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Abstract: The relationship between firm size and age relative to technical change and 
efficiency is examined in a highly innovative and dynamic sector, the Finnish ICT 
equipment manufacturing industry. A stochastic frontier model is applied to an 
unbalanced firm level panel over the period 1990–2003. The sample is representative of 
almost half of corporate R&D in Finland. The Method of Moments and Battese-Coelli 
efficiency measures are obtained to compare permanent and time-varying efficiency 
levels. Results show firm age to be relatively insignificant. New firms do not dominate 
technical change. In contrast, firm size makes a substantial contribution to productivity 
growth, technical change and efficiency. High elasticity of factor inputs result in, on 
average, highly increasing returns to scale. These factors point towards growing 
concentration and capital-intensity, which can be expected to further widen the 
productivity gap between small and large firms. To survive, smaller firms may need to 
combine frontier technology adoption with expanding scale, e.g., by mergers, to 
improve both technical and scale efficiency. 

JEL code: O3, O39, L63 

Key words: ICT industry, total factor productivity, technical change, technical 
efficiency, R&D elasticity, firm size, firm age 

Tiivistelmä: Teknisen kehityksen ja tehokkuuden suhdetta yrityksen ikään ja kokoon 
selvitetään Suomen innovatiivisessa ja dynaamisessa ICT-teollisuudessa soveltaen sto-
kastista frontier -mallia yritysaineistoihin vuosilta 1990–2003. Otos edustaa melkein 
puolta suomalaisten yritysten T&K-panostuksista. Method of Moments ja Battese-
Coelli -tehokkuusmittareita soveltaen erotetaan pysyväisluontoiset jäykkyydet ajassa 
muuttuvista tehokkuuseroista. Tulokset osoittavat, että uudet yritykset eivät dominoi 
teknistä kehitystä, eikä yrityksen iällä näytä muutenkaan olevan merkitystä. Yrityksen 
koolla sen sijaan on merkittävä positiivinen vaikutus niin tuottavuuden, teknisen kehi-
tyksen kuin tehokkuuden kasvuun. Kaikki tuotantopanokset ovat niissä tuottavampia, ja 
ne nauttivat keskimäärin nousevista skaalatuotoista. Erot ovat niin suuria, että voi odot-
taa pienten- ja suuryritysten välisen tuottavuuskuilun laajenevan entisestään. Selviyty-
äkseen pienten yritysten täytynee yhdistää uusien teknologioiden omaksuminen 
kapasiteetin laajennuksiin, esim. yhdistymällä ja yrityskaupoilla parantaakseen sekä 
teknistä että skaalatehokkuuttaan. 

Asiasanat: ICT-teollisuus, kokonaistuottavuus, tekninen kehitys, tekninen tehok-
kuus, T&K, yrityskoko ja -ikä 
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1. Introduction 

Productivity growth, innovation and technological change are believed to be the 
keys to maintaining competitiveness in a globalising economy. Large amounts 
are being invested in R&D in OECD countries, with a considerable publicly 
financed share (25–50 %), with the EU Lisbon strategy calling for even greater 
commitment. The effectiveness of technology policy may vary greatly by firm 
size and age. Small firms are typically assumed most eligible for public R&D 
support since they are more likely to suffer from financial constraints imposed by 
asymmetric information and capital market imperfections, while support granted 
to large firms generally attracts a great deal of criticism. Support granted to old 
firms can also be perceived to interfere with the creative destruction process. 
Firm size is also relevant in discussions on EU competition policy, integration, 
market structure and size.  

The Finnish case is particularly interesting as Finnish firms innovate and are 
perceived to feature at the global technology frontier in the ICT sector, following 
developments which began in the early 1990’s. Furthermore, small countries 
differ from large countries in being relatively more dependent on technology 
imports and foreign competition, hence results from large countries may not 
hold. The ICT manufacturing sector is considered a highly innovative and 
skilled-intensive sector, as opposed to more concentrated and capital-intensive 
industries, and small firms should therefore enjoy strong incentives to compete 
by means of innovation. The sector itself is a key source of technological 
progress and productivity growth. 

The Schumpeterian hypothesis assumes larger incumbent firms to enjoy better 
access to knowledge-producing inputs and be more able to be innovative and 
improve their productivity. Evidence in favour of the hypothesis have been found 
e.g. by Link (1980) and Cohen and Klepper (1996). Also Pagano and Schivardi 
(2003) found a positive relationship between firm size and growth and explained 
it with R&D intensity, suggesting that larger size fosters productivity growth 
because it allows firms to take advantage of all the increasing returns associated 
with R&D, and that the causality runs from firm size to growth. They argue that 
the full exploitation of innovation opportunities benefits from the presence of 
large firms, though small and young firms may play an important role by 
experimenting and introducing new products. Large firms may be more crucial in 
the development phase, by speeding up the diffusion and commercialisation of 
new ideas and maximising their impact on productivity.  

Recent empirical research on firm size has also suggested a more permanent 
cohabitation with different roles assigned, with small firms being central to 
innovation and technological diffusion, while large firms reap scale economies 
and high returns on R&D. Rothwell’s dynamic complementarities theory argues 



2

that the innovation advantages of large firms lie mostly in scale-economies, 
associated with their relatively greater financial, technological, and production 
resources, and more concentrated and capital-intensive industries. Meanwhile, 
small firm advantages are more related to entrepreneurial dynamism, internal 
flexibility, responsiveness to changing circumstances and specialised expertise, 
which should contribute to higher innovation efficiency in skill-intensive sectors 
enjoying rapid technological development (Autio & Yli-Renko, 1998). 
Furthermore, Autio and Ylirenko (1998) argue that technology-based SMEs1 act 
as key catalysts of technological diffusion and commercialisation of new 
technology, pulled along by the demand effect of large locomotive firms, to 
whom small firms offer services aimed at increasing production efficiency, 
external R&D or act as subcontracts or equipment suppliers. “A wave of studies 
has revealed small enterprises to be the engine of innovative activity in certain 
industries, despite an obvious lack of formal R&D activities.” (Audretsch, 1995, 
p.178).

These dynamic complementarities may vary greatly by industry (Laamanen and 
Autio, 1996). Evidence from the US showed small IT firms to be less likely to 
patent than large firms with over 500 employees. In contrast, in health related 
areas, such as biotechnology, pharmaceuticals, medical equipment and medical 
electronics, so-called serial innovators, with an accumulated portfolio of techni-
cally important and scientifically linked patents, were more likely to be small 
than large firms (CHI Research, Inc., 2003). The Winter (1984) hypothesis that 
innovation activity in small firms responds to a different technological and eco-
nomic environment than it does in large firms has received support from Acs and 
Audretsch (1988), who found that industry innovation tends to decrease when its 
concentration and unionization rises. 

According to Audretsch (1995) three factors shape the firm-size distribution: the 
underlying technological conditions, scale economies and demand. To simplify, 
life cycle theories of industry evolution adapted from the product life cycle 
portray a picture of technological and market structure change in which an 
industry is characterised at the early stages by small firms creating significant 
technological progress advancing radical product innovations. As the technology 
matures and the technological opportunity narrows, large firms take over (often 
literally) smaller firms and compete predominantly by means of cost cutting and 
efficiency raising incremental process innovations supported by scale economies 
(see eg., Klepper, 1996, Agarwal & Gort, 2002).

Thus the theory and empirical evidence suggest that the favourable size of firms 
may vary greatly by the circumstances. While the policy focus in Finland is on 
supporting potential new Nokias and innovation at the technology frontier, the 
efficiency of the policy in terms of productivity growth has rarely been 
                                             
1 Defined as firms with less than 200 employees operating in high-tech sectors. 
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investigated or actual technical change by firm size measured. Analyses are 
frequently restricted to comparing developments in labour productivity, although 
shifts in capital investment and productivity have been characteristic of recent 
structural change.

To address this deficiency, the present study disaggregates multi-factor-
productivity growth in the Finnish ICT equipment manufacturing sector into its 
various components and examines the size distribution of firms in the industry 
with respect to technical efficiency, technical change, scale elasticities and total 
factor productivity growth. Are scale economies declining over time as firms 
reach optimal size, or is technological opportunity narrowing as the industry 
matures? While externalities are not estimated, private returns are central in 
determining firm’s own incentives to invest in various activities.

The results confirm there to be important differences between different sized 
firms. In what follows, sections 2 and 3 briefly overview the methodology and 
data respectively. Results are reported in section 4 presents and their implications 
discussed in section 5.  
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2. Methodology

New growth theory contributions e.g., by Romer (1990) and Grossman and 
Helpman (1991) have neglected the role of firm size by assuming constant 
returns to accumulating factors. This restrictive assumption, common to most 
studies in the field, is relaxed in this study. Instead the following translog 
production function was estimated: 

(1)
,ln½

lnln)(ln½lnln
2

2
0
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where the ’s denote parameter estimates of the production function, i the 
company, j and h denote inputs (i.e., logarithms of physical capital (k), non-R&D 
labour (l) and R&D capital (r), and t the year. The frontier production function is 
estimated with COLS and maximum likelihood. The Method of Moments and 
Battese-Coelli efficiency measures are applied to obtain both permanent and 
time-varying efficiency levels, as well as determinants of inefficiency. The 
methods allow for the separation of stochastic variation from actual efficiency.2

Altogether four models were estimated:  

1) Pooled OLS (model D0 henceforth); 

2) OLS with firm characteristic dummies, i.e., foreign/domestic ownership 
(type), size (number of employees in six groups) , export status (exports or 
not), age (4 categories), and leverage (model D1 henceforth); 

3) OLS with fixed effects, i.e., firm dummies (model D2 henceforth); 

4) Maximum Likelihood with firm characteristic dummies in the inefficiency 
term (model ML henceforth) with similar determinants of efficiency as in 
the D1 model. 

Technical efficiency levels were estimated first to establish the technology 
frontier based on the following assumptions: The error term, ititit uv  is 
composed of a random error term, it is i.i.d. N(0, 2 ) and an inefficiency term,
uit, which is i.i.d. N( itZ , 2

u), i.e., obtained from a truncation of the normal 
distribution at zero, but with mean itZ  and variance 2

u. Battese-Coelli 

                                             
2 For details see Berghäll (2006a). The results are reported in Appendix tables 6 and 7. 
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efficiency is specified as ititit wZu , where wit is defined by truncation of the 
normal distribution wit ~ N(0, 2

w) with left truncation at itZ  for each i. 3

Productivity growth was thereafter disaggregated into scale and factor input 
elasticities, technical and technical efficiency change, and outcomes identified 
for different sizes of firms. Input elasticities were obtained from the first 
derivative of the production function with respect to each input factor as: 

(2) .lnln
ln
ln

h ijthitjhjitjjj
j

j tXX
X
YE

where jE is both firm and time varying, j,h=k and l, i=firm, t=time. The marginal 
productivities of factor inputs are then obtained from )(Y/X jjE . The rate of 
exogenous technical change is obtained as: 

(3) .lnln
j ijtjtittt

i
it Xt

t
YTC

Scale elasticity (or returns to scale, RTS), defined as the percentage change in 
output due to a proportional increase in the use of all inputs, can be calculated as 
the sum of input elasticities:

(4) jj ERTS

Two measures of total factor productivity growth (TFP with a dot) are estimated. 
In TFP1 scale elasticity is weighted by input shares proxied by their input 
elasticities:

(5)
j jitjititit XERTSTCTFP )1(1

TFP2 is estimated by using the unweighted growth rate in output as a proxy for 
estimated changes in output:

(6) itititit YRTSTCTFP )1(2 .

Their differences suggest disparities in actual and potential productivity growth 
rates. To estimate the role of efficiency change in TFP growth, another two 
measures are estimated, denoted TFP1x and TFP2x, respectively. 4
                                             
3 For a detailed review of the technical efficiency methodology see Berghäll (2006a).  
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(7)
j jitjititit XERTSTCBceffxTFP )1(1

(8) itititit YRTSTCBceffxTFP )1(2

                                                                                                                               
4 The methodology is described in more detail in Berghäll (2006a and 2006b). 
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3. Data

The unbalanced panel was constructed of private manufacturing firms engaged in 
ICT equipment manufacturing during 1990–2003 from the Longitudinal 
Database on Plants in Finnish Manufacturing (LDPM/ Teollisuustilasto)  
1974–2002, Financial Statements Statistics (Tilinpäätöspaneeli) 1986–2003, and 
the R&D Surveys 1985–2003 from Statistics Finland. Only firms with at least 20 
employees were included due to data shortages on smaller firms. The sample 
covers over 90 % of the R&D carried out in the sector, which in turn represents 
about half of corporate R&D in Finland. The data is described in more detail in 
the Appendix.  

Real value-added measures output (Y), the dependent variable, while factor 
inputs are non-R&D labour (L), the physical capital stock (K) and the R&D stock 
(R). Labour input is proxied by total firm personnel due to data shortages on 
hours worked. As R&D was included as an input, R&D employees were 
deducted from the total number of labour input to avoid double-counting. To the 
extent that R&D expenditure represents wages of educated R&D employees, the 
R&D capital measure, also incorporates human capital into the model. The 
LDPM database provides proxies for physical capital, built from machine and 
equipment assets using the perpetual inventory method with a ten percent 
depreciation rate, i.e., ttt IKK 1)1(  where  is the depreciation rate. 
Similarly, R&D capital stocks were built from total internal R&D investments5,
available in the R&D panel. The initial R&D stock was based on data from 
1985–1989 when available. Otherwise only reported R&D data could be used to 
construct the R&D stock. Several annual depreciation rates were applied to find 
the appropriate one, but the initial R&D stock was estimated with a 30 % 
depreciation rate. R&D, capital, labour and value-added data was available for 
altogether 164 firms.  

Table 1.  Summary Statistics for Variables in the Stochastic Production 
Function.

 N Mean Std. Deviation Minimum Maximum 
Value added (€)  988 39029555 284298161                91 531            6 474 956 360   
Turnover (€) 944 147864331 1051549520              768 851          25 578 904 364   
Capital (€) 988 12386491 39379952                     218               541 878 095   
No of personnel minus R&D personnel  988 305 931                         1                        13 516   
Total personnel 988 353 1060                       20                        13 516   
R&D Capital Stock (€) 988 8962878 42069068                     826               695 930 103   
Lerner index 929 0.06 0.19 -3.66 0.57 
Debt ratio (%) 929 113 453 -2 863                          8 854   

                                             
5 External R&D was varyingly available and does not build up the R&D capital of the company.  
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Nominal variables were deflated by sectoral producer price indices at the 2 and 3 
digit levels (1995=100), except for R&D data which was deflated using the 
sectoral earnings level index after 1995, and general earnings level index prior to 
it, as these appeared most appropriate considering the options.

The panel firms can be assumed to be subject to similar (no) regulation, 
demonstrate similar behaviour, i.e., profit or revenue maximising, allowing us to 
apply an output distance function, (as opposed to cost minimisers in regulated 
industries), and third, fit into the same functional form of the production 
function, i.e. technology, for their relative efficiencies to be comparable. As an 
unbalanced panel was applied, entry and exit should not distort results 
excessively.

The additional determinants of efficiency introduced into the Battese-Coelli (BC) 
model include the firm-specific Lerner index, the firm leverage ratio, and four 
dummy variables, i.e., ownership status in terms of domestic or foreign, exporter 
status, size and age. Profitability or the firm-specific Lerner index was specified 
as operating profit divided by the value of gross output (turnover). This provides 
a better measure of the intensity of competition than market share as international 
trade is high in the sector. Operating profit was derived from firm value added 
minus factor input costs, i.e., personnel expenses including payroll taxes and 
social security payments incurred by the firm, as well as capital costs as indicated 
by financing expenses6 in firm profit and loss statements. Shortages in the LDPM 
database rendered data on exports unreliable and therefore only exporter status 
was extracted for 1995–2002. Similarly it proved impossible to establish an exact 
age for each firm, and therefore firms were merely grouped into 4 age categories.

Table 2.  Frequency Distribution of Firms by Debt Ratio, Age and Number of 
Personnel.

Debt ratio Freq. (%) Age in years Freq. (%) Size by number of personnel Freq. (%) 

< 50 % 594 (60%) years<=2 244 (25%) 20<=labour<50 347 (35%) 
50-100% 151 (15%) 2<years<=4 144 (15%) 50<=labour<100 167 (17%) 
>100% 243 (25%) 4<years<=7 135 (14%) 100<=labour<250 195 (20%) 

7<years 465 (47%) 250<=labour<500 119 (12%) 
    labour=>500 160 (16%) 
 988  988  988 

                                             
6 These financing expenses are the sum of interest and other financial expenses, (such as those from for-
eign currency exchange), multiplied by one hundred and divided by long-term debt. 
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Table 3.  Frequency Distribution of Firms by Urbanisation, Localisation, 
Export and Ownership.  

Urbanisation Freq. (%) Localisation Freq. (%) Exports Freq. (%) Ownership Freq. (%) 

1, smallest 73 (7%) 1, smallest 84 (8%) No 130 (13%) Domestic 857 (87%) 

2, medium 203 (21%) 2, medium 105 (11%) Yes 858 (87%) Foreign 131 (13%) 

3, largest 712 (72%) 3, largest 799 (81%) 

Total 988  988  988  988 

Table 4.  Distribution of Observations and Variables Values in Sample by Size 
(Percent of Total). 

Firm Size 1 2 3 4 5 Total 
Share of Observations  in Sample 35 % 17 % 20 % 12 % 16 % 100 % 
Total Employment 3 % 3 % 9 % 12 % 72 % 100 % 
Total non-R&D Employment 3 % 3 % 10 % 13 % 71 % 100 % 
Total Capital 2 % 3 % 10 % 13 % 72 % 100 % 
Total R&D Capital 3 % 3 % 6 % 12 % 76 % 100 % 
Total Value-Added 2 % 2 % 4 % 6 % 85 % 100 % 
Total Turnover 2 % 2 % 4 % 5 % 87 % 100 % 

Foreign owned firms have been found to show higher productivity, but domestic 
multinationals are even more productive, proving firm- and/or ownership-
specific advantages of importance. Deregulation of an industry to open 
competition has also been found to reduce slack. In sum, reduced profit margins, 
higher indebtedness, foreign ownership and exports are expected to affect the 
efficiency of firms positively, while firm size and age impacts are somewhat 
contradictory.



10

4. Results

Test results support the stochastic and translog formulation as (in)efficiency 
accounts for a large share of the variation in the error term (see  in Appendix 
Table 6) and scale elasticities are highly variable (Appendix Tables 8 and 9).

Correlations show labour productivity to be too partial a measure to represent 
productivity growth and technical change. A simple labour productivity measure 
does not correlate with size or age, although total factor productivities show 
significant correlations with size and age, though only the output based measure 
for the latter. Even more notable and significant are the correlations of factor 
elasticities, including scale elasticity and technical change with size and age. 
Only the correlation of age and R&D elasticity is insignificant (Appendix Table 
7).

Almost all elasticities were higher on average in large, old, foreign and exporting 
firms regardless of the model, contributing to substantial scale elasticities. 
Technical efficiency, technical change, total factor productivity and returns to 
scale increase almost systematically with firm size (Appendix Table 8). Small 
firms were the most R&D intensive, but this did not seem to be central to 
productivity growth, rather the contrary.

Over time, technical change appears to accelerate in difference size classes 
(Figure 1a). If fixed factors are controlled for (Figure 1b), technical change still 
shows a rising trend for largest firms. The mean elasticities of capital and non-
R&D labour declined when firm-specific factors are controlled for, but show a 
slightly rising trend over time. The elasticity of R&D declined most in largest 
firms from 1993 to 2002. Once firm-specific fixed factors are controlled for, the 
elasticity of R&D improves greatly, particularly for smallest firms. Prior 
experiments showed that the rate of R&D capital depreciation does not influence 
the trends, only the levels. Output oriented total factor productivity growth is 
only marginally affected, but efficiency in input use declines as the use of the 
respective input increases. Thus the inefficiency in R&D use is not altogether 
time-varying as one would expect if success in innovation is highly uncertain.
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Technical Change by Size
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Figure 1a.  Average Technical Change by Size Class, ML Model, 1990–2003.  
Size 1: (20  Empl. No.< 50); Size 2: (50  Empl. No.<100); Size 3: (100  Empl. No.<250);  
Size 4: (250  Empl. No.<500); Size 5: (500  Empl. No.). 
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Figure 1b.  Average Technical Change by Size Class, D2 Model, 1990–2003.  
Size 1: (20  Empl. No.< 50); Size 2: (50  Empl. No.<100); Size 3: (100  Empl. No.<250);  
Size 4: (250  Empl. No.<500); Size 5: (500  Empl. No.). 
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Scale Elasticities by Size
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Figure 2.  Average Scale Elasticities by Size Class, ML model, 1990-2003. 

Size 1: (20  Empl. No.< 50); Size 2: (50  Empl. No.<100); Size 3: (100  Empl. No.<250);  
Size 4: (250  Empl. No.<500); Size 5: (500  Empl. No.). 

Altogether, firm-specific fixed factors had little impact on the output based TFP 
measure. The realised output-based productivity growth is very much linked to 
extraordinary growth in output over the period, which is related to long-term 
demand growth. Consequently, some firms are more efficient and productive on 
a near permanent basis and fluctuations in demand or exogenous factors can only 
partly be blamed for any shortcomings in efficiency.  

Results with regard to firm age were insignificant for efficiency or output. 
Technical change was fastest and scale elasticities largest in oldest firms (Table 
9), but results were not as consistent and uniform for different age classes as with 
size. Output based TFP growth was most rapid for “middle-aged” firms of 4 to 7 
years. Older firms were more efficient in realising their productivity potential. 
Considering the productivity of their inputs, young firms should have enjoyed 
much higher productivity growth. Regardless of the model, capital, labour and 
scale elasticities were highest in the oldest firms. Only R&D elasticities proved 
higher for younger groups.
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5. Discussion

Tybout and Westbrook (1996) showed that scale economies are present mostly 
for small plants while larger plants generally exhibit constant returns. This is 
blatantly not true in the Finnish ICT sector. The paradox in terms of size is that 
increasing scale elasticities are present and highest for the largest firms, i.e., the 
larger the firm, the better returns it gets to its investments and resource inputs. 
The slope of the production function appears to be still rising and optimal firm 
size is far from reached. Figure 3 illustrates the situation in a simplified one input 
and output framework, i.e., most firms are below the darker part of the (S-
shaped) production possibilities curve, i.e., in a position similar to point D. Even 
large frontier firms are at a point similar to E, i.e., technically efficient, but below 
the scale efficient point C. Big is beautiful. 

Figure 3.  Technical Efficiency Relative to Scale Efficiency in a one input (x) 
and output (y) framework.  

The findings are in line with previous reports of great heterogeneity in 
technology usage in manufacturing establishments even after controlling e.g., for 
industry, size, region, and age, i.e., new technology does not appear to be 
introduced predominantly by new firms7. In contrast, large firms in the sector 
                                             
7 Dunne (1994). 
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appear to be key locomotives of productivity growth, technical change, technical 
efficiency, enjoy the highest returns to scale on average, and be better at 
employing factor inputs efficiently, including R&D. While small firms may be 
important avenues for positive externalities such as technological learning, they 
lag far behind the technology frontier. The market is dominated by Nokia, which 
has been accused of applying its market power on supplier firms and “sucking 
them dry”. If true, this factor should, however, raise competition among suppliers 
and pressure them to improve technical efficiency and thus reach the frontier.

The strong returns to scale can be related to the ability of large firms to acquire 
innovations or invent them, produce them efficiently and commercialise them on 
the global market. In particular, while entrepreneurship may be beneficial for 
innovation, success in commercialising innovations may continue to rest 
crucially on large companies. The results of this study therefore confirm the 
Schumpeterian hypothesis and Pagano’s and Schivardi’s (2003) findings of 
higher productivity growth for larger firms, but this does not seem to be 
primarily due to the higher productivity of R&D in larger firms. All factors of 
production appear more productive in larger firms.  

Although scale economies have been improving, technical change shows no 
signs of decelerating, and there is therefore no indication of the technological 
opportunity narrowing. However, rapid technical change implies rapid process 
innovation or product innovation in process goods. A shift from product to 
process innovation is therefore possible, which in turn may be linked to the 
industry product life cycle shift to a mature and tightened technological 
opportunity.

Despite rapid technical change, the productivity of R&D is highly variable and 
low productivities are surprisingly persistent. Small firms do not lack in R&D. 
They are actually the most R&D intensive, but this did not seem to be central to 
productivity growth, rather the contrary. Thus increasing R&D support would do 
little to improve the circumstances lagging firms find themselves in. Even if 
small firms generate externalities, they may spill over to large firms. The results 
do not, therefore, support the hypothesis of diseconomies of scale in large firm 
innovation production due to bureaucratization in the innovation decision making 
process as found by Link and Rees (1990). 

In markets where scale economies play an important role, the likelihood of sur-
vival is lower for firms that fail to grow. The larger the scale economies are, the 
severer the selection mechanism (Audretsch, 1995, p.170–171). Consequently, 
the tackling of inefficiencies by means of facilitated technological diffusion may 
be insufficient. Incumbent firms possess large scale advantages and are less 
likely to exit. Scale economies point towards growing concentration and capital-
intensity also for this innovative and skill-intensive sector, which can be ex-
pected to further widen the productivity gap between small and large firms. An 
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industry “shakeout”, in which the number of firms drops significantly in a short 
interval of time, already took place after the 2000 stock market bubble burst.  

To emerge from Nokia’s squeeze, domestic suppliers may need to solve their 
scale efficiency problem first and foremost. The answer for smaller firms to 
reach technical and scale efficiency may lie in mergers. The empirical evidence 
on mergers points towards above average productivity growth for several years8,
and high foreign trade intensity in the sector shows that policy-makers need not 
fear collapses in competition as a result of mergers.9

To some extent this may be happening all along. Laamanen (1997) has found 
those new technology-based SME’s with a high growth potential to be more 
likely to be acquired by large firms. Consequently, exiting firms in the industry 
may actually be the productive or innovative ones that do not go bankrupt, but 
are purchased and merged into larger entities which are better able to reap high 
scale economies. 

In sum, this analysis suggests that at least in the Finnish ICT sector competition 
and competitiveness in terms of success in R&D, innovation, technical change 
and productivity growth may be best served by helping firms reach optimal scale. 
Though the number of firms on the domestic market may decline, the remaining 
ones face better opportunities of challenging competitors in domestic and global 
marketplaces and of keeping up productivity growth even if overall demand turns 
sluggish. While Tekes’s10 promotion of networking and R&D cooperation may 
provide part of the solution, its major benefit may lie in bringing together parties 
that might benefit from a merger. Yet, outcomes may vary greatly by sector-
specific technological and market opportunities, and policies generalising 
between different sized firms across sectors may be inefficient.  

                                             
8 In Bartelsman & Doms (2000). 
9 With regard to firms abroad, competition may have been distorted by government technology support 
mainly in the form of R&D subsidies and free education i.e., a subsidised human capital input. These 
factors are more likely, however, to have biased input use than distorted competition within the country, 
as foreign affiliates may hire from the same pool of labour and are eligible for the same R&D subsidies. 
10 Tekes is short for the National Technology Agency, which grants R&D support.  
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Appendix Tables 

Table 5.  Translog Production Function OLS Estimates for 30 % R&D 
Depreciation Rate ( =30 %) for models D0 (no dummies), D1 (firm 
characteristic dummies), D2 (firm dummies).  

 D0 
Param.  Est. 

Std Error D1 Param. Est. Std Error D2 Param. Est. Std Error 

10.991*** 1.457 10.708*** 1.492 15.358*** 2.181 
-0.107 0.170 -0.007 0.173 -0.342 0.236 

l  0.511 0.236  0.149 0.287  0.162 0.348 
r  0.079 0.121  0.138 0.121 -0.148 0.204 
t -0.002 0.062  0.051 0.063 -0.040 0.074 
kk  0.044*** 0.014  0.034** 0.014  0.038** 0.018 
ll  0.253*** 0.035  0.237*** 0.036  0.148*** 0.039 
tt  0.002 0.003  0.001 0.003  0.000 0.003 
rr  0.039*** 0.008  0.035*** 0.008  0.053*** 0.012 
kl -0.050*** 0.019 -0.034* 0.020  0.012 0.024 
kt  0.002 0.005  0.000 0.005  0.007 0.006 
tl  0.025*** 0.008  0.027*** 0.008  0.015* 0.008 
kr -0.017* 0.009 -0.019** 0.009 -0.017 0.017 
lr -0.031** 0.012 -0.022* 0.013 -0.047** 0.019 
tr   -0.011*** 0.003 -0.012*** 0.003 -0.007* 0.004 

Foreign ownership   -0.114* 0.064   
Size 2    0.112 0.082   
Size 3    0.280** 0.120   
Size 4    0.290* 0.157   
Size 5    0.334* 0.197   
Age 2    0.061* 0.067   
Age 3    0.012* 0.069   
Age 4    0.071* 0.052   
Debt 2   -0.079* 0.058   
Debt 3   -0.207** 0.049   
Exporter   -0.104* 0.062   
Localisation 2    0.193* 0.097   
Localisation 3   -0.012* 0.100   
Urbanisation 2   -0.061* 0.103   
Urbanisation 3    0.097 0.115   

*** t-value significant at the 1 % level; ** at the 5 % level; * at the 10 % level.  
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Table 6. Maximum Likelihood Estimates for =30 % R&D Depreciation 
Rates.

 Model (Tark7) Parameter Esti-
mate 

Standard Error 

         13.22***             1.32    
 -         0.09             0.14    

l  -         0.07             0.24    
r            0.13             0.10    
t  -         0.08             0.05    
kk            0.04***             0.01    
ll            0.21***             0.03    
tt            0.01***             0.00    
rr            0.04***             0.01    
kl  -         0.02             0.02    
kt  -         0.00             0.00    
tl            0.04***             0.01    
kr    -         0.02***             0.01    
lr  -         0.02             0.01    
tr     -         0.01***             0.00    

Intercept for efficiency           1.34***             0.21    
Log Lerner index (prof-
its/turnover) -         0.29***             0.03    
Log debt ratio            0.02             0.01    
Log material intensity           0.15             0.14    
Type 2 (Foreign owned)            0.10             0.10    
Exp2  (Exporter)           0.14             0.09    
Size 2  -         0.17             0.10    
Size 3  -         0.54***             0.12    
Size 4 -         0.55***             0.17    
Size 5  -         0.98***             0.21    

10 Age 2  -         0.07             0.10    
Age 3 -         0.06             0.11    

2 Age 4 -         0.12             0.09    
3 Localisation 2 -         0.26             0.13    
4 Localisation 3           0.07             0.13    
5 Urbanisation 2           0.15             0.16    
6 Urbanisation 3 -         0.14             0.18    

2 Sigma-squared           0.32***             0.02    
Gamma           0.36***             0.07    
Mean BC-Efficiency 0.561

*** t-value significant at the 1 % level; ** at the 5 % level; * at the 10 % level.  
Note: The positive delta e.g., for debt ratio indicates that the more indebted firms in the sample tend to be less efficient. A negative 
delta for a dummy variable like size and age imply an opposite relationship with inefficiency.  A negative delta for the Lerner Index 
indicates that the higher the firm’s profitability, the lower its inefficiency.  
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Table 7. Correlations of Firm Size and Age in Pooled Model (D0), Firm 
characteristic dummy Model (D1) and Firm-Dummy Model (D2). 

  D0 D1 D2  D0 D1 D2 
 Size Size Size  Age Age Age 
Elasticity Of Capital 0.48942 0.4662 0.77096  0.29134 0.27521 0.30066 
 <.0001 <.0001 <.0001  <.0001 <.0001 <.0001 
 988 988 988  988 988 988 
Elasticity Of Labour 0.90695 0.91509 0.88706  0.1974 0.2057 0.21821 
 <.0001 <.0001 <.0001  <.0001 <.0001 <.0001 
 988 988 988  988 988 988 
Elasticity Of R&D 0.16165 0.16824 0.16283  -0.0118 -0.0207 0.00226 
 <.0001 <.0001 <.0001  0.711 0.5168 0.9434 
 988 988 988  988 988 988 
Scale Elasticity 0.94465 0.94541 0.93553  0.22527 0.22273 0.2454 
 <.0001 <.0001 <.0001  <.0001 <.0001 <.0001 
 988 988 988  988 988 988 
Technical Change 0.67388 0.59172 0.77466  0.15554 0.12542 0.19663 
 <.0001 <.0001 <.0001  <.0001 0.0003 <.0001 
 824 824 824  824 824 824 
Non-neutral Technical Change 0.70337 0.60597 0.77367  0.15139 0.12245 0.19783 
 <.0001 <.0001 <.0001  <.0001 0.0004 <.0001 
 824 824 824  824 824 824 
Neutral Technical Change -0.1119 -0.1119 0.11188  0.02507 0.02507 -0.0251 
 0.0013 0.0013 0.0013  0.4723 0.4723 0.4723 
 824 824 824  824 824 824 
TFP 1, inputs 0.1765 0.1785 0.21792  -0.0314 -0.0208 -0.0218 
 <.0001 <.0001 <.0001  0.3676 0.5503 0.5327 
 824 824 824  824 824 824 
TFP 2, output 0.17149 0.1829 0.19463  0.07845 0.08085 0.08363 
 <.0001 <.0001 <.0001  0.0243 0.0203 0.0163 
 824 824 824  824 824 824 
TFP 1x, inputs 0.17628 0.17891 0.21659  -0.0316 -0.0188 -0.017 
 <.0001 <.0001 <.0001  0.3657 0.5904 0.6258 
 824 824 824  824 824 824 
TFP 2x, output 0.16464 0.16581 0.1766  0.07875 0.08149 0.08804 
 <.0001 <.0001 <.0001  0.0238 0.0193 0.0115 
 824 824 824  824 824 824 
Labour Productivity (Value-Added/ No. of Personnel) 0.0119 0.0119 0.0119  0.02197 0.02197 0.02197 
 0.7088 0.7088 0.7088  0.4904 0.4904 0.4904 
 988 988 988  988 988 988 
Capital Intensity (Physical Capital / No. of Personnel) 0.22503 0.22503 0.22503  0.13084 0.13084 0.13084 
 <.0001 <.0001 <.0001  <.0001 <.0001 <.0001 
 988 988 988  988 988 988 
Profitability (Profits/ No. of Personnel) 0.0528 0.0528 0.0528  0.05848 0.05848 0.05848 
 0.1078 0.1078 0.1078  0.0748 0.0748 0.0748 
 929 929 929  929 929 929 
Non-R&D labour / Total Labour 0.09817 0.09817 0.09817  0.04276 0.04276 0.04276 
 0.002 0.002 0.002  0.1793 0.1793 0.1793 
 988 988 988  988 988 988 
R&D intensity (R&D Capital / No. of Personnel) -0.0321 -0.0321 -0.0321  -0.0053 -0.0053 -0.0053 
 0.3139 0.3139 0.3139  0.8668 0.8668 0.8668 
 988 988 988  988 988 988 
Debt Ratio -0.0719 -0.0719 -0.0719  -0.0011 -0.0011 -0.0011 
  0.0284 0.0284 0.0284  0.9727 0.9727 0.9727 
 929 929 929  929 929 929 
Lerner Index 0.01841 0.01841 0.01841  0.01392 0.01392 0.01392 
 0.5752 0.5752 0.5752  0.6717 0.6717 0.6717 
 929 929 929  929 929 929 
Material Intensity 0.10763 0.10763 0.10763  0.05952 0.05952 0.05952 
 0.0009 0.0009 0.0009  0.0676 0.0676 0.0676 
 944 944 944  944 944 944 
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Marginal Productivity of Capital -0.0558 -0.0468 0.02285  -0.127 -0.1197 -0.0677 
 0.0795 0.1413 0.4731  <.0001 0.0002 0.0333 
 988 988 988  988 988 988 
Marginal Productivity of Labor 0.22637 0.24054 0.25285  0.0784 0.08385 0.08786 
 <.0001 <.0001 <.0001  0.0137 0.0084 0.0057 
 988 988 988  988 988 988 
Marginal Productivity of R&D 0.13752 0.13769 -0.0159  0.05948 0.06003 -0.0183 
 <.0001 <.0001 0.617  0.0616 0.0593 0.5666 
 988 988 988  988 988 988 
Growth of Value-Added 0.11194 0.11194 0.11194  0.03889 0.03889 0.03889 
 0.0013 0.0013 0.0013  0.2648 0.2648 0.2648 
 824 824 824  824 824 824 
Growth of Capital -0.0054 -0.0054 -0.0054  -0.085 -0.085 -0.085 
 0.876 0.876 0.876  0.0146 0.0146 0.0146 
 824 824 824  824 824 824 
Growth of Labour 0.12665 0.12665 0.12665  -0.0236 -0.0236 -0.0236 
 0.0003 0.0003 0.0003  0.4997 0.4997 0.4997 
 824 824 824  824 824 824 
Growth of R&D 0.10902 0.10902 0.10902  -0.0222 -0.0222 -0.0222 
 0.0017 0.0017 0.0017  0.5253 0.5253 0.5253 
 824 824 824  824 824 824 
Growth of Technical Efficiency -0.0393 -0.0399 0.00167  0.02589 0.02504 0.04165 
 0.2596 0.2527 0.9619  0.4581 0.4729 0.2324 
 824 824 824  824 824 824 
Growth of Materials 0.18306 0.18306 0.18306  0.05199 0.05199 0.05199 
 <.0001 <.0001 <.0001  0.1477 0.1477 0.1477 
 777 777 777  777 777 777 
Technical Efficiency 0.0133 -0.009 -0.0188  0.01981 -0.0079 0.00449 
 0.6763 0.7787 0.5548  0.534 0.8049 0.8879 
 988 988 988  988 988 988 
Age 0.19789 0.19789 0.19789  1 1 1 
 <.0001 <.0001 <.0001     
 988 988 988  988 988 988 
Size 1 1 1  0.19789 0.19789 0.19789 
     <.0001 <.0001 <.0001 
 988 988 988  988 988 988 
Localisation 0.03668 0.03668 0.03668  -0.0612 -0.0612 -0.0612 
 0.2494 0.2494 0.2494  0.0546 0.0546 0.0546 
 988 988 988  988 988 988 
Urbanisation -0.0304 -0.0304 -0.0304  -0.0868 -0.0868 -0.0868 
 0.3399 0.3399 0.3399  0.0064 0.0064 0.0064 
  988 988 988  988 988 988 
TFP= Total Factor Productivity 
Teff= Method of Moments Technical Efficiency.  



Table 8.  Average Firm Size Impacts from Maximum Likelihood, Pooled and Fixed Effects OLS Estimations ( =30 %). 

 ML     D0     D2     
Firm Size 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
Elasticity Of Capital 0.56 0.63 0.70 0.72 0.75 0.66 0.71 0.77 0.78 0.80 0.51 0.60 0.70 0.75 0.81 
Elasticity Of Labour 1.04 1.35 1.63 1.93 2.33 1.34 1.70 2.03 2.37 2.83 0.81 1.05 1.28 1.49 1.76 
Elasticity Of R&D 0.64 0.64 0.63 0.67 0.72 0.65 0.66 0.65 0.69 0.74 0.75 0.76 0.75 0.80 0.87 
Scale Elasticity 2.23 2.62 2.96 3.32 3.80 2.65 3.07 3.45 3.84 4.37 2.07 2.41 2.72 3.03 3.44 
Technical Change 0.00 0.02 0.03 0.05 0.08 0.00 0.02 0.03 0.05 0.06 0.00 0.02 0.04 0.05 0.06 
TFP 1x, inputs 0.08 0.17 0.22 0.34 0.43 0.08 0.17 0.19 0.35 0.45 0.09 0.14 0.24 0.35 0.44 
TFP 2x, output 0.01 0.13 0.17 0.13 0.36 0.02 0.14 0.17 0.14 0.37 0.01 0.11 0.16 0.13 0.34 
Technical Efficiency 0.43 0.51 0.61 0.67 0.76 0.81 0.81 0.82 0.81 0.81 0.43 0.44 0.43 0.43 0.43 
Growth of Technical Efficiency 0.00 0.01 0.02 -0.02 0.00 0.00 0.00 0.00 -0.01 -0.01 0.00 -0.01 0.00 -0.01 0.00 
Marginal Productivity of Capital 5 5 1 2 6 8 5 2 3 6 4 4 1 3 7 
Marginal Productivity of Labor 80673 114211 100647 117848 228405 104756 146923 125040 143778 273904 60871 87675 78251 89395 170273 
Marginal Productivity of R&D 14 15 39 31 139 14 16 38 31 110 13 16 32 28 -15 
Firm size categories: (1) 20  Employees < 50; (2) 50  Employees < 100; (3) 100  Employees < 250; (4) 250  Employees < 500; (5) 500  Employees. 

Table 9.  Average Firm Age Impacts from Pooled OLS (D0), Fixed Effects OLS (D2) and ML Estimations ( =30 %). 

 ML    D0    D2    
 1 2 3 4 1 2 3 4 1 2 3 4 
Elasticity Of Capital 0.62 0.58 0.64 0.69 0.70 0.67 0.71 0.76 0.60 0.56 0.62 0.69 
Elasticity Of Labour 1.42 1.36 1.45 1.66 1.79 1.72 1.83 2.04 1.10 1.03 1.13 1.28 
Elasticity Of R&D 0.65 0.68 0.67 0.65 0.67 0.70 0.69 0.67 0.76 0.81 0.79 0.77 
Scale Elasticity 2.68 2.62 2.75 2.99 3.16 3.08 3.23 3.47 2.46 2.40 2.53 2.74 
Technical Change 0.02 0.02 0.02 0.04 0.02 0.01 0.02 0.03 0.03 0.01 0.02 0.04 
TFP 1x, inputs 0.24 0.19 0.24 0.21 0.25 0.22 0.27 0.19 0.25 0.20 0.25 0.21 
TFP 2x, output 0.06 0.06 0.19 0.17 0.06 0.06 0.22 0.18 0.05 0.05 0.20 0.17 
Method of Moments Technical Efficiency 0.53 0.51 0.52 0.61 0.81 0.81 0.81 0.81 0.43 0.44 0.43 0.43 
Growth of Technical Efficiency 0.00 0.00 0.01 0.00 -0.01 0.00 0.01 0.00 -0.01 0.00 0.01 0.00 
Marginal Productivity of Capital 6 6 2 3 9 8 3 3 6 6 2 3 
Marginal Productivity of Labor 101448 108856 90849 138856 130184 137144 114255 170463 79311 78926 69855 104854 
Marginal Productivity of R&D 29 13 16 64 28 13 16 54 25 14 15 10 
Firm age categories: (1) Age  2 Years; (2) 2 Years < Age  4 Years; (3) 4 Years < Age 7 Years; (4) 7 Years < Age. 
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Table 10.  Average Firm Size and Age Impacts ( =30 %). 

Size      Age    
1 2 3 4 5  1 2 3 4 

Growth of Value-Added 0.00 0.06 0.09 0.08 0.18  0.02 0.05 0.14 0.07 
Growth of Capital 0.16 0.09 0.05 0.02 0.20  0.17 0.20 0.09 0.08 
Growth of Labour -0.02 0.08 0.02 0.08 0.17  0.07 0.05 0.05 0.04 
Growth of R&D 0.01 -0.01 0.09 0.18 0.20  0.10 0.06 0.13 0.06 
Growth of Material Purchases 0.05 0.06 0.12 0.19 0.25  0.09 0.09 0.14 0.14 
Non-R&D labour / Total Labour 0.84 0.90 0.89 0.89 0.88  0.87 0.85 0.88 0.88 
Debt Ratio 158.7 118.9 77.9 94.5 71.8  122.6 92.4 106.4 115.4 
Lerner Index 5.9 5.2 4.2 8.2 6.4  6.1 4.5 4.7 6.4 
Material Intensity (Materials/ Turnover) 0.6 0.6 0.6 0.6 0.7  0.6 0.6 0.6 0.6 
Capital Velocity (Turnover/ Capital) 94.8 26.3 7.1 13.1 53.6  140.3 37.6 12.9 14.3 
Labour Productivity (Value-Added/ No. 
of Personnel) 

64530 80965 52653 53085 80487  63967 69223 51841 70539 

Capital Intensity (Physical Capital / No. 
of Personnel) 

20389 30198 37760 38297 35073  28873 19619 24314 35480 

Profitability (Profits/ No. of Personnel) 14994 14499 11701 8710 26578  11862 14968 11956 18386 
R&D intensity (R&D Capital / No. of 
Personnel) 

25069 22833 16204 23834 21587  18089 35294 19004 21292 

Labour Costs (Labour Costs / No. of 
Personnel) 

37008 56818 31813 30000 30768  39877 38052 30039 38198 

Firm age categories: (1) Age  2 Years; (2) 2 Years < Age  4 Years; (3) 4 Years < Age 7 Years; (4) 7 Years < Age. 
Firm size categories: (1) 20  Employees < 50; (2) 50  Employees < 100; (3) 100  Employees < 250; (4) 250  Employees < 500; 
(5) 500  Employees. 
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Figure 4.  Distribution of Observations by Battese-Coelli Efficiency.
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Data Issues Appendix

Nominal variables were deflated with sectoral producer price indices at the 2 and 3 digit 
levels (1995=100), with the exception of R&D prior to 1995. Due to the unavailability 
of better options, the general earnings level index was used to deflate R&D prior to 
1995. Double-deflation of output would also have been an option, as it has been 
considered superior particularly when input and output prices move differently over 
time, by e.g., Stoneman and Francis (1994), but due to the strong decline in some ICT 
output prices, it would more likely have introduced a distortion.

Maximum Likelihood estimation results gave a significantly positive effect on 
efficiency from firm size and declining competition (as indicated by increasing profit 
margins). There appears to be some non-monotonicity in size and debt. The adverse 
effects of high debt levels are apparent only for the most indebted firms. Causality is not 
clear, however. It may be that the inefficient firms have become overly indebted, 
particularly since profitability or price margins improve efficiency. It is more likely that 
the more efficient firms are successful and are making high profits since high profits are 
unlikely to improve efficiency. Profits are an important investment financing means, 
and excessive debt levels may therefore be a hindrance to investment and growth.  

Otherwise, non-monotonic relationships are unlikely to distort results since the factors 
explaining efficiency were almost all grouped into dummy categories allowing for 
differing signs to coefficients of sub-groups. Although it is difficult to tell when the 
impact of a dummy variable turns from negative to positive or vice versa, i.e., identify 
the non-monotonic point, the dummy indicates it for those with a sufficient number of 
sub-groups. The frequency distributions of dummies are presented in the Tables 2 and 3. 
Although exports and ownership type had only two categories, it is not intuitive to 
assume that high levels of exports or total foreign ownership would be detrimental to 
efficiency. (On the contrary, more productive firms have been found to become 
exporters, and thus more efficient firms are more likely to be exporters.) Since the 
objective of this paper is not to provide exact measurements, but rather indications on 
the direction of developments, the use of dummies can be considered sufficient. Thus 
dummies control for potential heteroscedasticity in the data to a sufficient degree. 

Potential Selectivity Biases 

As sector information fluctuated somewhat causing disruptions in the time series for a 
number of firms, the categorisation was broadened to include all firms which had for 
several years belonged to the ICT equipment producing sector.11 The LDPM 
(Teollisuustilasto) and Financial Statements statistics (Tilinpäätöspaneeli) were used as 
primary sources, complemented by the R&D Survey.  

The ICT sector has experienced considerable turbulence at the micro level over the 
period resulting in entries, exits, mergers and fluctuations. The exclusion of entry and 
exit from consideration may bias results downward or upward, but since an unbalanced 
                                             
11 E.g., some firms have shifted focus back and forth between ICT services and manufacturing.  
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panel was employed, this only means that the ups and highs are smoothed out over the 
period and results should be considered as indicative of trends rather than as absolute 
realised outcomes. Exiting firms are not necessarily bankrupt basket cases, but may 
actually be productive or innovative acquisitions of a larger firm.

The labour input variable may be biased downwards due to the unavailability of hours 
worked. Reported overtime averages at most at 5 % of regular working time for the 
electronics, machinery and metal industries as a whole, but unreported overtime may be 
much higher.

Capital stock estimates were calculated into the Statfin Longitudinal database by 
Maliranta (2003, p. 296) based on the continuity, non-negativity and availability of 
machine and equipment investment data. He used the perpetual inventory method with a 
10 % annual rate of depreciation. Secrecy requirements prevented the identification of 
firms and data checks on publicly available information. The disaggregation of data in 
the LDPM database caused some disparities relative to the firm level Financial 
Statements Panel. Nevertheless, according to Maliranta (2003), capital inputs are 
available for 66–79 % of all plants in the 1990–1998 period. After the exclusion of 
firms with less than 20 employees, the data covers 35–70 % of all firms in the period. 
Despite the exclusion of firms with less than 20 employees, he considers the dataset 
reasonably representative from the standpoint of total manufacturing employment and 
production (Maliranta, 2003, p. 295). In addition, capital stocks were complemented 
from financial reports on investments to the extent knowledge on initial capital stocks 
and investments were available for a reasonable estimate.  

For 1998–2000, the R&D panel suffers from serious errors, selection bias or 
discontinuity, as reported R&D investment drops drastically and inexplicably. This 
problem was overcome by replacing missing observations with averages of the former 
and the subsequent year prior to the estimation of the R&D stock, which in itself 
smoothed the R&D impact. While the true economic depreciation or obsolescence of 
R&D assets is determined by technical change (which was rapid) in the industry, 
imputations and a high depreciation rate can be justified by the predominance of wages 
and salaries in R&D spending. In recent years, approximately half of R&D expenditure 
in the ICT manufacturing sector has consisted of labour costs. In 2004, external R&D 
and investments accounted for only about 5 % of total R&D expenditure. The remaining 
part has been predominantly material expenditure. Since the firms’ knowledge base is 
human capital embodied to a large degree, firms smooth their R&D spending over time 
to avoid lay-offs, i.e., high serial correlation of R&D relative to other investment is a 
well known fact.12

Statistics Finland uses only a sample to collect R&D data for firms with less than 100 
employees. The R&D survey ignores current R&D investments in starting firms at the 
quantitative aggregate level, but their significance was small as only 2 percent of total 
industrial R&D originated from firms with less than 10 employees or 7 % respectively 
for firms with less than 50 employees in 2003. Meanwhile, firms with 500 or more 
employees accounted for 70 % of all R&D, and firms with at least 100 employees for 

                                             
12 Hall, 2002.  
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87 % of total corporate R&D.13 Similarly in the sample, firms with over 500 employees 
account for 76 % of total R&D capital. In 2004, the Statistics Finland R&D survey 
included 233 firms in the sector, of which 165 had 10 or more employees and 91 at least 
50 employees.  Distributions of R&D are presented in Table 11.  

Table 11.  R&D and Size of Firm in 2003 

Number of 
Personnel

Share of indus-
trial R&D in 

Finland

Number of 
Personnel

Share of R&D 
Capital in 

Sample 

Number of 
Personnel

No. of Firms in ICT 
Manufacturing in R&D 

Panel, 2004* 

Share
in Total 

0-9            0.02  0 % 0-9            68 29 % 
10-49 0.07 20-50 3 % 10-49 75 32 % 
50-99         0.04 50-99 3 % 50-249        60 26 % 
100-249 0.08 100-249 6 %   
250-499 0.09 250-499 12 % 250+ 31 13 % 
500+ 0.70  500+ 76 %   
Total 1.00 Total 100 % Total 233 100 % 
*Annual R&D panel survey of the Statistics Finland not including all firms, Science, Technology and Information Society Statistics, 
2005. 

Kleinknecht (1987) found large firms to account for 77 % of Dutch R&D contrary to the 
official 91 %. Also Stoneman and Toivanen (2001) found large firms more likely to 
report their R&D expenditures relative to more informal and mixed R&D efforts in 
small firms. The official data is biased in favour of large firms in terms of data 
collection, but official collectors of R&D survey data claim it to be representative of the 
entire population and to cover most Finnish firms engaged in R&D activity. 
Furthermore, the ICT hype of the end of the 20th century is likely to have encouraged 
many small firms to exaggerate R&D investment to appeal to investors rather than 
underestimate it.  

In addition, the R&D Survey data description admits that measurement errors may arise 
from varying firm responses to the survey, but that sample error and under-coverage are 
small.14 These hindrances may bias the results somewhat, but are tolerable provided that 
the omissions do not change the shape of the production function significantly. Though 
there may be firms excluded due to their lack of R&D, this is unlikely to cause a 
problem, since non-R&D-performing firms compete in a different category and are 
unlikely to be comparable with the R&D-performing firms in any case. It is, however, 
necessary to underscore the fact that the analysis concerns only innovative firms, and 
the exclusion of smallest firms is unlikely to bias results excessively in terms of the bulk 
of R&D.

The proportion of all firms employing less than 20 people was 89 % in 1993 and 86 % 
in 2004. Their share of total employees was, however, only 12 % and 7 % respectively, 
and their share of total turnover only 6 % and 2 %, or of total wage costs 9 % and 5 % 
respectively for 1993 and 2003. Though large in number, the exclusion of firms with 
less than 20 employees cuts out only about 10 % of total economic activity in the sector 
(Tables 12 and 13).

                                             
13 Statistics Finland. Science, Technology and Information Society Statistics, 2005. 
14 Statistics Finland. Quality description: R&D. 2005. 
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In 2003, the true number of firms operating in the sector rose to almost 1700, and 233 if 
only firms with over 20 employees are considered. Meanwhile, observations were 
available for only 84 firms in the sample, i.e., for about 36 % of the total number of 
firms in the sector. In 2004, the sector employed more personnel in subsidiaries abroad 
than in Finland, but the sample figures include only activities in Finland.

Table 12.  The ICT Manufacturing Sector in Finland in 1993 and 2003. 

1993 No. of 
Firms 

No. of 
Personnel

Turnover
(€1000) 

Wages No. of 
Firms 

No. of 
Personnel

Turnover
(€1000) 

Wages

Employees <20 1331 4239 282430 67055 88.5 % 11.7 % 6.0 % 8.8 % 
20  Employees <50 82 2543 209725 54382 5.5 % 7.0 % 4.4 % 7.1 % 
50  Employees <100 34 2493 283919 54748 2.3 % 6.9 % 6.0 % 7.2 % 
100  Employees <250 26 4025 412188 83638 1.7 % 11.1 % 8.7 % 11.0 % 
250  Employees <500 19 6580 651932 131471 1.3 % 18.1 % 13.8 % 17.3 % 
 Employees 500 12 16483 2887185 370140 0.8 % 45.3 % 61.1 % 48.6 % 
Total 1504 36364 4727379 761434 100 % 100 % 100 % 100 % 
2003         
Employees <20 1463 4465 515504 121801 86.3 % 6.7 % 1.7 % 4.9 % 
20  Employees <50 112 3473 481738 105773 6.6 % 5.2 % 1.6 % 4.3 % 
50  Employees <100 46 3127 367413 87639 2.7 % 4.7 % 1.2 % 3.6 % 
100  Employees <250 40 6149 1044346 188385 2.4 % 9.2 % 3.4 % 7.6 % 
250  Employees <500 19 6759 1136841 214317 1.1 % 10.2 % 3.7 % 8.7 % 
 Employees 500 16 42564 27504551 1747084 0.9 % 64.0 % 88.6 % 70.9 % 
Total 1696 66537 31050393 2464999 100 % 100 % 100 % 100 % 

Source: Statistics Finland, Finnish Enterprises Database.

Table 13.  Distribution of Companies with over 20 employees in Finland for 
1993 and 2003 (Percent of Total). 

1993
Firm Size 

No. of 
Firms 

Personnel Turnover Wages 2003 No. of 
Firms 

Personnel Turnover Wages 

20  Empl. <50 47 % 8 % 5 % 8 %  48 % 6 % 2 % 5 % 
50  Empl. <100 20 % 8 % 6 % 8 %  20 % 5 % 1 % 4 % 
100  Empl. <250 15 % 13 % 9 % 12 %  17 % 10 % 3 % 8 % 
250  Empl. <500 11 % 20 % 15 % 19 %  8 % 11 % 4 % 9 % 
 Empl. 500 7 % 51 % 65 % 53 %  7 % 69 % 90 % 75 % 
Total 100 % 100 % 100 % 100 %  100 % 100 % 100 % 100 % 

Source: Statistics Finland, Finnish Enterprises Database.  

Outliers and Robustness of Results 

There are clearly some outliers in the data, but in frontier analysis the exclusion of 
outliers is even more suspect than usual. Due to data secrecy requirements there was no 
other basis for their exclusion other than their extremeness in value. As with how 
representative the sample is, one has to rely on statistics officials for data quality. For 
example, as Table 14 below shows, the subtraction of reported R&D personnel from 
total personnel resulted in three observations having only 1 employee. This is, however, 
a perfectly plausible outcome in a small firm where all employees are required to do 
R&D. The number is low enough to round up into 0 % of total observations. Since the 
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Nokia Group has been split into its subgroups in the data, it does not stand out too 
clearly among the largest companies.  

Table 14.  Frequency distribution of Firms by Size of Personnel Excluding 
R&D Personnel. 

Number of Personnel 
Excluding R&D 

Labour

Cumulative Frequency 
of Observations 

Cumulative Percent 
of Observations 

1 3 0 % 
10 10 1 % 
21 111 11 % 
27 197 20 % 
37 298 30 % 
52 394 40 % 
80 493 50 % 

128 593 60 % 
203 692 70 % 
356 790 80 % 
678 889 90 % 

1029 939 95 % 
13516 988 100 % 

The exclusion of outliers could have resulted in the removal of frontier firms defeating 
the purpose of the exercise. The principle of non-exclusion was therefore adopted, with 
few exceptions: Altogether 3–4 % of observations were removed due to a negative or 
missing value-added when logarithms were taken, extreme annual variation or 
impossible value-added figures. Since the results should only be considered as 
indicative of magnitude and direction, outliers should not have a significant impact on 
the conclusions.

Several experimentations were made in regard to the robustness of the results. The 
flexibility of the functional form renders the results less robust to changes than those 
from more rigid functional forms. However, the rejection of constant returns to scale 
proved extremely robust, as well as high average technical change, productivity growth, 
elasticity of inputs, inefficiency, the persistency of differences between firms, high 
distribution of firms with respect to the frontier and high time-varying inefficiency. That 
is, all the main trends reported as results proved extremely robust regardless of the type 
of the model applied.  

There was only one exception. If labour number is replaced with labour expenditure, the 
Maximum Likelihood equations no longer vary by efficiency, stochastic or 
deterministic. Deviations from the frontier are due entirely to noise and none to 
inefficiency. Labour expenditure also reduces average scale elasticities to constant 
returns to scale, but the tests still reject the hypothesis, which may be due to the 
variation in individual firm returns to scale. If material expenditure, obtained by 
subtracting value-added from turnover, is included in the function, the explanatory 
power of the OLS regressions rises to over 99 %. Material purchases are such an 
important share of operations that managing them optimally is the main determinant of 
output. Yet, with labour expenditure as the labour variable, maximum likelihood 
estimation did not give efficiency any role, but variation in output was again due to 



30

some other determinants. Labour expenditure is, however, inappropriate for output 
oriented efficiency measurement.  

Table 15.  Distribution of Observations in Sample by Size and Year (Percent of 
Total). 

 Firm Size  1990  1991  1992  1993  1994 1995 1996 1997 1998 1999 2000 2001  2002  2003 Total 
1 9 13 15 13 21 21 24 25 28 33 35 38 37 35 347 
2 9 9 8 11 5 9 8 11 14 13 18 19 17 16 167 
3 10 10 11 12 19 18 14 19 18 16 13 9 12 14 195 
4 7 6 7 8 6 8 9 7 9 9 14 12 9 8 119 
5 4 8 9 9 12 12 12 15 15 15 13 13 12 11 160 
Total 39 46 50 53 63 68 67 77 84 86 93 91 87 84 988 
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A Brief Overview of the Finnish ICT Sector 

Hampered by a severe recession in the early 1990’s, which shrunk GDP by roughly 
11 %, the Finnish economy rebounded in 1994–2000 to about 4–6 % annual growth 
(Table 16) characterised by rapid technological development, productivity growth, and 
further internationalisation of companies and of the economy. At the core of the 
economic momentum was the electronics industry and within them, ICT equipment and 
particularly the mobile phone industry. Firms’ turnover in the electronics and 
telecommunications equipment sector grew 3.7-fold.15 According to international 
competitiveness comparisons, Finland advanced to the global frontier of innovation and 
productivity, largely due to its technological progressiveness.16 In 1995–2000 high-tech 
industries grew by 28 % p.a. on average, tripling the value of high-tech production, 
while other industries reached 7 % average annual growth. A slowdown followed only 
in 2001–2002.

Table 16.  Growth rates 1990–2002 (percentage change from the previous 
period).  

 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
Real GDP -0.3 -6.4 -3.8 -1.2 3.9 3.4 3.9 6.3 5.0 3.4 5.1 1.1 2.3 
TFP growth .. -3.7 -0.8 1.5 3.7 2.1 2.7 4.0 3.5 1.2 3.5 -0.1 1.2 
Electronics and optical 
equipment manufactur-
ing 3.8 

-
12.5  12.1 19.9 26.5 24.5 13.1 19.4 34.9 24.9 38.3 0.4 9.4 

Labour productivity 
growth in ICT 10.3 -1.5 18.4 15.8 10.0 3.5 8.6 13.7 23.4 13.3 33.2 -0.5 14.3 
Sources: Finnish Economy – Structural Indicators 2004. Government Institute for Economic Research; 
National Accounts. Statistics Finland. 

Liberalisation of the telecommunications market in the early 1990’s gave a major push 
to the sector, though at first it meant severe cuts in employment.17 The Finnish sector 
has a global market leader, Nokia. Despite its dominance on the domestic market, 
neighbouring Swedish Ericsson and other global producers have brought about 
competition also for smaller equipment suppliers. Of all industries, the ICT equipment 
industry invests most, approximately 2 billion euros in recent years, in R&D p.a. and 
exports 80 % of its output, accounting for 25 % total Finnish goods exports in 2004. 
Innovative electronics solutions can be found all around us ranging from mobile phones 
and various products to production processes.18

                                             
15 Statistics Finland, Science, Technology and Information Society Statistics.  
16 E.g., in 2001, the International Institute of Management Development (IMD) rated Finnish 
technological infrastructure as the third best in the world after the USA and Sweden. The United Nations 
Development Programme (UNDP) has considered Finland as the technologically most advanced country 
in the world, and in 2001, the World Economic Forum rated Finland first in its growth and its current 
competitiveness rankings.  In 2002, the IMD placed Finland second in its competitiveness ranking, while 
the WEF ranked Finland third in its technology index and first for public institutions.  
17 Paija (2001). 
18 Source: Technology Industries of Finland (Teknologiateollisuus). 
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Figure 5.  Productivity Growth.  
Source: Finnish Economy – Structural Indicators 2004. Government Institute for Economic Research. 

High productivity growth during this period is a well established fact. TFP growth 
accelerated from 0.3 % p.a. in 1990–1995 to 2.2 % p.a. in 1995–2002, reaching about 
3 % p.a. in the late 1990’s. While estimated growth rates vary somewhat by source, 
productivity growth placed Finland in the same category with Ireland and Korea in ICT 
equipment manufacturing.19 In 1992–1999 ICT manufacturing grew 32 % p.a. on 
average. ICT equipment and electronic components manufacturing dominate the ICT 
sector, but some overlap exists between services and manufacturing in the data.20 The 
ICT services sector (telecommunications and computer services) also made rapid 
progress, but as an emerging smaller scale industry. Consequently, the ICT equipment 
manufacturing sector appears as the technologically most progressive source of 
productivity growth with some critical mass in Finland.  

The confinement of growth and technological progress to the ICT equipment 
manufacturing sector is striking. Daveri and Silva (2004) have estimated productivity 
growth to have relied almost solely on the “Nokia” industry. as well as Post & Telecoms 
and Rental of Machines & Equipment/ IT consulting services with highly limited 
spillovers to the rest of the Finnish Economy. In 1992–2000, “the three sectors together 
accounted for more than 40 % of the aggregate TFP performance and more than one-
third of aggregate labour productivity, with Nokia being in both cases the main 
contributor. Although this result is partially induced by the large share of value added 
imputed to Nokia, the bulk of it is driven by the spiky acceleration of industry 
productivity as documented above. The contribution of IT consultancy services … is 

                                             
19 Statistics Finland, National Accounts, Pilat and Wyckoff (2003), Maliranta (2001), Junka (2003). 
20 Paija (2001). 
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limited by its rather small size.” Moreover, Daveri and Silva (2004) suggest that “the 
main mechanism underlying the observed TFP acceleration in the IT services industries 
in Finland has not been spillovers from Nokia, but rather the world decline in the price 
of semiconductors.” In 1999, Nokia employed one third of all employees in the sector 
directly, and almost 45 % if first-tier subcontractors are included. 21

R&D investments grew rapidly in the latter half of the 1990’s mainly due to the  
20–40 % R&D growth rate in the rapidly expanding electronics sector, before halting in 
2000. The electronics industry has accounted for roughly half of all business sector 
R&D investments. Finnish industry’s high R&D intensity relies on the electronics 
industry, which alone produces over 55 % of all corporate R&D activity, i.e., 1.4 % of 
GDP, of which Nokia Corporation accounts for about 90 %. Without it, Finland would 
not be a high-tech country or at the forefront in international R&D comparisons. 
Developments in the sector have repercussions on the entire economy across regions. At 
least in the medium term, Finnish industry’s positioning on the global technology 
frontier is linked to developments within the ICT cluster and will likely be central in 
defining Finland’s future role in the global distribution of work.

R&D as a share of GDP

0

0,5

1

1,5

2

2,5

3

3,5

4

 1991  1993  1995  1997  1999  2000  2001  2002 

Year

Pe
rc

en
t

Finland
EU-15
South Korea
Japan
USA
Total OECD

Figure 6.  R&D in percent of GDP in 1991–2002. 

                                             
21 Paija (2001). 
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