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Motivation 
• Increasing integration of Information and 

Communication Technologies (ICT) in everyday life 
 

• Many studies since 90’s on effects of ICT on 
productivity. But still few on innovations! 

 

• Availability of micro data that allow analyzing the 
effects of ICT at the firm level 

 

• Application for policy decisions 
 

• Norway, as other Scandinavian countries, is among 
forwards in implementation of ICT technologies.  

– Could intensive ICT-use explain a rapid increase of productivity in 
Norway despite relatively low R&D investment? 

Vorführender
Präsentationsnotizen
In this paper I investigate R&D and ICT investment at the firm level in an effort to assess their relative importance for innovation and productivity.Business R&D and innovation are often regarded as important drivers of productivity growth. Since 90’s more and more attention of economists is also brought to the impacts of ICT. Information and communication technology (ICT) is one of the most dynamic areas of investment characterized by pervasiveness and innovative complementarities, the features that are common for so-called General Purpose Technology. We can see it everywhere (mobile phone, PC, netbanking, digital clock)!  Most of the previous studies explore  the impacts of ICT on firm productivity. However, very few of them focus on the direct link between ICT use and innovation.Diffusion and stimulation of ICT-use (so-called digitalisation of society) was one of the important agendas of European policy makers since start of the new century.According to OECD “the Norwegian puzzle is that despite weak innovation inputs and even weaker outputs, Norwegian per capita incomes are very high by international comparison, even excluding oil earnings”.



Business use of broadband by enterprises in 2004 and 2011 
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Source: OECD, Key ICT Indicators  

https://www.dropbox.com/sh/hahsh4tqoxg1t66/AADqy9PC8b6FY5SOk6e8Nqpxa?dl=0


Internet selling and purchasing, all industries in 2011 
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Source: OECD, Key ICT Indicators. * 2010 only for Purchasing  



TFP levels in Manufacturing and Wholesale and Retail trade in 1978-
2007 (relative to the U.S. industry equivalents) 
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Source: Thomas von Brasch (2015) based on OECD and EU-KLEMS data.  

Vorführender
Präsentationsnotizen
While the main aim of my paper is to explore the impacts of ICT relative to R&D on firm innovation and productivity, I also provide a comparative analysis of these impacts between firms in Manufacturing and Services. First, ICT investments have been most intensive in the service sector. Second, the service sector has experienced rapid changes over the last decades, especially in such industries as Retail trade, Wholesale trade and business–related services.
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Why do we expect positive effect of ICT on firm 
performance? 
• The possible benefits of ICT use for a firm: 

– savings of inputs 
– general cost reductions 
– greater flexibility of the production process 

• The use of ICT can lead to productivity gains 
– directly, through reduced production time  
– indirectly, through improved communication possibilities among 

employees and reduced co-ordination costs  

• Use of ICT may also stimulate the innovation activity 
– leading to higher product and service quality 
– creation of new products and services  

Vorführender
Präsentationsnotizen
First, improvements in the ICT sector can lead to lower prices and higher quality of their product encouraging firms to invest more in ICT.The “smart” use of ICT can help firms increase their overall efficiency in combining labour and capital, i.e. increase their total factor productivity (TFP). Use of ICT can also contribute to network effects, such as lower transaction costs and more rapid innovation, which can improve TFP. One of the aims of the present PhD project is to look at what is the contribution of ICT use to business performance in Norway.
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A simple CDM model outline 
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A simple CDM model outline 
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Most relevant papers 
 
• Hall, B.H., F. Lotti and J. Mairesse (2013) 

Evidence on the Impact of R&D and ICT Investment on Innovation 
and Productivity in Italian Firms‘ 
Economics of Innovation and New Technology, 22(3), 300-328 

 
 product, process and organisational innovation 
 manufacturing sector 
 links between ICT and both innovation and productivity 

 

• Polder, M., G. van Leeuwen, P. Mohnen and W. 
Raymond (2009) 

Productivity effects of innovation modes, MPRA Paper No. 18893 
 
 product, process and organisational innovation 
 manufacturing vs services 
 link between ICT and innovation only 

 

Vorführender
Präsentationsnotizen
Hall (2013): Unbalanced panel of Manufacturing firms in 1995-2006, 4 types of innovation (Product, process, product related org. inno. and process related org. inno.)Polder (2009): Unbalanced panel of all firms in CIS2002, 2004 and 2006, 3 types of innovation (Product, process and org. inno.)
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Modeling framework 1: R&D decision 
 • Model: sample selection model 

 
– R&D decision: 

 
– R&D intensity: 

 
Dependent variable: R&D expenditures per 

employee (in log) 
 

• Estimation:  
– ML for Heckman selection model 
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Vorführender
Präsentationsnotizen
In this first stage, as in the standard CDM model, I treat the decision to invest in R&D. A firm must decide whether to do R&D or not, then, given that the firm chooses to do R&D, it must choose the investment intensity. This statement of the problem can be modeled with a standard sample selection model. I use r  to denote R&D investment intensity, and define the model as follows:rd is an (observable) indicator function that takes value 1 if firm i  reports positive expenditures on R&Drd*  is a latent indicator variable such that firm i decides to perform expenditures if it is above a given thresholdFor those firms doing R&D, we observe the intensity of resources devoted to these activities:where r*  is the unobserved latent variable corresponding to the firm’s investment, andxr is a set of determinants of the expenditure intensity.Assuming that the error terms in (1) and (2) are bivariate normal the system of equations (1) and (2) can be estimated by maximum likelihood.
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Modeling framework 2: Innovation output 
 

• Dependent variables: 
– Probability of any innovation 
– Probability of different types of innovations 
 new product 
 new process 
 new organisation 
 new marketing 

– Number of patent applications 
• Model:  

– simple probit model 
– multivariate probit model for system of 4 equations 
– zero inflated negative binomial count data model 

*
1 2

inno
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Vorführender
Präsentationsnotizen
In the second step, we estimate a knowledge production function but, unlike the original CDM model, we add ICT investment as a possible determinant of innovation.The outcomes of the knowledge production function are four types of innovation: product, process, organizational and marketing innovation/any innovation/number of patents.In order to account for that part of innovation activity that has not been formalized, we do not restrict estimation to R&D or ICT performing firms only. This is likely to beEspecially important for SMEs.One of explanatory variables is the latent R&D effort, which is proxied by the predicted value of R&D from the model in the first step, another  is ICT investment intensity.
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Modeling framework 3: Production function 
 
 • Model: Cobb-Douglas production function 

 
 
 
 

• Dependent variable: 
– Log value added per employee 

• Estimation:  
– OLS regression 
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Vorführender
Präsentationsnotizen
I use the traditional Cobb-Douglas production function with labour and two types of capital as inputs.Here Yit is output of firm i in period t, measured as value added in constant prices, Kit and ICTit are the corresponding amounts of conventional (non–ICT) and ICT capital inputs in constant prices, Lit is the labour input measured as man hours, and Ait is the technical level term. I also allow for heterogeneous labour input. Both economic theory and empirical evidence suggest that there is a key link between the skill level of the workforce and economic performance. Hence, omitting heterogeneity in the quality of labour may lead to overstating the productivity of ICT capital. To account for this bias, I decompose a firm’s workforce into employees who are high-skilled (with at least 13 years of education) and low skilled (with less than 13 years of education) .Letting Nh and Nl denote the corresponding amounts of man hours (with total amount of man hours N= Nh +Nl) and θ denote the productivity differential of high-skilled workers compared to low skilled workers, h denotes the share of hours worked by high-skilled workers in the firm.Taking logarithm and using approximation yields my specification.
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Data 
• Main data: CIS 2004, 2006, 2008 and 2010 

– about 4500-6500 firms in each survey 

• Other data 2002-2010: 
– For R&D variables: R&D surveys 
– For patents: Patent database from the Norwegian Patent Office 
– For ICT variables: Investment statistics  
– For human capital: National educational database 

 share of employees with post-secondary education 
– For VA and tangible capital: Accounts statistics 

• Level of coverage: 
– all industries: 14533 observations (8554 firms) 
– manufacturing: 6199 observations (3386 firms) 
– services: 6145 observations (3947 firms) 
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Data: Innovation variables 
    Variable |       Obs        Mean    Std. Dev.       Min        Max 
-------------+-------------------------------------------------------- 
        pdt  |     14533    .2882406    .4529592          0          1 
        pcs  |     14533    .2145462    .4105213          0          1 
        org  |     14533    .2164040    .4118070          0          1 
        mkt  |     14533    .2578958    .4374914          0          1 
       inno  |     14533    .4793917    .4995923          0          1 
     patent  |     14533    .1009427    .3012632          0          1 
     sumpat  |     14533    .2086286    1.600936          0         76 
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Vorführender
Präsentationsnotizen
All four types of innovation are well-represented in the data, the shares of observations varying between 21 and 29 per cent.Almost half of the observations (approximately 48 per cent) concern firms that engage in some sort of innovation activity, while only 30 per cent report positive R&D investment. This fact confirms that many firms may have some kind of innovative effort without reporting R&D.Not surprisingly, the distribution of the number of patent applications is extremely skewed to the right, with 90 per cent of observations being equal to zero and 80 per cent of those that applied for a patent being equal to one patent application (see Figure). Such a distribution of the number of patent applications can be captured by the zero-inflated count data models.
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Estimation 1: R&D choice 
   (1) Selection R&D^ (2) OLS (3) Selection ICT^ (4) OLS 

Dependent variables R&D>0 Log R&D 
 per emp 

Log R&D 
 per emp 

ICT>0 Log ICT 
 per emp 

Log ICT 
 per emp 

Log employment 0.104 -0.765*** -0.666*** 0.518*** 0.091* 0.091* 
  [0.063] [0.096] [0.094] [0.063] [0.051] [0.051] 

Log employment squared 0.003 0.036*** 0.030*** -0.043*** -0.010 -0.010 
  [0.007] [0.011] [0.011] [0.008] [0.006] [0.006] 

Market location: National 0.331*** 0.245*** 0.312*** 0.081** 0.153*** 0.153*** 
  [0.035] [0.052] [0.051] [0.036] [0.026] [0.026] 

Market location: European 0.521*** 0.461*** 0.558*** 0.041 0.198*** 0.198*** 
  [0.053] [0.068] [0.066] [0.061] [0.045] [0.045] 

Market location: World 0.601*** 0.702*** 0.802*** -0.022 0.312*** 0.312*** 
  [0.062] [0.075] [0.072] [0.073] [0.052] [0.052] 

Part of a group -0.046 0.103** 0.101** -0.077** 0.079*** 0.079*** 
  [0.035] [0.046] [0.046] [0.034] [0.026] [0.026] 

Hampering factor: high costs 0.280*** -0.053** -0.011 0.041** -0.012 -0.012 
  [0.018] [0.023] [0.022] [0.020] [0.013] [0.013] 

Hampering factor: staff 0.136*** 0.084*** 0.104*** 0.028 0.046*** 0.046*** 
  [0.021] [0.022] [0.022] [0.025] [0.016] [0.016] 

Hampering factor: information 0.111*** -0.023 -0.010 0.035 -0.018 -0.018 
  [0.024] [0.026] [0.026] [0.029] [0.019] [0.019] 

Cooperation in innovation   0.241*** 0.252***   0.188*** 0.188*** 
    [0.039] [0.039]   [0.031] [0.031] 

Received subsidies   0.719*** 0.738***   0.137*** 0.137*** 
    [0.041] [0.041]   [0.032] [0.032] 

Positive investment history 1.732***     0.914***     
  [0.042]     [0.076]     

Chi-square or F-test for age dummies 58.80*** 0.51 20.23** 1.90* 
Chi-square or F-test for industry dummies 828.21*** 20.30*** 2419.54*** 80.18*** 
Chi-square or F-test for regional dummies 23.54** 2.43** 53.49*** 8.13*** 
Chi-square or F-test for time dummies 165.66*** 2.29* 765.45*** 237.19*** 
Correlation coefficient rho   -0.239***   -0,003   
Chi-square for selection   27.17***   0.01   
R-squared   0.50 0.49 0.29 0.29 
Number of obs.(uncensored)   14533(4377) 4377 14533(12982) 12982 
Notes: All regressions include a constant, dummies for firm age, industry and location, and time dummies. Reference group: Local/regional market location, year 2004, Wholesale industry 
(NACE 51), mature firms (16 years old or older) in the capital region (Oslo and Akershus). The standard errors [in brackets] are robust to heteroscedasticity and clustered at the firm level.  
^ Estimated by maximum loglikelihood as a Heckman selection model. 
*** p<0.01, ** p<0.05, * p<0.1 
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Estimation 1: ICT choice 
   (1) Selection R&D^ (2) OLS (3) Selection ICT^ (4) OLS 

Dependent variables R&D>0 Log R&D 
 per emp 

Log R&D 
 per emp 

ICT>0 Log ICT 
 per emp 

Log ICT 
 per emp 

Log employment 0.104 -0.765*** -0.666*** 0.518*** 0.091* 0.091* 
  [0.063] [0.096] [0.094] [0.063] [0.051] [0.051] 

Log employment squared 0.003 0.036*** 0.030*** -0.043*** -0.010 -0.010 
  [0.007] [0.011] [0.011] [0.008] [0.006] [0.006] 

Market location: National 0.331*** 0.245*** 0.312*** 0.081** 0.153*** 0.153*** 
  [0.035] [0.052] [0.051] [0.036] [0.026] [0.026] 

Market location: European 0.521*** 0.461*** 0.558*** 0.041 0.198*** 0.198*** 
  [0.053] [0.068] [0.066] [0.061] [0.045] [0.045] 

Market location: World 0.601*** 0.702*** 0.802*** -0.022 0.312*** 0.312*** 
  [0.062] [0.075] [0.072] [0.073] [0.052] [0.052] 

Part of a group -0.046 0.103** 0.101** -0.077** 0.079*** 0.079*** 
  [0.035] [0.046] [0.046] [0.034] [0.026] [0.026] 

Hampering factor: high costs 0.280*** -0.053** -0.011 0.041** -0.012 -0.012 
  [0.018] [0.023] [0.022] [0.020] [0.013] [0.013] 

Hampering factor: staff 0.136*** 0.084*** 0.104*** 0.028 0.046*** 0.046*** 
  [0.021] [0.022] [0.022] [0.025] [0.016] [0.016] 

Hampering factor: information 0.111*** -0.023 -0.010 0.035 -0.018 -0.018 
  [0.024] [0.026] [0.026] [0.029] [0.019] [0.019] 

Cooperation in innovation   0.241*** 0.252***   0.188*** 0.188*** 
    [0.039] [0.039]   [0.031] [0.031] 

Received subsidies   0.719*** 0.738***   0.137*** 0.137*** 
    [0.041] [0.041]   [0.032] [0.032] 

Positive investment history 1.732***     0.914***     
  [0.042]     [0.076]     

Chi-square or F-test for age dummies 58.80*** 0.51 20.23** 1.90* 
Chi-square or F-test for industry dummies 828.21*** 20.30*** 2419.54*** 80.18*** 
Chi-square or F-test for regional dummies 23.54** 2.43** 53.49*** 8.13*** 
Chi-square or F-test for time dummies 165.66*** 2.29* 765.45*** 237.19*** 
Correlation coefficient rho   -0.239***   -0,003   
Chi-square for selection   27.17***   0.01   
R-squared   0.50 0.49 0.29 0.29 
Number of obs.(uncensored)   14533(4377) 4377 14533(12982) 12982 
Notes: All regressions include a constant, dummies for firm age, industry and location, and time dummies. Reference group: Local/regional market location, year 2004, Wholesale industry 
(NACE 51), mature firms (16 years old or older) in the capital region (Oslo and Akershus). The standard errors [in brackets] are robust to heteroscedasticity and clustered at the firm level.  
^ Estimated by maximum loglikelihood as a Heckman selection model. 
*** p<0.01, ** p<0.05, * p<0.1 

Vorführender
Präsentationsnotizen
For comparison with the R&D equation, I also estimate the corresponding models (with and without controlling for selection) for ICT investment.The reported bias or selection is not an important issue for this kind of investment, both because ICT is an instance of a ‘general purpose technology’ that can be easily bought and because it is less subject to market failure than R&D. ICT is also less plagued by uncertainty and more easily tracked (roughly 90 per cent of observations on ICT investment are positive, compared to 30 per cent of positive observations on R&D).Based on these results, I use the predicted values of R&D intensity and the reported values for ICT investment intensity when estimating innovation output equationBoth intensities increases with- the firm’s international orientation-group membership-cooperation on innovation-and receiving R&D investment subsidies (for ICT investment, probably due to the fact that more financial resources become available for other types of investment). Interestingly, in contrast to R&D intensity, ICT intensity increases with firm size in Norwegian firms
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Estimation 2: Innovation output 
Four types of innovation^

Dependent variables: Product Process Organisational Marketing
Coeff. S.e. Coeff. S.e. Coeff. S.e. Coeff. S.e. Coeff. S.e.

All firms (14533 observations, 8854 firms)
Log R&D intensity (predicted) 0,895 *** 0,043 0,541 *** 0,041 0,246 *** 0,039 0,387 *** 0,038 0,836 *** 0,043
Share of high skilled 0,694 *** 0,084 0,036 0,082 0,245 *** 0,082 0,277 *** 0,076 0,500 *** 0,076
Log ICT intensity 0,054 *** 0,012 0,042 *** 0,012 0,044 *** 0,011 0,022 ** 0,011 0,046 *** 0,010
No ICT investment(d) -0,107 ** 0,054 -0,123 ** 0,053 -0,057 0,053 -0,110 ** 0,048 -0,125 *** 0,044
Non-zero observations 4189 3118 3145 3748 6967
Chi-squared for all rho=0 3504,38 ***
Manufacturing firms (6199 observations, 3386 firms)
Log R&D intensity (predicted) 0,800 *** 0,061 0,598 *** 0,059 0,165 *** 0,057 0,360 *** 0,054 0,803 *** 0,063
Share of high skilled 0,814 *** 0,150 -0,038 0,154 0,389 *** 0,149 0,453 *** 0,138 0,780 *** 0,143
Log ICT intensity 0,089 *** 0,019 0,043 ** 0,018 0,048 *** 0,019 0,053 *** 0,018 0,074 *** 0,018
No ICT investment(d) -0,068 0,074 -0,286 *** 0,075 -0,169 ** 0,081 -0,050 0,070 -0,165 ** 0,066
Non-zero observations 2217 1590 1467 1848 3412
Chi-squared for all rho=0 1382,10 ***
Firms in Services (6145 observations, 3947 firms)
Log R&D intensity (predicted) 0,953 *** 0,063 0,457 *** 0,060 0,316 *** 0,058 0,378 *** 0,058 0,812 *** 0,062
Share of high skilled 0,592 *** 0,104 0,083 0,102 0,221 ** 0,108 0,169 * 0,097 0,385 *** 0,096
Log ICT intensity 0,035 ** 0,017 0,042 ** 0,016 0,037 ** 0,016 -0,001 0,015 0,026 * 0,015
No ICT investment(d) -0,153 * 0,091 0,061 0,085 0,043 0,088 -0,190 ** 0,077 -0,118 0,073
Non-zero observations 1827 1327 1330 1677 2997
Chi-squared for independence (all rho=0) 1749.67 ***
Note: All  regressions include a constant, firm age and location, and time dummies. The standard errors are robust to heteroscedasticity and clustered at the firm level.
  ̂Estimated by maximum loglikelighood as quadrivariate probit model; ~ Estimated by maximum loglikelighood as simple probit model
*** p<0.01, ** p<0.05, * p<0.1

Any innovation ~
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Estimation 2: Innovation output 
Four types of innovation^

Dependent variables: Product Process Organisational Marketing
Coeff. S.e. Coeff. S.e. Coeff. S.e. Coeff. S.e. Coeff. S.e.

All firms (14533 observations, 8854 firms)
Log R&D intensity (predicted) 0,895 *** 0,043 0,541 *** 0,041 0,246 *** 0,039 0,387 *** 0,038 0,836 *** 0,043
Share of high skilled 0,694 *** 0,084 0,036 0,082 0,245 *** 0,082 0,277 *** 0,076 0,500 *** 0,076
Log ICT intensity 0,054 *** 0,012 0,042 *** 0,012 0,044 *** 0,011 0,022 ** 0,011 0,046 *** 0,010
No ICT investment(d) -0,107 ** 0,054 -0,123 ** 0,053 -0,057 0,053 -0,110 ** 0,048 -0,125 *** 0,044
Non-zero observations 4189 3118 3145 3748 6967
Chi-squared for all rho=0 3504,38 ***
Manufacturing firms (6199 observations, 3386 firms)
Log R&D intensity (predicted) 0,800 *** 0,061 0,598 *** 0,059 0,165 *** 0,057 0,360 *** 0,054 0,803 *** 0,063
Share of high skilled 0,814 *** 0,150 -0,038 0,154 0,389 *** 0,149 0,453 *** 0,138 0,780 *** 0,143
Log ICT intensity 0,089 *** 0,019 0,043 ** 0,018 0,048 *** 0,019 0,053 *** 0,018 0,074 *** 0,018
No ICT investment(d) -0,068 0,074 -0,286 *** 0,075 -0,169 ** 0,081 -0,050 0,070 -0,165 ** 0,066
Non-zero observations 2217 1590 1467 1848 3412
Chi-squared for all rho=0 1382,10 ***
Firms in Services (6145 observations, 3947 firms)
Log R&D intensity (predicted) 0,953 *** 0,063 0,457 *** 0,060 0,316 *** 0,058 0,378 *** 0,058 0,812 *** 0,062
Share of high skilled 0,592 *** 0,104 0,083 0,102 0,221 ** 0,108 0,169 * 0,097 0,385 *** 0,096
Log ICT intensity 0,035 ** 0,017 0,042 ** 0,016 0,037 ** 0,016 -0,001 0,015 0,026 * 0,015
No ICT investment(d) -0,153 * 0,091 0,061 0,085 0,043 0,088 -0,190 ** 0,077 -0,118 0,073
Non-zero observations 1827 1327 1330 1677 2997
Chi-squared for independence (all rho=0) 1749.67 ***
Note: All  regressions include a constant, firm age and location, and time dummies. The standard errors are robust to heteroscedasticity and clustered at the firm level.
  ̂Estimated by maximum loglikelighood as quadrivariate probit model; ~ Estimated by maximum loglikelighood as simple probit model
*** p<0.01, ** p<0.05, * p<0.1

Any innovation ~
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Estimation 2: Innovation output 
Four types of innovation^

Dependent variables: Product Process Organisational Marketing
Coeff. S.e. Coeff. S.e. Coeff. S.e. Coeff. S.e. Coeff. S.e.

All firms (14533 observations, 8854 firms)
Log R&D intensity (predicted) 0,895 *** 0,043 0,541 *** 0,041 0,246 *** 0,039 0,387 *** 0,038 0,836 *** 0,043
Share of high skilled 0,694 *** 0,084 0,036 0,082 0,245 *** 0,082 0,277 *** 0,076 0,500 *** 0,076
Log ICT intensity 0,054 *** 0,012 0,042 *** 0,012 0,044 *** 0,011 0,022 ** 0,011 0,046 *** 0,010
No ICT investment(d) -0,107 ** 0,054 -0,123 ** 0,053 -0,057 0,053 -0,110 ** 0,048 -0,125 *** 0,044
Non-zero observations 4189 3118 3145 3748 6967
Chi-squared for all rho=0 3504,38 ***
Manufacturing firms (6199 observations, 3386 firms)
Log R&D intensity (predicted) 0,800 *** 0,061 0,598 *** 0,059 0,165 *** 0,057 0,360 *** 0,054 0,803 *** 0,063
Share of high skilled 0,814 *** 0,150 -0,038 0,154 0,389 *** 0,149 0,453 *** 0,138 0,780 *** 0,143
Log ICT intensity 0,089 *** 0,019 0,043 ** 0,018 0,048 *** 0,019 0,053 *** 0,018 0,074 *** 0,018
No ICT investment(d) -0,068 0,074 -0,286 *** 0,075 -0,169 ** 0,081 -0,050 0,070 -0,165 ** 0,066
Non-zero observations 2217 1590 1467 1848 3412
Chi-squared for all rho=0 1382,10 ***
Firms in Services (6145 observations, 3947 firms)
Log R&D intensity (predicted) 0,953 *** 0,063 0,457 *** 0,060 0,316 *** 0,058 0,378 *** 0,058 0,812 *** 0,062
Share of high skilled 0,592 *** 0,104 0,083 0,102 0,221 ** 0,108 0,169 * 0,097 0,385 *** 0,096
Log ICT intensity 0,035 ** 0,017 0,042 ** 0,016 0,037 ** 0,016 -0,001 0,015 0,026 * 0,015
No ICT investment(d) -0,153 * 0,091 0,061 0,085 0,043 0,088 -0,190 ** 0,077 -0,118 0,073
Non-zero observations 1827 1327 1330 1677 2997
Chi-squared for independence (all rho=0) 1749.67 ***
Note: All  regressions include a constant, firm age and location, and time dummies. The standard errors are robust to heteroscedasticity and clustered at the firm level.
  ̂Estimated by maximum loglikelighood as quadrivariate probit model; ~ Estimated by maximum loglikelighood as simple probit model
*** p<0.01, ** p<0.05, * p<0.1

Any innovation ~
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Estimation results for the number of patents 
Sample: All firms   Manufacturing Services   

Log R&D intensity (predicted) 0.898*** [0.093] 0.419*** [0.120] 1.500*** [0.142] 

Share of high skilled 1.656*** [0.219] 2.190*** [0.310] 1.159*** [0.307] 

Log ICT intensity 0.086*** [0.030] 0.104*** [0.037] 0.077* [0.046] 

Zero ICT investment 0.408*** [0.158] 0.282 [0.174] 0.446* [0.264] 

Log employment 1.145*** [0.153] 0.663*** [0.238] 1.983*** [0.251] 

Log employment squared -0.031** [0.016] 0.010 [0.022] -0.108*** [0.026] 

Cooperation: National 0.039 [0.088] 0.152 [0.104] -0.074 [0.158] 

Cooperation: Scandinavia 0.041 [0.101] -0.018 [0.120] 0.158 [0.191] 

Cooperation: EU 0.241** [0.104] 0.275** [0.126] 0.187 [0.187] 

Cooperation: World 0.176 [0.113] 0.217 [0.142] -0.051 [0.207] 

Purchased R&D 0.369*** [0.080] 0.339*** [0.097] 0.405*** [0.137] 

Inflation (any innovation) -35.659*** [2.977] -5.598*** [1.912] -53.474*** [3.156] 

Log likelihood -4724.486    -2694.006   -1726.743 

Alpha for NB vs Poisson specification  1.24    0.89    1.67   

Vuong test for zero inflated specification  8.38***    5.36***    5.09***   

Number of observations (non-zero)  14533(1467)  6392 (900)  6145(503)   

Note: All regressions include a constant, firm age, industry and location, and time dummies. Reference group: Local/regional market location, year 2004, Manufacture 
of food products and beverages (NACE15) for Manufacturing firms or Wholesale (NACE51) for firms in Services, mature firms (16 years old or older) ) in the capital 
region (Oslo and Akershus). The standard errors are robust to heteroscedasticity and clustered at the firm level. 
Estimated by pseudo maximum loglikelihood as a zero inflated negative binomial (NB) count data model. 
*** p<0.01, ** p<0.05, * p<0.1 
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Estimation results for the number of patents 
Sample: All firms   Manufacturing Services   

Log R&D intensity (predicted) 0.898*** [0.093] 0.419*** [0.120] 1.500*** [0.142] 

Share of high skilled 1.656*** [0.219] 2.190*** [0.310] 1.159*** [0.307] 

Log ICT intensity 0.086*** [0.030] 0.104*** [0.037] 0.077* [0.046] 

Zero ICT investment 0.408*** [0.158] 0.282 [0.174] 0.446* [0.264] 

Log employment 1.145*** [0.153] 0.663*** [0.238] 1.983*** [0.251] 

Log employment squared -0.031** [0.016] 0.010 [0.022] -0.108*** [0.026] 

Cooperation: National 0.039 [0.088] 0.152 [0.104] -0.074 [0.158] 

Cooperation: Scandinavia 0.041 [0.101] -0.018 [0.120] 0.158 [0.191] 

Cooperation: EU 0.241** [0.104] 0.275** [0.126] 0.187 [0.187] 

Cooperation: World 0.176 [0.113] 0.217 [0.142] -0.051 [0.207] 

Purchased R&D 0.369*** [0.080] 0.339*** [0.097] 0.405*** [0.137] 

Inflation (any innovation) -35.659*** [2.977] -5.598*** [1.912] -53.474*** [3.156] 

Log likelihood -4724.486    -2694.006   -1726.743 

Alpha for NB vs Poisson specification  1.24    0.89    1.67   

Vuong test for zero inflated specification  8.38***    5.36***    5.09***   

Number of observations (non-zero)  14533(1467)  6392 (900)  6145(503)   

Note: All regressions include a constant, firm age, industry and location, and time dummies. Reference group: Local/regional market location, year 2004, Manufacture 
of food products and beverages (NACE15) for Manufacturing firms or Wholesale (NACE51) for firms in Services, mature firms (16 years old or older) ) in the capital 
region (Oslo and Akershus). The standard errors are robust to heteroscedasticity and clustered at the firm level. 
Estimated by pseudo maximum loglikelihood as a zero inflated negative binomial (NB) count data model. 
*** p<0.01, ** p<0.05, * p<0.1 
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Conclusions for innovation output analysis 
• ICT investment intensity is associated with all types of innovation 

– However, it is relatively less important compared to R&D investment intensity and 
skills of workforce 

• The result for ICT is strongest for the product innovation in 
manufacturing and for the process innovation in services  

• Not having any ICT investment is strongly negative  
– for process and organisational innovation in manufacturing  
– for product and marketing innovation in services 

• Given that the firm innovates, ICT investment intensity is also 
associated with higher number of patent applications in manufacturing 

– with skills being relatively more important for patenting in manufacturing 
– with R&D being relatively more important for the patenting in services 

• Both cooperation in innovation and purchase of R&D services from 
external providers are positively related to innovating and patenting  
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Estimation 3: Productivity 
Dependent variable: Log VA per employee
Sample: All firms Manufacturing Services
Innovation variable: Any innovation
Probability of any innovation (predicted) 0.086*** 0.052*** 0.012* 0.081*** 0.043*** 0.012* 0.078*** 0.045*** -0.015

[0.007] [0.007] [0.007] [0.007] [0.007] [0.007] [0.012] [0.012] [0.012]
Log ICT capital intensity 0.107*** 0.092*** 0.117*** 0.102*** 0.110*** 0.096***

[0.005] [0.005] [0.006] [0.006] [0.007] [0.007]
Share of high skilled 0.472*** 0.491*** 0.520***

[0.031] [0.045] [0.035]
Log non-ICT capital intensity 0.097*** 0.076*** 0.086*** 0.095*** 0.078*** 0.087*** 0.097*** 0.070*** 0.081***

[0.004] [0.004] [0.004] [0.005] [0.005] [0.005] [0.005] [0.005] [0.005]
R-squared 0.24 0.28 0.30 0.29 0.34 0.36 0.16 0.21 0.24
Innovation variable: Patent applications per employee
Number of patents per empl. (predicted) 0.331*** 0.240*** -0.053 0.801*** 0.606*** 0.220** 0.240*** 0.201*** -0.033

[0.059] [0.057] [0.056] [0.098] [0.093] [0.096] [0.066] [0.064] [0.063]
Log ICT capital per employee 0.112*** 0.093*** 0.122*** 0.104*** 0.113*** 0.095***

[0.005] [0.005] [0.006] [0.006] [0.007] [0.007]
Share of high skilled 0.496*** 0.475*** 0.510***

[0.031] [0.045] [0.034]
Log non-ICT capital per employee 0.101*** 0.077*** 0.086*** 0.101*** 0.081*** 0.087*** 0.098*** 0.070*** 0.081***

[0.004] [0.004] [0.004] [0.005] [0.005] [0.005] [0.005] [0.005] [0.005]
R-squared 0.23 0.27 0.30 0.28 0.34 0.36 0.16 0.21 0.24
Number of observations 14427 6162 6086
Note: Regressions also include a constant, age, industry, location and time dummies.
The standard errors (in brackets) are robust to heteroscedasticity and clustered at the firm level.
*** p<0.01, ** p<0.05, * p<0.1

Vorführender
Präsentationsnotizen
However, these results can be also reflected by the high correlation between knowledge capital (predicted by the R&D and ICT intensities that are highly correlated with the skill variable) and skill variable. This correlation raises a delicate problem whether knowledge capital and skills are substitutable or complementary factors. In the former case, lower estimates (when controlling for skill composition) are the appropriate ones, while if the latter is true and in the extreme case where knowledge capital and skills are perfect complements, the higher estimates (when not controlling for skill composition) would be the right ones. Earlier robustness checks for innovation output equation did not show evidence for complementarity between skills and R&D intensity in Manufacturing, while the estimated effect of the interaction term between R&D intensity and the skill variable is positive and highly significant in Services, implying that results from columns 3 of Tables 8 are more appropriate ones for Manufacturing firms, and from columns 2 (when not controlling for skill composition) for firms in Services. However, this would mean for firms in Services that increases in the firm research efforts and knowledge capital do not by themselves result in increased productivity, but must be accompanied by related increases in skills.
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Estimation 3: Productivity 
 
 

  All firms Manufacturing Services 
  Observed Predicted Observed Predicted Observed Predicted 

Combinations* frequencies** Mean frequencies** Mean frequencies** Mean 
QP1111 0.0527 0.0593 0.0644 0.0725 0.0548 0.0599 
QP1110 0.0202 0.0217 0.0268 0.0273 0.0171 0.0204 
QP1101 0.0411 0.0384 0.0513 0.0463 0.0433 0.0442 
QP1011 0.0246 0.0242 0.0318 0.0304 0.0241 0.0251 
QP0111 0.0103 0.0107 0.0113 0.0110 0.0112 0.0116 
QP0011 0.0266 0.0224 0.0231 0.0197 0.0303 0.0254 
QP0101 0.0089 0.0088 0.0102 0.0113 0.0098 0.0094 
QP0110 0.0189 0.0149 0.0197 0.0163 0.0176 0.0133 
QP1001 0.0441 0.0418 0.0552 0.0540 0.0470 0.0430 
QP1010 0.0150 0.0120 0.0186 0.0167 0.0158 0.0118 
QP1100 0.0338 0.0309 0.0365 0.0356 0.0386 0.0332 
QP0001 0.0495 0.0616 0.0510 0.0625 0.0524 0.0660 
QP0010 0.0482 0.0607 0.0411 0.0530 0.0456 0.0600 
QP0100 0.0287 0.0383 0.0365 0.0454 0.0236 0.0355 
QP1000 0.0568 0.0692 0.0732 0.0844 0.0566 0.0739 
QP0000 0.5206 0.5156 0.4496 0.4451 0.5123 0.5034 
Number of obs.   14333   6199   6145 
Number of draws   120   80   80 
*QP refers to the combinations of the Quadrivariate Probit model for four innovation types: product, process, 
organisational and marketing innovation.  
** In per cent 

Predicted propensities from the quadrivariate probit knowledge production function (by industry) 
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Estimation 3: Productivity 
 
 

Innovation variable: Four types of innovation
Log value added per employee All firms Manufacturing Services
QP1111 (predicted) 0.441** [0.175] 0.096 [0.230] 0.375 [0.230]
QP1110 (predicted) 0.907 [0.674] 0.694 [0.727] 1.368 [0.950]
QP1101 (predicted) -1.162*** [0.312] -0.472 [0.417] -0.868** [0.364]
QP1011 (predicted) -0.296 [0.674] 0.974 [0.909] -0.387 [0.802]
QP0111 (predicted) -1.569 [1.276] -3.164** [1.350] -2.487 [1.848]
QP0011 (predicted) 1.126 [0.888] 0.961 [1.139] 2.035* [1.107]
QP0101 (predicted) 1.449 [1.716] 3.059 [1.867] -0.104 [2.107]
QP0110 (predicted) 0.100 [0.871] 1.500 [1.044] -0.410 [1.349]
QP1001 (predicted) 1.713*** [0.472] 1.294** [0.545] 0.974 [0.667]
QP1010 (predicted) -0.663 [1.089] -3.232** [1.456] 1.485 [1.542]
QP1100 (predicted) -1.178** [0.504] -1.323** [0.663] -0.589 [0.587]
QP0001 (predicted) -0.706 [0.475] -0.647 [0.567] -0.891 [0.563]
QP0010 (predicted) 0.237 [0.299] -0.455 [0.531] 0.685* [0.396]
QP0100 (predicted) 1.218* [0.644] -0.641 [0.583] 4.855*** [0.909]
QP1000 (predicted) 0.503* [0.278] 0.753*** [0.291] -0.167 [0.417]
Log ICT capital intensity 0.090*** [0.005] 0.100*** [0.006] 0.088*** [0.007]
Share of high skilled 0.411*** [0.042] 0.355*** [0.065] 0.535*** [0.041]
Log capital intensity 0.085*** [0.004] 0.086*** [0.005] 0.080*** [0.005]
Log employment 0.075** [0.034] 0.088** [0.039] 0.034 [0.050]
Log employment squared -0.006* [0.003] -0.002 [0.004] -0.007 [0.005]
R-squared 0.30 0.36 0.25
Number of observations 14427 6162 6086
Note: Regression also includes a constant, age, industry, location and time dummies.
The standard errors (in brackets) are robust to heteroscedasticity and clustered at the firm level.
*** p<0.01, ** p<0.05, * p<0.1

Vorführender
Präsentationsnotizen
The results for all four types of innovation (columns 1) show that product innovation (alone or in combination with marketing innovation) is very important for the productivity in Manufacturing (while coefficients both for QP1000 and QP1001 are positive and highly significant, coefficient for QP0111 is negative and highly significant). While process and organisational innovations seems to be important for productivity in Services (coefficients for QP0100 and both for QP0010 and QP0011 are positive and highly significant, while coefficient for QP1101 is negative and highly significant).
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Estimation 3: Productivity 
 
 

Innovation variable: Four types of innovation
Log value added per employee All firms Manufacturing Services
QP1111 (predicted) 0.441** [0.175] 0.096 [0.230] 0.375 [0.230]
QP1110 (predicted) 0.907 [0.674] 0.694 [0.727] 1.368 [0.950]
QP1101 (predicted) -1.162*** [0.312] -0.472 [0.417] -0.868** [0.364]
QP1011 (predicted) -0.296 [0.674] 0.974 [0.909] -0.387 [0.802]
QP0111 (predicted) -1.569 [1.276] -3.164** [1.350] -2.487 [1.848]
QP0011 (predicted) 1.126 [0.888] 0.961 [1.139] 2.035* [1.107]
QP0101 (predicted) 1.449 [1.716] 3.059 [1.867] -0.104 [2.107]
QP0110 (predicted) 0.100 [0.871] 1.500 [1.044] -0.410 [1.349]
QP1001 (predicted) 1.713*** [0.472] 1.294** [0.545] 0.974 [0.667]
QP1010 (predicted) -0.663 [1.089] -3.232** [1.456] 1.485 [1.542]
QP1100 (predicted) -1.178** [0.504] -1.323** [0.663] -0.589 [0.587]
QP0001 (predicted) -0.706 [0.475] -0.647 [0.567] -0.891 [0.563]
QP0010 (predicted) 0.237 [0.299] -0.455 [0.531] 0.685* [0.396]
QP0100 (predicted) 1.218* [0.644] -0.641 [0.583] 4.855*** [0.909]
QP1000 (predicted) 0.503* [0.278] 0.753*** [0.291] -0.167 [0.417]
Log ICT capital intensity 0.090*** [0.005] 0.100*** [0.006] 0.088*** [0.007]
Share of high skilled 0.411*** [0.042] 0.355*** [0.065] 0.535*** [0.041]
Log capital intensity 0.085*** [0.004] 0.086*** [0.005] 0.080*** [0.005]
Log employment 0.075** [0.034] 0.088** [0.039] 0.034 [0.050]
Log employment squared -0.006* [0.003] -0.002 [0.004] -0.007 [0.005]
R-squared 0.30 0.36 0.25
Number of observations 14427 6162 6086
Note: Regression also includes a constant, age, industry, location and time dummies.
The standard errors (in brackets) are robust to heteroscedasticity and clustered at the firm level.
*** p<0.01, ** p<0.05, * p<0.1

Vorführender
Präsentationsnotizen
The results for all four types of innovation (columns 1) show that product innovation (alone or in combination with marketing innovation) is very important for the productivity in Manufacturing (while coefficients both for QP1000 and QP1001 are positive and highly significant, coefficient for QP0111 is negative and highly significant). While process and organisational innovations seems to be important for productivity in Services (coefficients for QP0100 and both for QP0010 and QP0011 are positive and highly significant, while coefficient for QP1101 is negative and highly significant).
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Estimation 3: Productivity 
 
 
Innovation variable: Three types of innovation
Log value added per employee All firms Manufacturing Services
TP111 0.454*** [0.106] 0.313** [0.130] 0.245* [0.137]
TP110 -1.075*** [0.164] -0.559*** [0.189] -0.671*** [0.209]
TP101 0.011 [0.305] -0.269 [0.326] 0.835** [0.363]
TP011 0.049 [0.438] -0.274 [0.455] 0.300 [0.589]
TP001 0.164 [0.234] -0.021 [0.319] 0.340 [0.283]
TP010 -0.238 [0.422] -0.291 [0.394] 2.061*** [0.518]
TP100 1.186*** [0.194] 0.826*** [0.206] 0.277 [0.232]
Log ICT capital intensity 0.091*** [0.005] 0.101*** [0.006] 0.092*** [0.007]
Share of high skilled 0.357*** [0.040] 0.376*** [0.062] 0.521*** [0.041]
Log capital intensity 0.084*** [0.004] 0.086*** [0.005] 0.080*** [0.005]
Log employment 0.069** [0.033] 0.081** [0.038] 0.054 [0.048]
Log employment squared -0.005 [0.003] -0.002 [0.004] -0.007 [0.005]
Observations 14427 6162 6086
R-squared 0.30 0.36 0.24
Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1
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Conclusions for productivity analysis 
• ICT use has positive effect on the firm productivity independent on 

model specification 
– the effect is slightly higher in manufacturing industry than in services 

• Importance of innovation for productivity 
– of product innovation in manufacturing  
– of process and organisational innovation in services 
– no any strong evidence for importance of marketing innovation (only in combination 

with product innovation in manufacturing) 

• Accounting for the heterogeneity in the quality of labour is important for 
not overstating the productivity effects of innovation and ICT 

• All inputs (innovation, ICT and human capital) are important for the 
productivity in manufacturing 

– ICT and human capital are relatively more important for the productivity in service 
industries 
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Main conclusions 
• R&D and ICT are both strongly associated with innovation 

and productivity 
– with R&D being more important for innovation, and ICT being more 

important for productivity 
– important for the explanation of the «Norwegian productivity puzzle» 

 

• There are considerable differences between firms in 
manufacturing and services  

– with respect to innovation and productivity effects of ICT, R&D and 
human capital 

 

• Accounting for the ICT capital and heterogeneity in the 
quality of labour reduces substantially the innovation impact 
on productivity 
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