measure o f plant level 

technological activity used. Equation 5.1 uses a dichotomous variable that indicates 

whether the plant is an R&D active or non-R&D active plant. The coefficient o f this 

variable is negative and statistically significant. This implies that the risk o f exit for 

an R&D spending plant at a point in time (1986-1996) is less than that for a non-R&D 

spending plant. The only remaining statistically significant variable is the annual entry 

rate into the industry. The coefficient o f this variable is positive. This confirms similar 

results elsewhere that the risk o f exit at a point in time (1986-1996) facing indigenous 

incumbents is increased the greater the extent o f plant entry into their industry 

(Siegfried, 1992; Audretsch, 1995; Kleijweg and Lever, 1996; Love, 1996). This is in 

contrast to the positive influence o f entry on the probability o f survival o f incumbent 

plants estimated in our logit model.

The output from Equation 5.1 is graphically presented in Figures 3.2 and 3.3 that 

show the recovered hazard and survival functions, estimated for non-R&D and R&D 

active firms, respectively. These functions have been estimated using the mean values 

o f the covariates specified in Equation 5.1. We can illustrate the importance o f the 

plant being an R&D active or non-R&D active plant over this period. At any point in 

time during 1986-1996, the risk o f exit facing a non-R&D spending plant is greater 

than that o f an R&D spending plant (Figure 3.2). Conversely, the probability o f 

surviving into the next period is greater at every point in time for an R&D spending 

plant than a non-R&D spending plant (Figure 3.3).
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In Equation 5.2 (Table 3.6) we consider the scale o f R&D activity among R&D active 

plants. The coefficient o f R&D scale is negative and significant, i.e., the risk o f exit 

facing an indigenous plant in our cohort is decreased as the scale o f R&D activity in 

the plant increases. The size o f the plant relative to the industry minimum efficient 

scale is negative, confirming our expectation that as a firm becomes large relative to 

the minimum efficient scale o f the industry, its risk o f exit decreases. The industry 

entry rate increases the risk o f exit for all the incumbent plants in our cohort.

In Equation 5.3 we introduce the percentage o f a plant's sales that is invested in R&D 

as a measure o f incumbents’ technological activity. This variable has the expected 

negative coefficient, i.e., the more intensively a plant engages in R&D, the lower its 

risk o f exit will be. In similar fashion to Equation 5.2, both plant size relative to 

minimum efficient scale and the industry entry rate have the expected negative and 

positive coefficients respectively.

In Equation 5.4 we consider our final measure o f a plant's technological activity. It is 

the percentage o f their sales revenue that is accounted for by products developed 

within the firm in the last 3-5 years. The coefficient is negative, i.e., the greater the 

extent o f sales revenue accounted for by sales of innovative products, the lower the 

risk o f exit facing the plant. Again, the greater the extent o f entry into the industry, the 

greater the risk o f exit facing the plants in that industry. The larger the size o f the 

plant relative to minimum efficient scale, the smaller the risk o f exit facing the plant 

will be.
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It is suggested based on our results that the probability o f survival is relatively greater 

in R&D active firms. We speculated in Section 3.3 that we might record a higher 

probability o f survival for R&D active firms because they are more profitable relative 

to non-R&D active firms. There has not been an econometric study o f innovation and 

profitability for firms in the Irish manufacturing sector. We can only observe that 

R&D active firms in the Irish manufacturing sector grow relatively faster and 

consequently may be more profitable firms. Keams and Ruane (1997) noted that 

R&D spending firms in Irish manufacturing had superior employment growth to non- 

R&D spenders while Roper et al. (1996) observed for a sample o f firms in the Irish 

manufacturing sector that employment, turnover and real export growth per annum 

(1991-1993) was higher for innovating than for non-innovating companies. However, 

the general conclusion o f the empirical studies to date is that relatively more 

technologically active firms have higher profits growth. Geroski (1994) observed that 

innovating firms earn higher profits because they have larger market shares than non­

innovators. This market share is more valuable to innovating firms because they earn 

higher margins than non-innovators. Nas and Lappalahti (1997) report higher profits 

for Norwegian innovating companies when compared to non-innovating companies. 

The authors also conclude that these profit differences are persistent across time.

3.6 Summary and Conclusions

Between 1991 and 1998 new entrant firms created almost 34,000 jobs while exiting 

firms simultaneously destroyed almost 35,000. It would appear that for every new job 

created over this period another job was destroyed as a consequence o f exiting firms. 

The question arises as to what extent the survival o f these indigenous firms varies 

with their individual characteristics? The central hypothesis o f this chapter is that
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technological activity within plants is an important determinant o f that plant's 

probability o f survival. We outlined a theoretical model whereby the probability o f a 

plant surviving is determined by the success o f a plant's technological activity. We 

extended the results o f previous papers that have used sectoral level data on 

technological activities in determining the probability o f survival o f incumbent plants.

Using a dataset o f indigenous incumbent plants in the Irish manufacturing sector, we 

concluded that technologically active firms have superior probabilities o f survival 

relative to less technologically active firms. This was confirmed using life-table 

analysis, logit analysis and a Cox duration model. This result was consistent across 

the range o f variables typically used to measure a plant's technological activity, 

namely, scale o f R&D activity, R&D intensity or sales o f innovative products 

developed within the plant.
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3.A Tables

T able 3.1: Percentage o f (i) Indigenous Plants Exiting the M anufacturing Sector 
and (ii) Jobs Lost through Plant Exit, 1991-1998

Year Number of Number of % of all Number of Employment % of all
existing plants plants jobs lost in closed employment
Plants closed lost plants lost

1991 3,792 324 8.5% 110,009 6,371 5.8%
1992 3,808 363 9.5% 114,144 5,695 5.0%
1993 3,827 268 7.0% 111,167 4,369 3.9%
1994 3,851 254 6.6% 109,706 3,768 3.4%
1995 3,857 290 7.5% 116,714 5,233 4.5%
1996 3,858 262 6.8% 120,224 3,826 3.2%
1997 3,993 259 6.5% 125,498 5,615 4.5%
Total 2,020 34,877
Mean 7.5% 4.3%

Source: Own estim ations based on Central statistics O ffice (Census o f  industrial production 1991- 
1998) data. See C SC  (1997a, 1997b, 1997c, 1998a, 1998b, 1998c, 2000a, 2000b).

T able 3.2: A C om parison o f Jobs Lost and G ained through Plant Exit and Entry,
1991-1998

Betw een Years: Num ber o f jobs lost in 
exiting firm s

Num ber o f jobs 
gained in new firm s

N et D ifference

(1) (2) (2)-(l)

1991-1992 6,371 4,819 -1,552
1992-1992 5,695 4,710 -985
1993-1994 4,369 4,073 -296
1994-1995 3,768 3,994 226
1995-1996 5,233 4,768 -465
1996-1997 3,826 6,459 2,633
1997-1998 5,615 5,038 -577

Total 34,877 33,861 -1,016
Source: Own estim ations based on Central statistics Office (Census o f  industrial production 1991- 
1998) data. See CSO (1997a, 1997b, 1997c, 1998a, 1998b, 1998c, 2000a, 2000b).
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Table 3.3: Cohort Survival Rates Over Time by M anufacturing Subsector
Year 1986 1988 1990 1992 1994 1996 Probability o f

M anufacturing Sector Num ber o f  Surviving Firms from 1986 Cohort. Surviving the
Survival Rates (% ) Period

H igh-Tech Sectors:
M achinery n.e.c. 88 78 68 60 57 56 63.64

89% 77% 68% 65% 64%
Com puter/O ffice Mach 14 12 11 11 10 9 64.29

86% 79% 79% 71% 64%
Electrical m achinery 51 48 44 43 40 36 70.59

94% 86% 84% 78% 71%
Electronics 3 3 3 2 2 2 66.67

100% 100% 67% 67% 67%
Instrum ents 32 30 27 26 26 25 81.25

94% 84% 81% 81% 78%
M otor V ehicles 46 44 42 41 40 38 82.61

96% 91% 89% 87% 83%
O ther transport 14 14 11 9 8 7 50.00

100% 79% 64% 57% 50%
Chem icals 22 21 18 18 18 18 81.82

95% 82% 82% 82% 82%
Pharm aceuticals 35 31 29 29 27 27 77.14

89% 83% 83% 77% 77%
High-Tech Sectors 293 281 253 239 228 214 73.04

96% 86% 82% 78% 73%
Low-Tech Sectors:
Food/Drink/Tobacco 541 495 453 423 399 384 71.71

91% 84% 78% 74% 71%
Textiles 86 73 66 57 53 52 60.47

85% 77% 66% 62% 60%
Clothing 152 121 95 83 75 66 43.42

80% 63% 55% 49% 43%
Leather/Footwear 35 30 23 21 20 17 48.57

86% 66% 60% 57% 49%
W ood/W ood Products 102 91 83 72 66 62 62.69

89% 81% 71% 65% 61%
Paper/Paper Products 45 42 42 41 40 40 88.89

93% 93% 91% 89% 89%
Printing/Publishing 165 155 150 148 137 132 80.60

94% 91% 90% 83% 80%
Rubber/Plastic Prod's 81 76 69 67 65 61 75.31

94% 85% 83% 80% 75%
N on-M etallic Minerals 146 134 124 121 110 106 73.26

92% 85% 83% 75% 73%
Basic M etals 15 13 9 9 9 8 53.33

87% 60% 60% 60% 53%
Fabricated Metals 268 242 225 212 197 190 70.90

90% 84% 79% 74% 71%
Fum iture/O ther Manu. 173 151 136 128 121 113 65.46

87% 79% 74% 70% 65%
Low-Tech Sectors: 1821 1623 1475 1382 1292 1245 68.35

89% 81% 76% 71% 68%
Total (Cohort) 2114 1904 1728 1621 1520 1449 69.00

90% 82% 77% 72% 69%

Source: Own Estim ations based on Forfas data.
Note: The survival rate or the percentage o f  firms surviving is the num ber o f  firm s surviving after a 

given tim e period divided by the total num ber o f  firms originally in the industry in 1986.
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Table 3.4: Summary Statistics for Regression Variables

Variable Mean Std Dev. Min Max N
Plant Characteristics:
(Plant Size / MES) 1.00 1.54 0.07 33.87 2114
Plant Age (Years) 21.06 18.78 3 84 2114

Industry Characteristics:
Industry Entry Rates (%) 0.06 0.02 0.04 0.17 2114
Industry Growth Rates (%) 3.54 4.14 1.07 16.86 2114

Technological Activity:
Scale o f R&D Activity (OOO's) 18.56 96.83 0 1980 2114
R&D Intensity (%) 0.01 0.03 0 0.28 2114
Sales o f Innovative Prods (%) 6.26 18.15 0 100 2114

Status and Duration:
Plant Survived (1) or Died (0)? 0.69 0.46 0 1 2114
Life o f  Plants post 1986 (Years) 8.96 3.39 1 11 2114
Source: Own Estim ations.
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Table 3.5: Regression Results for Logit Estimation

Independent Variables*” Equation 4.1 Equation 4.2 Equation 4.3

Scale o f R&D Spend (p) QQ4**H<

(.0088 )

R&D Intensity (p) 14 .540***
( .0004 )

% Sales Innov. Prod's (p) 0 .022 ***
(.0000 )

Age of plant in 1986 (p) 0.001
( .6663 )

0.001
( .6768 )

0.001
( .6188 )

Plant size / MES (p) 0 . 117**
(.0207 )

0 . 152***
(.0017 )

0 . 121**
(.0127 )

Annual Entry Rate 86-96 (i) 73.525
( . 1375)

86 .0 97 *
(.0938 )

85 .652*
( . 1000)

Industry Growth Rate (i) -0.086
( . 1896)

-0.097
( . 1450)

-0.093
( . 1625)

Constant -4.018
( . 1896)

-4.926
( . 1239)

-4.963
( . 1267)

Overall Chi Square Score 
Significance Level 
-2LL
Overall Predicted 
N

121.723
.0000

2495.290
70 .20%

2114

129.932
.0000

2487.081
70 .29 %

2114

153.321
.0000

2463.692
70 .53%)

2114
N ote: p  values in parentiieses.

*** sig n ifican t at the  1% level, ** s ign ifican t at th e  5%  level, * s ig n ifican t at th e  10%  level; 
( i) va riab le  varies at industry  level, ( p)  v ariab le  varies at p lan t level.

A secto ra l categorical v ariab le  for th e  24 O E C D  sectors w as in c luded . T h e  v a riab le  im proved  the  
ex p lan ato ry  pow er o f  th e  m odel. T he b reakdow n o f  th is va riab le  (23 ca teg o rie s) is not in cluded  for 
p resen ta tio n  purposes.
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Table 3.6: Regression Results for the Cox Duration Model

Independent Variables Equation 5.1 Equation 5.2 Equation 5.3 Equation 5.4
R&D Active (Yes/No) (p) 

Scale o f R&D Spend (p) 

R&D Intensity (p)

% Sales Innov. Prod's (p)

-1.030***
(.000)

-0.004***
(.002)

-14.551***
(.000)

-0.0202***
(.000)

Age o f plant in 1986 (p) -.003
(.141)

-0.002
(.382)

-0.002
(.309)

-0.0024
(.266)

Plant size / MES (p) -0.061
(.116)

-0.083**
(.048)

-0.121***
(.003)

-0.099**
(.014)

Annual Entry Rate 86-96 (i) 10.213***
(.0000)

10.896***
(.000)

11.116***
(.000)

11.503***
(.000)

Industry Growth Rate (i) -.015
(.116)

-0.015
(.121)

-0.013
(.174)

-0.014
(.144)

Overall Chi Square Score 
Significance Level 
N

94.820***
(0.0000)

2114

36.396***
(0.0000)

2114

41.378***
(0.0000)

2114

64.843***
(0.0000)

2114
N o te :  /? v a lu e s  in p a r e n th e se s .

*** s ig n i f i c a n t  at  t h e  1%  level ,  ** s ig n i f i c a n t  a t  t h e  5 %  leve l ,  ‘ s i g n i f i c a n t  at  t h e  1 0 %  level;  
( i) v a r i a b l e  v a r ie s  a t  in d u s t r y  level ,  ( p )  v a r i a b le  v a r ie s  a t  p la n t  level .
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3.B Figures

Figure 3.1: A Survivor function of R&D Spenders relative to non-R&D Spenders
using Life-table Analysis
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Note: T he  vertical axis is the  p robabil i ty  o f  survival.
O v e r  the  entire  duration  (1986-1996)  the p robab il i ty  o f  survival for R & D  spend ing  firm s is 
greater  than that  o f  non-R & D  spend ing  firms.
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Figure 3.2; Hazard Functions based on Cox Regression (Equation 5.1) estimated 
for R&D Spenders vs. Non-R«&D spenders
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N ote  : T h e  longer th e  tim e period  co n sid ered  (d u ratio n ) a fte r 1986, th e  g rea te r th e  risk  o f  ex it facing
all o f  the  p lan ts. H ow ever th is  risk  o f  exit is low er for the  R & D  sp en d in g  p lan ts re la tiv e  to  the  
non-R & D  sp en d in g  p lan ts over th e  en tire  period . T h is  func tion  is estim a ted  using  the  m ean o f  
the  covariates.

Figure 3.3: Survival Functions based on Cox Regression (Equation 5.1) 
estimated for R&D Spenders vs. Non-R&D spenders
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survival facing  all p lan ts. H ow ever th e  p ro b ab ility  o f  survival is h ig h er for th e  R & D  sp en d in g  
p lan ts re la tiv e  to  the  non-R & D  spen d in g  p lan ts o ver th e  en tire  period . T h is func tion  is 
e stim ated  using  the  m ean o f  th e  covariates.
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3.C Appendices

Appendix A: Diagnostics for the Life-Table Analysis

T ab le  A3.1: W ilcoxon (G ehan) S ta tis tics  o f  the  P ro b ab ilitie s  o f  S u rv iv a l ac ross
S u b sec to rs

24 SECTORAL CLASSES
Overall comparison statistic= 101.463 D.F.=21 Prob.=0.0000
Sector Names Total N Exited Survived % N Mean Score

Censored
Food/Drink/T obacco 541 153 388 71.72 60.3087
Textiles 86 34 52 60.47 -206.6163
Clothing 152 86 66 43.42 -564.3487
Leather/Footwear 35 18 17 48.57 -440.7429
Wood/Wood Products 102 38 64 62.75 -118.8039
Paper/Paper Products 45 5 40 88.89 425.1111
Printing/Publishing 165 32 133 80.61 266.2606
Chemicals 22 4 18 81.82 245.0455
Pharmaceuticals 35 8 27 77.14 125.9429
Rubber /Plastic Products 81 20 61 75.31 143.2469
Non-Metallic Products 146 39 107 73.29 93.863
Basic Metals 15 7 8 53.33 -363.9333
Fabricated Metals 268 78 190 70.9 39.8284
Machinery N.E.C. 88 32 56 63.64 -137.6364
Computer/Office Mach. 14 5 9 64.29 -97.0714
Electrical Machinery 51 15 36 70.59 81,451
Electronics 3 1 2 66.67 39.6667
Instruments 32 6 26 81.25 247.1563
Motor Vehicles 46 8 38 82.61 308.0217
Other Transport 14 7 7 50 -326.5714
Fumiture/Other Manu. 171 59 112 65.5 -85

T ab le  A 3.2: W ilcoxon (G ehan) S ta tis tics  o f the  P ro b ab ilitie s  o f  S u rv iv a l betw een
H igh and  L ow -T ech  S ectors.

Overall com parison statistic= 2.281 D .F.= 1 Prob= 0.1309
T o ta l N E xited S urv ived % M ean  Score

High tech 293 79 214 73.04 81.8737
Low tech 1821 576 1245 68.37 -13.1735

T ab le  A3.3: W ilcoxon (G ehan) T est fo r Non-R«&D S p en d ers  Vs. R & D  S p en d ers

Overall com parison statistic= 79.565 D .F.= 1 Prob= 0.0000
T o ta l N E xited S urv ived % M ean  Score

Non-R&D Spenders 1661 591 1070 64.42 -101.285
R&D Spenders 453 64 389 85.87 371.3775
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APPENDIX

Table B3.1: Regression Results for the (Time Varying) Cox Duration Model

Independent Variables Equation B.l Equation B.2
R(&D Active (Yes/No) (p)

(.039)

Scale o f R&D Spend (p)
(.002)

Age o f plant (p) (t) .985* .986*
(.009) (.008)

Age o f plant squared (p) (t) 1.000** 1.0000*
(.000) (.000)

Plant size / MES (p) (t) .904 .831**
(.094) (.072)

Plant size / MES squared (p) (t) 1.012** 1.016***
(.005) (.005)

Annual Entry Rate 86-96 (i) (t) .335 .419
(.498) (.618)

Industry Growth Rate (i) (t) .995* .996*
(.003) (.002)

Sector Dummies Yes
Time Dummies Yes
Overall Chi Square Score 389.47
Significance Level 0.0000
Note: Standard errors in ( )s. *** significant at the 1% level ** significant at the 5% level .

(p) the variable is measured at the plant level, (i) the variable is m easured at industry level, 
(/) the variable varies annually.

The non-time-varying covariate Cox duration model (Table 3.6) was estimated based 

on the proportional hazards assumption. Essentially, the impact o f any individual 

variable on the risk o f exit is assumed to be identical at any two points in time (for 

example in 1986 and in 1996). In addition, this particular form o f the Cox model did 

not allow us to introduce a time dummy to control for the macroeconomic

We do not include the follow ing analysis directly into the text o f the chapter because although the 
analysis is based on the same cohort o f plants, the data used cover a longer period and thus the 
descriptive statistics provided throughout the rest o f  the chapter do not apply to the data below. In 
addition, the sectoral classification (OECD) used throughout this chapter is not available in the later 
data w hich is classified according to NACE REV I .
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environment because all o f  the independent variables were time invariant. We 

estimated subsequently a time-varying Cox duration model using more recent data 

(i.e., covering two more years, from 1986 to 1998) for the same cohort o f plants. 

Table B3.1 is a replication o f Table 3.6 using (i) data that covers the period 1986- 

1998 and (ii) the Cox duration model with time varying covariates. It is based on a 

similar cohort o f all plants with ten or more employees and three or more years o f age 

in 1986. We estimate the survival o f indigenous incumbent plants as determined by 

the same variables used in the earlier analysis. In addition to these variables we 

include now the squared values o f age and plant size relative to MES to capture any 

non-linearities in these relationships. All o f the variables are time varying with the 

exception o f the R&D dummy variable and scale o f R&D investment. This allows us 

to test the robustness o f our results on the impact o f R&D activity on the probability 

o f survival when the remaining variables are allowed to vary across time. The 

reported coefficients are hazard ratios. A coefficient value o f less than 1 should be 

interpreted as indicating that the variable reduces the risk o f exit. A value greater than 

1 indicates that the variable increases the risk o f exit.

Equation B.l is similar to Equation 5.1 where we use a dummy variable to indicate 

whether the firm invests in R&D or not. A firm is classified as R&D active where that 

firm reported any positive amount o f investment in R&D activities. We find that R&D 

activity decreases the risk o f exit facing individual plants.

Equation B.2 is similar to Equation 5.2 where R&D activity is measured as the mean 

annual R&D investment in each plant over the period 1986-1997. Once again we
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C h a p t e r  4

L a b o u r  D e m a n d  a n d  R & D  In v e s t m e n t : a  f i r m  l e v e l

STUDY OF EMPLOYMENT GROWTH IN THE INDIGENOUS
m a n u f a c t u r i n g  s e c t o r  (1984-1998)

4.1 Introduction

Net output in the Irish manufacturing sector increased on average by 4.7 per cent per 

annum over the period 1991-1998. The corresponding annual increase in employment 

was 2.2 per cent.^^ There is nothing unusual in the rate o f  employment growth of 

manufacturing plants being exceeded by growth in net output. Alange et al. (1996) 

have observed that the manufacturing sectors in the majority o f OECD countries over 

the last three decades can be characterised as moving between job-less growth and 

growth with less jobs. They expect this process to continue and explain that "[t]he 

reason fo r  our expectations is that industry is introducing new technical and 

organisational innovations; innovations which have a proven capacity to reduce 

labour drastically" (p.29). The OECD have confirmed that this view on the 

destructive potential o f technical change is not unfounded: "[t]echnical change is, in 

the words o f  Schumpeter, a process o f  creative destruction” (OECD, 1994b, p. 123).

Increasing numbers o f firm-level empirical studies investigate the impact o f firm-level 

innovative activities on subsequent labour demand. However, no unambiguous

O wn estim ates based on annual C ensus o f  Industrial P roduction  for the period 1991-1996 CSO  
(1997a, 1997b, 1997c, 1998a, 1998b, 1998c). These estim ates o f  net output and em ploym ent change  
are calculated for indigenous plants only.

71



conclusion is drawn on the question o f whether the impact o f  innovation on labour 

demand is positive or negative. For example, Brouwer et al. (1993), Klette and p 0rre 

(1995) and Leo and Steiner (1995) reach the conclusion that there is no clear-cut 

positive relationship between R&D investment and net job  creation for Dutch, 

Norwegian or Austrian plants, respectively. Further, Garcia et al. (1998) find a 

positive but very weak effect o f innovative activity on employment in Spanish plants. 

In stark contrast to the majority o f these studies. Van Reenan (1997) finds that 

innovative activity causes higher employment growth in UK manufacturing plants.

The majority o f the studies cited above follow a similar methodology. The approach 

in these studies controls for the innovative activity o f a plant by including a variable 

to measure innovative activity directly into a labour demand equation. The authors 

interpret the effect o f innovative activity on labour demand according to the sign, size 

and significance o f the coefficient on innovative activity. For example, a positive 

coefficient on innovative activity is interpreted as indicating that labour demand 

increases with innovative activity. This approach does not investigate how more 

traditional determinants o f labour demand (e.g., the elasticity o f substitution) might 

differ across innovative and non-innovative firms. In order to carry out this 

investigation, the labour demand equation needs to be estimated separately for two 

groups o f firms (i.e., more and less innovative firms) and the coefficients compared 

across both subsets o f plants. In this chapter we adopt this approach and estimate a 

dynamic labour demand model for R&D and non-R&D active companies separately. 

In doing so, elasticities are compared across both sets o f  plants in an attempt to 

understand why labour demand might differ between them.

See Van Reenan’s (1997, p.278-280) comprehensive survey o f other microeconometric studies o f
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In Section 4.2 we outline briefly a theory o f innovation and labour demand. We 

distinguish between process and product innovations and observe that while product 

innovations are expected to increase labour demand, the impact o f process 

innovations on labour demand is ambiguous. In Section 4.3 we present summary 

statistics o f labour demand in R&D active and non-R&D active companies. We 

question whether the relatively lower job creation rate combined with the higher 

turnover growth rates for R&D active firms relative to non-R&D active firms suggests 

that output in R&D active plants in Ireland is labour saving. W e estimate dynamic 

labour demand equations in Section 4.4. Some limitations o f  our approach are 

outlined in Section 4.5, while Section 4.6 contains a brief summary and some 

conclusions. Overall we find that employment growth is slightly higher in R&D active 

companies, not because o f a greater propensity to increase employment as sales 

increase, but because R&D active companies have higher sales growth. We 

distinguish between product and process innovating firms and find that, as expected, 

product innovators have higher labour demand relative to process innovating plants. A 

limitation o f this econometric analysis is that it does not account for the quality o f the 

jobs created. We find that job persistence is much higher in more innovative 

companies: while almost 100 per cent o f jobs created in R&D active firms survive for 

at least ten years, by contrast, there is a survival rate o f  only one third o f jobs created 

in non-R&D active firms over the same time period.

l abour dem and  and technical change  and B lechinger e /a / .  (1997)  for a s im ila r  survey.
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4.2 Innovation and Firm-level Labour Demand

A first step in deciding whether firm-level investment in innovation increases or 

decreases labour demand is to distinguish between two types o f innovative output, 

namely process or product innovation. The impact o f process innovation on labour 

demand is more ambiguous than the impact o f product innovation.

(i) Process Innovation

Stoneman (1987) models the impact o f process innovation on labour d e m a n d . T h e  

production function includes only two inputs, labour and capital. The overall impact 

o f technological change on factor demands is determined by considering the 

magnitude o f four parameters: the rate o f factor augmentation, the elasticity o f 

substitution, the degree o f scale economies in production and the elasticity o f demand.

Stoneman derives the following expression for the rate o f change in labour demand. 

The growth in labour demand is given by

L
db da
h a

db
= o K { a - r ] )   -----------+ — (/7 - I )  (1)

b

QL
where —  is the rate o f change o f demand for labour, o K  is the share o f capital in

output, —  is equal to the rate at which capital is augmented, —  is the rate at which 
a b

labour is augmented, cr is the elasticity o f substitution between labour and capital and

Technological change and process innovation are used interchangeably in Stonem an’s (1 9 8 7 ) m odel. 
The derivation o f  this factor demand equation is outlined in Stonem an (1987 , p .88-93). See Bosworth  

et al. (1 9 9 6 ) for a brief discussion o f  this m odel.
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rj is the elasticity of demand. The derivation of Equation 1 assumes fixed factor 

prices and constant returns to scale.

Stoneman (1987, p.76) summarises the outcomes for labour demand (and capital) for

relative values of ^  ^  q- 1.
a b '

Box 1: Factor Demands
Labour Saving

Technological change
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Technological
Change
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Source: Stonem an (1987, p .76).
In each cell o f the table, the top sign (bolded) is the demand for labour. Underneath in brackets is the 
demand for capital. The signs should be interpreted as follows: ? effect cannot be signed, + positive 
effect, - negative effect, 0 no effect on factor demand.

Labour-saving technological change, where labour productivity is increased relative 

to the productivity of all other factor inputs, does not necessarily lead to a decrease in 

labour demand. If labour is purely augmented (Column 1), i.e., the only factor that is 

augmented by process innovation is labour, then the demand for labour will still rise if
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the elasticity o f substitution is greater than one and the elasticity o f substitution is 

equal to the elasticity o f demand. If the elasticity o f substitution is less than one but 

still equalled the elasticity o f demand, labour demand would fall. The complexity of 

these relationships and the myriad o f combinations o f various parameters makes it 

very difficult to predict unambiguously whether process innovation does eventually 

increase or decrease labour demand within the firm. Process innovation initially 

reduces labour demand through increasing labour productivity (i.e., augmenting 

labour) but the final impact on labour demand depends on whether the decreased 

labour demand due to higher labour productivity is compensated for by the increased 

labour demand due to increased production, which in turn depends on the level o f 

consumer demand.

(ii) Product Innovation

The theoretical discussion o f product innovation is relatively shorter in the literature 

because the expected outcome o f product innovation on labour demand is 

unambiguous. Vivarelli et al. (1996, p. 1015) observe that product innovations ""open 

the way to the development o f  either entire new goods or main differentiations o f  

mature goods” and consequently “...generally involve an increase in employment 

both at the firm  level, at the sectoral level and at the national level.” The only 

exception to this general rule occurs (i) where a firm replaces a successful product 

with an unsuccessful one and/or (ii) where the firm switches from a high-volume low 

profit product to a low-volume high profit product. These exceptions imply that a 

successful product innovation could reduce labour demand within the firm.

76



4.3 Aggregate Statistics of Job Creation, Turnover Growth and Labour 
Productivity

The question arises as to whether investment in research and development (i.e., 

innovation^^) by indigenous manufacturing firms has resulted in a lower demand for 

labour relative to less innovative companies.

Table 4.1 summarises annual job creation rates for R&D active^^ and non-R&D active 

plants respectively. Job creation is defined as the percentage annual change in 

employment in all indigenous plants that increase employment between any two years 

over the period 1984-1998.^^ Over the period, R&D active firms record a lower 

average job  creation rate (7 per cent) relative to non-R&D active firms (9 per cent). 

The average job creation rate is greater for non-R&D active plants in thirteen o f the 

fourteen years. This is similar to statistics for Norway where Klette and Forre (1995, 

p.9) report that “no-R&D plants have higher job  creation rates in all years and that 

the difference between the R&D and the no-R&D plants is very sta b le”. However, 

these job creation statistics must be set in the context o f turnover growth for the same 

firms. On average R&D active firms enjoyed an annual turnover growth o f 15 per cent 

relative to 11 per cent for non-R&D active plants. Non-R&D active firms record only 

4 years where their turnover growth is greater than or equal to that o f R&D active 

plants. It can also be seen that the pattern o f relative job  creation rates is not replicated

In this chapter we proxy investment in innovation by investm ent in research and developm ent.
We define an R&D active plant as any plant with a mean annual R&D expenditure (in 1986 prices) 

o f at least £100,000 over the period 1986-1997. A non-R&D active firm invests nothing or less than an 
average o f £100,000 annually in R&D over the same period.

The dataset used is based on the population o f indigenous ow ned m anufacturing plants w ith ten or 
more employees over the period 1984-1998. This population o f  plants num bers over 7,000 o f  which 
251 are R&D active over this period. We have m atched a sm aller dataset to this em ploym ent data. This 
dataset, known as the Irish economy expenditures (lEE), provides firm-level data on sales, profits, 
wages and many other firm characteristics. These data are collected from a sam ple o f plants whose 
coverage varies annually. We have at least one years observations on 1,460 plants (1,296 o f  these being 
non-R&D activc and the rem ainder (164) being R&D active plants).
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when we examine the mean annual profit margin earned by both groups o f plants.^’ 

Profit margins are more evenly matched for both groups relative to the job creation 

rates. One possible explanation for a relatively poorer job creation rate and 

simultaneously higher turnover growth rates is labour-saving output growth in R&D 

active firms.

We suggest that technological progress may have resulted in job-less growth or 

growth with less jobs for indigenous R&D active firms. The question arises as to 

whether this is an adequate explanation for the statistical pattern outlined in Table 4.1. 

The first step in labour-saving output growth is the rate at which both factors, capital 

and labour, are augmented. The consequence o f a series o f process innovations 

augmenting labour is to increase labour productivity. The immediate impact o f this 

augmentation is to reduce the demand for labour. Table 4.2 shows that the average 

annual value-added per employee between 1984 and 1997 (in 1984 prices) in R&D 

active firms is twice that in non-R&D active firms. Labour productivity has also risen 

in R&D active companies by approximately 82 per cent between 1984 and 1997. In 

contrast, labour productivity in non-R&D active plants increased by approximately 38 

per cent over the same p e r io d .In c re a s e s  in labour productivity such as this will 

decrease labour demand. Can we conclude that labour demand is relatively lower in 

R&D active relative to non-R&D active firms as a consequence o f the increasing 

labour productivity in R&D active firms? As noted in Section 4.2, the extent to which 

the demand for labour is altered further depends on (i) the ability o f the firm to 

substitute labour for other factor inputs or vice versa (i.e., the elasticity o f

W e d efin e  p rofit m arg in  as (sa les m inus costs) d iv ided  by sales.
T hese  estim a tes a re  qu ite  sensitive  to  using  1997 as the  final year ra th e r th an  1996. T h e  v a lue-added  

pe r em ployee  for R & D  active  com pan ies is s ig n ifican tly  h ig h er in 1997 from  1996. If  1996 is chosen as
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substitution) and (ii) the extent to which increased output impacts positively on the 

demand for labour.

4.4 Estimation of Dynamic Labour Demand

4.4.1 Model Specification and Approaches to Estimation

We use a model o f dynamic labour demand in order to estimate the elasticity o f labour 

demand with respect to output and the elasticity o f substitution between factor inputs. 

First, the elasticity o f labour demand with respect to output captures the extent to 

which changes in output are associated with changes in the level o f labour demanded. 

Second, the elasticity o f substitution captures the extent to which other factor inputs 

and labour are substitutable for each other.

Hamermesh (1993, p.30) derives an expression for labour demand from a constant 

elasticity o f substitution (CES) production function (Equation 2). The CES production 

function is preferred over other production functions^' because the elasticity o f 

substitution between labour and other inputs is free to fluctuate between zero and 

infinity and consequently its size can be estimated. Labour demand (Z-,,) is 

determined by real wages ( w.,) and output ( Y.,) where i is an individual firm and t 

denotes a point in time:

In Z,., = a  -  cr In w., + /? In Y.̂  (2)

the benchmark year, value-added per em ployee in R&D active plants has increased by alm ost 38 per 
cent relative to an increase o f  26  per cent in non-R& D active com panies.

Sp ecifica lly  the C obb-D ouglas or L eontief production functions w hich restrict the size o f  the 
elastic ity  o f  substitution to one and zero respectively.
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where the coefficient on the log o f wages ( cr) is the elasticity o f substitution^^ and the 

coefficient on the log o f output ( )  is a measure o f the elasticity o f labour demand 

with respect to output.

Equation 2 represents a static labour demand model. Van Reenan (1997) criticises the 

static model because it takes no account o f adjustment costs. Adjustment costs are 

most easily described as the costs that firms face when hiring and firing labour. The 

presence o f adjustment costs '"implies that labour demand is slow to adjust to shocks 

to equilibrium employment" (Hamermesh, 1993, p.214). It is especially important in 

this context to account for adjustment costs because, as Meghir et al. (1995) argue, 

more innovative companies have relatively lower adjustment costs. Consequently, 

innovative companies can adjust their employment levels from one time period to 

another relatively more quickly than less innovative firms with higher adjustment 

costs. A standard approach to account for these adjustment costs is to include 

employment lags ( , L .,_̂ ).

A standard approach to investigating the role o f firm-level innovative activity on 

labour demand is to include some indicator variable o f the firm’s innovative activity 

in the labour demand specification (Ross and Zimmermann, 1993; Leo and Steiner, 

1995; Vivarelli et al., (1996); Van Reenan, 1997 and Garcia et al., 1998). For 

example, the basic stochastic form o f the static labour demand model estimated by 

Van Reenan (1997, p.261) is

= ct\INNOV^, + /?3 w,, + /? / , ,  + r, + M,., (3)

The interpretation o f  the coefficient on wages being an estim ate o f the elasticity  o f  substitution is 
derived from M arshall’s first law o f  labour demand. Bosworth et al. (1996, p .105) sum m arise this law
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where («,.,) is labour demand in firm i at time t ,  INNO V \s a proxy for the 

innovativeness o f any particular firm, w.̂  is the average wage per employee, k.̂  is a 

measure o f the capital stock, r, is a full set o f time dummies and is a white noise 

error term. Van Reenan captures the additional effect o f innovative activity having 

controlled for the elasticity o f substitution and other factors. The sign and size o f the 

coefficient on innovative activity attempts to answer the question; do innovative 

companies have higher employment growth? However, this approach yields a limited 

understanding as to why labour demand growth might be different in innovative and 

non-innovative companies because it does not allow us to compare the coefficients on 

wages and output between both sets o f firms. In contrast to the methodology adopted 

by many of the previous studies cited earlier, this chapter seeks to determine whether 

the more traditional parameters driving labour demand growth in individual finns are

73significantly different for R&D active and non-R&D active firms. Therefore, 

Equation 4 is estimated separately for 147 R&D active firms and 1,174 non-R&D 

active firms.

The dynamic labour demand model that is estimated for non-R&D active and R&D 

active firms in this chapter is

and note that the “ ...dem an d  f o r  any p a r ticu la r  fa c to r  is m ore e lastic , the m ore rea d ily  su bstitu tes f o r  
tha t input can be o b ta in ed  (o ther th ings be in g  equal)."

Our approach is m otivated in part by the observation that it appears that it is differences in sales and 
labour costs rather than technology that primarily determ ines labour demand in individual firms. For 
exam ple, Zimmermann (1991) concluded that the main determ inants o f  labour demand in order o f  
decreasing importance were demand, technological progress and labour costs w h ile  Ross and 
Zimmermann (1 9 9 3 ) estim ated the influence o f  demand on em ploym ent to be on ly  tw ice  that o f  
technological progress, Blechinger et al. (1997 , p.70) concluded sim ilarly that “[e jm p lo ym en t is 
essen tia lly  d e term in ed  b y  sales."  Therefore w e want our approach to com pare how  the role o f  sales and 
labour costs differs across R&D active and non-R& D active firm s respectively.
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In L.  ̂ =  a  -  cr In w,., + /? In Y., + A in  + <5 In + ,̂ + 1  j, + (4)

w here labour demand (Z,„) is total firm em ploym ent m easured annually, average 

w ages (vv.,) are calculated annually by dividing the firm ’s total w age bill (deflated to 

1984 prices) by the number o f  reported em ployees and output ( )  is proxied annually  

by the total sales (turnover) o f  the firm (deflated to 1984 p r i c e s ) . W e  include two  

lags o f  the dependent variable in order to estim ate a dynam ic labour dem and m odel 

,Z,„_2 ). A  full set o f  tim e dum m ies to account for m acroeconom ic changes ( r , ) 

and 4-d igit N A C E  industry dum m ies ( / . J  are included to control for sector sp ecific  

effects.

W e allow  for the fact that both w ages and output m ay be endogenous in all 

regressions, (i.e. ,  that output and w ages might also depend on labour dem and).’  ̂

Therefore, established panel data estim ators (i.e ., the fixed or random effects  

estim ators) cannot be used because o f  the endogeneity o f  the independent variables. 

Baltagi (1995,  p. 126) sum m arises the results o f  previous studies that have investigated  

the im pact o f  endogenous variables on the fixed effects estim ator and concluded that 

“f o r  the typ ica l la b o r p a n e l w h ere N  is la rg e  an d  T is fixed , the w ithin e stim a to r is 

b ia se d  an d  in con sisten t.” The consequences are very sim ilar for random effects  

estim ators.

T h e  estim ation  dropped  a nu m b er o f  R & D  active  and non -R & D  ac tiv e  firm s becau se  o f  th e  
sho rten ed  tim e period  (1987-1997) over w hich  th e  labour dem and  fu n c tio n  is estim a ted  by our 
estim a tio n  technique.

T h e  p rice  ind ices used to  defla te  these  variab les a re  tw o -d ig it sectoral w h o le sa le  p rice  ind ices 
p u b lish ed  qu arte rly  by th e  Irish C entral S ta tis tics  O ffice. See C SO  (1989 , 1993, 1996, 1998d).

V an R eenan (1 9 9 7 ) assum es that w ages are endogenous w h ile  any  p ro d u c tio n  func tion  re la tes  the  
level o f  ou tpu t to  th e  level o f  factor in pu ts such as labour.
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Anderson and Hsiao (1981) suggest two steps to estimate correctly panel data models 

with endogenous variables. First, variables are ‘first differenced’ to eliminate the 

individual firm specific effects. Second, endogenous variables are ‘instrumented’ with 

appropriate instruments. However, in a first differenced specification the lagged 

dependent variables become endogenous and must also be instrumented. The method 

o f estimation is the generalised method of moments estimator (GMM) proposed by 

Arellano and Bond (1991).^^ Konings and Walsh (1993, p .552) note that “//ze 

advantage o f  GMM over other commonly used panel data estimation techniques, such 

as those proposed by Anderson and Hsiao (1981, 1982), lies in the more efficient use 

o f  the available instruments. Arellano and Bond (1991) show that in a fir s t  difference 

model, valid instruments fo r  endogenous variables are the levels o f  the endogenous 

variables dated t - 2  and before.” We, thus, instrument all endogenous variables 

using the levels o f these variables dated / -  2 or before. Baltagi (1995), Arellano and 

Bond (1991) and Doomik et al. (1999) note that the consistency of the GMM 

estimator relies on the fact that there is no serial correlation in the levels o f the error 

term (v .,). Doomik et al. (1999, p .8) argue that " f i] f  the disturbances v,., are not 

serially correlated, there should be evidence o f  significant negative fir s t  order serial

A  A

correlation in differenced residuals (i.e. v. and no evidence o f  second order

serial correlation in the differenced residuals.” They propose two tests to determine 

the extent o f any serial correlation in the errors. The first o f these is a test for serial

’’’’ The package used is DPD. See Doornik e t a l. (1999) for the specifications o f  this package.
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correlation/^ Second, the validity of the variables used to instrument the endogenous 

variables is tested using the Sargan test o f over-identifying restrictions/^

4.4.2 Econometric Results

(i) R&D active vs. Non-R&D active companies

Equation 4 was estimated for R&D active and non-R&D active companies separately 

and the results are presented in Table 4.4 (Column 1 and 2). The estimates satisfy the 

Sargan test and the first test o f serial correlation at the 5 per cent level. Two lags o f 

employment to control for adjustment costs in changing labour demand were

included. The sum o f the coefficients on the lagged terms is less than 1, i.e., the

80models are dynamically stable (See Van Reenan 1997, p .268).

The elasticity o f labour demand with respect to output is significantly positive for 

both subsets o f plants. A one per cent rise in output will result in an increase in labour 

demand o f 0.33 and 0.34 per cent for non-R&D and R&D active plants respectively. 

These elasticities are lower than those recorded for other European countries. 

Blechinger et al. (1997, p.50) estimated the elasticity o f employment with respect to 

sales to be 0.77 for Germany, 0.65 for Denmark, 0.68 for France, 0,55 for Belgium 

and 0.55 for Spain. They note that that the size o f this coefficient is decreasing in the 

percentage o f small-medium sized enterprises (SMEs) in a country because SMEs

The null hypothesis is the absence o f  first and second order serial correlation. W e want to reject the 
null o f  first order serial correlation and accept the null o f  second order serial correlation.

The test statistic is distributed as a w ith ( p  — k )  degrees o f  freedom , w here p  and k  are the 

number o f  instruments and regressors respectively. The null hypothesis is that the instruments are 
exogenous and hence valid instruments. W e do not want to reject this null hypothesis.

The coefficient on the second lag o f  em ploym ent is insign ificantly different from zero, therefore, w e  
interpret the value o f  this coefficient as zero and note that the sum o f  the tw o coeffic ien ts (,532  + ,000) 
is less than unity.
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“operate at a level at which additional output can he produced with less additional

>f  81labour and/or capital. ”

The coefficient on average wages, estimating the elasticity o f substitution, is negative 

and significant. At -0.323 and -0.386 for non-R&D active and R&D active 

companies respectively, these elasticities are below the results o f other 

microeconometric studies surveyed by Hammermesh (1993, p.99). The studies of 

Sosin & Fairchild (1984) and Jones and Pliskin (1989) estimated elasticities of 

substitution using microeconometric data at 0.50 and 0.48 respectively. Verbeek 

(2000, p.335) suggests that elasticities o f substitution estimated using microeconomic 

data are far in excess o f those estimated using macroeconomic time series data. 

Layard et al. (1991) and Bean et al. (1986) quote aggregate elasticities o f substitution 

for Ireland (assuming the share o f labour in profits is 30 per cent) as 0.12 and 0.23 

respectively. Consistent with Verbeek’s view, our estimates for both sets o f plants are 

far in excess of these aggregate estimates for Ireland.

The elasticity o f growth in labour demand with respect to output differs

82insignificantly across both sets o f plants. The manner in which R&D active and non- 

R&D active plants have increased labour demand for a unit change in output is almost 

identical. However as documented earlier in Table 4.1, the average annual real 

turnover growth for R&D active plants was 4 per cent higher relative to non-R&D 

active plants. This four per cent differential with an elasticity o f labour demand with

W e do not have the necessary data to test this proposition.

This is based on a standard t test. The test statistic is calculated as P  R&.D Pnon-R&.D  

‘iF non-R&D y
, where

y 0 is the coefficien t on output in the estim ated regression for R&D and non-R & D  active com panies
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respect to output o f 0.344 should lead to 1.38 per cent (i.e., 0.344 * 4) higher 

employment growth in R&D active plants. In summary, we can expect employment 

growth to differ in R&D active companies because they have higher sales growth 

rather than because o f any difference in the responsiveness o f R&D active and non- 

R&D active firms in changing employment when output changes. The question 

remains as to why the change in labour demand with respect to output has been so 

similar in R&D and non-R&D active companies. In Section 4.2, we noted that 

Stoneman (1987) highlighted the importance o f the elasticity o f substitution on labour 

demand.*^

Our initial finding that the elasticity o f labour demand with respect to output is 

insignificantly different between R&D and non-R&D active firms is supported by the 

similarity in the elasticities o f substitution betw'een labour and other inputs for both 

groups o f plants. The difference in elasticities o f substitution between both groups o f 

plants is significant but small (0.063).*“* The responsiveness o f both sets o f plants to 

changes in the relative costs o f labour to other inputs is almost identical. Thus there is 

no evidence to suggest that changes in the cost o f labour relative to other factor inputs 

will impact differently on labour demand in R&D active and non-R&D active 

companies.

Although our approach to estimating labour demand for both groups o f plants is 

different, our results are very similar to and consistent with those o f the majority o f

resp ec tiv e ly  and SE is th e  standard  e rro r o f  th o se  co effic ien ts . T h e  t- te s t sta tis tic  is 0 .424  w hich  does 
not re jec t th e  null hypo thesis o f  no d iffe ren ce  in the  co effic ien ts  at th e  10 per cen t level.

T he th eo re tical d iscussion  in Section  4.2 a lso  h igh lig h ted  th e  deg ree  o f  facto r aug m en tatio n , the 
deg ree  o f  econom ies o f  scale  and th e  e lastic ity  o f  dem and  as im po rtan t ex p lan a to ry  factors. 
U nfo rtunate ly , data  lim ita tio n s do not a llow  us to  estim ate  co effic ien ts  fo r th ese  variab les.
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other studies that have estimated a weak or insignificant impact o f innovative activity 

on labour demand at firm level. For example, Brouwer et al. (1993, p .158) found that 

R&D intensity in Dutch manufacturing plants is an insignificant determinant o f 

employment growth. Klette and Forre (1995, p. 15) concluded that there is no clear-cut 

positive relationship between R&D investment and net job creation. They noted 

“[c]onsidering Norwegian manufacturing plants over the period 1982-92, we fin d  

that both at the industry and the plant level, the most R&D intensive units have 

declined in terms o f  jobs (i.e. employment) relative to the rest o f  the manufacturing 

sector. ” Leo and Steiner (1995, p. 19) investigated Austrian plants and concluded that 

“[tjhere seems to be no clear-cut relationship between expenditures on innovations 

and subsequent employment behaviour at the firm  level.” Garcia et al. (1998) 

examined Spanish manufacturing plants. They estimated that a 1 per cent increase in 

the stock o f knowledge leads to a final increment in labour demand o f between 0.07 

per cent and 0.11 per cent. However, our results offer no evidence to support the 

conclusions o f Van Reenan (1997), who in a study o f UK manufacturing plants, 

concludes “[t]he main finding is that technological innovation was associated with 

higher firm -level employment in our data set...[t]his suggests that we really are 

capturing causality from  technical change to jobs ” (p. 275).

(ii) Product Innovating vs. Process Innovating R&D active firms

A further step in our analysis investigates how labour demand differs for those R&D 

active plants engaged in process as opposed to product innovation. Approximately 55 

per cent o f all R&D expenditure in Irish plants between 1986 and 1997 has been

T h e  tes t sta tistic  in th is case  is -3 .3 1 6  w h ich  re jects the  null h y po thesis o f  no  d ifferen ce  in th e  
c o effic ien ts  at the  1 per cent level.
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85applied to improving or developing products (i.e., product innovation). The 

remainder o f this investment has been invested in process innovation -  the 

improvement or development o f processes. As noted above in Section 4.2, the impact 

o f product innovation on labour demand is expected to be unambiguously positive 

while the effect o f process innovation is more ambiguous.

The dynamic labour demand equation for those R&D active plants that engage 

primarily in product innovation was estimated and the results are outlined in Table 4.4 

(Column 3). The results for those plants engaged in process innovation are outlined in 

Column 4.^^ It is estimated that the growth in labour demand because o f  the growth in

87output is significantly larger in product-innovating R&D active companies. The 

elasticity o f labour demand with respect to output is 0.457 in product innovating 

companies and 0.264 in process innovating companies. These results are consistent 

with the findings o f previous studies. For example, Brouwer et al. (1993, p. 158) found 

that firms with a high share o f product related R&D recorded an above average 

growth o f employment. Konig et al. (1994) concluded that product innovations have 

an employment increasing effect at the firm level while there was no evidence that 

process innovations reduced employment. Leo and Steiner (1995, p. 19) concluded for 

Austrian plants that “[ajlthoiigh both types o f  innovation tend to increase subsequent

A firm is engaged primarily in product innovation w hen in excess o f  fifty  five  per cent o f  their R&D  
investm ent is directed towards that purpose. 55 per cent represents the mean amount o f  R&D  
investm ent invested on product innovation over the period 1986-1997 . A firm is prim arily engaged in 
process innovation when less than 55 per cent o f  their R&D expenditure is directed towards that 
purpose.

The consistency o f  the GMM estimator depends on the lack o f  serial correlation in the error term. 
There are tw o tests proposed to check for serial correlation in the errors, a test o f  second order serial 
correlation and the Sargan test. The estim ation for process innovators passes the Sargan test and the 
second order serial correlation test is just significant at the 5 per cent level. W e proceed to describe the  
results because the Sargan test is satisfied and the A R (2) test is only m arginally significant at the 5 per 
cent level.

The t-test statistic is -3 .4 5 . The t-test rejects the null hypothesis o f  no difference in the coefficients at 
the 1 per cent level.



employment these effects are weak, in particular in the case o f  process innovations. ” 

Van Reenan (1997, p .274) found that his results were “consistent with the theoretical 

prior that product innovations should lead to greater jo b  creation.”

The difference in the elasticity o f substitution may partly explain the difference in the 

elasticity o f labour demand with respect to output between both sets o f  plants. Process

innovating R&D active plants have a significantly larger elasticity o f substitution

• 88(-0.497) relative to product innovating plants. Labour and other factor inputs are 

relatively more substitutable for each other in process innovating R&D active plants. 

The suggestion can be made that the other factor inputs have been substituted for 

labour in process innovating plants. However, it is not possible to confirm this

89suggestion without estimating the demand for all other factor inputs m these plants. 

4.5 Limitations of Approach

While the analysis in this chapter introduces some significant improvements on earlier 

studies, it suffers also from clear limitations. Our econometric analysis, and by 

extension the majority o f previous studies, may have underestimated the impact o f 

innovative activity on labour demand by focusing exclusively on the quantity rather 

than the quality o f  labour demanded. For example, Van Reenan (1997, p .275) 

comments on the general nature o f results such as those we have presented above and 

the results o f previous studies that “[w]e may actually be underestimating the effects 

o f  innovation as no controls have been made fo r  the fa c t that innovators are more 

likely to survive than non-innovators.” Job persistence measures the percentage share 

o f newly created jobs that subsequently survive for a given time period. Thus,

89



measures o f job persistence can reflect innovative firm s’ superior probability of 

survival.^® Non-innovating firms may have higher job creation rates relative to non­

innovating firms (as reported earlier in Table 4.1), but with innovating plants 

surviving longer, the newly created jobs in innovating plants may themselves survive 

relatively longer. In Table 4.5 we present the mean job persistence rates by R&D 

activity for the period 1984-1998 based on the approach o f Davis et al. (1996, p.21- 

26). The difference between R&D active and non-R&D active plants is striking. On 

average, 93.8 per cent o f all newly-created jobs in non-R&D active companies survive 

one year. The corresponding estimates for five and ten years are 68.5 per cent and 

34.8 per cent respectively. In contrast, on average 98.5 per cent o f all jobs created by 

R&D active companies over the period 1984-1998 survive the subsequent 10-year 

period.

Secondly, our study has concentrated exclusively on the manufacturing sector. 

Vivarelli et al. (1996) concludes that focusing exclusively on the manufacturing 

sector emphasises the large labour-displacing effects o f technology in manufacturing 

enterprises while compensation for these job losses through additional job creation 

outside the manufacturing sector is neglected. We have not accounted for any product 

and process innovations that ‘spill-over’ and create employment outside o f the 

manufacturing sector.

** T h e  t-te st s ta tistic  is 25 .57 . T he t-te st re jccts the  null hypothesis o f  no  d iffe ren ce  in th e  co effic ien ts  
at th e  1 per cent level.

W e can n o t und ertak e  th is exerc ise  due  to  da ta  lim itations.
In C h ap te r 3 w e estim ated , in a  study  o f  ind igenous m anu fac tu rin g  en te rp rises , th a t th e  p ro b ab ility  o f  

su rv ival o f  R & D -active  p lan ts over a ten-year period  (19 8 6 -1 9 9 6 ) w as 86 per cen t as opp o sed  to  66 per 
cen t fo r non-R & D  active  firm s.
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Thirdly, a related limitation arises because our estimation technique has concentrated 

on the effects o f innovating on the labour demand choice o f the individual firm. In 

adopting this approach we ignore the wider consequences o f the diffusion o f any 

innovation to other firms and the subsequent employment consequences for those 

firms (Klette and Forre, 1995, p. 12). Vivarelli et al. (1996, p. 1014) make a similar 

point noting that “[t]he use o f  establishment and firm  data does not allow us to assess 

the overall employment impact o f  a given innovation... [a]pplied researches which are 

based on firm  data cannot claim to assess the overall impact o f  technical change, but 

are lim ited to consider the micro-effects o f  innovations. ”

Fourthly, we have only considered technological innovation and its impact on labour 

demand and have not considered other sources o f innovation: for example managerial 

or organisational innovations. In addition, we have measured the extent o f innovative 

activity within a firm by its mean annual R&D expenditure. A well-known criticism 

of R&D expenditure is that it is an input into the innovation process and consequently 

it does not capture the success or failure o f much o f this investment. However, Klette 

and Forre (1995, p.3) suggest that "this narrow focus is not uninteresting as a 

considerable amount o f  governmental subsidies is aimed at boosting (private and 

public) R&D investment with jo b  creation as one prim ary objective. ” In contrast, 

Brouwer et al. (1993) and Van Reenan (1997) use a measure o f innovative output at 

firm level. However, we suggest that these measures are also limited because they 

give no indication o f the cost o f a particular innovation. Other authors suggest using 

measures o f technological activity that combine information on R&D expenditure and 

innovative output. For example, Blechinger et al. (1997) estimated a labour demand 

model for two groups o f companies: innovating firms that did not invest in R&D and
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innovating firms that also invested in R&D. They concluded that ‘‘[ijnnovation has 

no measurable impact on employment... [w] hat does really matter fo r  employment in 

Europe, however, is whether innovative firm s are engaged in R& D...so innovative 

seems to be too imprecise to measure employment impacts o f  innovations. It contains 

all types o f  innovations, some o f  them marginal, others o f  the more radical type"  

(p.50).

A final limitation arises fi'om using the number of employees rather than the number 

o f hours worked as a measure o f labour demand. It has been noted that ‘‘[ i] f  the 

labour saving potential is implemented through the reduction o f  hours worked instead 

o f  a reduction in the number o f  employees, the extent to which the introduction o f  new  

technologies induces a decline in employment can be underestim ated” (Blechinger et 

al. 1997, p.30).

4.6 Summary and Conclusions

In this chapter we have examined whether the R&D activities o f indigenous firms has 

impacted negatively or positively on their labour demand. We investigated whether 

there was evidence o f substantial job-less growth in technologically active companies 

relatively to less technologically active firms operating in the Irish manufacturing 

sector.

We estimated a dynamic labour demand model for a sample o f indigenous non-R&D 

active and R&D active firms in the Irish manufacturing sector. It is estimated that that 

there is no significant difference in the elasticity o f labour demand with respect to 

output between both subsets o f plants. The extent to which labour demand differs
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between both groups o f plants is determined by their relative sales growth rates rather 

than a different propensity to increase employment as output increases. We found also 

that the elasticity o f substitution between factor inputs is negligibly different in both 

groups o f plants. This may partly explain the propensity o f both sets o f plants to 

increase employment by the same amount for a given increase in output.

A traditional question in the literature has been to what extent labour demand differs 

between product and process innovating R&D active plants. We do find significant 

differences in labour demand in these two sets o f plants, a result that mirrors the 

results found in existing studies. The elasticity o f labour demand with respect to 

output is significantly higher in product innovating companies relative to process 

innovating R&D active firms. We suggest that this may be explained partly by the fact 

that the elasticity o f substitution across factor inputs is relatively much lower in 

product innovating plants.

Our analysis supports the results o f many previous studies (with the exception o f Van 

Reenan, 1997) that found an insignificant relationship between innovative activity and 

labour demand. We extended the analysis o f previous studies and we examined 

differences in the quality o f jobs created in R&D active and non-R&D active plants. 

The persistence o f newly created jobs was found to be significantly higher in R&D 

active plants, only one third o f all jobs created in non-R&D active plants compared 

with almost all newly created jobs in R&D active firms survive for ten years.

In summary, we find no evidence that investment in innovative activity destroys jobs. 

We confirm the results o f previous studies which found that technological activity
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appears to be a relatively insignificant determinant o f the quantity o f labour 

demanded. However, in analysing the quality o f labour created, we found the quality 

o f labour demanded (as measured by job persistence) depended significantly on a 

firm’s investment in research and development. W hile R&D active firms may not 

create substantially more employment, the employment those firms create persists for 

a relatively longer period.

94



4.A Tables

Table 4.1: Annual rate of Job creation, Turnover growth and Average Profit 
M argins for all Plants that Increase Employment Over Two Subsequent Years,

by R&D Activity, 1985-1997

Job Creation Rate Turnover Growth Rate Mean Profit Margin
Year Non-R&D R&D Year Non-R&D R&D Year Non-R&D R&D

firms firms firms firms firms firms
1985 0.07 0.07 1985 .12 .10 1985 .09 .11
1986 0.08 0.07 1986 .10 .08 1986 .07 .06
1987 0.08 0.07 1987 .11 .09 1987 .09 .09
1988 0.10 0.08 1988 .13 .18 1988 .10 .10
1989 0.11 0.09 1989 .11 .20 1989 .10 .10
1990 0.10 0.08 1990 .13 .15 1990 .10 .10
1991 0.08 0.06 1991 .09 .13 1991 .10 .11
1992 0.08 0.09 1992 .11 .17 1992 ,11 .11
1993 0.08 0.07 1993 .06 .17 1993 .11 .09
1994 0.09 0.07 1994 .17 .17 1994 .11 .09
1995 0.10 0.07 1995 .11 .20 1995 .11 .11
1996 0.10 0.06 1996 .10 .15 1996 .11 .10
1997 0.10 0.08 1997 .12 .18 1997 .12 .11
1998 0.09 0.08 1998 n/a n/a 1998 n/a n/a

Mean 0.09 0.07 0.11 0.15 O.IO 0.10
Source: Own estimates based on Forfds data.

Table 4.2: The Average Value-added per Employee for R&D and non-R&D
Active Plants

Value-Added per employee'
Non-R&D R&D

Firms Firms
Year £ £
1984 21,100 37,900
1985 21,600 35,600
1986 22,700 38,400
1987 24,300 47,400
1988 26,600 59,300
1989 27,000 45,100
1990 25,900 47,800
1991 22,900 46,400
1992 23,200 58,500
1993 24,000 69,000
1994 27,000 72,400
1995 26,300 52,200
1996 26,600 52,200
1997 29,100 68,900

Mean 24,879 52,221
Source: own estimates based on Forfds data.
Note: ' Deflated using 2-digit sectoral deflators. See CSO (1989, 1993, 1996, 1998d).
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Table 4.3: Summary Statistics for Regression Variables

Variable Number of R&D Non-R&D All Firms
Observations Active Active

Mean
(Standard deviation)

101,682 72.7 12.6 14.7
(135.12) (38.3) (46.58)

7,643 19.7 11.3 12.52

(£’000s) (33.7) (15.3) (19.42)

y. 7,760 23,401.67 4895.8 7633.5
(£’000s) (59,890.77) (13912.35) (27172.34)

101,682 71.4 12.7 14.691/«“1
(139.0) (38.7) (47.25)

101,682 70.2 12.7 14.732I t —J,
(143.7) (39.4) (48.17)

R & D Spend I 18,928 301.5 0 79.2
£ ’000s (425.1) (212.86)

Source: Own estim ations.
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Table 4.4: Econometric results: Dynamic Models of Labour Demand for (i) non- 
Ri&D Active and R&D Active firms and (ii) Product innovating and Process

Innovating firms

Log Employment GMIVI G M M G M M G M M
(1) (2) (3) (4)

Dynamic Model Dynamic Model Dynamic Model Dynamic Model

Non-R&D active R&D active Product Process
p lants only p lan ts only Innovating R& D Innovating R&D

active p lan ts only active p lan ts only

Output., 0,330*** 0.344*** 0.457*** 0.264**
(.053) (.086) (.057) (0.113)

Wage, -0.323*** -0.386*** -0.318*** -0 497***
C> It

(.059) (.078) (0.087) (.080)

Employment 0.485*** 0.532*** 0.409*** 0.527***
(.045) (.068) (0.061) (.084)

Employment, 0.045*** -0.002 -0.031 0.046
(.015) (.027) (0.022) (0.040)

Tim e Dummies Yes Yes Yes Yes
Num ber o f  firms 1,027 147 92 55
Num ber o f 4,914 884 521 363
observations
Variables Wages, Output, Wages, Output, W ages, Output, W ages, Output,
Instrum ented Lags o f Lags o f Lags o f Lags o f

Employment Employment Employment Employment

W ald (Joint) 2862.00 43310.00 2905.00 752.9
( p  — value) (0.000) (0.000) (0.000) (0.000)

Sargan Test 256.3 126.7 79.50 40.46
( p  -  value) (0.088) (1.000) (1.000) (1.000)

A R (1 ) -6.844 -6.408 -4.082 -2.709
( p  — value) (0.0000) (0.0000) (0.0000) (0.007)

A R (2 ) -0.446 (-0.270) 0.8313 -1.978
( p  -  value) (0.656) (0.787) (0.406) (0.048)

N o te :  *** significant at 1 per cent level, ** significant at 5 per cent level. Standard errors in ( )s.
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Table 4.5: The Mean Job Persistence Rates of R&D Active and non-R&D Active
Plants Over the Period, 1984-1998

Time (years): Yr 1 Yr 2 Y r3 Y r4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10
% % % % % % % % % %

Non-R&D Firms 93.8 87.0 80.4 74.4 68.5 61.1 53.7 47.7 41.6 34.8

R&D Firms 99.0 98.9 98.9 98.7 98.6 98.5 98.5 98.5 98.5 98.5
Source: Own estimates based on Forfds data.
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C h a p t e r  5

T h e  T a n g i b l e  C o n t r i b u t i o n  o f  R & D  S p e n d i n g  
F o r e i g n -O w n e d  P l a n t s  t o  a  H o s t  R e g i o n : a  P l a n t  
L e v e l  S t u d y  o f  t h e  Ir is h  M a n u f a c t u r i n g  S e c t o r

(1980-1996)

5.1 Introduction

Following a period o f recession, the Irish economy has enjoyed significant growth 

over the past decade, earning Ireland its “Celtic Tiger” nickname. This growth, both 

in employment and output terms, is most marked in the manufacturing sector. The 

contrast in employment growth is primarily with EU countries, which have seen 

employment in manufacturing rise by 0.5 per cent since 1986,^' while employment in 

the Irish manufacturing sector during the same period has risen by 5.4 per cent. A key 

feature o f Ireland’s growth has been the expansion o f foreign-owned plants which 

now account for 12 per cent o f total manufacturing firms in the country and 45.5 per

92cent o f manufacturing employment. The growth in employment has been 

concentrated in high-tech sectors, where employment has more than doubled since 

1986;^^ these sectors in 1996 accounted for 62 per cent and 17.4 per cent o f total 

manufacturing employment in foreign and Irish-owned firms respectively. Output 

data for 1996 show that output o f foreign-owned manufacturing firms accounts for

77.1 per cent o f net manufacturing output (CSO, 1998a). In 1995, 65 per cent o f 

national business expenditure on research and development (BERD) in Ireland was

European Commission (1997) and European Commission (1991).
Unless stated otherwise, all reported figures are based on own calculations o f  Forfas Employment 

Survey Data.
Employment growth rates in the US and Canadian m anufacturing sectors in the same period were 6.2 

per cent and 7.5 per cent respectively (OECD, 1996).
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accounted for by subsidiaries o f foreign multinational f i r m s . T h i s  contrasts sharply 

with estimates for other European countries; 37 per cent for Great Britain, 16 per cent 

for Germany and less than 10 per cent for Greece (OECD, 1998).

The rapid growth o f the Irish economy over the past decade and the simultaneous 

increase in (i) the number o f foreign-owned plants in the high-tech sectors, and (ii) the 

research and development (R&D) activities o f foreign-owned plants, has given rise to 

an increased interest in the relationship between foreign direct investment (FDI) and 

economic growth in Ireland. The issue arises as to whether the growth is linked to the 

sectors in which FDI is taking place or whether the technological performance of 

individual plants is a significant contributory factor. In particular, an important 

question is whether those foreign-owned plants that are undertaking R&D activities in 

their Irish plants are contributing more to the host region relative to those plants that 

undertake no R&D activities.

The exploration o f plant-level technological activity in multinational corporation 

(MNC) plants and their contribution to the host economy is a hybrid o f two literature 

traditions. The first relates to the internationalisation o f R&D activity. Many authors 

in this tradition have debated the true extent o f this internationalisation (Belitz and 

Beise, 1997; Braunerhjelm and Ekholm, 1997; OECD, 1998) and the tangible and 

intangible effects o f this trend on host economies (Blomstrom and Kokko, 1998; 

Beise et at., 1998). The second tradition are studies o f the attraction o f  FDI to a host

See Forfas(1997).
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region (Dunning, 1988; Lall, 1993 and Caves, 1996) and specifically to Ireland (Foley 

and McAleese, 1991; Ruane and Gorg, 1996).^^

In this chapter we undertake a plant-level empirical analysis o f the tangible effects of 

MNC technological activities, focusing on R&D aspects. Specifically, we use our 

plant-level dataset to explore different measures o f R&D activity undertaken by 

foreign-owned plants in Ireland. These empirical measures, derived from plant-level 

data, provide a new perspective on the extent o f these R&D activities. The central 

question explored in this chapter is whether the tangible contribution o f MNC plants 

which undertake R&D investment in Ireland is greater than the tangible contribution 

o f MNC plants which undertake no R&D investment, where tangible contribution is 

measured in terms o f plant survival and employment generated. We conclude that 

R&D active MNC plants in Ireland have (i) a higher probability o f remaining 

operational in Ireland for a given time period,^* and (ii) create a higher quantity and 

quality' o f  employment, relative to non-R&D active MNC plants.

Section 5.2 describes our plant-level dataset. In Section 5.3 we present estimates o f 

the R&D activities o f MNCs in Ireland, and compare these with the aggregate 

statistics provided by the OECD. In Section 5.4 we outline our expectations 

concerning the relationship between investment in R&D and the subsequent 

performance o f MNC subsidiaries in Ireland. In Sections 5.5 and 5.6 we compare the 

survival experiences and the employment performance respectively o f R&D active

Studies o f  its subsequent effects on tiie Irisii econom y include M cA leese and M acDonald, 1978; 
O 'Farrell and O 'Loughlin, 1981; Barry and Bradley, 1997 and Ruane and Gorg, 1999.

We do not test the alternative hypothesis that the probability  o f  a given plant undertaking R&D 
expenditures is increasing in the plant's age, i. e., that survival affects R&D expenditure rather than vice 
versa. See Beise et al. (1998).
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MNCs, relative to non-R&D active MNCs. The final section contains a short 

summary and some conclusions.

5.2 Data & Sectoral Classification

The data set explored here is a unique combination o f two sources. The R&D data are 

drawn from a series o f surveys o f R&D performing plants, undertaken by Forfas, the 

policy and advisory board for industrial development in Ireland. This organisation has 

statutory responsibility for R&D statistics in Ireland. For the years 1986 to 1995, the 

biannual surveys reported data on the population o f R&D performers with ten or more

97employees in the manufacturing and internationally-traded services sectors. The 

employment data (1980-1996) are drawn from the annual employment surveys 

undertaken by the same agency. Similar to the R&D data, these employment surveys 

cover the population o f plants in the manufacturing and internationally traded service

98sectors. The employment survey data cover all plants and in matching the two 

Forfas surv'eys, we have excluded any plant with less than ten employees through the 

period 1980 to 1996.^^ In the analysis that follows, where a variable is not available 

for all o f the surveys o f technology in industry, we report the last year for which that 

variable is available. For example, when estimating the percentage o f R&D spend that 

is invested in experimental development, we note that this information is available for 

the period 1986-1993 only.

T he biannual surveys sw itched  to  odd nu m b er years in 1991, th ereb y  fo llo w in g  im m ed ia te ly  after th e  
1990 survey  o f  tech n o lo g y  in industry. Forfas e stim a tes a response  ra te  c lose  to  100%  for th is  survey. 
T h ere  is an ad d itio n al su rvey  o f  innovation  in Irish m an u fac tu rin g  in 1992.

T he response  ra te  is g reater than  90%  fo r th is  survey  (S trobI, 1996).
”  Forfas w as estab lish ed  in 1993 and invo lved  th e  m erger o f  th e  p lan n in g  d iv is io n  o f  th e  Industrial 
D evelopm en t A u th o rity  (ID A ) w hich  began its em ploym ent surveys in 1973 and th e  S c ience  and 
T echno logy  D iv ision  o f  Eolas, w hich  began its R & D  surveys in 1967.
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We define an MNC plant or a foreign-owned plant as any plant where in excess o f 

fifty percent o f the equity is held by non-Irish residents - this is the classification used 

in both surveys. Because a planfs current (i.e., 1996) nationality only is maintained in 

the dataset, we are unable to take account o f any changes in ownership during the 

period 1980-1996.'“

Throughout this chapter we use the OECD sectoral classification to aggregate sectors 

into four groups:''^'

• High-tech: Aerospace, Computers & Office machinery, Electronics &
Communications, Pharmaceuticals;

• Medium-High-tech: Scientific Instruments, Electrical Machinery, M otor Vehicles, 
Chemicals, Non-electrical machinery;

• Medium-low-tech: Shipbuilding, Rubber & plastic equipment. Other transport 
equipment, Stone, clay & glass, Non-ferrous metals. Other manufacturing, 
Fabricated metal products;

• Low-tech: Petroleum refining, Ferrous metals, Paper & printing. Textiles & 
clothing, Wood & furniture. Food & beverages.

We use higher-tech or higher technology sectors as a term encompassing both the 

high-tech and medium high-tech sectors. The use o f lower-tech as a summary term 

refers to both the low-tech and medium low-tech sectors.

We classify a plant as being "R&D active" where that plant has reported at minimum 

an average annual R&D investment o f £25,000 over the period 1986-1995. Plants 

with an annual mean o f £100,000 or over in R&D spend over this period are classified 

as "large R&D spenders".

T h e  e ffec t o f  th is  is that som e ind igenous firm s w hich  are taken  over by  fo re ig n -o w n ed  firm s du ring  
th a t p e rio d  are c lass ified  as fo reign firm s.

For th e  IS lC  equ iv a len t c lassifica tion , see  A ppend ix  B in K lette  and Johansen  (1995).
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5.3 The evolution of Irish Industrial Policy towards FDI

Gray (1997) provides the most optimistic evaluation o f the importance o f FDI in the 

Irish economy, "[i]t is probably not an exaggeration to say that the growth in foreign  

investment is at the heart o f  the Irish economic miracle. ” Ruane and Gorg (1999) 

summarise the evolution o f Irish FDI policy in three steps:

(i) An active policy o f attracting FDI came into operation initially in the 1950s.

102Before this time FDI had been legislatively prohibited. The objectives o f embracmg 

a pro-FDI policy were to generate a viable manufacturing sector and to provide 

employment. Export-orientated foreign-owned projects in all sectors o f manufacturing 

were eligible for fiscal and financial support, on the same basis as indigenous projects, 

if  they located in Ireland.

(ii) The second step occurred in the 1970s. The national industrial development 

agency, the IDA, became increasingly selective about the industries in which potential 

FDI projects should be sought. The electronics and pharmaceutical sectors were 

singled out as having the best global prospects for fast and sustained growth. In 

particular US companies were targeted as sources o f these projects.

(iii) The third step involved the promotion o f linkages between foreign and 

indigenous industry in these key sectors, and the promotion o f Ireland as the European 

base for head-quarter and R&D functions o f MNCs. Those plants which locate these 

functions locally are believed to have a higher commitment to Ireland, reflected in the 

generation o f a higher quantity and quality o f employment relative to plants which
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locate only their production facilities in Ireland. Global companies operating in the 

higher technology sectors were perceived as having a larger probability o f 

undertaking significant R&D activities relative to companies operating in the lower 

technology s e c t o r s , w h e r e  R&D activities are not perceived as being as important 

globally.'®^

These refinements to FDI policy over time have manifested themselves in (i) a 

concentration o f current FDI in high-tech sectors, and (ii) an increased propensity for 

foreign-owned plants to undertake R&D activities in Ireland. We now turn to look at 

one explanation for the increasing concentration o f FDI in high-tech sectors, namely, 

the higher rate o f entry o f foreign-owned plants into the high-tech sector.

5.3.1 Plant Entry into High-tech Sectors

As we can see from Table 5.1, there was an increase o f over 50 per cent in the number 

o f foreign-owned manufacturing plants in Ireland over the period 1980-1996. This 

increase disguises the extensive net change in plant numbers in different sectors; 

ranging from over 150 per cent in the high-tech sector to less than 10 per cent in the 

low-tech sector. In terms o f net job creation, this change in plant numbers 

accompanied a net increase o f 22,505 (32.5 per cent) jobs in the foreign-owned plants. 

Mirroring the experience in plant numbers, this net increase resulted from a 

combination o f 27,683 additional jobs created in both higher-tech sectors with a loss

This prohibition was supported by the public perception o f  a link between econom ic dependence 
and the country's colonial past.

For a discussion o f  policy developm ent see W hite (1982) and Killeen (1975).
O ne exception here is the food sector, which although classified by the OECD as a relatively low- 

tech sector, has a high level o f  R&D expenditure in Ireland.
de Arcos et al. (1997) summarise step one as dependent FDI (an em phasis on assem bly plants) and 

the follow ing two steps as an evolution tow ards developmental FDI (an em phasis on plants which can 
forge linkages with indigenous industry and create high skilled employment).
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o f 5,358 in both lower-tech sectors. In terms o f the number o f employees, the period 

1980-1996 saw FDI in the higher technology sectors become the dominant form of 

FDI in Ireland, as the share o f employment in high-tech MNCs rose from almost 15 

per cent to over 30 per cent.

The overall change in the number o f plants is the net result o f  plant entry and exit. We 

summarise in Table 5.2 the entry pattern o f foreign-owned plants into the Irish 

manufacturing sector over the period 1980-1996. A mean annual entry rate is 

calculated using methodology outlined in Davis and Haltiwanger (1990).

The plant population size is defined in the manufacturing sector as

P + P_ ^ E l  ^  ^ E l - \
^ E t  -  (1)

where is the number o f plants in category'^^ E at time t and is the average 

number o f  plants in this category over the period t-1 to t. The number o f births is 

calculated as the number o f plants alive in category E at time t that were not alive in 

category E at time t-1. The birth rate is defined as follows

bpf
P)

Et

Examples o f these categories could be sector, age category or size category.
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where B , the birth rate, is a measure of the extent of entry into an industry (1980-

1996). Over this period, there was a mean annual birth rate for all plants of 4.6 per 

cent. Disaggregating these plants by sector, we find that the mean annual entry rate in 

the high-tech sector is significantly higher than those in the less technologically- 

sophisticated sectors.

5.3.2 R&D Activity and Foreign-owned Plants in Ireland

A key question is whether this increase in the number of plants in the high-tech 

sectors was accompanied by an increase in the R&D activities of foreign-owned 

plants. The latest OECD report (June 1998) on the internationalisation of industrial 

R&D provides estimates of the importance of R&D expenditure of foreign affiliates 

as a percentage of total industrial R&D in a range of host economies.

Amongst a selection of OECD countries, Ireland has the largest share of industrial 

R&D accounted for by foreign affiliates as shown in Table 5.3, by a factor of almost 

two. The country's unique position in terms of the scale of R&D activity accounted 

for by MNCs is attributed by the OECD to the combination of (i) very low levels of 

R&D spend by indigenous plants in the Irish manufacturing sector and (ii) the 

relatively large presence of foreign multinationals in the Irish manufacturing sector 

generally (OECD, 1998, p. 18). The OECD also estimates the intensity of the R&D 

investment by MNCs across countries. We note from Table 5.3 that Ireland has a 

lower R&D intensity than many of the other countries, with the exception of the 

Netherlands (OECD, 1998, p.22).“’̂  There are two possible explanations for this low 

intensity. Firstly, the small numbers of foreign-owned plants undertaking R&D
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relative to the total number o f such plants in Ireland. Thus, when all foreign-owned 

plants are aggregated, we arrive at a relatively high total for manufacturing turnover 

and a relatively smaller total for R&D spend. An alternative measure o f R&D 

intensity would involve aggregating over only those plants that undertake R&D 

expenditure. Secondly, the turnover figures reported by MNCs in Ireland may be 

artificially high relative to the true level o f value added and production that takes 

place in Irish plants, to the extent that foreign subsidiaries engage in profit-switching 

transfer pricing.'®^ If this is the case, our estimates o f R&D intensity would be 

underestimated. We do not have the same concerns regarding the R&D figures 

reported by MNCs in Ireland. Indeed, the low corporation tax rate, which limits the 

value to foreign-owned plants o f write offs against R&D expenditures, reduces the 

incentive for foreign-owned plants to undertake R&D expenditures in Ireland, and 

may itself explain the relatively low rate.

To look at the dispersal o f foreign affiliate R&D spend in Irish manufacturing, we 

disaggregate by sector. Table 5.4 compares the national share o f R&D spend (both 

manufacturing and some non-manufacturing) 1986 and 1995 (Forfas, 199?'*’̂ ). R&D 

spend by MNCs is predominantly in the higher technology sectors. In 1986 all foreign 

plants accounted for 66 per cent o f total business expenditure on research and 

development in Ireland. O f this 66 per cent, two thirds was expended in both o f the 

higher-technology sectors. Again in 1995, the pattern is similar, as real rates o f 

growth were almost identical across all sectors over the period 1986-1995. The

R & D  in ten sity  is ca lcu la tcd  as to ta l R & D  spend  o f  all fo reign  a ffilia tes  d iv id ed  by th e  sum  o f  
m an u fac tu rin g  tu rn o v er p roduced  by all fo reign  affiliates.

P ro fit-sw itch in g  tran sfe r p ric in g  is a  m echan ism  w h ereb y  fo reign  su b sid ia rie s  rep o rt a h ig h er v a lue  
o f  th e ir  sa les (p ro fits ) in Ireland to  avail o f  th e  low  corpora tion  tax  ra te  as d iscu ssed  in S tew art (1 9 8 9 ) 
and M u rp h y  (1998).
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OECD, on the basis o f a further (unpubHshed) disaggregation o f the Irish high-tech 

sector into sub-sectors, reports that foreign affiHates were responsible in 1993 for 95 

per cent o f national R&D spend in the pharmaceutical sector, 78 per cent in the 

computer software industry and 64 per cent in the car industry (OECD, 1998, p .68).

We use plant-level data to summarise the incidence and intensity o f R&D activity in 

foreign affiliates in Ireland. Tables 5.5 and 5.6 show the percentage o f the population 

o f foreign-owned plants with ten or more employees undertaking R&D in 1986 and 

1993, the latest year for which the data are available.

Table 5.5 takes the population o f 691 foreign-owned plants with ten or more 

employees in 1986. Approximately 14 per cent o f these plants engaged in a minimum 

amount o f R&D spend in 1986 in the Irish manufacturing sector."'* The mean R&D 

spend per plant was £400,000 and the mean number o f R&D personnel employed in 

R&D was 13 persons per p lan t.'” O f the total population o f foreign-owned plants, 

less than ten per cent had a formal R&D department. Using a subset o f the population 

o f R&D spending plants for which sales information is available, we calculated that 

the mean intensity (R&D Spend / Sales) o f the foreign-owned R&D-active plants was 

4 per cent. This estimate o f R&D intensity for R&D-active foreign-owned plants is 

significantly higher than the aggregate OECD estimate (which covers all plants) o f 

1.17 per cent for Ireland reported in Table 5.3.

The dataset used in this table include som e non-m anufacturing plants (i.e ., internationally traded 
services).

This is at least £25 ,000  Irish punts (the salary for one researcher).
This figure does not represent full tim e equivalents. This is the number o f  people w ho have som e  

involvem ent in R&D activities without accounting for the tim e with w hich they are involved.
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It is possible to disaggregate these totals further by nationality o f ownership. We 

divide our population o f plants on the basis o f whether their parent plant is located in 

Europe, North America or Asia-Pacific."^ The European plants comprise the largest 

single group o f foreign-owned plants in the Irish manufacturing sector. However, only 

10 per cent o f these plants conducted R&D in 1986 compared with almost 20 per cent 

in the other two categories. In terms o f mean R&D spend and R&D intensity (R&D 

spend as a percentage o f sales) per plant, the North American plants had a mean equal 

to three times that o f the Asian-Pacific owned plants and over twice that o f the 

European contingent. Correspondingly the North American plants had the highest 

mean number o f R&D persons per plant. Using this plant level analysis, North 

American plants appear to be the most R&D active o f all foreign-owned plants."^

Table 5.6 shows the equivalent data for 1993. In 1993, the number o f plants with ten 

or more employees was slightly lower at 686 plants, while the percentage o f those 

plants doing a minimum level of R&D increased to over 24 per cent. The mean R&D 

spend per plant is £590,000 Irish pounds, a real increase o f 47.5 per cent over the 

equivalent 1986 value.""* The mean number o f R&D personnel in these plants 

increased fourfold from a mean o f 13 persons in 1986 to 62 persons in 1993."^ 

Overall the percentage o f plants with a formal R&D department increased to 

approximately 15 per cent. The mean R&D intensity is 3.9 per cent, similar to the 4 

per cent reported in 1986. In summary, the percentage o f foreign-owned plants

W e define A sia-P acific  as a term sum m arising plants from Australia and Asia.
US R&D investm ent in Irish subsidiaries accounts for 5.6%  o f  all US R& D investm ent in Europe. 

The equivalent share o f  manufacturing turnover is 2.4%. Calculating R& D investm ent as a percentage 
o f  turnover, the US plants invest a greater percentage o f  their turnover in R& D in Ireland (2.5% ) than 
in any other European country. The second highest plants are those in Germany w hich invest 2.0%  o f  
their turnover in R&D (O ECD, 1998, p .99).

The consum er price index is used to deflate the annual R&D investm ents.
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reporting R&D expenditure and the scale o f that expenditure has increased over the 

period.

Similar to the situation outlined in 1986, there are significant differences when we 

distinguish plants by their nationality o f ownership. Both categories o f non-European 

plants have a higher average number o f plants undertaking R&D spend. The highest 

percentage is for North American plants, with alm ost 30 per cent undertaking some 

R&D spend. North American plants also undertake a scale o f annual R&D investment 

that is four times the level o f European and other Non-European plants. They also 

have the highest R&D intensity (4.7 per cent) followed by the European plants (3.2 

per cent). This slight decrease for the North American plants reflects the fact that their 

scale o f R&D investment has not increased as fast as their sales over this period. The 

mean R&D personnel is 80 persons for North American plants, a five-fold increase 

from 1986. The corresponding estimate for European plants is 49 persons, equivalent 

to over a four-fold increase in personnel from 1986. North American plants are more 

likely to have a formal R&D department (18 per cent) compared with plants from 

Europe and Asia-Pacific (14 per cent).

5.4 Tangible Contribution of Foreign-owned Plants to the Host Region

The importance o f foreign-owned firms in national R&D activities reflects at least in 

part state policy in attracting the subsidiaries o f companies operating in highly R&D 

intensive and globally fast-growing industries. The policy o f supporting plants in 

high-tech sectors and the desire for R&D activities in all plants was designed to 

ensure (i) a deepening o f the plant's commitment to Ireland as measured by the lower

This m easures the number o f  people w ho have som e involvem ent in R& D activ ities without 
accounting for the tim e with which they are involved. In other words, it does not m easure full time 
equivalents.



propensity to exit o f  R&D active relative to non-R&D active plants and (ii) a higher 

quantity o f high income jobs created as measured by a higher level o f job persistence 

in R&D active relative to non-R&D active plants.

Why would an R&D active plant have a higher commitment to the host region than a 

non-R&D active plant? Essentially much of the investment in R&D is a sunk cost, to 

which there are two elements. First, there is the percentage o f annual R&D 

investments that are undertaken in capital goods, such as specialised buildings and 

equipment for research purposes. There is a high probability that these items are 

location specific, so that if  a plant were to withdraw, much o f the value o f these 

facilities would be lost. The second element is the employment o f R&D personnel. 

Although labour is considered to be mobile, a certain percentage o f R&D personnel in 

a plant will not move with the plant."* In effect, R&D active plants face higher costs 

to exiting from the host region than do non-R&D active MNCs.

Why would foreign-owned plants which undertake R&D in Ireland be expected to 

create more employment and higher quality employment in Ireland relative to non- 

R&D-active MNCs? We conjecture that the quantity o f employment in a plant is a 

function o f its output and that companies which expand output do so by improving 

their product and/or increasing the range o f products which they produce. 

Improvements in the product range is achieved by undertaking experimental R&D, 

facilitating adaptation to meet the requirements o f the foreign plants’ markets. The 

Forfas surveys indicates that, on average, 63 per cent o f all R&D spend by MNC 

plants in Ireland is for experimental development. Thus we expect that plants
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undertaking experimental R&D to have relatively higher production levels, and, by 

extension, greater employment than plants which do not.

There are several reasons why the employment generated might be o f a higher quality. 

The first reason is simply that skilled R&D personnel will be employed directly, 

which will typically not be the case in a non-R&D active plant. The second reason is 

that plants which undertake R&D in Ireland are hypothesised (confirmed later on) to 

remain operational in Ireland for longer time periods than plants which do not 

undertake R&D. Thus there is a higher probability that an individual job that is 

created today will exist for longer than an equivalent position in a non-R&D active 

plant. Thirdly, plants which undertake R&D as an input into the innovation process 

typically also invest heavily in other aspects o f innovation. Breathnach and Fitzgerald 

(1994) noted that R&D expenditures in 1990 amounted to 36 per cent o f all 

expenditure undertaken by foreign-owned plants on innovation. These plants spent a 

further 3 per cent on patents and licences, 31 per cent on product design, 21 per cent 

on trial production and 8 per cent on market analysis. Thus plants which engage in 

R&D activity seem to engage in these other categories o f innovative activity, in order 

to apply the fruits o f their R&D activities commercially. All o f these activities require 

highly-skilled individuals, the demand for whom would be much greater than in an 

assembly plant.

de A rcos et al. (1997 , p.4) cite a MERIT interview where the manager o f  a plant concluded that key 
R&D personnel w ould not be w illing  to m ove to the U S with the firm, thus the firm w ould not relocate.
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5.5 Duration of MNC's in Irish manufacturing

5.5.1 Lifetable Analysis

Underlying the policy o f attracting (a) FDI in higher-technology sectors and (b) R&D 

spending plants as opposed to non-R&D spending plants, is the belief that these plants 

will have a higher probability o f success and hence a lower propensity to exit the Irish 

manufacturing sector. Figure 5.1 shows us the probabilities o f survival o f all MNC's 

in the Irish manufacturing sector, in the 1980-1996 period."^

The survival function, based on 1,515 MNC's between 1980 and 1996, summarises 

the surv'ival experiences o f foreign-owned plants for each o f the four OECD 

subsectors. This analysis is based on all MNC plants with ten or more employees in 

1980 and any new MNC plant which entered between 1981 and 1996. For those plants 

alive in 1980, we measure their survival time in the number o f years they survive 

post-1980. For those plants which entered post-1980, we measure their survival time 

as the number o f years they existed post-entry. A plant can have remained operational 

(survived) for a maximum of seventeen years (1980-1996) or a minimum of one year.

We note the growing gap between sectors the longer the time period we consider. The 

probability o f a plant remaining in operation in Ireland for the full seventeen years is 

positively related to the level o f technological sophistication o f the sector in which it 

operates. From the data underlying Figure 5.1, we can derive Table A5.1 (in the 

appendix) which shows the estimated probabilities that a plant in a given sector will

T hese probabiHties have been estim ated using lifetable analysis, a technique w hich perm its the 
estim ation o f  the probability o f  an event (exit) occurring at different tim e (years) points. It a llow s for 
the fact that not all plants w ill have exited  during the period o f  observation. Lifetable analysis a llow s a 
cohort to be distinguished by one characteristic only and the differing probabilities to be estim ated for 
each group.
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survive 5, 10 or 17 years over the period 1980-1996. The longer the time period 

considered ex ante, the lower the probability o f the plant remaining operational 

(surviving) in Ireland for one additional year.” * The probability o f all foreign-owned 

plants surviving 17 years in the Irish manufacturing sector is approximately 47 per 

cent, compared with 55 and 70 per cent probability respectively for five and ten years 

between 1980 and 1996. However, these probabilities differ across sectors with the 

highest probabilities o f survival recorded for firms operating in the high tech sector. 

For example, the probability o f foreign plants remaining operational for ten years in 

Ireland in the high-tech sector is almost 64 per cent in contrast to 48 per cent for 

foreign plants operating in the low-tech sector.

An equivalent analysis can be undertaken on a cohort o f MNC's classified as non- 

R&D spending plants or as R&D spending plants, but only for the shorter time 

horizon o f 1986-1996, because o f the shorter duration which our R&D data cover 

relative to the employment data in the previous lifetable analysis.

Taking a cohort o f plants (ten or more employees in 1986) it is possible to examine 

whether the average annual R&D spend o f a foreign-owned plant had any bearing on 

the probability that the plant remained operational (survived) in Ireland over the 

period 1986-1996. Figure 5.2 illustrates the two survival functions graphically, for 

R&D-spending subsidiaries and non-R&D spending subsidiary plants, respectively. 

Those foreign-owned plants which engage in R&D spend have a greater probability o f 

remaining in Ireland for a given time period than non-R&D spending plants. The 

probability o f a non-R&D-active MNC remaining ten years is over 60 per cent (Table

T his  result  is consistent with  the findings o f  A udre tsch  (1 9 9 1 ,1 9 9 5 )  for new  en tran t  p lan ts  in the
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A5.2) relative to an equivalent probability o f almost 90 per cent for R &D  spending 

plants. When we make a distinction w ithin R & D  spending plants according to the 

scale o f R &D  spend (Figure 5.3), we find that the probability o f a plant remaining in 

Ireland for a given time period increases w ith the scale o f R & D  activity. In Table 

A5.2 we see that the probability o f a large R &D  spender remaining in Ireland for ten 

years is over ninety per cent relative to eighty five per cent for a small R & D  spender 

and relative to sixty one per cent for a non-R&D spending MNC.

5.5.2 A Cox Duration Model

A lim itation o f the lifetable analysis above is its inability to distinguish plants by more 

than one characteristic; in particular, we are unable to distinguish the R & D  spending 

plants by other characteristics, such as plant size and age. The Cox duration model 

(1972, 1975) estimates the risk o f exit (hazard) facing a plant in our cohort as a 

function o f plant and sectoral explanatory variables. This proportional hazards model 

takes account o f duration heterogeneity, i.e., the differing lengths o f time over which 

our plants remained operational post-1986. The hazard is the conditional probability 

o f a plant leaving the manufacturing sector at duration t. The hazard rate is the rate at 

which a plant exits during period t given that it has survived until time t, i.e., it 

measures the risk o f exit for a plant during the next year. We obtain a baseline hazard 

function, /Jq(0» which is estimated when all o f the explanatory variables (covariates) 

are set at zero. It is an estimate o f the risk o f exit facing each plant in the cohort in 

each year 1986-1996. The Cox model then estimates the influence o f each o f our 

explanatory variables on this baseline hazard function, distinguishing whether the 

hazard o f a plant exiting at a moment in time has increased or decreased when an

USA and in Chapter 3 o f this thesis for Irish indigenous industry.
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explanatory variable is nonzero. A negative (positive) coefficient indicates that this 

baseline risk o f exit at a moment in time is reduced (increased).

In order to use the proportional hazards Cox model, we must assume that the ratio of 

the baseline hazard function /!(,(/) and the estimated hazard function h{t) (when an 

explanatory variable is included) is proportional across time. This implies the 

contribution o f the explanatory variable to the risk o f exit does not vary across time 

but can vary across sectors. In our case, the contribution o f  R&D activity to the risk 

o f exit facing a plant is assumed the same in 1986 as it is in 1996.

We express the model to evaluate many independent variables as

where /zo(0>s the baseline hazard function when all o f the covariates are set to zero 

and h{t) is the estimated hazard function when the value o f the covariates 

(x , ...x „ ) are nonzero.

The emphasis o f this chapter is on the probability o f survival for a foreign-owned 

plant, given its characteristics and the external environment. The survival function 

S(t) is an estimate o f the probability o f surviving longer than a specified period. The 

cumulative hazard function H{t)  is related to the survival function://(? )  = - ln 5 '(0 >  

where

(3)

s,=[So(t)Y (4 )
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and w here p  = . The survival function is obtained by raising the baseline survival

function (this is the function w hen all the explanatory variables are set to zero) to the 

pow er o f  . The cum ulative hazard and the cum ulative survival functions 

approxim ately add to one, the difference from one being due to the standard error o f  

the cum ulative survival estim ates. Thus the probability  o f  surviving a given tim e 

period is one m inus the probability o f  exiting in that period.

The Cox m odel is estim ated for the population o f  foreign-ow ned plants w ith ten or 

m ore em ployees in 1986. The dependent variable is the length o f  duration the plant 

rem ained operational (survived) post-1986. W e include dum m y variables to account 

for each plant's scale o f  R&D activity over the period 1986-1993, its nationality, the 

period in which the plant began operating in Ireland, and the sector in w hich the plant 

is operating. In addition we include the m ean annual entry rate o f  foreign-ow ned 

plants by industrial subsector and the em ploym ent size o f  the plant in 1986. For a 

general discussion o f  the factors affecting survival o f  plants, see A udretsch (1995) and 

Siegfried and Evans (1992). Specifically for Ireland, see W alsh and K onings (1997) 

for the effect o f  exchange rates on foreign plants, and C hapter 3 o f  this thesis for the 

role o f  research and developm ent as it affects the survival rates o f  indigenous plants.

5.5.3 Results of the Cox Duration Model

The estim ated m odel (Table 5.7) for all plants w hich had ten or m ore em ployees in 

1986 is statistically sign ifican t."^  W e report the hazard ratio for each o f  our 

explanatory variables. A ratio o f  less (greater) than one confirm s that for a one unit



increase in a variable, the risk o f exit for the plant is reduced (increased). Firm size in

1986 is highly significant: the larger the firm is in 1986, the lower the risk o f exit and

the higher the probability o f survival facing the plant over the period 1986-1996.

While nationality o f ownership does not affect the hazard ratio, there are sectoral

differences. In particular, plants in the low-tech sectors have a significantly lower

probability o f remaining in Ireland over the period relative to plants in the high-tech

sector. While the starting period o f entry has no effect on the hazard ratio, the annual

entry rate has a significant impact. We find that the greater the extent o f entry o f

foreign subsidiaries into the Irish manufacturing sector, the lower is the probability of

existing foreign affiliates remaining operational in Ireland. This is contrary to what

one might expect on the basis that greater agglomerations o f MNCs would be

expected to generate spillovers, which would enhance the profitability o f existing

plants. One possible explanation for this result may lie in the observation that the

industrial restructuring which is taking place on a global scale in many sectors is

maybe being replicated within Ireland. Those firms that are currently expanding

within an industry will be expanding their FDI while simultaneously their declining

120competitors will be contracting their FDI. Plants engaging in both small and large 

scale R&D investments have a higher probability o f remaining in Ireland relative to 

non-R&D spending plants.

Equations 2 through 7 provide different estimates o f the model using alternative 

measurements o f a plant's technological activity. Using these alternative measures we 

attempt to account not only for the presence o f R&D activity but for the scale o f

A table o f  descriptive statistics and correlation coefficien ts for all exogenous variables are in 
Appendix A (5 .C  A ppendices) in Tables A5.3 and A5.4.

T w o w ell known exam ples in Ireland w ould be the major expansions o f  Intel and IBM w h ile  
sim ultaneously Verbatim and Seagate w ere w ithdrawing from Ireland.
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activity within a plant. In Equation 2 we observe that large R&D spending plants 

have a smaller risk o f exit relative to both small and non-R&D spending plants. All 

six measures o f the scale o f R&D activity are significant and all reduce the risk o f exit 

facing a plant, ceteris paribus.

5.6 The Quantity and Quality of Employment Created

The second motive behind government policy towards expanding R&D active plants 

derives from the expectation that such plants would create a greater quantity and 

quality o f employment than similar non-R&D active plants.

5.6.1 The Quantity of Employment Created

The following tables are based on an analysis o f an MNC cohort (foreign affiliates 

with ten or more employees in 1986). They indicate that job creation (destruction) 

rates are much higher (lower) in higher tech sectors and are higher (lower) for plants 

which are described as R&D spenders. Overall there is net job destruction in the 

cohort o f 11.1 per cent over the period 1986-1996. However, as indicated in Table 

5.8, there is considerable variability across sectors: net job creation by MNC plants 

occurs in the two higher tech sectors (3.1 per cent and 2.4 per cent) in comparison 

with the net job destruction in plants in the two lower tech sectors (-10.4 per cent and 

-28.8 per cent).

It is also possible to analyse how the overall net job destruction rate o f the cohort 

varies according to whether the plant is or is not an R&D spending plant. Table 5.9 

shows that large R&D spenders have a net job creation rate o f over 12 per cent 

compared to the net job destruction rate o f over 28 per cent for both small R&D
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spending and non-R&D spending plants. They suggest that R&D spend is not 

associated with significant net job creation unless undertaken on a significant scale.

An extension o f the previous analysis is to consider those foreign affiliates in the 

cohort which are alive in both 1986 and 1996. There are 496 such plants out o f a total 

o f  691. This allows us to distinguish the effects o f closures on the data. When we 

remove the plants that have exited, Table 5.10 shows that there is overall net job 

creation rate o f 9.6 per cent. There is a 20 per cent net job creation rate for large R&D 

spending plants, compared with under 12 per cent for non-R&D spending plants. 

Small R&D-spending plants have a net job destruction rate o f 20 per cent (see Table 

5.10). Comparison o f Tables 5.9 and 5.10 suggest that firm closures among non-R&D 

spenders are a significant source o f job destruction, and are a much less significant 

source for small R&D spenders.

5.6 .2  The Quality of Employment Created

We can attempt to measure the quality o f employment created using measures o f job 

persistence (Davis et a l ,  1996, p.21-26). We define quality in terms o f  the duration 

that a new job will exist, since our data do not allow us to account for quality in terms 

o f the skilled or unskilled nature o f the employment. Essentially whenever a quantity 

o f jobs is created, we estimate the percentage o f those jobs that still exist in 1,2,3 or 4 

years time. A limitation o f this analysis is that we cannot be sure that they are 

precisely the same jobs that survive over a given time period. We are limited to 

examining to what extent a company maintains the new employment levels which 

include its newly created jobs. If  all o f the jobs created survive, we note that there is a 

100 per cent job persistence rate. If  the plants employment level falls to a level below
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that which existed before the jobs were created, we say that there is zero per cent 

persistence rate.

Table 5.11 is based upon a cohort analysis o f all plants with ten or more employees in 

1986. In general the average persistence o f jobs created is high. After four years 

almost 95 per cent of jobs persist or survive overall. However, when we look at plants 

disaggregated by the sector in which they operate, we note that the persistence rates of

jobs created in both the high-tech sectors (93.8% and 97.5%) are relatively higher

12} , , , ,  •than the job persistence rates in the lower tech sectors (54.7% and 63.2%). This 

same pattern is observed whether we estimate the one, two or three year persistence 

rates.

When we consider R&D spenders in Table 5.12, the average persistence rate o f jobs 

created is higher in the majority (although not the case for one year rate) for both the 

large and small R&D spenders relative to the non-R&D spenders. The persistence rate 

for the non-R&D spending plants falls o ff sharply by the second year and by the 

fourth year (43.7 per cent) is under half that o f the equivalent rate for jobs created by 

large R&D spending plants (99.0 per cent).

5.7 Summary and Conclusions

In this chapter we have examined whether the R&D activities o f MNCs in Ireland 

have any bearing on their contribution to Ireland’s economic development. Allowing 

for plant and sectoral characteristics, we compared the survival experiences and the

Care should be taken in interpreting the overall four year persistence rate for all plants as an average 
o f  the above four sectors. In this case the majority w eighting determ ined by the number o f  job s created  
and the stock o f  em ploym ent in each category is predom inantly on the higher-tech sectors.

122



employment performance o f R&D active MNCs, relative to non-R&D active MNCs. 

We found that plant survival was positively related to size, the level o f sophistication 

o f the sector o f activity, and the plant’s being R&D active. Our cohort analysis of 

employment at plant level in MNCs indicated that job losses were greater and job 

persistence lower in the low-tech sectors and among non-R&D spenders compared 

with R&D spenders. Although it has long been recognised that the attraction o f FDI to 

Ireland has been beneficial, the results o f this chapter supports the idea that R&D 

active firms generally provide greater tangible benefits to the host economy. On direct 

employment grounds alone, our results suggest that policy should favour R&D active 

plants in high-tech sectors.

Differences between Irish plant level results in this chapter and those aggregate 

estimates provided at OECD level point to the importance o f plant level studies in 

assessing the impact o f R&D activities in firms on economies. Plant level data allow a 

distinction bet\veen the proportion of R&D active firms in a particular group and the 

scale o f the R&D activity in which they engage. Aggregate statistics can hide the 

importance o f the R&D impact at firm level, if  account is not taken o f  differences in 

the proportion o f firms undertaking R&D in a sector.

This ignores any spillover or other indirect benefits from R& D spending firms in the econom y.
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5.A Tables

Table 5.1: G rowth in Firm N um bers and Em ploym ent in Foreign-O w ned  
Industry in Ireland, 1980-1996'^^

Sector (O ECD) High-
Tech

M edium -
High-tech

M edium -
L ow -tech

L ow -
Tech

Total

No. o f plants 1980 68 129 122 153 472
No. o f plants 1996 171 210 163 164 708
% Change 151.5% 62.8% 33.6% 7.2% 50.0%

Employment 1980 10216 18792 10953 29280 69241
Employment 1996 27711 29160 11572 23303 91746
% Change 171.3% 55.2% 5.7% -20.4% 32.5%
Source: Own estimations based on Forfas data.

Table 5.2: M ean Annual Entry Rates o f Foreign-O w ned Plants, 1980-1996

Sector (O ECD) High- M edium M edium Low- Total
(1980-1996) Tech High-tech L ow -tech Tech
Mean Annual Entry 
Rate

7.2% 4.2% 3.6%> 4.0% 4.6%

Source: Own estimations based on Forfas data.

Table 5.3: OECD Estim ates o f the Share o f N ational R& D A ccounted for by 
Foreign Affiliates and the R&D Intensity o f that Activity

Country % Share of Total 
National Industrial 
R&D by Foreign 

Affiliates

Intensity o f R&D 
Activity of Foreign 

Affiliates'^

% Share of Total 
Manufacturing 
Turnover by 

Foreign Affiliates
Ireland (1993) 68% 1.17% (6)“ 54.0 (1)”
United Kingdom(1995) 37% 2.09% (4) 31.0% (3)
Spam (1995) 33% - -

Sweden (1995) 21% 2.39% (3) 18.7% (6)
Netherlands (1993) 17% 0.76% (7) 42.4% (2)
Turkey 16.5% - -

France (1994) 16% 1.78% (5) 21.0% (5)*’
Germany (1993) 16% 3.17% (1) 28.1% (4)
Greece (1993) 10% - -

Finland (1993) 8% 2.61% (2) 7.59% (7)
Source: OECD (1998, p.4-5).
Note: “ own estimate, 1990 figure, calculated as (R&D Spend / Turnover).

Ranking relative to column one provided in ( )s.

This table is based on the population o f  foreign-owned manufacturing companies with ten or more 
employees in 1980 and 1996.

These estimates include R&D undertaken by foreign affiliates in some non-manufacturing 
industries.
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Table 5.4: The Percentage Share of National R«&D Spend Accounted for by
MNCs by Sector

Foreign-Owned
Sector

1986 
% Share of 

Total BERD

1995
% Share of Total 

BERD

Per Annum Real 
Rate of Growth

%
High-tech 31% 29% 14%
M edium-high-tech 14% 13% 14%
Medium-Low-tech 3% 2% 13%
Low-tech 6% 6% 15%
Non-M anufacturing 12% 14% 17%

All Foreign Plants 66% 64% 15%
All Indigenous Plants 34% 36% 16%
All M anufacturing Plants 100% 100% 15%
Source: Forfas(1997)

Table 5.5: R&D Activities by Nationality of Ownership, 1986

Nationality o f  Ownership European USA & 
Canada

Asia-Pacific Total

Population o f Foreign Plants 
1986

402 263 26 691

N um ber o f  R&D Spenders 41 50 5 96

% 1986 Cohort who are R&D 
Spenders

10.2% 19.0% 19.2% 13.9%

Mean R&D Spend per plant 
£000s

219 573 142 400

Average R&D Intensity - 2.1% 6.0% 0.9% 4.0%
R&D 1986 /S a le s  1986“ (34) (37) (4) (75)

M ean R&D Personnel o f  each 
R&D plant

11 16 8 13

% 1986 Cohort with formal R&D 
department

7.5% 11.4% 15.3% 9.3%

Source: Own estimations based on Forfas data.
Note: “ We are missing sales information for a number o f  these foreign plants. The number o f  plants

for which the calculation o f mean R&D intensity is made is noted in brackets underneath.
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Table 5.6: R&D Activities by Nationality of Ownership, 1993

Nationality of Ownership European U SA &
Canada

Asia-Pacific Total

Population o f  Foreign Firms 1993 373 277 36 686

Num ber o f  R&D Spenders 75 81 9 165

% 1993 Cohort who are R&D 
Spenders

20.1% 29.2% 25.0% 24.1%

M ean R&D Spend per plant“ 
£000s

213 978 226 590

Average R&D Intensity - 3.2% 4.7% 1.1% 3.9%
R&D 1993 / Sales 1993'’ (64) (74) (7) (145)

M ean R&D Personnel o f  each 
R&D plant

49 80 15 62

% 1993 Cohort with formal R&D 
departm ent

12.9% 17.7% 13.9% 14.9%

Source: Own estim ations based on Forfds data.
Note: “ Deflated to 1986 prices using the Consumer Price Index.

We are m issing sales information for a num ber o f these foreign plants. The num ber o f  plants
for which the calculation o f  mean R&D intensity is made is noted in brackets underneath.
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Table 5.7: Regression Results for the Cox Duration Model

Variable Hazard Ratio
Eqn (1) Eqn (2) Eqn (3) Eqn (4) Eqn (5) Eqn (6) Eqn (7)

Firm  S ize  in 1986 .998** 0.999* ggg*** ggg*** .998** g g j* * *

Plan t N ationality :
N orth  A m erican .896 0.897 .909 .917 .898 .920 .869
O th e r N on-E uropean .655 0.647 .665 .791 .689 .636 .685
Sector:
M ed ium -H igh-tech 1.444 1.428 1.469 1.371 1.695* 1.290 1.582
M edium -L ow -tech 1.437 1.390 1.610 1.450 1.876** 1.344 1.745**
L ow -T ech 2 .565*** 2 474*** 3 .073*** 2 .846*** 3 .098*** 2 .662*** 3 .335***
Started in Ireland:
1973-1982 0.963 0.971 0.961 0.986 1.015 0.985 .963
Post 1982 1.006 1.021 0.995 1.035 1.045 1.065 .986

A nnual M N C  Entry 1.132*** I 133*** 1 ]49*** ] ]2 4 * * * 1.178*** 1.118*** 1.151***

Ri&D Activity:
1. All R & D 288***

S penders
2. Sm all R & D 0 .3 8 1 * * *

Spender
L arge R& D 0.215***
S pender

3. A verage A nnual 0.999**
R & D  Investm ent

4. E x is ten ce  o f  a 0 .304***
form al R& D
D epartm ent

5. %  S ales o f g j^ * * *

Innovative
p ro ducts

6. A verage  A nnual .883***
R & D  Personnel

7. A verage  R& D 922**
In tensity  (R & D /
Sales)

Log L ike lihood -1196.38 -1195.25 -1213.81 -1204 .54 -1 198 .19 -1200 .83 -1215.71
Chi S q u are  (11) 103.04 105.31 68.18 86.72 99.43 94 .14 64 .39
Prob  > C hi2 0.0000 0 .0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000
N 691 691 691 691 691 691 691
T im e  at risk 6355 6355 6355 6355 6355 6355 6355

N ote: C ategorica l V ariab les are ben ch m ark ed  against th e  om itted  categories. T h e  o m itted  ca teg o ries
for p lan t nationa lity , sector, sta rted  and R& D  activ ity  are E uropean , H igh-tech , P re-1973  and  
N on-R & D  spenders respectively .
***significant at the  1% level, “ s ign ifican t at the  5%  level, * sig n ifican t at th e  10%  level.
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Table 5.8: Net Job Change by Sector: A Cohort Analysis

Category Stock of 
Employ. 

'86

Gross
Jobs

Created

Gross
Jobs

Destroyed

Stock of 
Employ. 

'96

% Jobs 
Change 1986- 

1996
High-tech 14,593 5,926 (5,470) 15,049 3.1%

Medium- 22,884 7,796 (7,245) 23,435 2.4%
High-tech
Medium- 11,087 2,210 (3,357) 9,940 (10.4%)
Low-tech
Low-tech 29,891 5,980 (14,584) 21,287 (28.8%)

All Plants 78,455 21,912 (30,656) 69,711 (11.1%)

Source: Own estimations based on Forfds data.

Table 5.9: Net Job Change by R&D Activity: A Cohort Analysis

C ategory Stock of 
Employ. '86

Gross Jobs 
Created

Gross Jobs 
Destroyed

Stock of 
Employ. '96

% Jobs Change 
1986-1996

Non-R&D 34,854 6,854 (19,912) 24,796 (28.2%)
Spender 
Small R&D 9,874 1,360 (4,144) 7,090 (28.2%)
Spender 
Large R&D 33,727 13,698 (9,600) 37,825 12.2%
Spender
Total 78,455 21,912 (30,656) 69,711 (11.1%)
Source: Own estimations based on Forfds data.

Table 5.10: Net Job Change by R&D Activity: A Cohort (Survivors) Analysis

C ategory Stock of 
Employ. '86

Gross Jobs 
Created

Gross Jobs 
Destroyed

Stock of 
Employ. '96

% Jobs Change 
1986-1996

Non-R&D 22,205 6,854 (4,263) 24,796 11.7%
Spender 
Small R&D 8,870 1,360 (3,140) 7,090 (20.0%)
Spender 
Large R&D 31,557 13,698 (7,430) 37,825 19.9%
Spender
Total 62,632 21,912 (14,833) 69,711 9.6%
Source: Own estimations based on Forfds data.
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Table 5.11: Job Creation Persistence Rates by Sector

Category Average 1 year 
persistence 

Jobs Created

Average 2 Year 
Persistence 

Jobs Created

Average 3 Year Average 4 Year 
Persistence Persistence 

Jobs Created Jobs Created
High-Tech 99.57% 99.57% 94.58% 93.81%
Medium- 99.41% 99.35% 97.80% 97,48%
High-tech
Medium- 88.47% 78.82% 70.45% 54.67%
Low-tech
Low-tech 87.00% 77.69% 63.22% 63.22%
All Plants 99.04% 97.60% 94.70% 93.95%
Source: Own estimations based on Forfds data.

Table 5.12: Job Creation Persistence Rates by R&D Activity

Category Average 1 year Average 2 Year Average 3 Y ear Average 4 Year
persistence Persistence Persistence Persistence

Jobs Created Jobs Created Jobs Created Jobs Created
Non-R&D 99.04% 76.65% 60.88% 43.73%
spender
Small R&D 86.09% 84.54% 70.72% 52.54%
spender
Large R&D 99.08% 99.08% 99.08% 99.08%
spender
All Plants 99.04% 97.60% 94.70% 93.95%
Source: Own estimations based on Forfds data.
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5.B Figures

Figure 5.1: A Survival Function of Foreign-Owned Plants in Ireland by Sector,
1986-1996
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Figure 5.2: A Survival Function of Foreign-Owned Plants in Ireland by R&D
Activity, 1986-1996
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Figure 5.3: A Survival Function of Foreign-Owned Plants in Ireland by Scale of
R&D Activity, 1986-1996
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5.C Appendices

Appendix A

Table A5.1: L ife-Table Analysis of Foreign-O w ned Plants by Sector, 1980-1996

Sector (OECD) High-Tech Medium- Medium- Low-Tech All
Probability of Staying: High-tech Low-tech Plants
5 years 74.52% 73.59% 71.38% 65.32% 70.36%
10 years 63.47% 59.95% 55.42% 48.07% 55.18%
17 years (1980-1996) 55.97% 52.94% 46.96% 38.89% 47.02%
Source: Own estimations based on Forfds data.

Note: Wilcoxon-Gehan statistics show that the difference in probabilities o f  survival between plants
in different sectors are statistically significant at the 1% level.

Table A5.2: Life-Table Analysis of Foreign-O w ned P lants by R&D Activity,
1986-1996

Scale of R&D spend non-R&D Total R&D Small R&D L arge R&D
P robability  of Staying: Spenders Spenders Spenders Spenders
5 years 76.79% 93.55% 88.89%, 96.85%o
10 years 64.35% 88.02%, 84.44% 90.55%o
Source: Own estimations based on Forfds data.

Note: Wilcoxon-Gehan statistics show that the difference in probabilities o f  survival between R&D-
active and non-R&D active plants and between large and small scale R&D spending plants are 
statistically significant at the 1% level.
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Table A5.3: Summary Statistics for Variables used in Cox Regression

Variable Description Mean Std.
Dev

Min Max

R&D Scale Based on Average 
Annual R&D Spend 
1986-1993

0 2

Start Period Prior to 1973, 1973-1982, 
Post 1982

0 2

Sector High, Med-High, Med- 
low or Low Tech

1 4

Entry Rate of 
Foreign Plants

Average Annual Entry 
Rate o f foreign plants 
1986-1996

5.57% 2.59% 3% 14%

Plant Size in 
1986

Employment Size of 
Plant in 1986

113.54 157.94 10 1700

Nationality North American, 
European or Other Non- 
European

0 2

Average 
Annual R&D 
Investment

Average Annual R&D 
based on survey 
responses ('000s)

378.30 59.79 1.83 11637.17

Formal R&D
Department
(y/n)?

Ever reported a formal 
department 1986-1993?

0 1

% Sales o f 
Innovative 
Prods

% of sales from products 
developed in last 3-5 yrs?

35.89% 1.60% 0% 100%

Average R&D 
Personnel

Average Annual R&D 
Personnel (not FTE)

5.04 .64 .00 229.5

A verage R&D  
Intensity

Mean Annual R&D Spend as a 
% o f  Sales

,03 .00 .00 .65

Source: Own estim ations.
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Table A5.4: Simple Correlation Coefficients for Exogenous Variables (Equation
1) in Table 5.7

Started Sector Nationality

Variables: Entry 1973- Post- Employ Med- Med- Low- Nth Other R&D
Rate 1982 1982 '86 High Low Tech USA Eur. Active

Entry Rate 1.00
1973-1982 -0.10 1.00
Post-1982 -0.22 0.49 1.00
Employ '86 0.01 0.07 0.18 1.00
Med-High 0.57 -0.07 -0.06 0.03 1.00
Med-Low 0.58 -0.04 -0.03 0.08 0.74 1.00
Low-Tech 0.62 0.00 -0.10 -0.06 0.78 0.80 1.00
Nth USA -0.11 -0.17 -0.15 -0.10 0.03 0.07 0.11 1.00
Other Eur -0.05 0.00 -0.07 -0.10 0.03 0.01 0.04 0.15 1.00
R&D Active 0.07 -0.01 -0.03 -0.19 0.05 0.12 0.16 -0.02 0.01 1.00
Source: Own estim ations.
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C h a p t e r  6

FIRM CHARACTERISTICS, PRODUCTIVITY SPILLOVERS AND 
R&D SPILLOVERS FROM FOREIGN DIRECT INVESTMENT

6.1 Introduction

A key benefit o f  foreign direct investment (FDI), in addition to increased employment 

and capital inflows, is the potential spillover o f technology from the foreign 

companies to indigenous companies in the host region. Specifically, in the literature, it 

has been suggested that the presence o f FDI in a host region can improve the 

productivity o f local firms. Such productivity improvements can occur through, for 

example, the demonstration o f new technologies, the training o f personnel in foreign 

plants who may eventually be employed in indigenous industry, and through the 

technical assistance offered to indigenous suppliers and customers. Indeed some 

authors suggest that the magnitude and positive effects o f spillovers are so significant 

that they may drive the motivation o f host governments to attract FDI: “[t]he most 

important reason why countries try to attract foreign investment is perhaps the 

prospect o f  acquiring modern technology. By inviting MNC's (Multinational 

Corporations) to invest within their boundaries, host countries hope to gain access to 

technologies that they cannot produce them selves” (Blomstrom and Kokko, 1998, 

p .l).

However, existing empirical investigations differ in their estimates o f the significance 

o f spillovers. A standard approach o f empirical studies has been to estimate how
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labour productivity o f indigenous plants within a sector is affected by the presence of 

foreign-owned industry in that sector. Caves (1974) and Globerman (1979) conclude, 

for Australia and Canada respectively, that the presence o f FDI plants within each 

sector is a significant explanatory factor determining labour productivity in 

indigenous plants within that sector. Using a similar approach Blomstrom (1986) 

concludes that the presence o f FDI has increased the structural efficiency of 

indigenous Mexican i n d u s t r y . T h e s e  positive effects o f foreign presence were 

confirmed in recent firm-level studies where Blomstrom and Kokko (1999), Sjoholm 

(1999) and Chuang and Lin (1999) estimated positive and statistically significant 

effects, for Indonesia and Taiwan respectively, which support the hypothesis of 

productivity spillovers. In contrast, there are firm level studies where the results have 

indicated negative spillover effects from FDI to indigenous firms. Haddad and 

Harrison (1993), Aitken and Harrison (1999), Kathuria (2000) and Djankov and 

Hoekman (2000) find negative effects o f FDI for Moroccan, Venezuelan, Indian and 

Czech indigenous manufacturing firms respectively.'^^

While the earlier studies mentioned above estimate one coefficient for foreign 

presence across all sectors in the economy, some studies have recognised that the 

significance o f FDI in increasing indigenous productivity is not uniform across all 

sectors. For example, Blomstrom (1986) segregated sectors into two groups, 

according to whether they were traditional or modern, allowing the significance of 

foreign presence to be estimated separately for each group. He concluded that the 

entry o f FDI increased structural efficiency only for indigenous plants operating in

In th is  stu d y  structural e f f ic ie n c y  w a s d efined  as the  d ev ia tio n  o f  an industry's output from  its 
potentia l output as m easured  b y  an e f f ic ie n c y  frontier.
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modern as opposed to traditional industries. Further evidence for this relationship is 

found in studies by Cantwell (1989), Haddad & Harrison (1993) and Kokko (1994). 

All o f these studies concluded that the significance o f spillover effects might not be 

identical across different sectors or for plants within a sector operating in the same 

host region. Thus it has become important to identify the sectoral and firm 

characteristics that may affect the significance o f FDI in explaining the productivity 

o f local firms.

This chapter presents an analysis o f how the presence o f FDI may impact on labour 

productivity in indigenous industry and how these effects might be measured. We 

specifically examine the extent to which firm characteristics affect the type o f 

productivity spillovers from foreign-owned subsidiaries to Irish manufacturing plants. 

In Section 6.2 we outline in general terms and illustrate, using Irish data, the 

productivity approach to explaining productivity spillovers from FDI. We investigate, 

replicating the standard analysis of previous studies using firm-level data, whether 

there are productivity spillovers from FDI in Ireland and outline the results in Section 

6.3. In Section 6.4 we discuss three possible extensions to the approach adopted in 

existing empirical studies and in Section 6.5 we extend this traditional econometric 

analysis to incorporate these extensions. These extensions focus on the type, and not 

just the presence, o f productivity spillovers from FDI in Ireland. In Section 6.6 we 

investigate whether R&D productivity spillovers from FDI impacts on the growth o f 

productivity in indigenous plants. Some remaining limitations and possible extensions 

are outlined in Section 6.7 and some preliminary conclusions are drawn in the final 

section. We conclude that although there is evidence o f productivity spillovers from

See G org and StrobI (2000b) for a summary o f  the m ethodologies employed by the authors o f 18
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FDI plants operating in Ireland, there is no evidence to suggest that any o f  these 

productivity spillovers are directly linked to research and development spillovers.

6.2 Traditional approaches to measuring productivity spillovers from  
FDI

Productivity spillovers from FDI enable domestic firms to increase productivity 

allowing them to improve their efficiency. It is argued that productivity spillovers 

occur through three channels: (i) the movement o f trained staff from FDI plants to 

indigenous plants, (ii) ‘demonstration effects’ where superior production techniques 

in FDI plants are demonstrated to local indigenous firms and (iii) through competition 

with foreign-owned plants which forces indigenous firms to becom.e more productive 

in order to survive (Blomstrom and Kokko, 1998).

The productivity approach to estimating the impact o f productivity spillovers

occurring within a host region has remained popular over time.'^^ In this approach, the

productivity o f indigenous plants is seen to depend partially on the presence o f FDI

plants. Thus a measure o f productive efficiency for indigenous industry is estimated

as a function o f the presence o f FDI within the sector. A standard measure for

productive efficiency is value-added per employee, and foreign presence within a

sector is typically measured as the foreign share o f employment or value-added within 

128that sector. In addition, the capital intensity o f the mdigenous plants, some measure

papers, on th e  to p ic  o f  p ro d u c tiv ity  sp illovers from  FDI, pu b lish ed  or fo rth co m in g  in academ ic  jo u rn a ls  
since  1974.

For a general rev iew  o f  p ro d u c tiv ity  stud ies see B lom strom  and K okko (1 9 9 8 ) and  G o rg  and  Strobl 
(2000b).

W e do no t suggest that all stud ies adopt th is approach . For exam ple , som e stu d ies  use  to ta l facto r 
p ro d u c tiv ity  instead  o f  labour p ro d u c tiv ity  as a m easure  o f  p ro d u c tiv e  effic iency . See G o rg  and  S trobl 
(2 0 0 0 b ) fo r a survey  on th e  d ifferen t v ariab les used in d ifferen t studies.
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of labour quality within the plants and a measure o f the concentration o f plants within 

the sector are also controlled for in the estimation.

A key development in these studies has been the estimation o f indigenous productive 

efficiency separately for groups o f sectors, based on a classification o f the 

technological sophistication o f indigenous plants relative to foreign plants within the 

sector. For example, Kokko (1994) and Kokko et al. (1996) group sectors according 

to whether or not indigenous plants are as technologically developed as FDI plants. 

They argue that the size o f the technology gap between indigenous and foreign plants 

is crucial in explaining the likelihood of spillovers. In these studies the technology 

gap is measured as the ratio o f value-added per employee in foreign plants to value- 

added per employee in indigenous plants within a sector. When this ratio exceeds one, 

foreign plants are relatively more productive; as the value o f this ratio increases above 

one, the size o f the technology gap is increasing.

There are two contrasting ex ante expectations concerning the impact o f this gap on 

spillovers from FDI. On the one hand it can be argued that, if  the technology in FDI 

plants is too complex relative to that already operating in indigenous plants, the 

likelihood o f spillovers will be low because the FDI technology may be 'inappropriate' 

for indigenous plants. Kokko et al. (1996) provide empirical evidence in support o f 

this argument. They suggest that foreign presence is an insignificant determinant o f 

indigenous labour productivity in sectors where the estimated technology gaps are 

large, but is a significant determinant o f indigenous productivity in sectors with small 

technology gaps. On the other hand it can be argued that the technological gap must 

be large enough to provide an incentive for indigenous plants to want to adopt FDI
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technology. Indigenous plants may have no desire to obtain technology in use by FDI 

companies if  the technology they already use is comparable. Thus, according to this 

reasoning, the effect o f spillovers on labour productivity is expected to increase with 

the size o f the 'technology gap’.'^^

To illustrate the productivity approach in the Irish context we provide some aggregate 

estimates o f the variables discussed previously in Table 6.1. These estimates are based 

on Central Statistics Office (1998a) data for the Irish manufacturing sector for 1996. 

The first column shows labour productivity in indigenous plants. This is measured as 

net output (value-added) per employee. Productivity is highest in the chemicals sector 

(£52.5k per employee) and smallest in the wearing apparel sector (£14.8k per 

employee). The literature suggests that a possible explanation for this divergence in 

labour productivity across indigenous sectors is the differing presence o f foreign 

plants. In the second column we present the share o f employment accounted for by 

foreign plants in each sector. This figure ranges from 87 per cent o f all employment in 

the case o f office machinery/computers to 13.4 per cent in the case o f wood/wood 

products. We provide in Column 4 an estimate o f the technology gap between FDI 

plants and indigenous plants in each sector, namely, the ratio o f labour productivity in 

foreign plants relative to that in indigenous plants in each sector (Column 3 divided 

by Column 1). In all but one sector (non-metallic minerals) the ratio is greater than 

one, indicating higher labour productivity in the foreign-owned c o m p a n i e s . A t  issue 

here is the relationship between labour productivity and the presence o f FDI. We

Flores et al. (1999) suggests that the relationship between labour productivity and the technology 
gap may be an inverted U-shape.

There are five sectors in which the ratio is exceptionally high. The practice o f  profit sw itching 
transfer pricing may artificially increase the average value-added per employee in foreign-owned 
plants. Profit-sw itching transfer pricing is a mechanism w hereby foreign subsidiaries report a higher

141



present in Table 6.2 the correlation coefficients between labour productivity and 

foreign presence for all firms taken together and for two groups o f indigenous firms, 

classified according to the relative size o f the technology gap between foreign and 

indigenous firms.

The correlation across all sectors between labour productivity in Irish plants and 

foreign presence is low, at 0.13. When we classify sectors into those with large and 

small technology gaps we estimate the correlation between indigenous productivity 

and foreign presence to be -0.09 and -0 .07 respectively. These findings, while based 

on correlations rather than regressions, may suggest that there is little impact o f 

foreign presence on the level o f indigenous labour productivity in Ireland.'^'

Some studies have suggested that it is the correlation between changing foreign 

presence and the growth rather than the level o f productivity in indigenous plants that 

should be the focus o f attention (Haddad and Harrison, 1993). Changes in foreign 

presence may not be associated with higher absolute levels o f indigenous productivity 

across sectors but with higher rates o f growth o f productivity. In Table 6.3 we provide

estimates o f the change in indigenous productivity and foreign presence between 1991

1 • • and 1996. However, once again, using Irish data we find a weak positive

correlation between change in labour productivity and change in foreign presence

(0.12). When we classify sectors into those with large and small technology gaps we

estimated the correlation between indigenous productivity and foreign presence to be

v a lu e  o f  th e ir  sa les (p ro fits ) in Ireland to  avail o f  the  low  co rpora tion  tax  ra te  as d iscu ssed  in S tew art
(1 9 8 9 ) and M urphy  (1995 , 1998).
131

O f  course, th ere  a re  o th er factors th a t im pact on ind igenous p ro d u c tiv ity  th a t w e  have  no t con tro lled  
for. W e contro l for th ese  facto rs in an econom etric  analysis in Section  6.3.
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0.72 and 0.27 respectively.'^^ These correlation coefficients are consistent with results 

found in the literature that the magnitude of productivity spillovers may differ across 

sectors.

These simple tabulations suggest that there may only be a weak relationship between 

labour productivity in the indigenous sector and the presence o f FDI in Ireland. This is 

confirmed in a preliminary sectoral study o f Irish manufacturing by Ruane and Ugur 

(2000). They model the labour productivity o f indigenous plants at the 2-digit and 4- 

digit sectoral level. Their preliminary analysis found no evidence o f a positive impact 

o f foreign presence on domestic labour productivity using 2 and 4-digit sectoral level 

data. Aitken and Harrison (1999, p.606) argue that firm-level data are superior to 

sectoral level data in studies o f this kind and that the results o f firm-level analyses 

may be different.

6.3 Measuring the potential impact of productivity spillovers from FDI: 
replicating the standard analysis of previous studies using firm level 
data

6.3.1 Data & Econometric Methodology

In this section we conduct a firm-level analysis, attempting to replicate the analysis o f 

earlier studies.'^"* We estimate the labour productivity o f over 1,300 indigenous plants 

in Ireland over the period 1984-1998. Following Kokko (1994, p.282)'^^ we 

hypothesise that the labour productivity o f indigenous firms can be estimated by the 

function

T h is is d iffe ren t to  th e  m ethodo logy  adopted  by H addad and  H arrison  (19 9 3 ) w h e re  th ey  reg ress th e  
change  in lab o u r p ro d u c tiv ity  on the  level o f  foreign p resen ce  ra th e r th an  th e  ch an g e  in fo reign  
presence.

See T ab le  6.4.
See R uane and U gur (2000) for a p re lim inary  sectoral study  o f  p ro d u c tiv ity  sp illo v ers  in the  Irish 

m an u fac tu rin g  sector.
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(FA / L, ) ,  = f ( L Q , ,K  HERF., , FOR^,) ( 1)

where i is an individual plant, j  is a 4-digit sector and t is an individual year. We 

estimate the labour productivity o f Irish plants {VA! a s  a function o f capital 

intensity ( ^„ ) ,  labour quality {LQ.^), the sectoral level o f producer concentration 

{HERFj^) and the level o f foreign presence within the four digit sector ( FORj , ).

This equation is estimated separately for two subsets o f sectors, namely those sectors 

where indigenous plants have small or large productivity gaps ( PGAPj^) relative to 

foreign-owned plants.

We measure these variables in the following manner:

{VA!Lj) . / .  We measure labour productivity as value added per employee in each 

plant. Value added is calculated as sales minus the input cost o f materials, fuel and

1 ^ 7electricity.

{ k \ ,  : A standard measure o f capital intensity is a ratio o f assets per employee 

(Blomstrom, 1979; Kokko, 1994). However, due to data limitations we cannot 

measure total assets per firm. Jenkins (1990, p.209) suggests using some physical 

indicator such as electricity consumption as a proxy for capital. Following Jenkins, we

K okko (1 9 9 4 ) estim ated this equation with sectoral level data.
Summary statistics are presented in Table 6.11.
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therefore proxy capital intensity by the share o f a firm ’s non-labour costs (i.e.

1 ^ 8electricity, fuel, materials etc) in total input costs. This measure implicitly assumes 

that a more capital-intensive firm spends a relatively lower share o f all input costs on 

labour. We expect value added per employee to be increasing in capital intensity.

{ L Q \  : Labour quality is proxied by the ratio o f the average wage per employee in

each local firm relative to the industry average wage per employee. This industry 

average is calculated for other indigenous plants only. We infer the relative quality o f 

labour o f any domestic firm by this ratio. A firm that offers a higher average wage 

relative to the industry average is assumed to employ a relatively higher quality o f 

labour. We did not include the average wage per employee for each plant directly into 

the estimation because o f the problem o f simultaneity with the dependent variable 

(Blomstrom, 1979, p.47; Kokko, 1994, p.283). Ideally we would use some proxy o f 

labour quality that is not correlated with the average wage per employee in the firm 

(i.e., the ratio of white to blue collar workers in each plant). However, no such 

alternative existed in our dataset. It is expected that value added per employee in a 

firm will increase in the quality o f labour that it employs.

{HERF)j! ; The Herfindahl index is a measure o f producer concentration in each 

sector and is expected to capture the effect o f market structure on the value o f

T his is the definition adopted by the Irish Central Statistics O ffice  for calculating net output or value 
added.

Ideally w e w ould have used only costs incurred from electricity and fuel consum ption as our 
m easure o f  capital intensity. However, due to data lim itations w e use all non-labour costs instead.
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o u t p u t . L a b o u r  productivity is increasing in the level o f producer concentration 

because higher price cost margins and hence higher values o f output (i.e., value 

added) are associated with more concentrated industries. In general labour 

productivity is expected to be higher in more concentrated sectors. However, we 

suggest that this expectation may not apply in the case o f a small open economy such 

as Ireland where there are high export and import ratios. The large presence o f 

foreign-owned plants within many sectors weakens the notion o f concentration in the 

Irish manufacturing sector. There are significant differences between foreign and 

domestic firms with regards to size and market o r i e n t a t i o n . Co n s e q u e n t l y ,  

measuring the Herfindahl index for 4-digit NACE industries may not reflect the extent 

o f competition faced by (i) indigenous manufacturing plants that are exporting and (ii) 

by indigenous manufacturing plants competing against foreign-owned subsidiaries 

within Ireland.

{FOR)ji ; The share of all industry' employment in foreign-owned plants is our

measure o f foreign presence in each sector. A significantly positive coefficient on 

foreign presence can be interpreted as follows; "'[i]f foreign presence has been found  

to have a significant positive effect on local labour productivity (after the effects o f  

other variables have been accounted for), it has been concluded that spillovers take 

/?/ace ” (Kokko, 1994, p.282).

’ The Herfindahl index in sector j  is calculated as H  . = ^
/=1

where X .  is the employment o f

n individual firms in sector j  and X  is the total employment in the same sector (Kokko, 1994, 
p.283).

See Ruane and Gorg (1997).
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We include 4-digit sectoral dummies to control for sectoral differences and time 

dummies to account for macroeconomic changes.

{PG AP).: The sectoral productivity gap is measured as the ratio o f average value

added per employee in foreign plants to the average value added per employee in 

indigenous plants for each sector. This productivity gap measure is expected to proxy 

the appropriateness o f the technology in FDI plants for indigenous plants. It is used to 

classify sectors into two groups, namely those sectors with small and large technology 

gaps.'^' The impact o f foreign presence is expected to differ across these two subsets 

o f sectors.

We estimate this relationship for 1,307 plants using a random effects model, in order 

to make full use o f the panel dimension o f the dataset. Random effects estimators can 

be expected to be superior to fixed effects models in this situation given that our 

subset o f firms is a sample of plants drawn from the population o f manufacturing 

plants and as Verbeek (2000, p.318) notes ‘‘[t]he random effects approach allows one 

to make inference with respect to the population characteristics.” Finally, we can 

include our time invariant sectoral dummies in random effects estimation whereas 

fixed effects estimators would drop these time invariant variables. Girma et al. (1999) 

note the importance o f including sectoral dummies in our regressions. They conclude 

that modelling labour productivity without sectoral dummies would imply "‘’that a 

positive coefficient on the FD I variable can simply reflect the fa c t that foreign firm s  

invest in industries that pay higher wages and enjoy higher productivity rather than

Kokko (1994 , p.2 8 8 ) c lassifies sectors w ith small productivity gaps as sectors where the ratio o f  
foreign to indigenous labour productivity is less than two. There is a large productivity gap when this 
ratio is greater than or equal to 2. W e use this rule to d ivide our sectors into tw o subgroups.
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the existence o f  any genuine spillovers to domestic firm s” (Girma et al., 1999, p. 14). 

Aitken and Harrison (1999) confirmed that omitting sectoral dummies biased the 

results o f previous studies investigating productivity spillovers from FDl.

6.3.2 Results

Our initial results are outlined in Table 6.5. All o f the variables, with the exception o f 

the Herfindahl index, enter with the expected sign and are statistically significant at 

the 1 per cent level. The level o f labour productivity in indigenous plants is increasing 

in the relative quality o f labour employed in the plant and the capital intensity o f the 

firm ’s production process. However, the level o f producer concentration o f the 4-digit 

sector is statistically insignificant and supports our expectation that the Herfindahl 

index may not capture the impact o f competition on labour productivity in the case o f 

a small open economy such as Ireland.

In particular, indigenous plants have higher productivit>' levels in those sectors where 

there is a higher share o f foreign e m p l o y m e n t . I n  the literature such a finding is 

interpreted as indicating that there are positive productivity spillovers from foreign to 

indigenous plants, such as found in sectoral studies (Globerman, 1979; Kokko, 1994) 

and other firm level studies for Indonesia (Blomstrom and Sjoholm, 1999; Sjoholm, 

1999) and Taiwan (Chuang and Lin, 1999). In contrast, Flores et al. (1999) and Ruane 

and Ugur (2000) reported an insignificant coefficient for foreign presence in sectoral 

studies o f Portuguese and Irish firms respectively, while Haddad and Harrison (1993),

A significant drawback with the random effects approach is the possib le correlation between the 
tim e invariant individual effects and any o f  our explanatory variables, A Hausmann test rejected the 
null hypothesis that the coefficien ts o f  a random and fixed effects estim ators w ould  be sim ilar. W e thus 
present the corresponding results o f  the fixed effects estimator in Colum n 2 in Table 6.5 . The results 
are sim ilar to those obtained for the random effects estimator. The coefficien ts on labour quality, 
capital intensity and foreign presence are all statistically significant and positive.
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Aitken and Harrison (1999), Kathuria (2000) and Djankov and Hoekman (2000) find 

negative spillover effects for Moroccan, Venezuelan, Indian and Czechslovakian 

(Republic) indigenous manufacturing firms respectively.

A common finding o f previous studies has been that the positive relationship between 

foreign presence and domestic labour productivity is influenced by the characteristics 

o f both domestic and foreign firms. The most standard question in the literature has 

been to examine whether this positive relationship between foreign presence and 

domestic labour productivity holds in the presence o f large productivity gaps (Kokko, 

1992; Haddad and Harrison, 1993; Kokko, 1994; Sjoholm, 1997; Flores et a i ,  1999). 

It is suggested that foreign presence may have less impact on indigenous plants where 

the productivity gap between both sets o f plants is very large, i.e., indigenous plants 

have much lower productivity levels relative to foreign plants. This productivity gap 

has traditionally been interpreted as a technology gap, suggesting that indigenous 

firms are relatively very backward compared to foreign-owned subsidiaries. We 

consider this question for the case o f Irish industry. We divide our sectors into three 

groups, those sectors with no, small or large productivity gaps relative to foreign- 

owned plants within their sector. We observe the presence o f a large technology gap 

whenever the average productivity o f all foreign-owned plants within a 4-digit NACE 

industry is over twice the average productivity for indigenous plants within the same 

sector. There is a smaller technology gap between FDI and indigenous plants when 

the ratio o f average foreign to average indigenous productivity within each sector is 

less than 2 and greater than 1.'"̂  ̂ There is no productivity gap when the average

This is the m ethodology adopted by Kokko (1994, p .288) where sectors are divided into two subsets 
based on w hether or not the average value-added in foreign-owned plants is over tw ice  as high as the 
average productivity in indigenous plants.
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productivity of indigenous plants is greater than the average productivity of foreign 

plants (i.e., when the ratio is less than one).

The results are presented in Table 6.6. The estimated coefficients for 60 4-digit 

industries where there is no productivity gap are presented in Column 1, for 30 4-digit 

industries where there is a small productivity gap are presented in Column 2 while the 

results for the remaining 28 4-digit industries where there are large productivity gaps 

are presented in Column 3. We confirm Kokko’s (1994, p.288) conclusion that 

“productivity differences per se are apparently not serious obstacles fo r  spillovers.” 

We find that foreign presence is statistically significant and positive for those sectors 

where there are no and large productivity gaps respectively. The elasticity of value- 

added with respect to foreign presence, estimated at the sample means (Greene 2000, 

p.359), is higher for sectors with large productivity gaps (0.598) relative to sectors 

with no productivity gap (0.131).'^'^ In contrast to our findings, Flores et al. (1999, 

p . l l )  estimated that the probability of spillovers is lower when the average 

productivity in foreign plants is over twice the average productivity in indigenous 

plants. They estimate that domestic labour productivity should be 50 to 80 per cent'"*  ̂

o f labour productivity in foreign-owned plants to maximise the likelihood of 

spillovers from foreign plants.

The formula used to estimate the elasticities is
X

where is the coefficient on FOR-

and X  and y  are the sample means for FORj  ̂ and value-added per employee respectively.

Labour productivity in indigenous plants is greater than 50 per cent o f  productivity in foreign plants 
when the ratio o f  foreign to indigenous productivity is less than 2 (the terminology that we used to 
classify sectors with small productivity gaps).
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A limitation o f the previous analysis o f the productivity gap is the inability to 

distinguish between indigenous plants within the sector. There will be indigenous 

plants within each sector that have different productivity gaps relative to foreign- 

owned plants. We calculate a firm-level version o f the productivity gap (PGAP.). This 

is calculated as the ratio o f average value added per employee in foreign plants to the 

value added per employee in each indigenous plant. This allows the productivity gap 

to vary across indigenous firms within the same sector. We subsequently divided our 

indigenous plants into three subsets according to whether each indigenous plant’s 

productivity is greater than average foreign productivity (i.e., no productivity gap) or 

whether average foreign productivity is over twice (i.e., large productivity gap) or less 

than twice (i.e., small productivity gap) the level o f productivity in each indigenous 

plant within the same sector (Haddad and Harrison, 1993, p.68). The impact of 

foreign presence is expected to differ across these three subsets o f plants within each 

sector.

The results are presented in Table 6.7. In Column 1, we present the estimated 

coefficients for 474 plants with no productivity gap relative to foreign plants 

operating within the same sector. In Column 2 we have the corresponding coefficients 

for the 417 indigenous plants that report a small technology gap. In Column 3 we 

have the estimated coefficients for the remaining 452 indigenous plants with large 

productivity gaps relative to foreign plants within their sector, i.e., there is a large 

technology gap. The main result is that foreign presence is a significant determinant 

o f productivity levels in all three subsets o f plants. The elasticity o f value-added with 

respect to foreign presence, estimated at the sample means, is higher for sectors with 

large productivity gaps (0.706) relative to sectors with small (0.150) and no
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productivity gaps (0.124). Our results are opposite to those in Haddad and Harrison 

(1993) who found that the significance o f foreign presence on indigenous productivity 

weakens with the size o f the technology gap between indigenous and foreign plants.

The interpretation o f the results from analysing productivity gaps is ambiguous. If  the 

productivity gap is a poor measure o f the technology gap between indigenous and 

foreign plants, then technology gaps may still be serious obstacles for spillovers. 

Alternatively, the productivity gap measure may be an accurate measure o f 

technology gaps and we can agree with Kokko’s (1994) conclusion that technology 

gaps may not prevent productivity spillovers between both sets o f plants.

6.4 Extensions to Existing Approaches

It has been estimated in Section 6.3, using traditional approaches, that there are 

positive productivity spillovers from foreign-owned to indigenous manufacturing 

plants in Ireland. We suggest that this conclusion is limited because this traditional 

approach has not attempted to identify (i) the types o f productivity spillovers from 

FDI or (ii) the channels through which productivity spillovers might occur, i.e., 

whether they are occurring through demonstration, linkages or competitive effects. 

Gorg and Strobl (2000b, p.2) comment that “[t]he approach adopted in the empirical 

literature therefore largely avoids the (arguably difficult to answer) question as to 

how productivity spillovers actually take place, but focuses on the simpler issue o f  

whether or not the presence o f  multinationals affects productivity in domestic firm s.”

We can be more specific about the types o f productivity spillovers that might occur in 

any host region, de Arcos et al. (1997, p .!) comment that "the predicted advantages o f
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FD I to its host region consist o f  technology transfer, either intentionally or via 

leakage, to local suppliers and customers, new organisational methods and 

management skills that could become available to the host region through labour 

mobility, demonstration effects in which the foreign firm  becomes a model fo r  local 

firm s, and fo rced  upgrading o f  the technological and organisational capacities o f  

indigenous firm s through greater competition." Are the productivity spillovers 

occurring between foreign and indigenous firms in Ireland primarily management 

productivity spillovers, organisational productivity spillovers and/or technological 

productivity spillovers? We focus on the question o f whether or not there are 

technological productivity spillovers in the Irish case.

Griliches (1979, 1991) and Verspagen and Los (2000) identify two types of 

technological productivity spillovers. There are rent spillovers and knowledge 

spillovers, where R&D spillovers is a term used synonymously with knowledge 

spillovers (Verspagen and Los, 2000). Griliches (1991) defines rent spillovers as 

technological spillovers that occur when plants purchase R&D intensive inputs from 

other plants at less than their full "quality" price. Secondly, R&D spillovers occur 

through the borrowing o f ideas between plants. It is described essentially "as working 

on similar things and hence benefiting much from  each o thers’ research" (Griliches, 

1991, p.lS).'"*^ Verspagen and Los (2000, p. 131) argue that a key property that 

identifies R&D spillovers is ^'that relevant knowledge is transferred from  one firm  to 

another, without the receiver having to pay fo r  it directly to the producer o f  the 

knowledge.” The question arises as to whether there is any evidence to suggest, that

For a rev iew  o f  R & D  spillovers see Gri l iches (1995) and M airesse  and Sassenou  (1991).
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some o f the productivity spillovers from foreign to indigenous plants estimated 

earlier, may actually be research and development productivity spillovers.

In this section we identify three extensions to the existing literature. W e want to 

extend the traditional analysis to focus on the type, and not just the presence, o f 

productivity spillovers from FDI.

6.4.1 Assumption of homogeneous indigenous plants

A qualification o f the empirical studies to date is the assumption that the impact of 

foreign presence on labour productivity for all indigenous plants is uniform, i.e., that 

all indigenous plants in a sector are equally likely to be the beneficiaries o f all types 

o f productivity spillovers. However, it is possible and indeed likely that two 

indigenous plants can absorb different quantities o f R&D productivity spillovers. This 

‘absorptive capacity’ will be determined by the resources that the indigenous firms 

expend in order to adopt the technology or use it to improve productivity (Blomstrom 

and Kokko, 1999, p .3). Specifically, Cohen and Levinthal (1989, 1990) model the 

absorptive capacity o f a plant as depending on its cumulative R&D investments over 

time. The essence o f their argument is that a plant that does not engage in R&D will 

have no expertise in identifying a potential R&D spillover, let alone absorbing and 

commercially exploiting it.

We suggest that as technological capacity within indigenous firms affects their ability 

to absorb technological spillovers, then it is inappropriate to aggregate across R&D 

and non-R&D active indigenous plants. Almost by definition, non-R&D active 

indigenous plants have very limited capability to absorb any technological spillovers.
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Thus we would conclude a priori that foreign presence might be less important in 

explaining the labour productivity of non-R&D active indigenous plants.

6.4.2 Assumption of homogeneous FDI

W ithin the various traditional productivity studies mentioned earlier, the consistent 

measure o f foreign presence used has been the share o f employment, gross output or 

value added within the sector accounted for by foreign-owned plants. W hile this is a 

very simple measure o f foreign presence, it has a very serious limitation in that it 

assumes that all FDI is homogeneous. Thus two FDI plants with equal employment 

are assumed to contribute exactly the same quantity o f productivity spillovers in that 

sector because their shares o f sectoral employment are identical. In effect, there is no 

account taken o f the many firm characteristics that distinguish FDI plants operating 

within the same sector. Consequently, there is no account taken o f the different types 

o f productivity spillovers that may spill-over from different types o f FDI plants.

We noted earlier that R&D spillovers are a particular focus o f this chapter and in this 

context one o f the more serious firm characteristics omitted may be the presence of 

R&D activity within an FDI plant. A parallel literature, based on case studies, has 

highlighted the importance o f this type o f FDI plant in terms o f its potential to be a 

source o f spillovers. A distinction is made between dependent and developmental FDI 

(de Arcos et al., 1997, p .l). In the former case, many o f the channels through which 

spillovers are believed to take place, such as, demonstration o f new technologies, 

training o f personnel, technical assistance to suppliers and customers, will not be 

present. These are "screwdriver" assembly plants (non-R&D active) that use relatively 

unskilled labour to assemble components in host regions. In contrast, de Arcos et al.
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(1997, p .l)  note the benefits o f  developm ental FDI where “the foreign  investment 

contributes to the dynamic evolution o f  the local economy, through the collaboration  

with local firm s to develop new products, the transfer o f  technology and expertise to 

local firm s, and the creation o f  high skilled  employment. An exam ple o f  

developm ental FDI is a fu lly-in tegrated subsidiary that encom passes the fu ll range o f  

produ ct developm ent from  R&D through manufacturing and marketing."  This 

distinction suggests that technological spillovers may be more significant for a host 

region if  the FDI plants undertake R&D,''^^ and that in effect there will be relatively

148fewer R&D productivity spillovers from non-R&D active FDI plants. Thus 

estimating the labour productivity o f indigenous plants within a sector, as determined 

by the share o f  all foreign employment, is a very limited measure unless the 

distribution o f  R&D activities in foreign-owned subsidiaries across sectors is identical 

to that o f  the distribution o f  employment shares. W e suggest that in order to estimate 

the magnitude o f  R&D productivity spillovers to indigenous plants, foreign presence 

should be measured as the share o f  employment in R&D active FDI plants only.''*^

6.4.3 Measure of "technology gap"

The final qualification o f  existing empirical studies centres on the concept o f  the 

'technology gap'. The measure o f  the technology gap (i.e., the productivity gap) used

Although it must be adm itted that even with substantial R&D investm ents in FDI plants, we cannot 
be definite a priori that these investments will result in spillovers. Pearce (1995) and D unning (1994) 
highlight the motivations o f  the R&D activity within the FDI plant as the crucial determ inant.

In a different context we can note that many authors have estim ated spillovers as a function o f  the 
R&D investm ents o f  other firms. Bernstein & Nadiri (1993) quantify the ‘potential spillover p o o r for 
any plant as the unw eighted sum o f  all other plants R&D expenditures in a sector. Acs et al. (1994) and 
A udretsch and V ivarelli (1996) estim ate the spillovers to small firm s as a function o f  the R&D 
expenditures o f  large firms. Jaffe (1989) models the spillovers to small firms as determ ined by 
"spillover pools" which are the cum ulative R&D investments o f  large firms and universities.

We m easured foreign presence as the share o f each sectors em ploym ent in (i) all foreign-owned 
plants and (ii) R&D active foreign-owned plants only. The correlation coefficient between these two 
m easures is 0.75. A foreign-owned plant is defined as R&D active if  it ever once reported R&D 
investm ent over the period 1986-1997.
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in existing empirical studies may not measure accurately the technology gap between 

firms. Previous authors have inferred a technology gap occurring when foreign plants 

are more productive than indigenous plants. Is it correct that a productivity gap such 

as this also captures any 'technology gap'? A productivity gap can be the result of 

different management, marketing, distribution, production and technological ideas 

between foreign and indigenous companies. It may not necessarily follow that 

measuring the productivity gap captures the technological gap between both sets o f 

firms.

In other literature authors (de Arcos et al., 1997; Jaffe, 1986, 1989) have discussed the 

appropriateness o f one plant's technology (and hence their potential spillovers) for 

another plant in narrower terms. An example o f this is Jaffe's concept o f technological 

proximity. A plant has a "technological position" that derives from the nature and 

objectives o f its R&D program. If there are K technological areas in which a firm can 

engage in R&D, then the technological position o f a firm can be characterised by the 

fraction o f the plant's research budget invested in each area K . We could apply this 

concept and define technological proximity as the extent to which foreign and 

domestic plants within a host region undertake similar R&D programs and thus have 

similar "technological positions". Jaffe (1986) labels these plants as "technological 

neighbours". Griliches (1991, p. 15) suggests that "rather than using the SIC  

classifications as is, one could group three-digit SIC categories into clusters based on 

a priori notions about the extent o f  commonality in their technological and scientific 

base." Using Jaffe's (1986, 1989) notion o f technological proximity, we seek to group 

indigenous and FDI plants together, not solely on the basis o f sector, but according to 

their "technological proximity". Data limitations allow us to compare only those
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foreign and indigenous plants with R&D programs rather than to distinguish further 

between plants with similar and dissimilar R&D programs. We therefore estimate the 

productivity o f R&D active indigenous plants as determined by the presence o f R&D 

active foreign-owned plants. The use of this approach allows us to focus primarily on 

the probable technological gap rather than on a productivity gap, which might be the 

result o f a range o f factors.

In subsequent sections we incorporate these extensions into the traditional approach 

used in earlier studies. There are two distinct econometric approaches to estimating 

productivity spillovers in the existing literature: (i) the level o f productivity in 

indigenous plants is determined by foreign presence within the sector and (ii) the 

growth in productivity in indigenous plants is determined by the growth in foreign 

presence within the sector. Our extensions are incorporated into both econometric 

approaches in the next two sections.

6.5 Foreign Presence and the level of productivity in indigenous firms: 
extensions to traditional studies

We re-estimate the earlier productivity analysis (Section 6.3), extending it to include 

the extensions raised in the last section, with the aim o f investigating whether there 

are any R&D productivity' spillovers from foreign-owned to indigenous firms in 

Ireland.

6.5.1 Indigenous plants: absorptive capacity

A central idea in this chapter is that the productivity gap measure, whether measured 

at sectoral or firm level, may be a very inadequate proxy for the technological gap
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between foreign and indigenous plants. A technology gap occurs when indigenous 

plants are technologically less advanced relative to foreign plants. The implication of 

a technology gap may be that indigenous plants have little ability to absorb any R&D 

spillovers from foreign plants (i.e., little absorptive capacity). In essence the nature o f 

the technological spillover may be too advanced for the domestic plant.

We suggest the presence o f R&D investment in a local plant is a good measure o f a 

local plant’s absorptive capacity. A domestic plant is classified as an R&D active 

plant if  it invested at least an average o f £100,000 annually (measured in 1986 prices) 

in R&D over the period (1986-1997). A non-R&D active plant invests nothing or less 

than £100,000 in research and development annually over this period. On the basis o f 

this definition, 161 indigenous plants are classified as R&D active. We re-estimated 

the productivity equation (Equation 1) for non-R&D active and R&D active plants 

separately. The estimated coefficients for both subsets o f plants are outlined in Table 

6.8. We find that foreign presence is positive and statistically significant at the five 

per cent level for both non-R&D active and R&D-active indigenous plants (Columns 

I and 2). However, the elasticity o f labour productivity with respect to foreign 

presence, evaluated at the sample means, is 0.511 for R&D active plants relative to 

0.117 for non-R&D active plants.'^'’ We suggest that foreign presence appears to have 

a greater impact on the level o f labour productivity in R&D active plants because they 

are the indigenous plants most likely to possess any ‘absorptive capacity’ to avail of 

R&D spillovers.

W e tested the sensitiv ity  o f  this elasticity  to alternative classifications o f  R&D active indigenous 
plants. Foreign presence is an insignificant determinant o f  labour productivity in ind igenous plants that 
invest nothing in R&D. in contrast, foreign presence is significant for those indigenous plants investing  
less than on average £ 1 0 0 ,000  per annum in R&D. However, the elastic ity  o f  labour productivity with 
respect to foreign presence increases with the scale o f  the R&D investm ent. For exam ple, the elasticity
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There is only one other study that we are aware o f that has attempted a similar 

investigation. Barrios (2000) uses a sectoral dummy to split a sample o f Spanish 

manufacturing plants into low and high R&D sectors (this measure was based on the 

ratio o f R&D expenditures to value-added for both foreign and indigenous plants in 

each sector). He estimated value added in indigenous firms as determined by the share 

o f value added produced by foreign firms at the sectoral level. It was found that 

foreign presence is positive and significant only in high R&D sectors because these 

are the indigenous plants with more advanced technological capabilities. There was an 

additional unreported experiment in this study where a di stinction was drawn between 

indigenous Spanish firms with and without R&D expenditures. In contrast to the 

results that we estimated and presented above, where the magnitude o f productivity 

spillovers differs across R&D active and non-R&D acltive indigenous Irish plants, 

Barrios (2000, p. 15) concludes for Spanish plants that all these estimates, the

dominant outcome is the lack o f  any significant impact o f  foreign presence... ".

6.5.2 Foreign-owned firms; a refined measure of foreign presence 

An unfortunate consequence o f the standard measure o f fforeign presence, namely the 

share o f total sector employment in foreign plants, is thalt two foreign plants o f equal 

employment size are assumed to provide an equal quantity and quality o f productivity 

spillovers. In similar fashion to domestic plants, foreign plants located within a host 

region may have diverse characteristics. FDI plants cperatdng in Ireland differ in terms 

o f nationality o f ownership, age o f subsidiary, size olf plant in addition to their 

propensity to undertake R&D activity. We suggest that thie presence o f R&D activity

is 0 .3 6 0  for indigenous plants investing on average £50 ,00( or gireater per annum, and 0 .392  for
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in a foreign subsidiary is an especially significant characteristic in any study of 

productivity spillovers. This is suggested because we do not expect all foreign plants 

can provide an equal quantity or quality o f R&D spillovers and it is suggested that a 

prerequisite for R&D spillovers from foreign-owned plants may be for foreign-owned 

plants to undertake some R&D activities.'^’ Our definition o f foreign presence is 

amended to account for the number o f foreign-owned plants that undertake R&D

152investment in Ireland.

We suggest an alternative measure o f foreign presence to that used in our earlier 

analysis which replicates earlier studies. The share o f all sectoral employment in 

foreign-owned R&D active plants only is calculated for each 4-digit sector. This is to 

be contrasted to our earlier measure where the share o f all sectoral employment in all 

foreign-ow ned plants was estimated. The estimated coefficients o f these alternative 

measures o f foreign presence are presented in Column 1 o f Table 6.9. In contrast to 

our earliest results (Table 6.5), we find that the presence of R&D active foreign- 

owned plants is insignificant in explaining labour productivity in all indigenous 

plants. There are no productivity spillovers from R&D active FDI plants to indigenous 

plants.

indigenous plants investing £75,000 or greater per annum.
We classify an FDI plant as R&D active when any positive amount o f  R&D investm ent is recorded 

for that plant over the period 1986-1997. This measure classifies FDI plants as non-R&D active 
because they undertake no R&D investment in Ireland even though they m ay receive the innovative 
output o f the R&D investment undertaken by their parent company. We focus specifically on the 
potential spillovers from FDI plants that undertake R&D investm ent in their Irish subsidiary.

This is sim ilar to the approach adopted by de Arcos et at. (1997) in a different study that 
investigated the extent to which foreign-owned companies em bed them selves in host regions across 
Europe. They argued that "[t]he R&D capabilities o f  the fo re ig n  subsidiary are crucial to an 
evaluation o f  em beddedness because they are an indicator o f  the ability  o f  the subsidiary to contribute 
to the local innovative capacity through technology transfer and spillovers..."  (p.4).
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6.5.3 Foreign-owned and Indigenous firms: technological proximity 

The idea o f technological proximity was explored earlier in the idea o f the 

productivity gap (i.e., technology gap) between indigenous and foreign-owned plants. 

It may be important that the domestic plants absorbing R&D spillovers are not too 

technologically backward relative to the foreign subsidiaries from which those 

spillovers originate. This may explain why the presence o f R&D active foreign 

subsidiaries does not increase the productivity of all indigenous plants, as estimated 

above. In Table 6.9 (Column 2) we estimate the labour productivity o f R&D active 

indigenous plants as determined by the presence o f R&D active foreign owned plants. 

We suggest that we are comparing plants that are more technologically similar than 

would be the case in comparing non-R&D active local firms and R&D active foreign 

subsidiaries. We find that the share o f all sectoral employment in foreign-owned 

R&D-active plants is an insignificant determinant o f the labour productivity o f  R&D 

active domestic plants. Thus it appears an insignificant relationship is estimated 

between foreign presence and domestic labour productivity through being specific 

about comparing plants that are more likely to be ‘technological neighbours’ (i.e., 

both undertaking some R&D activities).

We can interpret the insignificant coefficients on R&D active foreign presence in 

Table 6.9 as indicating that there are either (i) no R&D spillovers from foreign-owned 

R&D active plants to indigenous plants or (ii) that any R&D spillovers from foreign- 

owned plants do not impact on the productivity o f indigenous p l a n t s . W e  quoted de 

Arcos et al. (1997) earlier who noted that spillovers could take many forms; 

technology transfer, advanced management skills and new organisational skills. Our

W c  d iscu ss  this top ic  later as a p o ss ib le  limitat ion o f  this analysis .
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earliest results estimated the productivity o f all indigenous plants as determined by the 

presence o f all foreign-owned plants within the sector. We found evidence o f 

productivity spillovers from foreign to indigenous plants (see Table 6.5). However, 

this analysis did not allow us to determine whether those spillovers are primarily 

technological, management skills, organisational methods or any other form of 

spillover. We suggest that estimating the productivity equation for R&D active 

foreign and R&D active indigenous plants provided a way to test whether the 

productivity spillovers that occur between foreign and indigenous plants also include 

R&D productivity spillovers. However, using this approach we found no evidence o f 

research and development spillovers from foreign to indigenous industry in Ireland.

6.6 Foreign Presence and the growth of productivity in indigenous firms

Aiken and Harrison (1999) suggest that there may be an identification problem in the 

traditional approach to investigating the presence o f productivity spillovers. If foreign 

firms only locate in sectors with high levels o f domestic productivit>' then our initial 

positive coefficients on foreign presence may indicate spillovers when in fact they 

may not exist. We remedied this potential identification problem by including sectoral 

dummies in all o f  our earlier analysis (Girma et al., 1999). In addition to including 

sectoral dummies, Haddad and Harrison (1993) remedied the identification problem 

by focusing on productivity changes in domestic firms as opposed to productivity 

levels. The issue arises as to whether productivity spillovers from FDI increases the 

growth in addition to the level o f labour productivity in indigenous firms in Ireland.

Haddad and Harrison (1993, p.65) estimate a model o f productivity growth. We 

estimate a similar model
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A(VA / L , ) ,  = A ( I 0 ) ,  + A /:, + A For, + + D, (2)

where 1^{VA! , A ( Z 0 , , , AÂ „ and AFor^, is the first difference o f value added,

labour quality, capital intensity and foreign presence respectively.'^"* Finally, C ■ and 

Z), are sectoral and time dummies respectively.

We present the coefficients o f random effects estimation in Table 6.10. The dependent 

variable is the annual change in value added per employee over the period 1984-1997. 

In Column 1 we estimate this model for all indigenous plants and measure foreign 

presence as the share o f sectoral employment in all foreign plants. We find that 

productivity growth is insignificantly related to the growth in foreign presence. This 

estimated relationship is in contrast with the positive relationship estimated previously 

between the same measure o f foreign presence and the level o f  local labour 

productivity. However, it is in line with the findings o f Haddad and Harrison (1993). 

They conclude that “owr tests on the presence o f  any spillovers from  foreign presence  

show that although domestic firm s exhibit higher levels ofproductivity in sectors with 

a larger foreign presence, they do not exhibit higher productivity growth in those 

sectors” (p.54). In contrast, Sjoholm (1999) records that foreign presence has a 

positive and significant effect on the growth, in addition to the level, o f  labour 

productivity in Indonesian firms.

W e do not include the first difference o f  the Herfindahl index because the index w as insignificant as 
expected in the majority o f  the earlier estim ations.
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We re-estimated this relationship for non-R&D and R&D active indigenous plants 

only. We sought to see to what extent our earlier result o f  foreign presence 

significantly determining the labour productivity o f R&D active indigenous plants 

only could be carried forward to an analysis o f productivity growth. In contrast to our 

earlier findings on the level o f productivity in indigenous firms (Table 6.8), we report 

that foreign presence is an insignificant explanatory variable in productivity growth 

regardless o f the R&D active status o f the indigenous plants (Columns 2a and 2b).

Finally, we investigated to what extent the presence o f  R&D active foreign-owned 

plants within a sector determines the productivity growth o f indigenous plants. In 

Column 3 we estimate the productivity growth o f all indigenous plants and we 

measure foreign presence as the share o f all sectoral employment in R&D active 

indigenous plants. It is estimated that R&D active foreign presence has a significantly 

negative effect (at the 10 per cent level) on indigenous plants. Aitken and Harrison 

(1999) explain a negative spillover effect, similar to what we have estimated from 

R&D active foreign-owned plants, through a market stealing effect. The market 

stealing effect occurs when more efficient foreign firms operating in a host region 

steal demand from the local firms. In the face o f this competition local firms cut 

production and consequently reduce their productivity. The authors conclude that “i f  

the productivity decline from  this demand effect is large enough, net domestic 

productivity can decline even i f  the multinational transfers technology or its own firm - 

specific asset to domestic firm s” (p.607). We re-estimate Equation 2 for non-R&D 

active and R&D active plants and present the results in Columns 4a and 4b. However, 

we find no evidence o f this significantly negative spillover effect for either non-R&D 

or R&D active plants and interpret this as indicating that there are no R&D
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productivity spillovers impacting on the growth o f productivity in R&D active 

indigenous plants.

In summary, we find no evidence o f general productivity spillovers from foreign- 

owned firms when the growth in productivity in indigenous firms is regressed on the 

growth in foreign presence. In addition, there is no evidence to suggest that there are 

any positive R&D spillovers between both sets o f plants.

6.7 Limitations and Possible Extensions

While the analysis here introduced some additions to earlier studies, it suffers also 

from clear limitations. Firstly, our measure o f labour productivity takes no account o f 

differences in hours worked as we measure labour input solely by the number o f 

workers. Globerman (1979) notes the importance o f controlling for hours worked in 

measuring labour productivity. He suggests that ""measured labour productivity  

differences across domestically owned plants could conceivably be affected by 

differences across industries in average hours workecr (p.47). However, due to data 

limitations we have been unable to control for the influence o f hours worked.

Our study has attempted to measure intra-sectoral spillovers only. We have only 

estimated the labour productivity o f indigenous plants as determined by the presence 

o f foreign plants in their 4-digit sector. We have not attempted to estimate inter­

sectoral spillovers where the productivity spillovers emanating in one sector may 

enhance the productivity o f indigenous plants in another s e c t o r . T o  the extent that 

inter-sectoral spillover effects may be more significant than intra-sectoral spillovers,
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we will have underestimated the significance o f spillovers from foreign-owned plants 

in Ireland.

Sample selection bias potentially poses serious problems for the estimates presented 

above. Specifically, Verbeek (2000, p .345) concludes that the fixed effects estimator 

may be relatively more robust against selection bias than the random effects estimator 

although sample selection bias can render the fixed effects estimator inconsistent and 

the random effects estimator both biased and inconsistent. Our panel is unbalanced for 

two reasons, namely (i) that the Irish economy expenditure surveys record data on 

different firms for different years and because (ii) firms enter and drop out o f the 

survey as they enter and exit industries (i.e., for non-random reasons), Baltagi (1995, 

p. 190) and Verbeek (2000, p.346) suggest a test for sample selection bias in panel 

data models based on Verbeek and Nijman (1992). They recommend that three 

variables should be included in the estimated equation. These variables are (i) the total 

number o f observations on the firm over the period 1984-1998, (ii) a dummy variable 

indicating whether the firm was observed for the entire 15 years or not and finally, 

(iii) a second dummy variable indicating whether the firm was observed in the 

previous year. The null hypothesis is that these three variables should not be 

significant in explaining our dependent variable. Baltagi (1995, p. 190) concludes, 

‘’‘'intuitively one is testing whether the pattern o f  missing observations affects the 

underlying regression” We included these three variables in our labour productivity 

equation (Equation 1)'^^ and re-estimated using random effects. We find the first and

See Verspagen (1 9 9 6 ) w ho uses patent data to measure inter-sectoral sp illovers and Steurs (1995) 
w ho presents a theoretical m odel o f  inter-sectoral spillovers.

This equation related the level o f  indigenous productivity to the level o f  foreign presence within the 
sector.
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second variables are insignificant and the third variable is significant only at the 10 

per cent level. Thus we cannot fully reject the null hypothesis o f no selection bias.

As in previous studies we acknowledge that labour productivity is only a partial 

measure o f overall productivity (Flores et a i ,  1999, p .8). However, Globerman (1979) 

notes that productivity studies generally may understate the true magnitude o f the 

benefits o f FDI to local firms because “indirect benefits contributing to improved 

output quality or higher wages (and other payments to domestic factors) will not be 

directly captured by the productivity measure em ployed' (p.53). We have not 

explored different dependent variables such as the percentage o f innovative products 

sold'^^ (Jaffe, 1986, 1989) or the survival (Gorg and Strobl, 2000a) o f indigenous 

plants as determined by the operation o f multinational corporations in Ireland. For 

example, our mixed results on the presence o f foreign plants on the various 

productivity measures o f Irish plants above must be set in the context o f the positive 

coefficient reported for the presence of foreign plants on the survival of local Irish 

plants (Gorg and Strobl, 2000a).

6.8 Summary and Conclusions

In this chapter we have presented a very preliminary analysis o f whether the presence 

o f FDI affects labour productivity in indigenous industry and how these effects may 

be measured. We outlined in broad terms the approaches adopted by many o f the 

existing empirical studies on this issue.

See Kindleberger (1969) and Hymer (1976) for tw o opposing v iew s on the consequences o f  the 
presence o f  M NCs on the innovation infrastructure o f  host regions.
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Specifically, we have replicated the analysis o f previous firm-level productivity 

studies using data on the Irish manufacturing sector and concluded that there is a 

positive relationship between foreign presence and the level o f productivity in Irish 

plants. This is in contrast to the results o f a preliminary sectoral study on the Irish 

manufacturing sector where foreign presence is found to be an insignificant 

determinant o f labour productivity in indigenous plants (Ruane and Ugur, 2000).

Following the analysis in Kokko (1994) we distinguished between sectors according 

to the relative productivity between foreign-owned subsidiaries and Irish companies. 

A standard question in the literature for over a decade has centred on the extent to 

which productivity spillovers vary with productivity gaps between foreign and 

indigenous plants. We found no evidence that productivity gaps, measured at sectoral 

and firm-level level, implied fewer productivity spillovers to indigenous plants.

Kokko (1994) investigated the extent to which the magnitude o f productivity 

spillovers was related to various market characteristics. Following this literature we 

have attempted to investigate to what extent productivity spillovers have varied 

according to firm characteristics in the Irish manufacturing sector. W e estimated the 

productivity o f R&D active indigenous plants as determined by the presence o f (i) all 

foreign-owned plants and (ii) only R&D active foreign-owned plants. There were 

relatively greater productivity spillovers to indigenous R&D active plants, perhaps 

indicating the importance o f R&D investment in enabling local plants to absorb 

spillovers. However, we found no evidence of significant R&D productivity spillovers 

from R&D active foreign plants to R&D active indigenous plants.
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The robustness o f these findings was tested by alternatively measuring the growth rate 

o f productivity rather than the level o f productivity in local plants. In summary, we 

find no evidence o f general productivity spillovers or R&D productivity spillovers in 

this alternative econometric specification.

de Arcos et al. (1997, p. 128) suggest that technological spillovers are unlikely to 

occur between foreign and indigenous plants in peripheral regions such as Ireland 

because '"[t]he most innovative FDI, with the greatest potential fo r  technology 

spillovers and embeddedness, will not willingly locate in peripheral regions but will 

he attracted to the core regions o f  Europe." Their most interesting policy 

recommendation is based on their observation that the lack o f R&D spillovers may be 

due to the mismatch between the R&D capabilities o f foreign-owned plants relative to 

indigenous firms. They recommend that "''[tjhe potential o f  FD I to have a positive  

ejfect on its host region depends on an approximate match between the innovative 

capabilities o f  the foreign firm s and its host region. Therefore, it is more worthwhile 

to attract low technology firm s with integrated R&D to a peripheral area than firm s  

in high technology sectors that only plan to build an assembly plant"  (de Arcos et a l ,  

1997, p. 128). Further research on the quality and quantity o f innovative capabilites in 

both foreign and indigenous plants is needed to ascertain whether this explains the 

apparent lack o f R&D spillovers in the Irish manufacturing sector.
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6.A Tables

Table 6.1: Summary Statistics of Labour Productivity, Foreign Presence, 
Foreign Productivity and Technology Gaps for Irish M anufacturing Subsectors,

1996

Sectors Irish Net Foreign Presence Foreign Net "Technology
Output per in Sector Output per Gap" >1
Employee (% Share Empl.) Employee

£'000 £'000
( 1) (2) (3) (4)

Food, Drink, Tobacco 41.5 27.3 209.5 5.0
Textiles 20.4 50.0 28.7 1.4
W earing Apparel 14.8 43.1 16.2 1.1
Leather / Leather Product n/a n/a n/a n/a
Wood / Wood Products 23.3 13.4 53.8 2.3
Pulp, Paper, Print Products 42.1 23.5 63.5 1.5
Publishing / Printing 40.5 31.3 401.3 9.9
Chemicals 52.5 80.0 217.7 4.1
Pharmaceuticals 39.7 82.4 163.0 4.1
Rubber / Plastic Products 31.1 49.0 39.5 1.3
Non-Metallic Minerals 45.1 15.2 39.1 0.9
Basic / Fabricated Metals 26.8 24.3 43.2 1.6
Machinery n.e.c. 28.4 49.6 46.6 1.6
Office Machinery / 34.1 87.1 156.6 4.6
Computers
Electrical Machinery 22.3 69.1 64.0 2.9
Radio / TV Equipment 27.5 81.4 66.2 2.4
Precision / Optical Equip. 37.6 86.3 58.8 1.6
Motor Vehicles 19.5 37.0 31.7 1.6
Other Transport 28.9 16.3 36.5 1.3
Furniture / Recycling 30.0 38.9 52.2 1.7
Source: Source: Own calculations based on C entra l S ta tis tics Office  data (CSO  1998a)

Table 6.2: Correlation Coefficients of Labour Productivity with Foreign Share
by Technology Gap

Sector Classification Column ( 1 ) & (2) 
Correlation Coefficients

All Sectors 0.13
Sectors with large Tech. Gap -0.09
(Technology gap >2.6)^
Sectors with Small Tech. Gap -0.07
(Technology gap <=2.6)^
Source: Own estim ations.
“2 .6  is the mean technology gap across all sectors
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Table 6.3: The Change in Labour Productivity and Foreign Presence, 1991-1996

Sectors (1)
Indigenous Net Output per 

Employee 
(% Change 1991-1996)

(2)
Foreign Presence in 

Sector 
(% Change 1991-1996)

Food, Drink, Tobacco 0.2 0.0
Textiles 0.2 -0.5
Wearing Apparel 0.3 -0.6
Leather / Leather Product n/a n/a
Wood / Wood Products 0.4 3.9
Pulp, Paper, Print Products 0.3 1.4
Publishing / Printing 0.3 21.3
Chemicals 0.1 1.4
Pharmaceuticals 0.2 1.0
Rubber / Plastic Products 0.2 -0.3
Non-Metallic Minerals 0.4 1.2
Basic / Fabricated Metals 0.1 0.5
Machinery n.e.c. 0.3 -0.2
Office Machinery / Computers 0.1 0.9
Electrical Machinery 0.2 -0.2
Radio / TV Equipment 0.3 -0.2
Precision / Optical Equip. 0.6 -0.4
Motor Vehicles 0.2 0.2
Other Transport 0.4 2.3
Furniture / Recycling 0.1 0.3
Source: Own calculations based on Central Statistics O ffice data (CSO 1998a, 1998b).

Table 6.4: Correlation Coefficients of Change in Labour Productivity with 
Change in Foreign Share by Technology Gap

Sector Classification Column (1) & (2)
Correlation Coefficients

All Sectors 0.12
Sectors with large Tech. Gap 0.72
(Technology gap >2.6)^“
Sectors with Small Tech. Gap 0.27
(Technology gap <=2.6)^
Source: Own Estimations.
“2.6 is the mean technology gap across all sectors.
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Table 6.5: Regression Results for Panel Data Estimation of Foreign Presence on
Domestic Plants, 1984-1997

D ependent Variable:
Value added per employee

(1)
Random Effects

(2)
Fixed Effects

Independent Variables:

LQ, 31.022 *" 29 .714*"
(.528) (.561)

* * * * * *

31.165 29.140
(5.867) (6.839)

HE R F , -.002 -.002
J ( (.001) (.001)

FOR., 22.212
***

24.000
(8.613) (8.864)

Year Dummies Yes Yes
4-D igit Sectoral Dummies Yes dropped

within .317 .317

R^ between .514 .271

R^ overall .481 .245

Vrob  > .0000 .0000

No. o f observations 7,976 7,976
N 1,343 1,343
Hausmann Test rejected

* * *  •

N ote significant at 1% level, significant at 5% level, significant at 10% level. Standard 
errors in ( )s.
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Table 6.6: Regression Results for Random Effects Estimation of Foreign 
Presence on Domestic Plants, 1984-1997:The Productivity Gap (i)

D ependent
Variable:
Value added per 
em ployee

(1)
No Productivity 

Gap
(sectoral measure)

i.e., ratio of average 
foreign to average 

indigenous productivity 
within the sector is <1

(2)
Small Productivity  

Gap
(sectoral measure)

i.e., ratio of average foreign 
to average indigenous 
productivity within the 

sector is >=1 & <2

(3)
Large Productivity 

Gap
(sectoral measure)

i.e., ratio of average foreign 
to average indigenous 
productivity within the 

sector is >=2
Independent
Variables:

LQn 30.723 22 .994*"
* * *

39.408
(.763) (.709) (1.425)

* * * * * *

28.045 22.458 50.999
(11.697) (3.787) (9.506)

HERF, .001 -.002* -.009
(.002) (.001) (.003)

FOR-, 38.462*" 8.063 44.391 **7 *

(17.474) (6.613) (17.375)

Y ear Dummies Yes Yes Yes
4-D igit Sectoral 
Dummies

Yes Yes Yes

R^ within .327 .305 .302

R^ between .550 .597 .484

R^ overall .492 .529 .450

?xob> .0000 .0000 .0000

No. o f  observations 3,685 2,415 1,876
N (firm s) 591 427 325
N (4-D igit Sectors) 60 30 28

*>*>* ** *

N o t e : significant at 1% level, significant at 5% level, significant at 
errors in ( )s.

10% level. Standard
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Table 6.7: Regression Results for Random Effects Estimation of Foreign 
Presence on Domestic Plants,1984-1997:The Productivity Gap (ii)

Dependent Variable: 
Value added per 

employee

(1)

No Productivity 
Gap 

(flrm measure)

i.e. ratio of average 
foreign productivity to 
individual indigenous 
plant’s productivity 

within the sector is <1

(2)

Small Productivity 
Gap 

(firm measure)

i.e. ratio of average 
foreign productivity to 
individual indigenous 

plant’s productivity within 
the sector is >=1 & <2

(3)

Large Productivity 
Gap 

(Firm Measure)

i.e. ratio of average foreign 
productivity to individual 

indigenous plant’s 
productivity within the 

sector is >=2
Independent
Variables:

LQ,, 33.124 26.684*** 22.274***
(1.192) (0.279) (.823)

** * * * ***
40.270 26.922 19.509
(17.483) (2.767) (3.404)

H E R F , -.001 -.001 -.007
Jt (.002) (.001) (.001)

f o r , 44.593** 10.374*' 34.605 ***
(21.160) (6.076) (8.802)

Year Dummies Yes Yes Yes
4-D igit Sectoral Yes Yes Yes
Dummies 

R ^  within .256 .771 .213

R ^  between .626 .845 .705

R ^  overall .595 .839 .547

P r o 6  > .0000 .0000 .0000

No. o f  observations 2,825 2,687 2,464
N 474 417 452

* *  *

N o t e : s ig n ifican t at 1% level, sign ifican t at 5%  level, sig n ifican t a t 10%  level. S tandard
erro rs in ( )s.
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Table 6.8: Regression Results for Random Effects Estimation of Foreign 
Presence on Domestic Plants by Domestic Plant’s R&D Active Status, 1984-1997

Dependent Variable:
Value added per employee

(1)
Non-R& D Active 
indigenous plants

(2)
R»&D A ctive 

indigenous plants
Independent Variables:

LQu 28.261 “ * 57.891 *“
(.274) (4.799)

25.409*” 93.469**
(3.212) (41.774)

HERFj, -.002** .001

(.001) (.005)

FOR., 10.871 ** 84.438**
(5.013) (44.993)

Year Dummies Yes Yes
4-Digit Sectoral Dummies Yes Yes

within .640 .229

R  ̂ between .589 .498

R  ̂ overall .653 .449

Pro/> > 2'^ .0000 .0000

No. o f observations 6,800 1,176
No. of Firms 1,182 161

* * * *

No te : significant at 1% level, 
errors in ( )s.

significant at 5% level, significant at 10% level. Standard
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Table 6.9: Regression Results for Random Effects Estimation of R&D active 
Foreign Presence on the Level of Labour Productivity of Domestic Plants, 1984-

1997

D ependent Variable:
V alu e  added  per  em p loyee

(1)
A ll

In d igen ous
P lants

(2)
R & D  A ctive  
In d igen ous  

p lan ts
Independent Variables;

LQu 31.025***
* * *

58.328
(.528) (4.801)

* * *

31.648 92.615**
(5.867) (41.894)

HERF, -.001 -.003
j ' (.001) (.005)

R & D  FOR,, -14.719 -11.460

(share o f all employment in foreign R&D active plants)
(13.641) (71,430)

Year Dummies Yes Yes
4-D igit Sectoral Dummies Yes Yes

R '  within .316 ,163

R^ between .515 .719

R^ overall ,482 .638

Prob> 0.0000 .0000

No. o f observations 7,976 1,176
N 1,343 161

* * *  * * *

N o t e : significant at 1% level, significant at 5% level, 
errors in ( )s.

significant at 10% level. Standard
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Table 6.10: Regression Results for Random Effects Estimation of the Change in 
Foreign Presence on the Change in Productivity o f Domestic Plants, 1984-1997

Dependent Variable: (1) (2a) (2b) (3) (4a) (4b)
Change in Value added All Non-R»&D R&D All Non-R&D R&D
per employee local active local active Plants active active

Plants plants local local local
plants plants plants

Independent Variables:

26.117 26.310***
***

20.239 26.116*** 26.310*** 20.249***

(.560) (.420) (3.558) (.560) (.419) (3.559)

26.254*’* 34.504*** -27.810 **«
25.878 34.189*“ -26.324

(5.733) (4.430) (28.519) (5.735) (4.434) (28.583)

A ( F O ^ ) , 9.696 1.164 42.041
y* (10.425) (8.479) (40.791)

^{R  & DFOR)  „ -31.498* -20.444 -59.557
J '

(17.719) (14.442) (67.447)

Year Dummies Yes Yes Yes Yes Yes Yes
4-D igit Sectoral Yes Yes Yes Yes Yes Yes
Dummies

within .233 .376 .067 .233 .376 .067

R^ between .640 .746 .613 .641 .747 .613

R^ overall .309 .444 .300 .309 .444 .300

Pro/? > 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

No. o f  observations 6,169 5,207 962 6,169 5,207 962
N 1,281 1,127 154 1,281 1,127 154

• • •  ♦♦ *
No t e : significant at 1% level, significant at 5% level, significant at 10% level. Standard

errors in ( )s.
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Table 6.11: Summary Statistics

No. of Obs. Mean Std. Deviation Min Max
iV A jL .l, 7,978 29.41 63.56 -226.50 2204.32

£ ’000s
LQ, 7,978 1 0.90 0 19.42

7,978 0.73 0.14 0 1

HERFj, 7,978 767.05 1203.31 95.28 10000

FOR., 7,978 0.28 0.26 0 0.97

%
R & DFORj, 7,978 0.10 0.17 0 0.97

%
Source: Own estimations.
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C h a p t e r  7

S u m m a r y  a n d  P o l i c y  I m p l i c a t i o n s

7.1 Overview

It has been suggested that investment in research and development can be the engine 

that drives growth in both the macroeconomy (Romer, 1986, 1990; Grossman and 

Helpman, 1991) and individual firms. This thesis aimed at analysing the impact o f 

investment in R&D on indigenous firms and foreign-owned subsidiaries operating in 

Ireland.

The policy context, aims and structure o f the thesis were described in Chapter 1. In 

contrast to other EU and OECD countries, BERD as a percentage o f GDP had 

increased substantially since 1982. However, the level o f investment in R&D in the 

Irish manufacturing sector was low by international standards. It was argued that this 

low level o f R&D investment could hamper the competitiveness and growth o f 

indigenous plants while multinational corporations might be less committed to the 

host region. Specifically, on the assumption that R&D improves the growth and 

competitiveness o f indigenous industry and the embeddedness o f foreign-owned 

industry in Ireland, the state proposed to increase the budget for R&D projects from 

approximately £20 million per annum to £1.9 billion between 2000 and 2006. 

Hitherto, there had been no firm-level study that investigated whether increasing 

R&D investment in indigenous firms increased their growth and competitiveness or 

whether R&D activities in foreign-owned subsidiaries increased their embeddedness 

in the host region.
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In Chapter 2 we examined whether investment in innovation improved the survival 

and growth o f indigenous new entrant plants. In 1998, over 6 per cent o f the operating 

indigenous plants had entered in the previous year but approximately 10 per cent o f 

these entrants will be expected to exit each year in the first three years after 1998. 

Using a two-stage Heckman (1979) estimator, we find that innovative new entrant 

plants have a relatively higher probability o f survival, but having survived, they enjoy 

lower annual growth rates relative to non-innovators. We explored why innovating 

new entrants might survive longer. Based on the theoretical models by Jovanoic 

(1982) and later extended by Pakes and Ericson (1989, 1998) we find evidence 

consistent with the idea that innovating plants actively leam  to overcome their small 

initial size as a constraining influence on their future growth. In contrast, non­

innovating new entrants do not invest in such learning and consequently their post­

entry growth depends significantly on their initial size.

In Chapter 3 we analysed the sur\’ival of a cohort o f indigenous incumbent plants. 

Between 1991 and 1998 it appears that for every job  created through the entry o f new 

firms, an additional job was destroyed through the simultaneous exit o f manufacturing 

plants. Using a Cox (1972, 1975) duration model, we find that incumbent plants that 

invest in R&D have superior probabilities o f survival relative to plants that do not 

undertake R&D investment. This result is consistent across a range o f variables used 

to measure a plant’s R&D investment, namely, scale o f R&D activity, R&D intensity 

or sales o f innovative products developed within the plant.

There may be an ambivalence in the state’s attitude to supporting increased R&D in 

manufacturing firms if  the outcome o f that investment is reduced labour demand in 

those firms. We investigated the impact o f R&D investment on labour demand in



Chapter 4. Using a general method of moments (GMM) estimator to estimate a 

dynamic labour demand model, we find that the percentage increase in labour demand 

for a given rise in output is the same in both R&D active and non-R&D active plants. 

The data do indicate however that the change in labour demand for a rise in output is 

substantially greater in product innovating R&D active firms relative to process 

innovating R&D active firms. Finally, we estimate that job persistence (i.e., the 

percentage o f newly created jobs that survive for a given time period) is significantly 

higher in R&D active companies. It is estimated that one third o f  all newly created 

jobs in non-R&D active companies persist for ten years while almost 100 per cent of 

newly created jobs in R&D active firms persist for the same period.

The rapid growth o f the Irish economy over the past decade and the simultaneous 

increase in (i) the number o f foreign-owned plants in the high-tech sectors and (ii) the 

research and development (R&D) activities o f foreign-owned plants has given rise to 

an increased interest in the relationship between foreign direct investment (FDI) and 

economic growth in Ireland. The central question explored in Chapter 5 is whether the 

tangible contribution o f MNC plants that undertake R&D investment in Ireland is 

greater than the tangible contribution of MNC plants that do not undertake R&D 

investment. We conclude that the scale o f R&D activity in a foreign-owned plant is an 

important factor in lengthening the duration over which that plant will operate in 

Ireland and in increasing the quantity and improving the quality o f employment 

created in that plant.

Finally, two central questions concerning productivity spillovers from foreign-owned 

plants to indigenous plants were explored in Chapter 6. First, we investigated whether 

there are productivity spillovers from foreign-owned plants. Using the traditional
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productivity approach to estimating spillovers from FDI, it was found that there are 

productivity spillovers to indigenous industry. Second, three extensions to traditional 

analysis were suggested with the aim of indicating whether it is possible to attribute 

the productivity spillovers to R&D spillovers in the Irish case. We concluded that 

there was no evidence o f R&D productivity spillovers from foreign-owned R&D 

active plants to indigenous plants in Ireland.

7.2 Policy Implications

We discuss briefly a number o f policy implications that may emerge from the analysis 

in this thesis.

The overall conclusion for indigenous firms, both new and incumbent, is that 

investment in R&D has positive consequences. As discussed in Chapter 2 and 3, R&D 

investment increases the probability o f survival o f both new and incumbent firms. 

There are two immediate policy implications. The small fraction o f indigenous 

companies undertaking any R&D investment needs to be increased while the scale of 

the R&D investment in many existing plants needs to be increased also. Second, non­

innovating firms that responded to the surveys o f technology in industry (1993), 

argued that the major factor hampering their efforts to invest in R&D / innovation was 

lack o f finance. There was no suggestion that these plants did not understand the 

potential benefits o f R&D investment. This may suggest that providing access to 

finance would encourage this cohort o f plants to undertake investment in R&D. 

However, we have provided no evidence in this thesis upon which to suggest that

158finance from central government causes firms to increase their own R&D activities.

'^*See Breathnach (1994) for a review o f  the consequences o f R&D grants in Ireland. See also Kauko 
(1996) for a review o f the literature on R&D subsidies, Hall (1996) for a review  o f the A ustralian 
experience on R&D subsidies and G ranstrand (1998) for a comm ent on the design o f R&D tax credits.
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Employment creation has been a central policy objective o f the industrial 

development authorities for many years. There is the perception that investment in 

technology increases labour productivity and reduces labour demand by firms. 

Consequently, the enormous rise in government grants for R&D over 2000-2006 may 

reduce labour demand in manufacturing firms. The analysis in Chapter 4 found that 

labour demand was not significantly less in R&D active firms. Our analysis was 

limited to the extent that we could not control for the skill orientation o f the jobs or 

the hours worked, two factors that could have changed quite considerably due to 

innovations within the firm. However, it is clear that the m ost significant difference 

that we can find between R&D active and non-R&D active companies is the 

significantly higher job persistence in R&D active firms. This characteristic in 

manufacturing firms may become important if government policy aims at increasing 

the quality o f jobs created in addition to the quantity.

Irish industrial policy has, for some time, been aimed at attracting multinational 

corporations to establish subsidiaries in Ireland (Ruane and Gorg, 1996; Barry, 1999). 

The quality o f the FDI that is attracted must be a concern. There may be 

distinguishing characteristics (e.g., R&D activity) that imply that some FDI plants 

will have a relatively greater positive impact on the host region. An interesting policy 

question arises as to how to attract this particular type o f FDI to Ireland. Specifically, 

how can R&D investment in foreign-owned plants in Ireland be increased? First, there 

may be financial incentives needed to counteract Ireland’s low corporation tax rate (a 

financial inducement to FDI plants to establish themselves in Ireland) which acts as a 

deterrent to R&D investment. R&D active foreign-owned plants are able to write off a 

much higher percentage o f their R&D investment against tax in those European
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countries that have higher corporation tax rates. Second, multinational companies may 

be interested in establishing R&D facilities in Ireland if  other multinationals already 

have similar facilities in Ireland and/or if  indigenous firms are undertaking advanced 

R&D in Ireland. The potential spillover o f knowledge from other world-class 

multinationals could be an important attraction o f further R&D investment to Ireland.

An important positive externality for indigenous industry o f increasing R&D activities 

in foreign-owned plants could be productivity spillovers from FDI. However, if 

indigenous industry is to avail o f R&D productivity spillovers, indigenous industry 

must increase its own R&D investment in order to increase the capability to absorb 

any spillovers. The absence o f evidence o f R&D productivity spillovers in Ireland 

uncovered in the analysis may be due to the fact that too few indigenous 

manufacturing firms undertake R&D investment and/or their R&D programs may be 

too dissimilar to those undertaken in foreign affiliates. In addition, spillovers require 

pathways over which to travel between plants (e.g., through trading relationships). 

Preliminary indications o f our research on spillovers support national policy of 

building up the technological infrastructure in the country, o f developing R&D 

facilities within indigenous companies and o f improving the level o f contact between 

indigenous and foreign subsidiaries.

7.3 Concluding Comments

This thesis has contributed to the expanding literature on the consequences o f research 

and development in manufacturing companies by addressing a number o f issues, 

namely the survival, growth, employment and spillover effects o f R&D investment, 

and providing empirical results for the Irish manufacturing sector. Our analysis has 

raised a number o f issues that require further investigation. The first issue concerns
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the impact o f government grants for R&D projects on the scale and intensity o f R&D 

activity subsequently undertaken by the recipients. This requires the development o f 

accurate measures o f innovative output that can be used to measure the performance 

o f R&D investment. Secondly, in this thesis, we have established that R&D active 

firms perform better relative to non-R&D active companies. Further research needs to 

be undertaken to better understand, not just whether, but how R&D helps companies 

to perform better. Thirdly, the traditional analysis o f labour demand, that focuses 

almost exclusively on the quantity of labour demanded, needs to be expanded to take 

account o f the quality and skill orientation o f labour demanded. Fourthly, an in-depth 

analysis o f the determinants o f the quantity and quality o f R&D activity in FDI plants 

needs to be undertaken. Finally, there has been much speculation as to how 

technological spillovers occur from FDI plants to indigenous plants through the 

movement o f trained labour from FDI plants. In a literature where there are few 

empirical studies o f the channels through which productivity spillovers occur, labour 

mobility would appear to be a relatively easier channel to start collecting data and 

analysing its significance in terms o f spillovers to indigenous plants.
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