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SUMMARY

The aim of this thesis is to investigate some of the economic consequences for manufacturing
firms of investing in research and development (R&D), using the Irish manufacturing sector

as a case study.

Chapter 1 outlines summary statistics on R&D in Irish manufacturing and the current policy
objective of increasing R&D investment in Ireland. The aims, data sources and structure of

the thesis are also outlined.

Chapter 2 benchmarks the post-entry survival and growth of almost 4,000 indigenous new
entrant plants that entered the Irish manufacturing sector over the period 1985 to 1995. A
limitation of earlier studies that have explored the effect of innovation on the post-entry
survival and growth of new entrant plants has been the use of sectoral level innovation data.
This has restricted the authors from reaching conclusions about the role of innovative activity
within a plant on its subsequent survival and growth. Using a panel dataset of almost four
thousand plants which entered the Irish manufacturing sector over the period 1985-1995, we
find that innovating plants have a higher probability of 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 of non-innovating plants.

In Chapter 3 we question whether R&D activity is an important determinant of the probability
that a plant will survive. We model the survival of a cohort of indigenous plants over the
period 1986 to 1996 as a function of sectoral and firm characteristics. Using a Cox duration
model we conclude that R&D activity is an important factor that increases the probability of
survival for that plant. Specifically, R&D active indigenous plants have a higher probability
of surviving the entire period 1986-1996 relative to non-R&D active plants. We show that this

result is robust to alternative measures of 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 GMM estimation. It
is found that employment growth is slightly higher in R&D active firms, not because of a

greater propensity to increase employment as output increases, but because R&D active
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companies have higher sales. Our second finding is that it is the quality rather the quantity of

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

The rapid growth over the past decade in (i) the number of foreign-owned plants in the high-
tech sectors and (i1) the research and development activities of 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 of MNC plants that undertake R&D investment in Ireland is greater than
the tangible contribution of MNC plants that undertake no R&D investment. We use a plant-
level dataset and conclude that the scale of 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
(11) improving the quality of employment created in that plant. Although it has long been
recognised that the attraction of FDI to Ireland has been beneficial, the results of 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 of R&D active foreign-owned plants are examined in Chapter 6. A
key benefit of foreign direct investment, in addition to increased employment and capital
inflows, is the potential spillover of technology from foreign to indigenous companies in the
host region. Specifically, in the literature, it has been suggested that the presence of FDI in a
host region can improve the productivity of 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 of productivity spillovers, there is no evidence to suggest that any of these

productivity spillovers are R&D productivity spillovers.

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

policy implications and issues for future research.
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CHAPTER 1

INTRODUCTION TO THE THESIS

1.1 Setting the Context
"R&D is seen as the life blood of our industry and its part in job maintenance and
creation cannot be overstated. Government support for R&D can only be welcomed
and encouraged. If the benefits of R&D were fully appreciated by government they
would increase their support tenfold."
-Irish-owned engineering company employing 100+ persons.

"Supporting the growth of R&D helps increase the technology base making it
attractive for multinationals to invest in Ireland. Furthermore it has the effect of
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 fundamental “lifeblood” of its existence."

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

Following a period of 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
economies expanded by 27, 24 and 20 per cent respectively‘2 The growth in 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 of Ireland’s growth has been the expansion of 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 of other EU and OECD countries (Table 1.2). Since
1982, BERD as a percentage of 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 of GDP in R&D. This is similar to investment elsewhere
in other European countries (1.15 per cent) but is below the OECD average of 1.49
per cent of GDP. The Irish Council for Science, Technology and Innovation advises
that “Ireland should aim to achieve a level of spending on R&D equivalent to 2.5 per
cent of GDP."* This target will require BERD as a percentage of GDP to double to

over two per cent in the near future.’

" A selection of verbatim quotes on the role of government in supporting research and development,
collected by the Science and Technology Division of Forfas in the 1993 Survey of Technology in
Industry and which are available at http://www.forfas.ie/forfasdev/publications/archive/rdbus.htm.

? See Barry (1999, p.1).

3 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 of these 3 categories of 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 of all R&D in Ireland
(i.e., GERD). See Table 1.3.



In endogenous growth models, the engine of growth that drives long run economic
expansion is investment in research and development.6 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 of 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 of producing goods and services”

(OECD, 2000, p.2).

The incentives of individual firms to undertake R&D investment are crucial in the
context of 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 of 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 of technology in industry
shows that in 1997 only 1,250 manufacturing firms, out of a population of 4,739, were
engaged in R&D activities: 890 of these plants were indigenous and the remaining
360 were foreign—owned.7 Only 55 per cent of R&D active indigenous plants engaged
in R&D on a continuous basis and only 39 per cent of these plants invested in excess
of £100,000 in R&D in 1997. In contrast approximately 79 per cent of R&D active
foreign plants invested in excess of £100,000 in the same year. Forfas surveyed a

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

® See Romer (1986, 1990) and Grossman and Helpman (1991).
7 See Forfas (1999) and CSO (2000b).



these companies.8 All of the significant issues raised by the respondents related to the
issue of finance and the inherent riskiness of investment in R&D. The most significant
issue was lack of appropriate finance, followed by the excessively high cost of
innovation, the long pay-off period required and finally, that this type of investment

; . i 9
involves excessive risk.

While the Irish government stresses the importance of increasing BERD, it has not
supported BERD to the same extent as other countries. Data in Table 1.4 show that
although the percentage of 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 of BERD relative to the EU and OECD
averages. The annual budget for R&D projects was approximately £20 million per
annum over this period.'” The 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 of indigenous firms or the

embeddedness of foreign-owned plants in Ireland.

¥ Forfas is the policy and advisory board for industrial development in Ireland.

? See Forfas (1994).

'% See the Irish Times (November 19", 1999).

"' The evolution of government policy towards supporting this level of grant-aid for R&D can be
followed in earlier publications, specifically in the National Development Plan 1994-1999 (National
Development Plan, 1993) and in a ‘Strategy for enterprise in Ireland in the 21* century’ published by
Forfas (1996).

"2 See Table 6.1 (p.121) in the National Development Plan (1999).



1.2 Aims of the Thesis

The aim of this thesis is to investigate some of the consequences for manufacturing
firms of investing in research and development, using the Irish manufacturing sector
as a case study. This thesis presents the analysis of a dataset that allowed us for the
first time to compare the performance of firms that are and are not engaging in R&D

in Ireland.

Two chapters consider the survival and growth of new entrants and incumbent
indigenous firms respectively in the manufacturing sector. First, we investigate
whether investment in R&D increases the probability of survival and growth of new
entrant plants. Our second investigation relates to how R&D activity might alter the
probability of survival and growth of 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 between 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 of survival. We analyse the probability of
survival of indigenous incumbent plants and the role of R&D investment in improving
their survival. A Cox duration model is estimated to determine the impact of R&D on
the probability of survival, controlling for the myriad of other plant and sectoral

characteristics that influence the probability of exit.



Our next investigation focuses on the possible conflict that exists between the policy-
makers’ 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 of multinational firms in terms of output, employment and
research and development in Ireland, we investigate the impact of R&D in foreign-
owned plants on the host region, using Ireland as a case study. After discussing the
significance of R&D expenditures in foreign—owned plants in Ireland, we investigate
to what extent it matters, in terms of the duration the plant operates in Ireland and the
quantity and quality of the employment it creates, that a foreign-owned plant
undertakes R&D in addition to its assembly operations. The presence of 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 of 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 of R&D performing firms,
undertaken by the Science and Technology Division of 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) of technology in
industry and a survey of innovation (1992) reported data on R&D performers in the
manufacturing and internationally traded sectors. The surveys of 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 of knowledge, including knowledge of man,
culture and society, and the use of this stock of knowledge to devise new applications”
(OECD, 199%4a, p.29). R&D expenditures in manufacturing companies include

expenditures on the following areas'

e development of prototypes for new or improved products or processes,

e construction and development of pilot plants,

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

e industrial engineering and tooling up directly associated with the development

of new or improved products or processes,



e 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,
e routine testing, standardisation and pre-production preparation,
e after-sales service and trouble-shooting,

e general purpose data collection, including market research,

¢ feasibility studies,

e enforcement of 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 of firms in the manufacturing and internationally traded service sectors.
The employment dataset used varies across chapters. Chapter 2 (the study of new
entrants) required the employment dataset to include only new entrant plants over the
period 1980 to 1996. This required the exclusion of 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 of the
population of 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 of the Forfas Surveys of Technology in Industry.



Sales/Cost data: The data on sales and costs are drawn from the Irish economy
expenditure (IEE) surveys undertaken by Forfas. These data are based on a sample of
manufacturing plants and more recently with an emphasis on the largest indigenous

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

Because of 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 of all new entrant plants over the period 1980-1996 was constructed
based on the employment surveys. The second step was the matching of any of these
plants to the R&D surveys where approximately 10 per cent of 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 of the integrated dataset (BIS)
recently constructed by Forfas where the responses for all three surveys (R&D,
employment and IEE) are stored in one file for each plant. For the first time, our data
includes information on sales and costs for a sample of R&D active and non-R&D

active plants.



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 of 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.'8 Chapter 3 examines the role of R&D in the post-entry survival of

indigenous incumbent plants over the period 1986-1996."

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

quantity and quality of labour demand in manufacturing firms.*

'* According to Forfas, a firm is classified as foreign-owned when 50% + equity is held by non-Irish
resident(s).

'’ See Ruane and Gorg (1997).

'® Conversely, the FDI subsidiary may be undertaking R&D in the host country which generates
employment in other countries, including the home country, where the company has plants.

' This would be particularly the case for many of the major companies investing in Ireland over the
past decade, such as Intel, Microsoft, IBM, etc.

'8 A preliminary paper on this topic was awarded the Social Science Research Council research award
in 1999 and was subsequently presented at the Irish Economics Association conference in April 2000.
' A previous version of this chapter was presented at the Irish Economics Association conference in
April 1998.



The final two essays examine the impact of R&D by foreign-owned manufacturing
plants in Ireland. Chapter 5 examines the tangible consequences of 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 of 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 of each chapter, policy implications and issues for further research

arising from this thesis.

20 A very preliminary study of labour demand and R&D activity was presented at a conference on
“Economic Growth and Employment” held by Statistics Canada, October 1997.

' This chapter is forthcoming in Research Policy and was originally presented to the INTECH
“Industrial Structure, Innovation Dynamics and Technology Policy” conference held in Lisbon,
October 1998.

22 A very preliminary version of this chapter was presented to the Irish Economics Association
conference in April 1999.



1.A Tables

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

Country Manufacturing Manufacturing Percentage
Employment 1977 Employment 1997 Change
(000’s) (000’s) 1977-1997
Ireland 226 274 212%
Portugal 918 982 7.0%
Netherlands 1,092 1,094 0.2%
Denmark 546 513 -6.0%
Greece' 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 ~32.204
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: OECD (1999).

Note: ' Latest Figures Available 1996.
% No figures available for France post-1989 and no comparable figures available for
Luxembourg. Therefore both of these countries are omitted from this table.

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

Country / 1982 1988 1991 1993 1995 1997
Organisation
Ireland 0.32 0.47 0.63 0.82 0.99 1.11
EU Average 1.10 1.28 1223 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.



Table 1.3: BERD as a percentage of Gross Expenditure on Research and
Development (GERD), 1997

Country BERD as a % of BERD as a % of
GDP GERD
France 1.8% 61
Denmark 1.26 63
United Kingdom 1.26 65
Ireland 1300 74
Netherlands 1.10 53
Belgium 1.07 67
Canada 1.03 63
OECD average 1.49 68
EU average Ll & 62

Source: Forfas (1999, p.23).

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

Country % BERD financed by % BERD financed
Government by Government
1991 1997
France 22.3 13:1
Denmark 129 5.1
United Kingdom 14.6 05
Ireland 37 33
Netherlands 75 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).



CHAPTER 2

DOES INVESTMENT IN INNOVATION IMPROVE THE SURVIVAL
AND GROWTH OF INDIGENOUS NEW ENTRANT PLANTS?

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 of plant entry and exit. Over the period
some 2,020 plants closed with the loss of over 34,000 jobs while simultaneously
2,205 plants entered with the creation of over 33,000 jobs.” In 1998, over 6 per cent
of the operating indigenous plants had entered in the previous year and already
accounted for nearly 4 per cent of total manufacturing employment (CSO, 2000b). If
previous experience prevails, approximately 10 per cent of this cohort of new entrants
will exit each year in the first three years after 1998. Within seven years fifty per cent

of the cohort will have exited.”*

Geroski (1991, p.31) describes the consequences of most entry, "[//ife in the bottom
end of 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 fail to achieve."

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

¥ See the annual Census of Industrial Production (published by the Central Statistics Office) for the
years 1991 to 1998.



twenty per cent or less of minimum efficient scale (MES), where MES is a measure of
the average scale of output per plant in the sector.” Since empirical evidence suggests
that the probability of survival of any plant is increasing in its initial size,”® the
probability of post-entry survival and growth appears bleak for the majority of new
entrant plants in Ireland. Several studies have attempted to explain the persistent
survival and subsequent growth of new entrant plants as a vector of 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 of innovation in new entrants is important in
offsetting any initial size disadvantage and Acs and Audretsch (1990, p.74) argue that
"...innovative activity may be the single most significant strategic instrument
available to small firms in compensating for size related cost disadvantages...". In
this context, Audretsch (1991), Wagner (1994) and Audretsch and Mahmood (1995)
estimated the probability of survival of new entrants controlling for the overall
innovativeness and R&D intensity (i.e., the innovative environment) of 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 of exit for new entrants
was greater in highly innovative environments. All of 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 Forfis employment data. See Table 2.2.
%6 See Audretsch and Mahmood (1995).



identify the direct contribution of innovative activity to the post-entry performance of

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

The purpose of this chapter is to attempt to fill this gap in the literature. We estimate
the post-entry survival and growth of 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 of survival and growth in contrast with non-

innovating new plants.

In Section 2.2 we outline the theoretical debate on the role of innovation in new
entrant survival and growth. We link the role of innovation in improving plant
performance to that of 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 of 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 of non-innovating plants is dependent on

initial size, i.e., their small initial size could constrain their post-entry growth.
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2.2 A Theory of Post-Entry Survival and Growth

The majority of new entrants enter at a small scale and perhaps, most importantly, at a
scale well below the minimum efficient scale (MES) of the industry in which they
operate.27 Jovanoic (1982) models entry on this small scale as a rational response on
the part of 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 of the true competence of the firm until it is
operational. Exogenous factors such as insufficient demand or superior new entrant
competitors may impact on the ability of the entrepreneur to succeed. Endogenous
factors such as the quality of management employed by the company will also impact
on the entrepreneur's success or failure. Jovanoic formalises this process of 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 of 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 of this model is that a new entrant

can only have its expected success confirmed post-entry.

While there is a process of 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 of survival

27 Own calculations based on Forfas employment data (Table 2.2). Also see Audretsch (1995, p.74).

% It is argued that new entrants may have no choice but to enter at this relatively small scale, as they
face capital constraints and have no reputation on which to raise finance (Brouwer, 1999, p.8) or they
enter small as a strategy to avoid the aggressive reaction of existing incumbents (Caves and Porter,
1977).



and its ability to grow to attain the MES of the industry is set forever.”” However,
Nelson and Winter (1982) note that many kinds of organisations commit resources to
learning, especially attempting to learn from successful competitors. Crucially, they
suggest that learning can be broadened beyond the concept of 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 of 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 of the parameter that determines the distribution of its
profits, but that the value of that profitability parameter changes over time in
response to the stochastic outcomes of the firm's own investments, and those of other

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

We interpret Audretsch (1991, 1995) as using a reduced form version of the 'active
exploration' model to estimate the probability of survival of 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 of 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 of any firm remaining in business in period t, Pr(Q, > 0), is determined

% Pakes and Ericson (1998) describe the Jovanoic model as 'passive learning’: "firms are endowed at
birth with an unknown value of a time-invariant profitability parameter which determines the
distribution of its profits thereafter. Past profit realisations contain information on the value of the



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)

Pr(Qi/ >0)= f(iir ’C(Qn I C(Q')) (D

where i, is the marginal impact of innovation on growth, c((), )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, I, , 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 i, 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.

parameter which determines the distribution of possible future profit streams, and this fact is used by
management to form a probability distribution over future cash flows" (p.4).
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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, g, of each plant as its employment growth rate (Davis et al., 1996,

p-189-190). Specifically,

*% 1t would be preferable to measure the growth of a plant using output rather than employment data as
employment growth may reveal the preference of firms for labour relative to capital, energy and other
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is the average employment size of the plant in both periods. The measure is symmetric
about zero and lies in the closed interval [-2, 2]. A value of -2 indicates that the plant

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

As noted earlier, we model the survival and growth of new entrants as determined by
the plant’s innovative activity and by other plant, sectoral and macroeconomic

. 1
characteristics.”

Innovative Activity: We proxy innovative activity at individual firm level using a
dummy variable for the firm's research and develepment expenditures; this dummy
variable assumes a value of 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. However, the data available at firm-level relate to employment data
only.

*! See Table A2.2 for summary statistics.

> We adopt this lenient definition of an R&D active plant because (i) plants with small R&D
expenditures may not consistently have been recorded in every survey and (ii) new entrant plants
cannot be expected to satisfy the criteria used elsewhere in this thesis of a mean annual investment 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 of 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 of 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 of an entrant in terms of its first
recorded employment size relative to the MES in that year at the 3-digit NACE
sectoral level.” We calculate a conservative estimate of MES for each of the eighty
five sectors using employment data. In the spirit of Sutton (1991, p. 96) the MES of
any sector at time ¢ is the mean employment size of all plants alive at 7 -1 in each
industry. We expect the probability of survival of new entrants to be greater the larger
their scale of entry relative to MES. Storey and Wynarczyk (1996, p.1) argue that “it
is the much higher likelihood of 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 of an economic

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

R&D of £100,000 to be classified as R&D active. See Baldwin (1997) for a discussion of innovative
small firms that are and are not engaged in R&D.

It is questionable whether a firm arrives at its planned level of employment in its first calendar year
of operations. It could be suggested that the process of birth for the plant takes 2 or 3 years, in which
case the initial size of the firm should be measured at the end of year 2 or 3. However, we continue to
measure the employment size in the first calendar year because of the difficulty in determining which
plants arrive at their planned level of employment 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 of the ratio of initial size to MES.

We include the annual age of the plants from the year of initial entry to 1996 in order
to control for life-cycle effects. The probability of survival has been found to increase
with age. As time passes surviving plants lose their 'liability of 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 of the

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

Industry Characteristics: We expect the probability of 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 firms 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 of eighty five

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

Agarwal and Gort (1996) propose that the stage of evolution of a market is important
for the survival of new entrant plants. They argue that the rate of growth in industry
demand and the MES of the industry will change as a market evolves from infancy to

maturity. In infancy an industry has a handful of sellers and as the market evolves
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there is a period of 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 of survival relative to plants that entered in the infancy of the market.
Agarwal and Gort explain this apparent paradox (p.495) by noting that entrants which
commence production during a period of 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 of market

evolution. **

Macroeconomic Characteristics: We control for the likely effects of the business

cycle by including time dummies.

2.3.3 Econometric Methodology

We model the annual employment growth rates of all new entrant plants from their
date of entry to 1996 as determined by plant, sectoral and macroeconomic
characteristics. Our dataset of 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 of 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 of plants that enter at time t divided by the average
number of plants in the sector in t and t-1. The plant turnover rate is calculated as the number of plants

24



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 of survival. This estimator
controls for sample selection bias. Following the Heckman procedure we identify a
list of 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 of a probit regression.
The dependent variable is 1 if the plant survived until 1996 and facilitated the
recording of 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 of plants

conditional on their probabilities of survival estimated in the probit regression.

2.4 Empirical Results

2.4.1 Innovation, Survival and Growth

The results of the probit regression can be read from the top half of Table 2.3. The
probability of survival for new entrant plants initially decreases with age at a
diminishing rate. The sign of this coefficient is contrary to the expectation that the
probability of a plant surviving is increasing in the amount of 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 of a

that enter and exit between t-1 and t divided by the average number of plants in the sector in t and t-1.
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probit estimator to estimate the survival of the plant rather than a Cox duration (1972,
1975) model that takes into account duration heterogeneity (i.e., differences in the

length of time a plant survives).

The greater the initial size of a plant relative to the MES of the sector in which it
operates, the greater the probability of survival. As noted earlier, Audretsch (1991,
1995) modelled the survival of new entrant plants as depending in large part on the
magnitude of the size disadvantage they faced. Our finding supports Audretsch’s
(1991, 1995) opinion that the small size of 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 of survival increases at a diminishing

rate.

The probability of survival of a new entrant plant is decreasing in the level of entry
into the sector and increasing in the level of plant turnover. This latter finding
supports the suggestion of Agarwal and Gorts’ (1996), that plants which enter during
periods of net exit are generally superior plants which have greater capabilities than

plants which entered during a period of net entry.

We find that a new entrant has a greater chance of surviving the higher are industry
growth rates. This estimate confirms Audretsch’s (1995, p.162) expectation that low

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

See Davis & Haltiwanger (1990).
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Finally, it is estimated that innovating plants have a superior probability of survival
relative to non-innovating plants. We are not aware of any other studies linking new
entrant plant’s innovative activities and subsequent survival using plant level data.
The relatively greater probability of survival estimated for innovating new entrants is

similar to results found for incumbent Irish firms.>

In the bottom half of Table 2.3 we present the coefficients of the explanatory variables
of employment growth in new entrant plants that entered over the period 1985-1995.%
These OLS coefficients are computed conditional on the probabilities of 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 of the plant relative to MES, the greater the growth rate. The sign of the
coefficient of 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 of this analysis is that innovating plants have a higher probability of
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 of a plant's growth rate. It is

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

%5 This result is derived in Chapter 3.

% The reader is encouraged to compare the following coefficients with an ordinary OLS regression that
suffers from sample selection bias. The results of the ordinary OLS are presented in Table A2.1. The
sign, magnitude and significance of many of the variables are different.
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Nas and Lappalahti, 1997) and relatively higher turnover and real export growth
(Roper et al., 1996) relative to less innovative plants. Thus innovating new entrants
may have superior market share, profits or turnover growth that is not reflected in
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 of 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 of 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

*7 The sectoral variable ‘plant turnover’ has been omitted from the OLS equation.
¥ Blechinger et al. (1997) were seeking to explain why the elasticity of labour demand with respect to
employment differed across European countries.
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be taken to data (sic) by examining the regression function of current size on
immediate past sizes and initial size. Both models imply that this regression function
should be weakly increasing in initial size, but 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 of 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 of 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 of 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 of two distinct types of 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 of innovative new entrants (Table 2.4). In the

% This is a similar specification to the regression suggested originally by Pakes and Ericson (1998). We
model employment growth on initial size rather than current plant size on past sizes and initial size (as
suggested by Pakes and Ericson). We altered the specification in this manner because Pakes and
Ericsons’ original specification involved panel data estimation with lagged dependent variables. This
requires general method of moments (GMM) estimation. However we were unable to control for
sample selection bias while also using the GMM estimator. Our suggested specification of employment
growth on initial size can be estimated using the Heckman (1979) estimator that also controls for
sample selection bias.
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spirit of Pakes and Ericson (1998) this suggests that innovative activity is indeed an
indicator of ‘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 of 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 of previous studies on innovation and new entrant
plants (Audretsch, 1991; Audretsch and Mahmood, 1995) by using plant level data to
determine the impact of innovation within an individual new entrant on its subsequent
survival and growth. We estimated the survival and growth of over 3,500 new entrant
plants (1985-1995) in the Irish manufacturing sector using plant level data. We add to
the range of previous studies by accounting for innovative activity at the level of the

individual plant rather than at sectoral level.

We found that innovative activity increases the probability of survival but not the
post-entry growth rate of a new plant. Specifically, innovating plants have a relatively
higher probability of 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 of 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 of new indigenous plants enter the manufacturing sector at less
than 20 per cent of 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 of 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 of non-innovating plants is found to be
dependent on initial entry size. This may be evidence of 'active learning' occurring in
innovative new entrants and 'passive learning' occurring in non-innovating plants
(Pakes and Ericson 1989, 1998). Innovating new entrants ‘actively learn’ 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 14 354
Year 15 33.9
Year 16 339
Source: Own calculations based on Forfas data.
Note:  'These are the results of a lifetable analysis of 5,790 indigenous plants that entered the manufacturing

sector between 1981 and 1996. It shows the probability of a new entrant surviving a given time period.
For example, the probability of surviving 1 year is nearly 91 per cent and almost 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 of New % of all New Entrant Plants in
(%) Entrant Plants this Initial Size/MES Category
0-9 % 1,618 28 %
10-19 % 1,401 24 %
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 5729 100%

Source: Own calculations based on Forfas 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/l New Entrant

Plants

Dependent Variable: Coefficients (Standard errors)
Annual Employment Growth
Probit:
Age, -191"" (.011)
Age’s 006" (.001)
(Siz%/[ . Rl (.017)
(Siz%/[ES)Z" 10135 (.002)
EntryRate , -2,393"" (.164)
IndustryGrowth,, .001™ (.000)
PlantTurnover, 1.476™ (.124)
Innovator, 906%™ (.028)
Time Dummies Yes
OLS:
Age, 0 (.008)
Age’s 041 (.001)
(Siz%/lES)" -.086™" (.012)
(Size )% 008" (.002)

MES
EntryRate H89™ (.085)
IndustryGrowth, -001™ (.000)
Innovator, 2340 (.017)
Time Dummies Yes
No. of Observations * 29.926
athro -1.681™ (.027)
Insigma - 305 (.009)
Rho -.933
Sigma 730
lambda -.681
e 4222.94
Pr> Zz 0.0000
Log Likelihood -28577.09
Note:  “ This is the total number of observations entered at the probit stage. A smaller number of observations

appears at the OLS stage.
*¥** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level.
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Table 2.4: Regression Results for Heckman Two Step Regression: Innovating New

Entrant Plants
Dependent Variable: Coefficients (Standard errors)
Annual Employment Growth
Probit:
Age, iy, e (.041)
Age’i 007" (.004)
(sz%/[ . -200"" (.051)
(Siz%/[ Hio)f 0™ (.009)
EntryRate , .054 (.702)
IndustryGrowth,, 001" (.001)
PlantTurnover, -.684 (.556)
Time Dummies Yes
OLS:
Age, -.521™" (.016)
Age® 085~ (.001)
(Siz%/[ES)" -.013 (.017)
(Siz%/[ ES)zi -.001 (.002)
EntryRate , 644" (.186)
IndustryGrowth , -.000 (.017)
Time Dummies Yes
No. of Observations * 2,627
athro “1.642* (.070)
Insigma -.662 (.018)
Rho -.928
Sigma 516
lambda -479
% 191.65
Pr> y* 0.0000
Log Likelihood -2353.91
Note: “ This is the total number of observations entered at the probit stage. A smaller number of observations

entered the OLS stage.
*** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level.
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Table 2.5: Regression Results for Heckman Two Step Regression: Non-Innovating New

Entrant Plants
Dependent Variable: Coefficients (Standard errors)
Annual Employment Growth
Probit:
Age, -1.847™ (.011)
Age’i .005™ (.001)
(Siz%/[ o) .o o (.019)
(Siz%/[ - -018™ (.003)
EntryRate , -2.408™ (:166)
IndustryGrowth,, .001™ (.000)
PlantTurnover, 1.465™ (.123)
Time Dummies Yes
OLS:
Age, 540 (.009)
Age’s 041" (.001)
(Siz%lES)" -.124" (.015)
(Size i 2, s85 e (.002)
EntryRate 968 ™ (.095)
IndustryGrowth,, -001™ (.000)
Time Dummies Yes
No. of Observations * 27,299
athro -1.789 (.000)
Insigma -.243 (.010)
Rho -0.946
Sigma 785
lambda -.742
72 2869.05
Pr> 2 0.0000
Log Likelihood -25920.07
Note:  “ This is the total number of observations entered at the probit stage. A smaller number of observations

entered the OLS stage.
*** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level.
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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)
Age, - 583 (.007)
Age’s 041 (.001)

Size -037™ (.010)
= s),

Size 2, 002 001
Y MES)" e
EntryRate , ST AR (.085)
IndustryGrowth , -.000 (.000)
Innovator, .090 "™ (.011)
Time Dummies Yies
R*? .549
No. of Observations 13,852

Note: ™ significant at the 1% level.
Heteroskedastic consistent standard errors.

Table A2.2: Descriptive Statistics for Econometric Estimation

Variable Obs Mean Std. Dev. Min Max
Age, 29933 5.097184 3.030428 1 12
Age’i 29933 35.16447 35.76925 1 144
IndustryGrowth, 29933 21.63017 67.37141 -98 480
(Siz%/[ES) _ 29933 4062374 7660534 0 16.8
(Si27 ¥ 29933 751365 5.447844 0 282.2

MES 4
EntryRate , 29933 0677132 .0729527 0 1.286
PlantTurnoverﬂ 29933 -.0110824 .0850767 -1 1.143
Innovator, 29933 .0877627 2829542 0 1

Source: Own estimations.
Note:  Number of observations is the number of plants * number of years that we observed the plant.
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CHAPTER 3

THE POST-ENTRY SURVIVAL OF INDIGENOUS PLANTS: DOES
A PLANT'S TECHNOLOGICAL ACTIVITY MATTER?

3.1 Introduction

Over the period 1991-1998, 2,020 indigenous plants exited the Irish manufacturing
sector with the loss of almost 35,000 jobs. On average, 7.5 per cent of indigenous
plants exited each year with over 4 per cent of manufacturing employment being
destroyed as a result.”” The magnitude of 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 of exiting firms.
The question arises as to what extent the survival of these indigenous firms varies
with their individual characteristics and specifically to what extent investment in
research and development (R&D) has altered the probability of survival of individual

plants?

The exploration of the role of firm level technological activity” and subsequent
survival is a hybrid of two literature traditions. The first of these relates to the
determinants of survival itself. For example, in empirical studies, the probability of

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

40 See Table 3.1.
41 See Table 3.2.
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the age of the firm (Dunne ef al., 1989), the lower the rate of entry into the industry
(Siegfried, 1992), and the greater the growth rate of the industry in which the plant

operates (Audretsch and Mahmood, 1995).

The second of these traditions started with Winter (1984), who focused on the issue of
the survival of new entrants relative to incumbent plants. He postulated that the
probability of survival of new entrant firms relative to incumbent firms in an industry,
depended on which group controlled the technological development and future of that
industry. Where incumbent firms were responsible for the majority of innovations in
an industry, they had a relatively higher probability of survival than new entrant
firms. Sutton (1991) used the theory of endogenous sunk costs to explain how
incumbent firms could improve their probabilities of survival by controlling the
technological environment. His theoretical analysis showed that by investing in R&D,
incumbent firms increased the minimum efficient scale (MES) of the industry, which
decreased the probability of growth and survival of new entrant firms. Audretsch
(1991, 1995) and Audretsch and Mahmood (1995) used technological dominance to
explain variations in the survival of new entrant firms in the United States. They
found that control of the technological environment was empirically important in
improving the probability of survival of new entrant firms and by inference
decreasing the probability of survival of incumbent firms. Walsh and Konings (1997)
applied a variation of 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 of exit relative to indigenous plants in less R&D

*2 In this chapter we use the terms technological activity and R&D activity interchangeably.
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intensive sectors. We are not aware of any studies that has related the survival of an

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

In this chapter we examine the determinants of the probability of survival of
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 of the firm. In the majority of 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 subsidiaries.* We 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 of 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 of the probability of survival; a
logit model and a Cox duration model. We estimate the survival experience of a
cohort of indigenous incumbent plants (1986-1996) as a function of their
technological activity and other plant and industry characteristics. We find that
technological activity has a positive influence on a plant's probability of survival. This
conclusion is robust to several different measures of a plant's technological activity:

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

determinants of an incumbent plant's probability of survival.

In Section 3.2 we outline sectoral patterns of firm survival. A theory of plant level
technological activity and superior probabilities of survival is developed in Section
3.3. Section 3.4 presents the results of a logit model that seeks to explain variations in
the survival rates between firms. The results of a Cox duration model that takes
account of the limitations of 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 of a cohort of plants44 over the period 1986-1996 are shown in
Table 3.3. The overall percentage of 2,114 plants that survive the eleven years is 69
per cent. We can disaggregate further and explore the survival rates of 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 of 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 of 68.35 per cent.** While at this aggregate level, there is a suggestion that
p gereg

“ Dunne et al. (1989) concluded that the survival experiences of a subsidiary plant will be different to
that of a single plant firm. The continuing survival of a subsidiary plant will be influenced by political
decisions as well as economic performance.

*“ This cohort of 2,114 indigenous plants includes all plants with ten or more employees and are three
or more years of age in 1986.

* We have adapted the OECD classification of high-tech, medium-high, medium-low and low-tech
into two sectors. High tech is the aggregation of high and medium high-tech. The low-tech sector is the
aggregation of medium-low and low-tech. The OECD classification is set out in Table 3.3.

* These probabilities have been estimated using life-table analysis. Life-table analysis is a technique
which permits the estimation of the probability of an event (exit) occurring at different time (years)
points. It allows for the fact that not all plants will have exited during the period of observation. Life-
table analysis allows a cohort to be distinguished by one characteristic only and the differing
probabilities to be estimated for each group. A Wilcoxon(Gehan) test for equality of the estimated
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plants in an R&D intensive industry have a higher probability of 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 of survival between these
subsectors, as evident in Table 3.3.*” The range of 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 of probabilities of 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
technological sophistication?*® Audretsch and Mahmood (1995) in a study of the
variations of survival rates among new entrant plants emphasise the importance of
plant characteristics. It is the central hypothesis of this chapter that the overall
classification of sectors cannot explain survival rates and that the presence or absence
of 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 of survival for the R&D spending plants
exceeds that of the non-R&D spending plants at every point in time 1986-1996. The
probability of 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

probabilities of survival should be undertaken. In this case the different probabilities of survival for the
high-tech and low-tech sectors are statistically insignificant at the 10% level (probability=.130).
7 We disaggregate into the OECD 24 industrial subsectors.
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of 66.36 per cent.” Why could we expect ex ante, that R&D spending plants would

have a higher probability of 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 of survival of 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 of any given firm j, of age ¢, remaining in industry 7, Pr(Yi{ >0),is a

function of 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 of 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 of the

probability of survival.

Successful innovative activity is the means by which firms grow and prosper.
Audretsch (1991) justifies the inclusion of the probability of innovative activity as a
determinant of the survival of new entrant firms because innovative activity is the
means by which new firms grow and attain the industry minimum efficient scale. A
simple theory of the costs of 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 of its fixed costs, as price

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

() for a given scale of output becomes relatively more important a consideration

than increasing scale. In this instance the probability of survival of an incumbent firm
J, of age ¢, in industry 7 is determined by its current and expected profitability. The

more profitable that the firm is, the greater its probability of survival:

Pr(r/ >0)=f(z]) (1)

We can think of Equation 1 as a model of income choice in the tradition of Knight
(1971).%° Therefore we consider that the probability that a firm will decide to remain

in the industry is increasing in the level of profitability the firm 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 of 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 of age ¢ in industry 7/ can be written as

i s
it _b{2+(n—l) @)

* The Wilcoxon (Gehan) test shows that these different survivor functions are statistically different at
the 1% level. (Prob. .0000)

%% Jovanoic (1994) and Blanchflower and Meyer (1994) have used a model of income choice to
interpret the decision of an individual to start a new firm or become the employee of an existing firm.
The probability of an individual starting a new firm is greater when the gap between the expected
profits from being an entrepreneur exceed the expected wage they would receive as an employee. In
Equation 1 we are reversing this decision process. A firm has a current level of profitability. This is to
be benchmarked against the next best income choice facing the owners if they applied their resources
outside the industry.
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where 77/ are the profits earned by this firm, S is the size of the market and » 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 € into Equation 2 to measure
the degree of product differentiation attributable to our firm relative to the remaining
firms. If 6=1, the products are completely homogeneous between firm j and the
remaining firms. If =0, the products sold by firm ; are completely differentiated
from the remaining firms in the industry. We obtain a modified profit function for

firm j

J L
it :b[2+(n—1)9} 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 (6 =0) relative to those sold by rivals in
the industry, the firm removes the interdependence of its profits on the number of
firms in the market. The firm becomes a monopolist for the differentiated product and
remaining firms compete with the original homogeneous product (8 =1). Their profits

remain dependent on the number of firms in the marketplace.

Successful product innovation” is the source of product differentiation. Following the
notation developed in Equation 3, the probability that & =0 is increasing in the success

of a firm's technological activity, as defined by a successful innovative output (SIO)
Pr(6=0)= f(SI0) 4)

Through the various mechanisms outlined in Equations 1 - 4, we arrive at the central
hypothesis of this chapter, namely that the probability of survival of a firm j, of age ¢,

in industry i, will be determined by the extent of successful innovation (S/0) in this

firm

Pr (¥ >0)= f(SIO) )

To our model in Equation 5 we must add some more traditional plant and industry
characteristics that have traditionally explained variations in the probability of

survival between firms. We consider each of these variables in turn.

*! See Martin (1993).

%2 We could model process innovation in a similar fashion by extending the Cournot model to account
for differing marginal costs. Process innovation would result in lower marginal costs for a firm relative
to rivals.
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Plant size: The probability of survival for a firm increases with its size. Majumdar
(1997) notes in a study of 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 of a firm to react to
changes in its external environment. The option of downsizing in the face of 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 of survival increases with the age of the firm. Jovanoic
(1982) termed the benefits gained from increasing experience in a market as market
entrenchment benefits. Learning is important in exhausting economies of scale and
scope and learning is a function of time. Majumdar (1997) summarises this point

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

Entry: Love (1996) in a study of variations in firm exit across the British counties
concludes that new firm entry is the dominant determinant of exit. There is an
expected positive correlation between the extent of entry into an industry and the rate
of exit of incumbent plants, i.e., the probability of survival of incumbent plants falls
as the rate of entry increases. Audretsch (1995) describes the process as one of
displacement. It occurs where informational asymmetries exist between the existing
incumbent firms and potential new entrant firms. Innovative ideas occur outside of 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 of growth: Audretsch and Mahmood (1995) and Walsh and Konings (1997)
model the probability of survival of a firm as determined by the rate of growth in the
industry. These authors expect that the probability of survival for all firms in an
industry will be higher, the greater the rate of growth of 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 of exit among inefficient firms.

Thus we extend Equation 5 to take account of these factors. The probability of
survival of an indigenous incumbent plant j, of age ¢, in industry 7, in the Irish

manufacturing sector will be determined as follows™

Pr(Yl.{ > 0) = (SI0(+),Size(+), Age(+), Ind. Entry Rate(-), Ind. Growth Rate(+)) (6)

> The expected influence of the variable on the probability of 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 of two sources. The R&D data are drawn
from a survey of R&D performing plants, undertaken by the policy 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 of 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 of 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 of zero employment in the following year, we deemed

** Forfas estimate a response rate close to 100% for this survey.

** The response rate is greater than 90% for this survey (Strobl, 1996).

*% This eliminates any new entrant firms (1987-1995) from being included in our analysis. This allows
us in empirical testing to focus only on incumbent firms. Our cohort is the population of indigenous
incumbent plants in 1986.
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that plant to have exited the cohort during that year. In this way we capture the

duration of 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 of indigenous R&D spenders, a plant with zero spend
is considered as a non-R&D spending plant. We measure scale of R&D activity as the
mean R&D spend per annum in the plant (1986-1993). The population of R&D
spending firms and non-R&D spending firms remains the same for all three measures
of plant level technological activity. For the R&D spending firms only, we calculate
two alternative measures of their technological activities. The first measure is R&D
intensity 1.e., the mean R&D spend of the plant as a percentage of its sales. The
second measure relates to innovative output. It is the mean percentage of 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 of the plant in 1986 and we
normalise this with the industry minimum efficient scale (MES) in 1986. In the spirit

of Sutton (1991, p.96) we measure the MES of each subsector at time ¢ as the mean

employment size in the subsector at time 7-1.

Plant age: Plant age is the age of 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 of plants entering as a percentage of this turnover. We calculated
the mean annual entry rate for each of our subsectors as a measure of the extent of

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 of an indigenous
incumbent plant surviving the period 1986-1996. The dependent variable captures
whether the plant survived or exited over the period. A value of one implies the plant
survived while a value of zero classifies the plant as having exited. We regress this
dependent variable on each of our three measures of 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 of Equations (4.1) through (4.3) in Table

85,

*" Table 3.4 presents summary statistics for all of the variables used in this chapter.
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Equations 4.1, 4.2 and 4.3 differ only in the measure of technological activity used.
All of these measures of technological activity have positive coefficients and are
statistically significant at the 1 per cent level. As the scale, intensity and output of the
plant's R&D activity increases, the greater the probability that the plant survived the

period 1986-1996. This is the central hypothesis of this chapter.

In accordance with expectations, as the size of the plant relative to industry minimum
efficient scale increases, the greater the probability of survival for the plant. For a
given plant size, the higher the minimum efficient scale of the industry, the lower the
probability of survival for an incumbent plant. This reflects the traditional industrial

organisation result of MES as a determinant of the number of 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 of entry into an industry the lower the probability of survival would
be for incumbents. However, an alternative view of entry and the survival of
incumbents exists. The greater the extent of 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 of new entrant plants fail and are
forced to exit, i.e., the revolving door metaphor, where an entrant arrives and
subsequently 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 of the plant and the growth rate of the industry are insignificant explanatory
variables of the probability of survival. We do not display the results for the 24
category sectoral dummy variable for illustration purposes. In all of the equations,

only four of the twenty-two subsectors have significant explanatory power.58

3.4.4 Limitation of the Logit Regression: Duration heterogeneity

The first limitation of 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 of the actual failure time as an explanatory variable in a discriminant
analysis (dichotomous dependent variable) would be a serious error, as the failure
time is part of the response, not part of the factors influencing response.” We need to
model the survival experience of plants in our cohort taking into account differences

in survival times.

3.5 A Duration Model

3.5.1 Econometric Methodology

The Cox (1972, 1975) duration model estimates the risk of exit (hazard) facing a plant
in our cohort as a function of the explanatory variables already used in the logit
regression. This proportional hazards model takes account of duration heterogeneity.

The hazard is the conditional probability of a plant leaving the manufacturing sector

*® These are Clothing, Leather and Footwear, Paper and Paper Products and Furniture and other
Manufacturing when compared to Food, Drink and Tobacco.
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at duration . The hazard rate is the rate at which a plant exits during period ¢ given
that it has survived until time ¢, i.e., it measures the risk of exit for a plant during the

next year. We obtain a baseline hazard function, ho (@), which is estimated when all of

the explanatory variables (covariates) are set to zero. It is an estimate of the risk of
exit facing each plant in the cohort in each year 1986-1996. The Cox model then
estimates the influence of each of our explanatory variables on this baseline hazard
function. Is the hazard of a plant exiting at a moment in time increased or decreased
when an explanatory variable is nonzero? A negative (positive) coefficient indicates

that this baseline risk of 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 ho () and the estimated hazard function 4(z) (when an

explanatory variable is included) is proportional across time. This implies that the
contribution of the explanatory variable to the risk of exit across time is identical. In
our case, the contribution of R&D activity to the risk of exit facing a plant is the same
in 1986 as it is in 1996. The implication of using this proportional hazards model is

that none of our explanatory variables vary across time. They are all cross-sectional.”

We express the model to evaluate many independent variables as

*® The analysis in this chapter was initially completed in March 1998 when the time-varying Cox
duration model could not be estimated due to the lack of a panel dimension in our first dataset. We
have subsequently tested the robustness of the following results in a time-varying model, using a
similar cohort of plants but also using the third and most recent dataset that we have constructed. This
recent analysis could not be incorporated directly into the text because we cannot confirm that the
descriptive statistics presented throughout the chapter apply to our most recent dataset (i.e., the OECD
sectoral classification used in this chapter is no longer stored in our new dataset). The time-varying
analysis is outlined in Appendix B.
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AT e
h(t):[hO(t)]e('Bl y F Py et )

where ho () is the baseline hazard function when all of the covariates are set to zero
and A(t) is the estimated hazard function when the value of the covariates

b i LI :
( %2 xn)are nonzero

The emphasis of this chapter is on the probability of survival for an indigenous plant
given its characteristics and external environment. The survival function S(t) is an
estimate of the probability of surviving longer than a specified period. The cumulative

hazard function H(¢) is related to the survival function: H(¢) = —1n S(¢) , where

1 p
S, =[8,®)]

and where p:e'Bx . The survival function is obtained by raising the baseline

survival function (this is the function when all the explanatory variables are set to

zero) to the power of e'Bx . The cumulative hazard and the cumulative survival
functions approximately add to one. The difference from one will be due to the
standard error of the cumulative survival estimates. Therefore the probability of

surviving a given time period is one minus the probability of dying in that period.
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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 of these equations differ in one respect only, namely the measure of 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 of this
variable is negative and statistically significant. This implies that the risk of 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 of this variable is positive. This confirms similar
results elsewhere that the risk of exit at a point in time (1986-1996) facing indigenous
incumbents is increased the greater the extent of plant entry into their industry
(Siegfried, 1992; Audretsch, 1995; Kleijweg and Lever, 1996; Love, 1996). This is in
contrast to the positive influence of entry on the probability of survival of 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
of the covariates specified in Equation 5.1. We can illustrate the importance of 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 of exit facing a non-R&D spending plant is greater
than that of an R&D spending plant (Figure 3.2). Conversely, the probability of
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 of R&D activity among R&D active
plants. The coefficient of R&D scale is negative and significant, i.e., the risk of exit
facing an indigenous plant in our cohort is decreased as the scale of R&D activity in
the plant increases. The size of 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 of the industry, its risk of exit decreases. The industry

entry rate increases the risk of exit for all the incumbent plants in our cohort.

In Equation 5.3 we introduce the percentage of a plant's sales that is invested in R&D
as a measure of 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 of 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 of a plant's technological activity. It is
the percentage of 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 of sales revenue accounted for by sales of innovative products, the lower the
risk of exit facing the plant. Again, the greater the extent of entry into the industry, the
greater the risk of exit facing the plants in that industry. The larger the size of the
plant relative to minimum efficient scale, the smaller the risk of exit facing the plant

will be.
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It is suggested based on our results that the probability of survival is relatively greater
in R&D active firms. We speculated in Section 3.3 that we might record a higher
probability of 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 of 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. Kearns and Ruane (1997) noted that
R&D spending firms in Irish manufacturing had superior employment growth to non-
R&D spenders while Roper ef al. (1996) observed for a sample of 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 of 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 eam
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 of exiting firms.
The question arises as to what extent the survival of these indigenous firms varies

with their individual characteristics? The central hypothesis of this chapter is that
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technological activity within plants is an important determinant of that plant's
probability of survival. We outlined a theoretical model whereby the probability of a
plant surviving is determined by the success of a plant's technological activity. We
extended the results of previous papers that have used sectoral level data on

technological activities in determining the probability of survival of incumbent plants.

Using a dataset of indigenous incumbent plants in the Irish manufacturing sector, we
concluded that technologically active firms have superior probabilities of 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 of variables typically used to measure a plant's technological activity,
namely, scale of R&D activity, R&D intensity or sales of innovative products

developed within the plant.
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3.A Tables

Table 3.1: Percentage of (i) Indigenous Plants Exiting the Manufacturing 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 3857 290 7.5% 116,714 51233 4.5%
1996 3,858 262 6.8% 120,224 3,826 3:2%
1997 3993 259 6.5% 125,498 5,615 4.5%
Total 2,020 34,877
Mean 7.5% 4.3%

Source: Own estimations based on Central statistics Office (Census of industrial production 1991-
1998) data. See CSO (1997a, 1997b, 1997c, 1998a, 1998b, 1998c, 2000a, 2000b).

Table 3.2: A Comparison of Jobs Lost and Gained through Plant Exit and Entry,

1991-1998
Between Years: Number of jobs lost in Number of jobs Net Difference
exiting firms gained in new firms

(1) ) (2)-(1)
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 3,233 4,768 -465
1996-1997 3,826 6,459 2033
1997-1998 5,615 5,038 =577
Total 34,877 33,861 -1,016

Source: Own estimations based on Central statistics Office (Census of industrial production 1991-
1998) data. See CSO (1997a, 1997b, 1997¢, 1998a, 1998b, 1998c, 2000a, 2000b).
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Table 3.3: Cohort Survival Rates Over Time by Manufacturing Subsector

Year 1986 1988 1990 1992 1994 1996 Probability of
Manufacturing Sector ~ Number of Surviving Firms from 1986 Cohort. Surviving the
Survival Rates (%) Period

High-Tech Sectors:

Machinery n.e.c. 88 78 68 60 57 56 63.64
8%  77%  68%  65% 64%

Computer/Office Mach 14 12 ¢l 11 10 9 64.29
8%  79%  19%  T1% 64%

Electrical machinery 51 48 44 43 40 36 70.59
94%  86%  84%  78% 1%

Electronics 3 3 3 2 2 2 66.67
100% 100% 67%  67% 67%

Instruments 32 30 21 26 26 25 81.25
94%  84% 81% 81% 78%

Motor Vehicles 46 44 42 4] 40 38 82.61
9% 91% 89%  87% 83%

Other transport 14 14 11 9 8 7 50.00
100%  79%  64%  57% 50%

Chemicals 22 21 18 18 18 18 81.82
95% 82% 82%  82% 82%

Pharmaceuticals 35 31 29 29 27 27 77.14
8% 8% 8% 7% 77%

High-Tech Sectors 293 281 2353 239 228 214 73.04

9% 86% 82% 78% 73%

Low-Tech Sectors:

Food/Drink/Tobacco 541 495 453 423 399 384 171
91% 84%  78% 74% 71%

Textiles 86 73 66 1) 53 52 60.47
85% 77%  66%  62% 60%

Clothing 152 121 95 83 75 66 4342
80% 63% 55% 49% 43%

Leather/Footwear 35 30 23 21 20 17 48.57
86% 66% 60% 57% 49%

Wood/Wood Products 102 91 83 72 66 62 62.69
89%  81% T1%  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 7531
94% 85%  83% 80% 75%

Non-Metallic Minerals 146 134 124 121 110 106 73.26
92%  85% 83% 75% 73%

Basic Metals 15 13 9 9 9 8 5333
87%  60%  60%  60% 53%

Fabricated Metals 268 242 225 212 197 190 70.90
90% 84%  19%  74% 71%

Furniture/Other Manu. 173 151 136 128 121 113 65.46
87%  19%  74% 70% 65%

Low-Tech Sectors: 1821 1623 1475 13827 1292 1245 68.35
89% w81 % 6% - T1% 68%

Total (Cohort) 2114 1904 1728 1621 1520 1449 69.00

90%  82% T7%  12% 69%

Source: Own Estimations based on Forfas data.
Note: The survival rate or the percentage of firms surviving is the number of firms surviving after a
given time period divided by the total number of 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 of R&D Activity (000's) 18.56 96.83 0 1980 2114
R&D Intensity (%) 0.01 0.03 0 0.28 2114
Sales of 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 of Plants post 1986 (Years) 8.96 3.39 1 11 2114

Source: Own Estimations.
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Table 3.5: Regression Results for Logit Estimation

Independent Variables® Equation 4.1 Equation 4.2 Equation 4.3
Scale of R&D Spend (p) 004 %**
(.0088)
R&D Intensity (p) 14.540%**
(.0004)
% Sales Innov. Prod's (p) 0.022%%*
(.0000)
Age of plant in 1986 (p) 0.001 0.001 0.001
(.6663) (.6768) (.6188)
Plant size / MES (p) g1 17 0.152%** D121
(.0207) (.0017) (.0127)
Annual Entry Rate 86-96 (i) 73.525 86.097* 85.652*
(.1375) (.0938) (.1000)
Industry Growth Rate (i) -0.086 -0.097 -0.093
(.1896) (.1450) (.1625)
Constant -4.018 -4.926 -4.963
(.1896) (.1239) (.1267)
Overall Chi Square Score 121.723 129.932 1153321
Significance Level .0000 .0000 .0000
-2LL 2495.290 2487.081 2463.692
Overall Predicted 70.20% 70.29% 70.53%
N 2114 2114 2114

Note:  p values in parentheses.
*** significant at the 1% leve significant at the 5% level, *significant at the 10% level,
() variable varies at industry level, ( p) variable varies at plant level.

]’ *k

% A sectoral categorical variable for the 24 OECD sectors was included. The variable improved the
explanatory power of the model. The breakdown of this variable (23 categories) is not included for
presentation 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) -1.030%**
(.000)
Scale of R&D Spend (p) -0.004%**
(.002)
R&D Intensity (p) ~14:551%%*
(.000)
% Sales Innov. Prod's (p) =0:0202%**
(.000)
Age of plant in 1986 (p) -.003 -0.002 -0.002 -0.0024
(.141) (.382) (.309) (.266)
Plant size / MES (p) -0.061 -01083 %% - R D 1k -0.099**
(.116) (.048) (.003) (.014)
Annual Entry Rate 86-96 (i) P:213%%* w10 890" - LL116%%F = ]]1.503%%%
(.0000) (.000) (.000) (.000)
Industry Growth Rate (i) -.015 -0.015 -0.013 -0.014
(.116) (-121) (.174) (.144)
Overall Chi Square Score 04.820%**  36.396*** 4] 378%%*  64.843***
Significance Level (0.0000) (0.0000) (0.0000) (0.0000)
N 2114 2114 2114 2114
Note:  p values in parentheses.

*** significant at the 1% level, ** significant at the 5% level, *significant at the 10% level;
(i) variable varies at industry level, ( p) variable varies at plant 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:  The vertical axis is the probability of survival.
Over the entire duration (1986-1996) the probability of survival for R&D spending firms is
greater than that of non-R&D spending firms.
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Figure 3.2: Hazard Functions based on Cox Regression (Equation 5.1) estimated

Note :

for R&D Spenders vs. Non-R&D spenders
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The longer the time period considered (duration) after 1986, the greater the risk of exit facing
all of the plants. However this risk of exit is lower for the R&D spending plants relative to the
non-R&D spending plants over the entire period. This function is estimated using the mean of
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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Note:

The longer the time period considered (duration) after 1986, the lower the probability of
survival facing all plants. However the probability of survival is higher for the R&D spending
plants relative to the non-R&D spending plants over the entire period. This function is
estimated using the mean of the covariates.
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3.C Appendices

Appendix A: Diagnostics for the Life-Table Analysis

Table A3.1: Wilcoxon (Gehan) Statistics of the Probabilities of Survival across

Subsectors
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/Tobacco 541 153 388 T2 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 7531 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 S5 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 8125 247.1563
Motor Vehicles 46 8 38 82.61 308.0217
Other Transport 14 7 7 50 -326.5714
Furniture/Other Manu. 171 59 112 65.5 -85

Table A3.2: Wilcoxon (Gehan) Statistics of the Probabilities of Survival between
High and Low-Tech Sectors.

Overall comparison statistic= 2.281 DE=1 Prob= 0.1309
Total N Exited Survived % Mean Score
High tech 293 79 214 73.04 81.8737
Low tech 1821 576 1245 68.37 -13.1735

Table A3.3: Wilcoxon (Gehan) Test for Non-R&D Spenders Vs. R&D Spenders

Overall comparison statistic=  79.565 D.E.=1 Prob= 0.0000
Total N Exited Survived % Mean 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 B

Table B3.1: Regression Results for the (Time Varying) Cox Duration Model

Independent Variables Equation B.1 Equation B.2

R&D Active (Yes/No) (p) Bl QA
(.039)

Scale of R&D Spend (p) 994 %%

(.002)

Age of plant (p) (t) .985%* .986*
(.009) (.008)

Age of plant squared (p) (t) 1.000** 1.0000*
(.000) (.000)

Plant size / MES (p) (t) 904 831k
(.094) (.072)

Plant size / MES squared (p) (t) 1.012%* 1.016¢**
(.005) (.005)

Annual Entry Rate 86-96 (1) (t) 335 419
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