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Abstract 

The aim of this paper is to analyze the relationship between innovation and employment, in terms of 
quantity and quality in Uruguay. We investigate the effect of product and process innovation on 
employment growth and on employment composition in terms of skills, using data from manufacturing 
and service firms’ innovation surveys, matched with economic activity surveys. We also analyze the 
impact of different strategies of innovation: produce technology itself, and/or source technology 
externally. Results reveal that while process innovation has no effect on employment, product 
innovation is associated with employment growth. Product innovation is complementary to skilled and 
to unskilled labor, and producing in-house technology has the biggest positive effects on employment 
growth, followed by the combined strategy (producing in-house and adopting externally) in second 
place. 
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1 Introduction 

Innovation is considered as a key driver of sustained economic growth. Policies that encourage 
innovation are top on the agenda of many countries throughout the world. The consequences of 
innovation for employment are of particular interest, but not much is known about this relationship in 
the country. Relationship between innovation and employment has not yet been analyzed in Uruguay. 
 
In 2005 the Uruguayan government redesigned the entire innovation promotion system. In the nineties 
multiple agencies were responsible for the Uruguayan national system of innovation resulting in an 
inefficient administration of (the scarce) resources devoted to R&D and other innovation activities 
(Rubianes, 2005). Promotion of innovation has since become one of the main goals of the Uruguayan 
government. Investment in R&D went from 0.36% of the GDP in 2006 to 0.64% in 2008. The Uruguayan 
National Innovation and Research Agency investment went US$ 1 million in 2007 to 24 millions in 2010.  
 
Innovation is considered a key development factor by the Uruguayan government, but innovation is not 

carried out by firms, at least not at the level that is being implemented in other countries. Reasons are 

not well understood yet. 

There are only a few studies analyzing the innovation process and adoption in Uruguay. In the most 

recent of them, Cassoni and Ramada (2010) analyze the determinants of innovation and the impact of 

innovation (particularly R&D) on productivity growth at firm level, using 3 waves of manufacturing 

innovation surveys. Among their findings are that innovation accelerates labor productivity gains, while 

different types of innovation (process vs. product) have different impacts on it. The other studies 

available (e.g. Angelelli et al., 2009; Arocena and Sutz, 2008; Bértola et al., 2005; Rubianes, 2005) are in 

general descriptive studies that do not attempt to analyze the consequences of the process of 

innovation carried out by Uruguayan firms.   

This work is the first attempt in Uruguay to understand the relationship between innovation and 
employment at firm-level, in terms of quantity and quality. We employ the simple theoretical 
framework presented in Harrison et al. (2008) to quantify the employment effects of innovation using 
firm-level data. As in Harrison et al. (2008) we take special care of endogeneity problems.  
 
A regression relating firms’ employment growth to the introduction of process innovations and the two 

components of sales growth accounted for by “unchanged” and “newly introduced or substantially 

improved” products, respectively, is used. We are employing data of four waves of Manufacturing firms 

Innovation Surveys (MIS), for the period 1998-2009, and two of the Service firms Innovation Surveys 

(SIS), matching them with the annual Economic Activity Surveys (EAS). The preliminary results indicate 

that product innovations are an important source of firm-level employment growth, while process 

innovations, which are likely to be associated to price reductions, tend to have no effect on 

employment. Innovation is complementary to skilled more than to unskilled labor. Different innovation 

strategies have different impacts on employment and employment composition, but in general they are 

all positive. In a few cases, different results are found for small firms. 
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The rest of this study is organised as follows. Section 2 presents the theoretical framework. Section 3 
develops the quantitative analysis, describing the data used and discussing the results for both 
manufacturing and service firms. Finally in section 4 conclusions are presented. 
 

2. Conceptual framework 

The model presented by Harrison et al. (2008) allows disentangling some of the theoretical employment 

effects of innovation and is highly applicable in analyzing firm-level employment impacts of innovation 

activities using the specific information provided by innovation survey data. The share of sales due to 

product innovations serves as the key output indicator. One interesting aspect of the approach is that it 

establishes a theoretical relationship between the employment growth rate and the innovation output 

in terms of sales growth stemming from innovative products. The latter will be directly calculated by 

means of the available innovation survey data for Uruguayan manufacturing and services firms.  

The model is based on the idea that firms can produce different products. At the beginning of the 

reference period, a firm i produces one or more products which are aggregated to one product. In the 

period under consideration, the firm can decide to launch one or more new (or significantly improved) 

products. Hence, a firm is can produce two kinds of products at time t: old or only marginally modified 

products (“old products”, denoted Y1t) and new or significantly improved products (“new products”, Y2t). 

Firms are observed for two periods, t = 1 and t = 2 and innovation occurs between these two periods (if 

it occurs at all). Therefore by definition, in the first period, only old products are available (Y11), so that 

Y21 = 0 . 

To produce, it is assumed that firms use identical separable production technology that has constant 

returns to scale in capital, labor and intermediate inputs or materials. Each production technology has 

an associated efficiency parameter that can change between the two periods. New products can be 

made with higher or lower efficiency with respect to old products, and the firm can affect the efficiency 

of its production over time through investments in process innovation.  The production function for a 

product of type i at time t is the following: 

( , , ),      1,2; 1,2it it it it itY F K L M i t  
 

where  represents efficiency, K , L and M are capital, labor and materials, respectively. 

Using the marginal cost function and Sheppard’s Lemma, we can derive the demand for labor as: 
 

( ) it
it L it

it

Y
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where ( )L itc w  is the derivative of the marginal cost function with respect to the wage. 

Assuming also that the derivative of the marginal cost with respect to wage does not change over time, 
and remembering that L21=0, and taking logarithms we can write the employment growth rate (l) as: 
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Where it are productivity shocks. 

Hence, employment growth is going to be determined by: (i) the rate of change in efficiency in the 

production of old products (that affects negatively): 12 11(ln ln )  , (ii) the rate of growth of 

production of old products (positive effect): 12

11

ln
Y

Y

, and (iii) the expansion in the production due to new 

products (positive effect): 22

11

Y

Y

, and iv) the change in efficiency due to product innovation (negative 

effect): 11

22





.  

The equation to be estimated here will be: 

 

0 1 1 2(1)    l d g g         

where 

l: employment growth rate  

α0: parameter, (minus) average efficiency growth in the production of old products, 12 11(ln ln )   

g1: nominal growth rate of sales due to old products, 12

11

ln
Y

Y
 

g2: nominal growth in sales due to new products (computed as new sales to total sales of previous 
period)3, 22

11

Y

Y

 

β: parameter, relative efficiency of the production of old and new products, 11

22





 

α1: parameter, average efficiency growth for process innovations 
d: dummy variable indicating process innovation 
 : unobserved disturbance; which includes productivity shocks, change in prices of old products, 
change in prices of new prices with respect to old ones, and change in production of new products. 

This equation has already been transformed (see Harrison et al., 2008) in order to use nominal sales, 
which are the usual available variables in innovation surveys.4 Notice that the variable g1 has a 
coefficient equal to one and can thus be subtracted from l on the left-hand side of the equation for 
estimation, being the new dependant variable l-g1. This implies that we are estimating a net 
employment effect.  
 

                                                           
3
 By definition, all the sales of the previous period are old in the current period. Therefore, it is not possible to 

compute the growth rate of new products nominal sales. 

4
 Harrison (2008) transformed the original model in real terms to include the sales in nominal terms. This generates 

and additional problem: the unobserved disturbance includes prices of the new products that are correlated with 
g2. In any case, the bias here is an attenuation bias. 
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The three parameters of interest are α0, α1 and β. Identification and consistency depends on the lack of 

correlation of the variables representing innovation (g2 and d) and the error term, or on the availability 

of instruments uncorrelated with the error term. 

Endogeneity could arise because innovation decisions depend on the productivity of the firm and 
unobservable productivity shocks. As explained by Harrison et al. (2008), since the equation is in 
differences, the productivity fixed effects are not present in the equation. But the unobservable 
productivity shocks are still in the error term µ, and could be correlated with the innovation variables. 
This correlation will depend on the timing of productivity shocks and investment decisions. 

As in Harrison et al. (2008), even though we cannot control for firm-level prices, because this 
information is not available, we can probably do better than estimating equation (1) without controlling 
for any prices, by at least finding a good proxy for the growth rate of old product, and in this way 
avoiding problems generated by this variable being included in the error term of (1).  

We can control for the change in prices of old products by subtracting the industry price growth index 
(π) (as a proxy for the rate of increase of prices of old products) from the nominal sales growth of old 
products; the dependent variable will be in this case: l−(g1 − π).5 The value of the estimated constant 
will be an estimate of the average real productivity growth in the production of old products between 
the two periods. To compute price growth rates, we use producer price indices (IPPN: Producer Price 
Index of National Products) on a 4-digit ISIC level6. 

Hence, the model to be estimated in this case is: 

1 0 1 2(1')    ( )l g d g           

The relationship between employment and innovation is very complex. Not only has the potential to 

affect the quantity, but also its composition. Indeed, innovation might change the demanded skill 

composition of the labor force. 

To study the effect of innovation (process and product) on the composition of employment we can 

estimate equation (1’) for each type of labor. That is, we can estimate: 

1 0 1 2(2)   ( )          ,  j j j jl g d g j s u            

where, jl is the employment growth rate for the j type of labor (j=s,u; s=skilled and u=unskilled), and 

the rest of the variables are the same as before. This equation provides us with estimates of the impact 

of innovations on each type of employment.  

As before, endogeneity could arise because innovation decisions depend on the productivity of the firm 

and unobservable productivity shocks. Hence, we are going to control for the possible endogeneity using 

instrumental variables approach. 

                                                           
5
 If this variable is a good proxy for rate of increase of prices of old products, then the error term  will not include  

the change in prices of old products 

6
 With the exception of some sectors for which we did not have information, and used 2-digit level prices instead. 
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3. Quantitative analysis 

3.1 Manufacturing sector 

 

3.1.1 Data availability and descriptive statistics 

For the empirical analysis of the relationship between employment and innovation we are using the four 

waves of Manufacturing firms Innovation Surveys (MIS) available at the moment (1998-2000, 2001-

2003, 2004-2006 and 2007-2009) and the annual Economic Activity Surveys (EAS) for the period 1998-

2007. The MIS data is collected by the National Bureau of Statistics (INE) in parallel with the EAS (same 

sample and statistical framework). Therefore, both surveys have the same firm identification code. 

As said, the same sampling model is used in both surveys. For the MIS all firms with more than 49 

workers are of mandatory inclusion. Units with 20 to 49 employees and with fewer than 19 workers are 

selected using simple random sampling within each economic sector at ISIC 2-digit level up to 2005. 

Since then, random strata are defined for those units with fewer than 50 workers within each economic 

sector at the ISIC 4-digit level. The response rate is nearly 90 percent. The number of firms included in 

the samples for the 1998-2000, 2001-2003, 2004-2006 and 2007-2009 surveys were 761, 814, 839, and 

941 respectively. 

The main reason to match the MIS with the EAS is the need to collect sales and employment data for the 

first year of the period of reference for each of the four MIS waves.7 The problem is that even though 

we do have sales and employment figures for the final year of the reference period of each MIS for the 

last three MISs, we do not have this information for the first MIS (1998-2000), and therefore we cannot 

use the employment figures of the previous MIS to compute growth rates for this variable. 

The matching with the EAS was not without limitations for the period after 2006. In that year INE 

modified the sample of the EAS, reducing the number of surveyed firms (from about 3.400 in 2005 to 

1700 in 2006). Moreover, the 2004‐2006 MIS was performed with the same sampling frame of 2005. 

This means that a significant number of firms that were surveyed in the 2004‐2006 MIS, did not 

participate in the 2006 EAS. This is a problem, particularly, when we need to use variables that are only 

available in the EAS. This is the case of the wage bill per worker, which is used as control variable in 

some regressions.  

A similar problem happens when matching the 2007-2009 MIS (which is a subsample of the 2009 EAS) 

and the 2007 EAS. Approximately half of the firms who did participate in MIS survey in 2009 are not in 

the 2007 EAS. Therefore, we lose a significant number of firms in the latest innovation survey (about 

470). At the same time, it is not yet available the 2009 EAS therefore in models where variables coming 

from the EAS are used (e.g., wage bill) we lose all the observations of the last MIS survey. 

                                                           
7
 In the 1998-2000 MIS the percentage of exports, which is a necessary information to build some innovation 

variables, is not available as well, so it is necessary the EAS. Also, the wage bill per worker, which is used as control 

variable in some models, is only available in the EAS. 
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Some additional firms were lost because of the impossibility to link them between two EAS or between 

MIS and EAS for other reasons. For example, from the total firms belonging to the 2001‐2003 MIS 

sample, we have almost 130 companies that are in the MIS 2001‐2003 and EAS‐2003 but are not in the 

EAS‐2001. 

The final number of observations (firm/period) used in the estimations is 2532: 8  722 from the 1998-00 

MIS, 627 from the second MIS, 737 from the third one, and 446 from the last available survey.  

Table A.1, in appendix, shows the definition, source and availability of each variable described in the 

paper. 

Table 1 shows descriptive statistics for the manufacturing sector. The mean size of a firm is 91 

employees, 13% of these firms are owned by foreign capital, and 81% are located in Montevideo9. 51% 

of the firms in sample innovated in process or product. 32% are product innovators, of which 27% (with 

respect to the whole sample) are both product and process innovators. 7% are process only innovators 

and 12% are organizational change innovators (non product innovators). 

Data on yearly employment growth shows that the mean is negative. This figure is being driven by the 

non-innovators firms.10 The process only innovators (non-product innovators) with a mean of 4% growth 

were the fastest growing, while firms making product innovation and organizational change innovation 

showed more moderated rates of growth. The wage bill per worker grew at a mean rate of almost 5% 

during the first three surveys (information for the last one is not available).  

The yearly sales growth rate was positive for almost all firms. While non-innovators (no process or 

product innovators) showed a zero growth rate, process only innovators (non-product innovators), 

organizational change innovators (non-product innovators) and product innovators showed positive 

figures. Within the latter, this figure is explained by the sales growth of innovators in new products 

(30%, versus -21% for innovators in old products).  

 

                                                           
8
Firms with missing information on sales or employment were also excluded (704 firms), also were excluded the 

percentile 1 and 99 of variables l and g to avoid outliers, and 3 negative values of the variable g2 (97 firms). 
9
 This mean excludes the MIS 1998-2000, because this variable is not available for the first survey.  

10
 It is important to note that this figure is the result of a simple averaging of the annual growth rate of the whole 

sample (i.e, across years and firms). This implies that all firms are equally weighted; having small and large firms 

the same weight. Hence, this percentage is not the real average growth rate of employment in the manufacturing 

sector. It is also worth to note that this average hides large heterogeneities between surveys, highly correlated to 

the economic cycle (-6.5% in 1998-2000, -6.6% in 2001-2002, 6.4% for the period 2004-2006 and 2.8% in 2007-

2009).  At the same time, this simple average sub estimates the average growth due to loss of observations in the 

last survey (2007-2009), being this a period of strong employment growth. The total employment growth between 

1998 and 2009 for the total simple we get positive annual growth rate of 2,3%. 
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Table 1: Descriptive statistics - Manufacturing firms  

Pooled surveys 

Mean Median 

Standard 

deviation Minimum Maximum

Number of observations 2,532

Distribution of firms (%) 

Non-innovators (no process or product innovations) 0.49 0 0.50 0 1

Process only innovators (non product innovators) 0.07 0 0.26 0 1

Organizational change innovator (non product innovators) 0.12 0 0.32 0 1

Product innovators 0.32 0 0.47 0 1

          (of which product and process innovators-of the whole 100%) 0.27 0 0.44 0 1

Number of employees at the beginning of (each) survey 91.20 47.50 156.85 1 2353

Foreign Ownsership (10% or more) 0.13 0 0.34 0 1

Located in the capital of the country 2 0.81 1 0.39 0 1

Employment growth (%) (yearly rate)

All firms -0.71 0.00 15.07 -71.75 47.08

Non-innovators (no process or product innovations) -3.39 -1.27 15.87 -71.75 47.08

Process only innovators (non product innovators) 4.18 3.26 13.71 -37.69 44.37

Organizational change innovator (non product innovators) 0.77 1.27 14.93 -65.81 44.12

Product innovators 1.68 1.38 13.38 -61.98 45.81

Growth wage bill per worker (%) (yearly rate) 3 5.13 5.03 13.22 -57.24 77.70

Sales growth (%)1 (nominal growth) (yearly rate)

All firms 5.51 5.74 21.66 -79.88 70.48

Non-innovators (no process or product innovations) 1.73 3.00 22.93 -79.88 69.07

Process only innovators (non product innovators) 9.26 7.16 20.25 -32.15 70.48

Organizational change innovator (non product innovators) 10.18 8.96 21.53 -67.72 69.07

Product innovators 8.64 7.00 18.98 -66.22 69.46

          of which:

          Old products -21.24 -20.05 21.91 -50.00 59.33

          New products 29.95 23.24 22.55 0.13 115.00

Labor productivity growth (%)1 (yearly rate)

All firms 6.22 5.36 21.20 -88.38 93.06

Non-innovators (no process or product innovations) 5.12 4.25 22.43 -88.38 81.89

Process only innovators (non product innovators) 5.08 4.43 20.19 -44.06 93.06

Organizational change innovator (non product innovators) 9.40 7.48 22.43 -65.01 78.04

Product innovators 6.95 5.70 18.85 -79.36 82.30

Prices growth (%) 4

All firms 6.83 2.45 11.10 -14.65 40.68

Non-innovators (no process or product innovations) 6.80 2.45 10.97 -14.65 40.68

Process only innovators (non product innovators) 5.26 2.66 9.01 -14.65 40.68

Organizational change innovator (non product innovators) 8.04 2.66 12.24 -12.83 40.68

Product innovators 6.77 2.45 11.24 -14.65 34.52

Notes: For the estimation sample. If not stated otherwise, for the period 1998-2009.

1. Sales growth for each type of firm is the average of variable g; averages for old and new products are the averages 

of variables g1 and g2, respectively

2. Period 2001-2009

3. Period 1998-2006

4. Prices computed for a set of industries and assigned to firms according to their activity  
 

Nominal labor productivity grew for all types of firms, especially for the organizational change 

innovators. The same happens to the price growth. In real terms, labor productivity decreases for all 

type of innovators, with the exception of the organizational change innovators and product innovators. 

In appendix (table A.2) we also show descriptive statistics for the small firms’ sample (1353 cases). The 

biggest differences with respect to the whole sample figures can be found in the numbers referred to 
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innovation variables. 37% are innovators, 5% are process only innovators (non product innovators), 9% 

organizational change innovators (non product innovators) and 23% are product innovators (of which 

18% are both product and process innovators). 

 

3.1.2 Analysis of the relationship between innovation and employment quantity  

 

Naive OLS Regression 

These naïve estimations show how the labor average growth rates differ among innovators and non-

innovators after controlling for the growth of total sales and industry and time effects. As shown in the 

descriptive statistics section, non-innovators firms have negative employment growth rates; meanwhile 

innovator firms have positive growth rates in the sample period. In sub-sample of small firms although 

growth rates are not positive for both innovators and non-innovators, for innovators they are 

significantly bigger than for non-innovators. 

Table 2 shows naive regressions (not based on equation 1) on the effects of innovation on employment 

quantity, using the pooled sample of manufacturing firms of the four MIS available at the moment. The 

estimation includes as independent variables: real sales growth, fixed effects by sector of activity (at the 

2 digit level), temporal fixed effects, and the innovation dummies (product and/or process). As column 1 

shows, the results indicate that innovation (process or product) has a positive impact on employment 

growth.  

Column 2 shows that even after introducing separate dummies for process and product innovation there 

is still a positive effect on employment growth. On the other hand, sales growth is significantly different 

from zero and positive in all specifications. The last two columns replicate the exercise for the small 

firms sub-sample, defined as the firms having less than 50 employees at the end of the period of 

reference of each survey. Same results are maintained for the innovation variables. The coefficient on 

the product innovation dummy is bigger for the small firms sample than for the whole sample 

estimation, indicating that product innovation seems to have a bigger impact on small firms. The 

conclusion is the opposite for process innovation. In this case, the impact is smaller for small large firms. 
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Table 2. Naive regression on the effects of innovation on employment quantity – OLS estimation 

Dependent variable: l (Employment growth-yearly) 

Sector

Regression

1-OLS: 

naïve

2-OLS: 

naïve

1-OLS: 

naïve

2-OLS: 

naïve

Constant -1.982*** -1.606*** -4.139*** -4.058***

(se) (0.38)          (0.34)          (0.53)          (0.51)          

TPP (product or process innovator) 3.543*** 3.256***

(se) (0.51)          (0.79)          

Product innovator 3.236*** 3.590***

(se) (0.52)          (0.86)          

Process innovator 3.216*** 2.880*

(se) (0.95)          (1.65)          

Real sales growth (g- π) 0.259*** 0.263*** 0.258*** 0.259***

(se) (0.02)          (0.02)          (0.02)          (0.02)          

2-digit industry dummies Yes Yes Yes Yes

Time dummies Yes Yes Yes Yes

R squared 0.30            0.30 0.27            0.27            

Standard error 12.68 12.70 13.70 13.69

Number of firms 2532 2532 1353 1353

** p<0.01, ** p<0.05, * p<0.1

TPP: product or process innovator dummy

Product innovator: dummy

Process innovator: dummy

g=total sales

Manufacturing Small manufacturing

 

Tables 3a and 3b present additional estimations, including now organizational change as an additional 

way of innovating. Table 3a shows the estimations results for the entire pooled sample, while table 3b is 

for the sub-sample of smalls firms. The estimations include as independent variables: real sales growth 

of unchanged products, fixed effects by sector of activity (at 2 digit level), temporal fixed effects, and a 

dummy variable that indicates foreign ownership of the firm. 

The results show that the coefficient of real sales growth is always significantly different from zero, 

positive, and less than one. This result suggests that the elasticity of employment with respect to sales is 

less than one. The innovation dummies are always significant and positive, with the exception of 

organizational only innovation in column 4. Column 4 in tables 3a and 3b shows that the coefficient of 
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the product innovation dummy is bigger than the one for process innovation only, and the latter bigger 

than the one indicating organizational innovation only. Hence, product innovation appears to be the 

most important driver of employment growth for all type of firms. The dummy indicating foreign 

ownership is never significantly different from zero. 

Estimation results are very similar for the whole sample (table 3a) and the small firms sub-sample (table 

3b).   

Table 3a: Effect of innovation on employment quantity – OLS estimation. All manufacturing firms. 
Dependent variable: l 

Sector Manufacturing

Regression 1-OLS: basic 

estimation

2-OLS: basic 

estimation

3-OLS: basic 

estimation

4-OLS: basic 

estimation

Constant -2.530*** -2.055*** -2.761*** -2.218***

(se) (0.38)                      (0.35)                    (0.40)                   (0.37)                   

TPP (product or process innovator) 7.242***

(se) (0.61)                      

Product innovator 9.380*** 9.050***

(se) (0.70)                    (0.74)                   

Process innovator 3.863*** 4.054***

(se) (0.98)                    (0.99)                   

TPP (product or process innovator) + org change 6.776***

(se) (0.60)                   

Organizational change (only) 0.769

(se) (0.62)                   

Real sales growth (g1-Π) 0.146*** 0.188*** 0.138*** 0.187***

(se) (0.02)                      (0.02)                    (0.01)                   (0.02)                   

Foreign owned (10% or more) 0.531 0.919 0.622 0.873

(se) (0.88)                      (0.88)                    (0.89)                   (0.88)                   

2-digit industry dummies Yes Yes Yes Yes

Time dummies Yes Yes Yes Yes

R squared 0.231 0.245 0.226 0.245

Standard error 13.280 13.170 13.330 13.170

Number of firms 2,532 2,532 2,532 2,532

Robust standard errors in parentheses

** p<0.01, ** p<0.05, * p<0.1  
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Table 3b: Effect of innovation on employment quantity – OLS estimation – Small firms 

Dependent variable: l  

Sector Small firms in Manufacturing

Regression 1-OLS: basic 

estimation

2-OLS: basic 

estimation

3-OLS: basic 

estimation

4-OLS: basic 

estimation

Constant -4.434*** -4.268*** -4.737*** -4.300***

(se) (0.53)                      (0.51)                    (0.55)                   (0.53)                   

TPP (product or process innovator) 7.491***

(se) (0.94)                      

Product innovator 10.884*** 10.787***

(se) (1.11)                    (1.18)                   

Process innovator 3.571** 3.617**

(se) (1.72)                    (1.73)                   

TPP (product or process innovator) + org change 7.134***

(se) (0.91)                   

Organizational change (only) 0.212

(se) (1.02)                   

Real sales growth (g1-Π) 0.178*** 0.222*** 0.172*** 0.221***

(se) (0.02)                      (0.02)                    (0.02)                   (0.02)                   

Foreign owned (10% or more) -1.650 -1.105 -1.417 -1.102

(se) (1.99)                      (1.94)                    (1.98)                   (1.94)                   

Time dummies Yes Yes Yes Yes

2-digit industry dummies Yes Yes Yes Yes

R squared 0.219 0.241 0.218 0.241

Standard error 14.190 13.990 14.200 13.990

Number of firms 1,353 1,353 1,353 1,353

Small firms are those with up to 50 employees

Robust standard errors in parentheses

** p<0.01, ** p<0.05, * p<0.1  
 

The basic model: OLS and IV 

Table 4a presents the estimation results for three variants of the basic model presented in equation (1’), 

where the dependent variable is the employment growth rate minus the real sales growth rate (l−(g1 − 

π)). All the specifications include the innovation dummy, d, sales growth rate of new products, g2, and a 

constant. The estimations also include industry fixed effects (at 2 digit level) and time fixed effects (see 

definition at the bottom of table 4a). Column 1 shows the basic OLS estimation without controls, while 

in the next columns we add, one by one, a dummy indicating foreign ownership of the firms and the 

wage bill growth rate. It should be noted that the last column was estimated using a smaller sample 

because of the limitations of information on wage bills (it excludes about half of the 2004-2006 MIS 

sample and all observations of the 2007-2009 survey). 
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According to the model, the constant indicates the negative average efficiency growth in the production 

of old products. Results show that the constant (α0) is significantly different from zero, and positive in all 

specifications (with exception of column 3). Hence, this result is in contrast to what theory predicts. 

The dummy indicating process only innovation is not significantly different from zero in all regressions. 

In contrast, the coefficient (β) on the growth rate of sales of new products (g2) is significant, positive and 

lower than one in all regressions. β measures the relative efficiency of old and new products. This result 

goes in the same direction as theory predicts, and since it is lower than 1 it suggests that new products 

are produced more efficiently than old ones. As noted before, this coefficient could be biased because 

of the presence of endogeneity, due to unobserved price changes or correlation with non technological 

productivity shocks. Any endogeneity, as shown by Harrison et al. (2008), is likely to produce a 

downward bias in this coefficient, overstating the productivity gains associated with the production of 

new products.  

The dummy indicating foreign ownership is not significant and does not affect the other coefficients. 

Column 3 shows the results of adding the wage bill growth variable. The coefficient of this variable is 

significantly different from zero, negative, and less than one in absolute value. Hence, we found a 

positive and lower than unity relationship between per worker wage bill growth and labor productivity. 

In addition, the inclusion of this variable increases the value of the constant of the model significantly, 

showing a high correlation between the productivity growth of old products and the wage bill growth.  

Table 5a replicates these estimations for the sub-sample of small firms. Results are similar to those for 

the whole sample. 

Tables 4b and 5b aim to analyze the robustness of results using instrumental variables (IV) for both, the 

entire sample and the small firms’ sample.  

The strategy relies on the choice of instrumental variables that can be considered to be uncorrelated 

with both, price differences (new vs. old products) and productivity shocks, and must be highly 

correlated to the growth in sales of new products (g2), the potentially endogenous variable.  

Harrison et al. (2008) preferred instrument is an increased range of goods and services indicator, which 

assesses the impact of innovation on the increase in the range of goods produced by firms. We are going 

to use exactly the same instrument in our investigation and for the same reasons. We expect this 

variable to be uncorrelated with changes in the price of new products compared to old products, since 

we interpret it as a measure of the extent to which the firm’s innovation is associated with an increase 

in demand for reasons other than changes in product prices and quality. As an additional instrument we 

are using the variable “New Markets” which assesses the impact of innovation on the development of 

new markets for the firm.  

Columns 1 to 3 of tables 4b and 5b present the estimation results considering g2 as endogenous. As said, 

the instruments used to control for potential endogeneity of the innovation variable (g2) are: (i) 

Increased range of goods and services indicator, which assesses the impact of innovation on the increase 

in the range of goods produced by firms (scale of 0 to 3: 0 = irrelevant impact, 1= low, 2= medium, and 3 

= high impact); and (ii) New markets. This variable assesses the impact of innovation on the 
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development of new markets for the firms (coded between 0 to 3: 0 = irrelevant impact, 1= low, 2= 

medium, and 3 = high impact). These indicators were included as a set of dummies because of evidence 

of a nonlinear effect in the first-stage regressions.  

As shown in table 4b, the coefficient of g2 increases when estimated by IV, approaching one. These 

results confirm the hypothesis that the presence of endogeneity biases the coefficient downwards. We 

do not reject the null hypothesis of this coefficient being different from one, which indicates that there 

is no evidence of gains in the productivity of new products. 

The results when adding control variables (column 3) are very similar to the ones obtained by OLS. 

When adding the wage bill growth, we found a positive but less than unity relationship between the 

growths of the wage bill and labor productivity.  

The Davidson-MacKinnon test of exogeneity rejects the null hypothesis of exogeneity for the variable g2 

in the case of columns 1 and 2, which indicates that the effect of the endogenous regressor on the 

estimates is meaningful and instrumental variables techniques are required. Since we used more than 

one instrument, table 4b shows also the results of the Sargan test (test for overidentifying restrictions). 

Results indicate that the validity of the instruments is accepted in all cases at 1% confidence level.  The F 

test for g2 in the first stage of the IV estimation is significant, confirming the validity of these 

instruments. In the case of column 3, when the growth of the wage bill per worker is introduced, we 

cannot reject the null of exogeneity, therefore OLS is indicated for this regression. The wage bill per 

worker is probably capturing the unobservable variables included in the error term, in particular the 

productivity shocks, that are correlated with g2.  

Table 5b replicates these estimations for the sub-sample of small firms. When estimated by IV the 

coefficient on g2 increases with respect to the estimated by OLS, for all the specifications in the table, 

confirming the right direction of the bias introduced by endogeneity. Again for the small firms 

estimations we cannot reject the null of the coefficient of g2 being equal to one. This means, as in the 

total sample estimation, that there is not productivity growth associated to product innovations and 

that new products are in fact introduced with similar production efficiency as old products. 

Results in tables 4b and 5b are very similar, showing no differential impact of innovation in the case of 

small firms. 

Again as in the whole sample, the Davidson-MacKinnon test of exogeneity rejects the null hypothesis for 

g2 in columns 1 and 2 but not in column 3. Table 5b includes also the results of the Sargan test indicating 

that the validity of the instruments used in regression 1 and 2 is accepted. The F test for the instruments 

of g2 confirms the validity of the instruments.  
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Table 4a: Effect of innovation on employment quantity - OLS Estimation. All manufacturing firms. 

Dependent variable: l -(g1-Π) 

Sector

Regression

1-OLS: basic 

estimation

2-OLS + 

controls

3-OLS + 

controls

Constant 1.971*** 1.800*** 6.026***

(se) (0.49)             (0.51)             (0.62)             

Process innovation only (d) -1.058 -1.179 -2.575

(se) (1.46)             (1.46)             (1.82)             

Sales growth due to new products (g2) 0.874*** 0.873*** 0.879***

(se) (0.02)             (0.02)             (0.02)             

Foreign owned (10% or more) 1.37 0.56

(se) (1.18)             (1.27)             

Growth wage bill per worker -0.558***

(se) (0.04)             

2-digit industry dummies Yes Yes Yes

Time dummies Yes Yes Yes

R squared 0.437 0.437 0.549

Standard error 19.520 19.510 17.390

Number of firms 2,532 2,532 1,698

** p<0.01, ** p<0.05, * p<0.1

Manufacturing
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Table 4b: Effect of innovation on employment quantity - IV Estimation. All manufacturing firms. 

Dependent variable: l -(g1-Π) 

Sector

Regression

1-IV: basic 

estimation 2-IV + controls 3-IV + controls

Constant 1.044* 0.911 5.445***

(se) (0.58)             (0.59)             (0.69)             

Process innovation only (d) -0.509 -0.623 -2.206

(se) (1.56)             (1.57)             (1.89)             

Sales growth due to new products (g2) 0.965*** 0.963*** 0.933***

(se) (0.04)             (0.04)             (0.04)             

Foreign owned (10% or more) 1.189 0.475

(se) (1.19)             (1.28)             

Growth wage bill per worker -0.561***

(se) (0.03)             

2-digit industry dummies Yes Yes Yes

Time dummies Yes Yes Yes

F test, g2 156.4 155.7 104.9

p-value 0.0000 0.0000 0.0000

g2 Exogeneity (Davidson-McKinnon) 7.222 6.967 2.286

p-value 0.0072 0.0084 0.1307

Sargan test 3.408 3.332 1.665

p-value 0.637 0.649 0.893

Standard error 19.570 19.560 17.390

Observations 2,532 2,532 1,698

Number of ISIC (2 digit) 22 22 22

Robust standard errors in parentheses

** p<0.01, ** p<0.05, * p<0.1

Manufacturing

 

Notes: 
1. Intruments: g2 was instrumented by "increased range of good" and "development of new 
markets". These indicators were included as a set of dummies because of evidence of a 
nonlinear effect in the first-stage regressions. 

2. F test is the F test of excluded instruments in the first-stage regressions. 

3. Exogeneity is the Davidson-MacKinnon test of Exogeneity. 

4. Sargan test is the overidentifying restrictions test. 
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Table 5a: Effect of innovation on employment quantity - OLS Estimation - Small firms 

Dependent variable: l -(g1-Π) 

Sector

Regression

1-OLS: basic 

estimation

2-OLS + 

controls

3-OLS + 

controls

Constant 0.864 1.078 6.031***

(se) (0.72)             (0.73)             (1.00)             

Process innovation only (d) -1.011 -0.763 -1.675

(se) (2.34)             (2.33)             (2.94)             

Sales growth due to new products (g2) 0.840*** 0.840*** 0.860***

(se) (0.03)             (0.03)             (0.03)             

Foreign owned (10% or more) -3.284 -2.094

(se) (2.51)             (2.52)             

Growth wage bill per worker -0.546***

(se) (0.05)             

2-digit industry dummies Yes Yes Yes

Time dummies Yes Yes Yes

R squared 0.366 0.367 0.490

Standard error 21.040 21.030 18.810

Number of firms 1353 1353 857

Robust standard errors in parentheses

** p<0.01, ** p<0.05, * p<0.1

Small firms in Manufacturing
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Table 5b: Effect of innovation on employment quantity - IV Estimation - Small firms  

Dependent variable: l -(g1-Π) 

Sector

Regression

1-IV: basic 

estimation 2-IV + controls 3-IV + controls

Constant -0.219 -0.008 5.328***

(se) (0.83)             (0.85)             (1.20)             

Process innovation only (d) -0.8 -0.55 -1.599

(se) (2.67)             (2.68)             (3.28)             

Sales growth due to new products (g2) 0.986*** 0.986*** 0.955***

(se) (0.07)             (0.07)             (0.07)             

Foreign owned (10% or more) -3.305 -2.117

(se) (2.51)             (2.72)             

Growth wage bill per worker -0.553***

(se) (0.05)             

2-digit industry dummies Yes Yes Yes

Time dummies Yes Yes Yes

F test, g2 77.63 77.57 48.3

p-value 0.0000 0.0000 0.0000

g2 Exogeneity (Davidson-McKinnon) 6.800 6.860 2.585

p-value 0.0092 0.0089 0.1083

Sargan test 4.102 4.0270 2.674

p-value 0.535 0.545 0.75

Standard error 21.150 21.140 18.830

Observations 1,353 1,353 857

Number of ISIC (2 digit) 20 20 20

Robust standard errors in parentheses

** p<0.01, ** p<0.05, * p<0.1

Small firms in Manufacturing

 

Notes: 
1. Intruments: g2 was instrumented by "increased range of good" and "development of new 
markets". These indicators were included as a set of dummies because of evidence of a 
nonlinear effect in the first-stage regressions. 

2. F test is the F test of excluded instruments in the first-stage regressions. 

3. Exogeneity is the Davidson-MacKinnon test of Exogeneity. 

4. Sargan test is the overidentifying restrictions test. 

 

 



 

 19 

Employment growth decomposition  

Using equation (1) (see Harrison et al., 2008) the employment growth of each firm can be represented 

by the following equation: 

 0 0 1 2 2 2 1 2

j

(3)  1 1( 0) ( ) 1( 0) ( ) +j jl ind d g g g g g      
     

           
 

  

where indj indicates industry dummies (at 2-digit level). The first component of the right hand side 

0
ˆ ˆ( )

oj j

j

ind   measures the change in employment due to the productivity trend in production of old 

products (this component is computed as a residual in table 6a). On the other hand, the term 

2 1 1
[1 1( 0)]( )g g     is the estimate of the employment change associated with output growth of old 

products for firms that do not introduce new products and 2 1 1 21( 0) ( )g g g 


    is the net 

contribution of product innovation after allowing for any substitution of old products for new products. 

Finally, ̂  is a zero-mean residual.  

Table 6a presents the decomposition for the whole sample and for the small firms sample using the 

proportion averages from table 1 and A.2 (all firms and small firms respectively) and the estimated 

coefficients of equation (1). The decomposition is performed with the parameters of each of these 

samples estimated by OLS and IV (without any control variables). 

Considering the whole period, the average employment growth was -0.7% for whole sample and -3.6% 

for the small firms. OLS and IV estimations yield very similar results.  

For the whole sample the productivity improvement in the production of old products are an important 

source of increase in employment (1.9%). In all the estimations, process innovations account for only 

small (negative) employment changes. The sales growth of old products is the most important factor to 

explain the negative rate of growth of employment in the period (-1.9%). The net contribution of 

product innovation was -0.6 in the case of the OLS estimation and 0.3 in the IV one. This net 

contribution is the result of very negative contribution of old products and a very positive one of new 

products. 

In the decomposition of the employment growth for small firms we observe a more negative effect of 

product innovations and old products output growth, which explain most of the negative growth rate in 

the period.  
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Table 6a. Contribution of innovation to employment growth. Manufacturing, 1998-20091 

OLS IV OLS IV

Firms employment growth -0.7 -0.7 -3.6 -3.6

Productivity trend in production of old products 2 1.9 0.9 1.6 0.5

Gross effect of process innovation in production of old products -0.1 -0.1 -0.1 -0.1

Output growth of old products contribution -1.9 -1.9 -3.8 -3.8

Net contribution of product innovation -0.6 0.3 -1.3 -0.2

    Contribution of old products by product innovators -9.2 -9.2 -7.5 -7.5

    Contribution of new products by product innovators 8.6 9.5 6.2 7.3

Notes: 1. Decomposition based on rates of growth for the whole period

2. this component is obtained by subtracting the sum of the other components from the average employment growth

All manufacturing Small manufacturing

 
 

The table 6b reports the same exercise for the period 2004-2009 (i.e. the period of recovery and growth 

after the crisis). We find that process innovations have a negligible effect and that the productivity trend 

in production of old products generates a displacement effect on employment (with the exception of 

the OLS estimation for whole sample). Product innovation appears as the second most important factor 

for employment growth in the period 2004-2009, after the output growth of old products. 

Table 6b. Contribution of innovation to employment growth. Manufacturing, 2004-20091 

OLS IV OLS IV

Firms employment growth 4.9 4.9 2.4 2.4

Productivity trend in production of old products 2 0.1 -1.3 -1.9 -3.1

Gross effect of process innovation in production of old products 0.0 0.1 0.0 0.0

Output growth of old products contribution 3.2 3.2 3.7 3.7

Net contribution of product innovation 1.6 2.8 0.7 1.8

    Contribution of old products by product innovators -5.6 -5.6 -3.6 -3.6

    Contribution of new products by product innovators 7.2 8.4 4.2 5.4

Notes: 1. Decomposition based on rates of growth for the whole period

2. this component is obtained by subtracting the sum of the other components from the average employment growth

All manufacturing Small manufacturing

 
 

3.1.3 The employment quality - innovation relationship  

Here we are going to estimate equation (2) controlling for fixed effects at the industry level. Still, non-

observable characteristics can be correlated with innovation variables; hence, we are going to use an 

instrumental variables approach, as in the previous section. The instruments we are going to use are the 

same as in the previous section. Again, all the indicators (instruments) were included as a set of 

dummies because of evidence of a nonlinear effect in the first-stages regressions. 

Data availability 

We define the share of skilled labor force in a given firm as the percentage of professionals and 

technicians working in a certain period for that firm. The share of skilled labor is available only for the 

last three MIS surveys and it is not available in the EAS survey. Therefore, we will be using the share of 

skilled labor for end of period of each of the last three MIS surveys: 1810 firms in total. Next table shows 
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descriptive statistics for the available data on the share of skilled workers, distinguishing by type of 

innovative firm. We can see that the mean share of skilled labor in the manufacturing sector is 9.5%. 

While non-innovators have the lowest share of skilled labor (7,4%), the highest is for product innovators 

(12,5%). 

In order to estimate equation (2), we need to compute the growth rate for each type of labor. Since we 

have the end of period data for three MIS surveys, we compute the growth rate between two 

consecutive innovation surveys. That is, we calculate the growth rate of employment between 2009 and 

2006, and between 2006 and 2003. Hence, we will only have two data points for each firm. We also 

need to note that the growth rate is only going to be available for the firms that are present in two 

consecutive surveys. Next table shows statistics for the nominal and real growth rate for each type of 

labor by type of firm. We do not have available data on firm´s capital, which means that we cannot 

control for complementarities in the use of skilled labor and capital.  

 
Table 7. Employment Composition. Descriptive statistics for 2001-2009. Manufacturing Sector 

Share of skilled labor Mean Median

Standard 

Deviation Minimum Maximum

All Firms 9.5 5.2 12.4 0.0 100.0

Non-innovators (no process or product innovations) 7.4 3.4 11.9 0.0 100.0

Process only innovators (non product innovators) 10.3 7.0 10.7 0.0 66.0

Organizational change innovator (non product innovators) 10.7 6.0 12.8 0.0 78.0

Product innovators 12.5 8.6 12.7 0.0 95.0

Employment (total) growth (%)

All Firms 5.2 5.3 11.7 -51.0 76.8

Non-innovators (no process or product innovations) 3.3 3.9 12.5 -51.0 53.6

Process only innovators (non product innovators) 5.9 4.9 11.1 -29.4 76.8

Organizational change innovator (non product innovators) 6.6 6.7 10.9 -34.1 35.5

Product innovators 7.5 7.4 10.4 -39.5 36.4

Skilled labor growth (%)

All Firms 9.9 5.3 11.7 -51.0 76.8

Non-innovators (no process or product innovations) 6.0 4.2 31.1 -75.3 106.9

Process only innovators (non product innovators) 8.4 5.6 26.0 -50.5 87.1

Organizational change innovator (non product innovators) 13.8 16.0 31.6 -77.8 99.4

Product innovators 12.9 11.8 26.8 -79.7 88.0

Unkilled labor growth (%)

All Firms 4.5 4.4 13.5 -58.3 96.5

Non-innovators (no process or product innovations) 2.8 3.4 14.4 -58.3 96.5

Process only innovators (non product innovators) 5.7 4.4 11.7 -35.1 73.2

Organizational change innovator (non product innovators) 5.1 5.5 13.0 -45.0 36.1

Product innovators 6.7 6.8 12.4 -45.9 66.4  
 
The positive annual mean growth rate in employment during the period 2001-2009 is explained by 

positive growth rates in, both, skilled and unskilled labor. For all type of firms the skilled labor grows at 

faster rates than unskilled labor. The most important growth rates for skilled are for the organizational 

change innovators and product innovators. 
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Results 

Table 8 presents the estimation results for the model in equation (2), where the dependent variables are 

the employment growth rate of type qj labor minus sales growth rate (lqj
−(g1 − π)) (for s= skilled and u = 

unskilled labor). The specifications include the process innovation dummy, d, sales growth rate of new 

products, g2, a dummy controlling for the foreign ownership of the firm and a constant. The estimations 

also include industry fixed effects (at 2 digit level). The table presents results for the total sample 

(columns 1 and 2) and the subsample of small firms (columns 3 and 4).  

The dummy indicating process only innovation is not significantly different from zero in all the 

specifications. This variable controls for the additional increase in the productivity of old products, and 

hence, the displacement effect on each type of employment, due to the innovation in process only. 

In contrast, the coefficient on the growth rate of sales of new products (g2) is significant, positive and 

lower than one for both skilled and unskilled labor. As indicated in the previous section, this coefficient 

measures the relative efficiency of old and new products produced by each type of labor, indicating that 

new products are produced more efficiently than the old ones.  

The dummy indicating the foreign ownership is significant and positive for the sample of all firms, 

indicating positive effects on total employment of skilled and unskilled labor if the firm has foreign 

ownership. 

For the sub-sample of small firms the results are very similar. Process innovation is not significantly 

different from zero in any specification. The growth rate of the production of new products is 

significantly different from zero, and less than unity. The foreign ownership dummy is significantly 

different from zero and negative for the growth rate of skilled labor, while it is not significantly different 

from zero for growth rate of unskilled labor. This means that foreign ownership has a differential impact 

on the growth rate of the two types of labor.   

While the coefficient on the growth rate of new products is similar for skilled and unskilled labor in the 

total sample indicating no differential impact, in the sub-sample of small firms the coefficient on g2 in 

the skilled labor regression is significantly lower than in the regression for unskilled labor, and also with 

respect to the total sample. This means that in small firms skilled labor produces more efficiently new 

products than old, having innovation a differential impact on the composition of the labor force. 
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Table 8: Relationship employment- labor composition-OLS estimation.  

(1) (2) (3) -4

Sector

Regression Skilled-OLS Unskilled-OLS Skilled-OLS Unskilled-OLS

Constant 5.908*** -0.761 7.625*** -2.307**

(se) (1.667) (0.771) (2.891) (1.173)

Process innovation only (d) -2.449 -0.320 2.677 -1.435

(se) (3.476) (1.837) (7.453) (3.464)

Sales growth due to new products (g2) 0.854*** 0.892*** 0.667*** 0.844***

(se) (0.067) (0.032) (0.125) (0.064)

Foreign owned (10% or more) 7.968* 7.835*** -42.254*** 6.644

(se) (4.669) (2.551) (11.568) (7.677)

Fully foreign owned -6.635 -1.946 20.999** 2.349

(se) (5.382) (3.150) (8.463) (4.918)

2-digit industry dummies yes yes yes yes

Ho: g2=1 p-value 0.029 0.001 0.008 0.015

Standard error 32.85 19.12 36.01 20.75

Number of observations 727 1027 232 435

Manufacturing Small Manufacturing

 
Robust standard errors in parentheses. ** *p<0.01, ** p<0.05, * p<0.1 

Notes: 1- All regressions include 2-digit industry dummies. 2-Type 1 is skilled labor, type 2 unskilled labor 

 

As discussed before, the coefficient on g2 could be biased because of the presence of endogeneity. As 

indicated in the previous section, any endogeneity is likely to produce a downward bias in this 

coefficient, overstating the productivity gains associated with the production of new products.  

The estimations presented in table 9 aim to analyze the robustness of results when using instrumental 

variables (IV). As results show, the coefficient of g2 increases when estimated by IV. For both types of 

labor the coefficient increases, and we cannot reject the hypothesis of them being equal one.  

The Davidson-MacKinnon test of exogeneity does not reject the null hypothesis of exogeneity of the 

variable g2 in most of the regressions (only in the first regression we reject the null of exogeneity). 

Hence, in general, the evidence rejects the hypothesis of the innovation variable being endogenous. The 

F-tests give evidence that there is no problem of weak instruments, while the Sargan test does not reject 

the hypothesis of valid instruments.  

To summarize, results in this section show that in the manufacturing sector new products are 

complementary to skilled and unskilled labor, but do not indicate a differential impact of innovation on 

the composition of the labor force.11 TFinally, it is important to note that this sample is different from 

the one in the previous section. Here, we are only including those firms that are in at least two 

                                                           
11

 This last result is taken from the OLS estimations since IV estimations indicate no problem of endogeneity of the 

innovation variable. 
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consecutive innovation surveys, and we only have information for two points in time, 2009 vs 2006 and 

2006 vs 2003.  

Table 9: Relationship employment- labor composition-IV Estimation. 

(1) (2) (3) (4)

Sector

Regression Skilled IV Unskilled IV Skilled IV Unskilled IV

Constant 3.405* -1.394 6.441** -3.047**

(se) (2.018) (0.896) (3.243) (1.293)

Process innovation only (d) -0.395 0.227 3.173 -1.029

(se) (3.959) (2.020) (8.576) (4.056)

Sales growth due to new products (g2) 1.090*** 0.966*** 0.801*** 0.964***

(se) (0.133) (0.069) (0.222) (0.120)

Foreign owned (10% or more) 7.205 7.205 20.882 20.882

(se) (5.450) (5.466) (15.679) (15.828)

Fully foreign owned -6.232 -1.801 -40.822** 7.670

(se) (6.257) (3.482) (18.510) (9.573)

Ho: g2=1 p-value 0.501 0.623 0.375 0.764

2-digit industry dummies yes yes yes yes

Standard error 33.05 19.12 35.76 20.74

Number of observations 727 1027 232 435

F test, g2 39.46 59.52 18.96 29.22

p-value 0.00 0.00 0.00 0.00

g2 Exogeneity (Davidson-McKinnon) 4.27 1.58 0.56 1.44

P-Value 0.04 0.21 0.45 0.23

Sargan (m) 9.092 7.221 7.610 4.868

Prob. Value 0.105 0.205 0.179 0.432

Manufacturing Small Manufacturing

 
Robust standard errors in parentheses. *** p<0.01, ** p<0.05, *p<0.1 

Notes: Dependant variable in columns 1 and 3 is l
skilled

-g1-π and in 2 and 4 is l
unskilled

-g1-π. 1- All regressions include 2-

digit industry dummies. 2- Intruments: g2 instrumented by indicators of "increased range of good" and "development of new 

markets". All these indicators were included as a set of dummies because the evidence of a nonlinear effect in the first-stages 

regressions. 3- F test denotes de F of excluded instruments in the first-stages regressions. 4- Exogeneity denotes Davidson-

MacKinnon test of Exogeneity. 5- Sargan test denotes of overidentifying restrictions test. 

 

3.1.4 Impact of innovation strategies on employment  

Product and process innovations are the result of different innovation strategies undertaken by firms. In 

fact, firms can innovate by investing in R&D, training, acquiring embodied technologies, and purchasing 

knowledge. The innovation literature has broadly categorized the strategies into two types: produce 

technology itself (make) or source technology externally (buy). Hence, we are going to distinguish how 
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firms acquire and develop new technology (the make or/and buy decision) to assess their possibly 

different impact on employment. 

In order to analyze how different type of business innovation strategies influence the capacity of 

generating or destroying employment (quantity and quality) versions of equations (1), and (2) are going 

to be re-estimated. Innovation outputs (process and product innovation) will be replaced by different 

types of innovation strategies (make and/or buy). 

We define make and/or buy strategies by distinguishing internal and external knowledge acquisition in 

the innovation strategy. Firms can develop new products or processes in-house through own R&D 

spending: “internal R&D”. On the other hand, the firms can acquire technology through external means, 

by acquiring “external” R&D, or by acquisition of capital goods, hardware and software or technology 

transfer and consultancy, or by training, engineering and industrial design, organization and 

management design.  

In practice, we are going to define make and buy strategies according to the type of innovations the firm 

does. In fact, firms in the survey are asked directly for the type of innovation they undertake. Table 10 

shows the definitions of each type of innovation, and how they were categorized into buy or make 

strategies. 

Figure 1 shows the number of innovator and non-innovators firms, and which type of innovation 

strategy they have undertaken. Little bit more of 50% of the firms in the sample claim to innovate, i.e., 

developed or introduced new or improved products or processes or organizational design in the period 

of the survey. Next, we distinguish how firms acquire and develop new technology: the make or buy 

decision. In the sample, most of the innovating firms buy technology (55%) while 2% only makes 

technology in-house; the remaining 42% do both, buys and develops internally. It is tempting to 

interpret this joint occurrence as evidence of complementarily between both modes. However, we 

cannot conclude this from the descriptive analysis. 

 
The importance of firm size can be appreciated by looking at table 11. Large firms are more likely to 

innovate. Of the firms with less than 50 employees, only 37% innovate compared to 51% of firms in the 

whole sample. 1% of the firms only buy technology, while 28% of them have undertaken a make only 

strategy, and the other 22% a combined strategy. Small firms that are innovative are more likely to 

restrict themselves to a simple innovation strategy. 
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Table 10. Innovation strategies 
MAKE 

Internal R & D: All creative work undertaken within the company in a systematic way in order to increase the stock of 
knowledge and use this knowledge to develop  or significantly improve new applications, such as goods / services or 
processes. Includes basic research, strategic and applied research and experimental development. Does not include 

market research. 

BUY 

External R & D: Same activities as in internal R&D, but 
made by other companies (including companies in the 
same group) or other research organizations, public or 

private. 

Acquisition of Capital Assets: Acquisition of advanced 
machinery and equipment specifically designed to 

introduce changes, improvements and/or innovations 
in products (goods or services), processes, 

organizational techniques and/or marketing. 

Engineering and Industrial Design: Industrial design for 
the production and distribution of goods or services not 
included in R&D. Includes maps and charts for defining 

procedures, technical specifications and operational 
characteristics; installation of machinery, engineering 

necessary for production. 

Transfer of Technology and Consulting: Acquisition of 
rights to use patents, unpatented inventions, licenses, 
trademarks, designs, know-how, technical assistance, 
consulting and other scientific and technical services 
contracted to third parties (which are not included in 

external R&D). 

Organizational Design and Management: Design and 
implementation of organization of production that 
significantly modify the company's organizational 

structure (eg. the division of labor, departmentalization, 
the control scheme and / or coordination). Programs to 
improve management and organization of production, 

distribution logistics and marketing. 

Acquisition of Hardware and Software: Purchasing 
Hardware Specifically designed to make changes, 

improvements and / or product innovations (Goods or 
services), processes, organizational techniques and / or 

marketing. 

Training: internal or external training of company staff. It 
includes both technological and management training.  

 
Figure 1. Innovation strategies 
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Table 11: Descriptive statistics for Strategies - Period: 2001-2009. Manufacturing   

Share of firms pursuing each type of strategy by type of firm (%) 
Buy 
Only 

Make 
Only 

Make 
and Buy 

All Firms 0.01 0.28 0.22 

Non-innovators (no process or product innovations) 0.00 0.00 0.00 

Process only innovators (non product innovators) 0.02 0.84 0.14 

Organizational change innovator (non product innovators) 0.00 0.85 0.15 

Product innovators 0.03 0.38 0.59 

Small Manufacturing       

Share of firms pursuing each type of strategy by type of firm (%) 
Buy 
Only 

Make 
Only 

Make 
and Buy 

All Firms 0.01 0.23 0.13 

Non-innovators (no process or product innovations) 0.00 0.00 0.00 

Process only innovators (non product innovators) 0.03 0.81 0.15 

Organizational change innovator (non product innovators) 0.00 0.89 0.10 

Product innovators 0.05 0.45 0.50 

Notes: Yearly averages for the period 2001-2009 

Sources: Innovations Survey of manufacturing sector waves 2001-2003, 2004-2006, 2007-2009 

 

The empirical strategy will be based on equations (1’) and (2). Now, substituting g2 by the innovation 

strategies dummies, make only, buy only and make & buy, the equation to estimate will be the 

following:  

1 0 1 2 3
 (4)   - ( - )        &   jq

l g make buy make buy           

 
The working hypothesis is that since innovation strategies are firm’s control variables they should be 

influenced by the relative factor endowments of the place where they are implemented. If this is true, 

and given that capital intensity is higher in frontier technology countries, imported innovations should 

have more damaging effect on employment than the locally generated ones. In other words, make 

strategies should be more labor generating (and less skill intensive) than buy innovation strategies. 

Table 12 shows the results for the total employment growth. Columns 1 shows the OLS estimation on 

make only and buy only strategies, and a constant. Both are significantly different from zero and 

positive. This means, that both strategies have positive effects on employment. The make only 

coefficient indicates a larger elasticity, signaling a bigger effect on employment growth.  In columns, we 

also add the dummy for the combined strategy. All the innovation strategies are significantly different 

from zero and positive. The lowest coefficient corresponds to the buy only strategy, indicating that this 

is the strategy having the smallest effect on employment growth. These results go in the same direction 

as the working hypothesis. 

Columns 3 and 4 show the results for the small firms’ sample. Results are very similar and go in the same 

direction as the results discussed above. The only difference is that the combined strategy is now the 

one having less direct impact on employment growth. 
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Table 12: Innovation strategies- Manufacturing sector. Period: 2001-2009. 

(1) (2) (3) (4)

Sector

Regression OLS OLS OLS OLS

Constant 2.355*** 2.163*** 1.832** 1.722**

(se) (0.656) (0.655) (0.810) (0.809)

Make (dummy) 28.302*** 29.042*** 28.919*** 29.369***

(se) (4.040) (4.034) (5.653) (5.687)

Buy (dummy) 15.153*** 9.712*** 16.463*** 12.979***

(se) (1.015) (1.192) (1.535) (1.799)

Make & Buy (dummy) 13.264*** 10.150***

(se) (1.488) (2.558)

Foreign Ownsership (dummy) 0.281 0.414 -4.036 -3.678

(se) (1.517) (1.484) (3.087) (3.037)

2-digit industry dummies yes yes yes yes

Standard error 24.47 24.05 24.74 24.58

Number of firms 2532 2532 1353 1353

Manufacturing Small manufacturing

 
Notes:  Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.  All regressions include 2-digit industry 

dummies.  

 

In the next exercise we analyze the effect of innovation strategies over the skills composition of the 

labor force. Table 13a shows the results for the growth rate of skilled (columns 1 and 2), and unskilled 

employment (columns 3 and 4). In all cases the make and buy strategies are significantly different from 

zero and positive, indicating a positive effect on the employment growth of skilled or unskilled labor. 

When we add the make&buy strategy, this strategy is also positive and significantly different from zero 

for the growth rate of both types of labor. The coefficient of this variable are similar for both types of 

labor, but the make only and buy only coefficient are lower for the unskilled labor. We can interpret this 

as a differential impact, having more positive effects the make strategy. The control variable (foreign 

ownership) is not different from zero in the equation for the growth rate of skilled labor, but it has a 

positive impact in the case of unskilled labor.  

Table 13b show the results for the sub sample of small firms. Results are very similar and go in the same 

direction as above. 

To conclude, this exercise indicates that producing in-house technology has the biggest positive effects 

on employment growth. The combined strategy, where firms produce in-house and also buy knowledge 

externally, is second in the ranking, both for skilled and unskilled employment. The effects of the make 

only and buy only strategies are larger for the skilled labor force. Hence, innovation has a differential 

impact on labor composition, having larger positive effects on skilled labor. 
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Table 13a: Innovation strategies and skill composition of the labor force- Manufacturing sector. 

Period: 2001-2009. 
Sector

Regression Skilled: OLS Skilled: OLS Unskilled: OLS Unskilled: OLS

Constant 3.629 3.711 -0.037 -0.899

(se) (2.312) (4.318) (0.988) (2.024)

Make (dummy) 46.321*** 47.267*** 27.445*** 28.160***

(se) (13.001) (12.780) (8.947) (8.818)

Buy (dummy) 16.457*** 8.799*** 12.404*** 5.852***

(se) (2.868) (3.242) (1.555) (1.727)

Make & Buy (dummy) 17.797*** 17.481***

(se) (3.514) (2.301)

Foreign Ownsership (dummy) 2.154 2.640 5.959*** 5.941***

(se) (3.273) (3.188) (2.143) (2.090)

Located in the capital region (dummy) -0.529 0.676

(se) (4.063) (2.100)

2-digit industry dummies yes yes yes yes

Standard error 35.57 34.99 23.75 23.02

Number of firms 727 727 1027 1027

Manufacturing Manufacturing

 

Notes: Robust standard errors in parentheses. ** *p<0.01, ** p<0.05, * p<0.1.  All regressions include 2-digit industry 

dummies. 

Table 13b: Innovation strategies and skill composition of the labor force- Small firms Manufacturing 

sector. Period: 2001-2009. 

Sector

Regression Skilled: OLS Skilled: OLS Unskilled: OLS Unskilled: OL

Constant 3.655 1.442 -2.060 -3.778

(se) (3.478) (7.735) (1.383) (2.756)

Make (dummy) 42.661*** 42.908*** 26.614** 27.232***

(se) (15.438) (15.404) (10.611) (10.409)

Buy (dummy) 20.495*** 19.270*** 13.560*** 7.930**

(se) (5.350) (6.142) (2.909) (3.144)

Make & Buy (dummy) 3.688 18.132***

(se) (7.567) (4.709)

Foreign Ownsership (dummy) -14.597* -14.445* 0.863 1.720

(se) (8.198) (8.375) (5.240) (5.294)

Located in the capital region (dummy) 2.444 1.817

(se) (7.643) (2.905)

2-digit industry dummies yes yes yes yes

Standard error 36.87 37.02 23.64 23.20

Number of firms 232 232 435 435

Small Manufacturing Small Manufacturing

 
Notes: Robust standard errors in parentheses. ** *p<0.01, ** p<0.05, * p<0.1. Small firms are those with up to 50 employees. 

All regressions include 2-digit industry dummies. 
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3.2 Service sector 

 

The service sector is one of the sectors that contributes most to production and employment in Uruguay 

as in more developed economies. However, in terms of capacity for innovation, it has been traditionally 

considered a lagging sector (Miles and Tether, 2004).  

 

The policy instruments and innovation strategies have been concentrated in the manufacturing sector, 

relegating the service sector to a second or third order of importance in the innovation process of the  

global economy. This is also true internationally, where there is a growing theoretical and empirical 

research in this field. 

Two features distinguish the sector: its intangibility and its interactivity (since both production and 
consumption occur simultaneously). Additionally, the sector is characterized by being particularly 
diverse in its composition, both in relation to their size and the type of activities and its dynamics.  
 
The service sector accounts for 16% of Gross Domestic Product (GDP) of Uruguay and generated 43% of 

the total employment in year 2005. 

  

3.2.1 Data availability and descriptive statistics 

There are two waves of Innovation Surveys in the Service sector (SIS) available at the moment: 2004-

2006 and 2007-2009. The data is collected at the same time as the MIS data by INE, and in parallel with 

the EAS (same sample and statistical framework). As in the MIS, all firms with more than 49 workers are 

of mandatory inclusion. Units with 20 to 49 employees and with fewer than 19 workers are selected 

using simple random sampling within each economic sector at the ISIC 2-digit level up to 2005. Since 

then, random strata are defined as those units with fewer than 50 workers within each economic sector 

at the ISIC 4-digit level. The number of firms included in the 2004-2006 and 2007-2009 samples are 900 

and 1046, respectively. 

Both surveys have been matched with the EAS. As with the MIS, we encountered some difficulties. We 

matched both SIS surveys with the 2004 and 2007 EAS because we needed to retrieve information on 

sales and employment for the beginning of the period for each survey. That is, we are taking 

employment and sales information for the end of year for the reference period from SIS (i.e. 2006 and 

2009), and the same figures from the EAS for the years 2004 and 2007. We use this information to 

calculate the corresponding growth rates. When matching 2004-2007 SIS with the 2004 EAS we lose 76 

firms, but the problem was bigger when we did the same for 2007-2009 SIS and 2007 EAS. In this case, 

we lose 697 firms due to the change in the sampling of the EAS. The final number of included firms 

reached 1173, 824 from the first survey, and 349 from the second.  

Table 14 shows descriptive statistics for the service sector. The mean size of a firm is 188 employees, in 

contrast with the MIS where the mean average size of a firm was much lower. Data on yearly 

employment growth shows that the mean is positive for all type of firms, being driven by innovators. 
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The yearly sales growth rate was positive for all firms, being bigger for firms that innovate. Within 

product innovators the growth is explained by the sales of innovators in new products (27% versus -40% 

for innovators in old products).  

From the upper panel of that table we can see that 48% of the firms are innovators. These figures are 

lower than for the manufacturing firm’s sample. Another difference is that there are more 

organizational services firm innovators, 17%, than in the manufacturing firms sample (12%). Production 

innovations are less frequent among services firms (23% versus 32% in manufacturing). 

In appendix, table A.3 shows these figures for the small sample firms. There are 407 firms in that 

sample. 38% of the firms are innovators (product or process), reaching 40% including also organizational 

innovation. From these firms, 6% are process innovators only (non-product innovator), and 14% 

organizational change innovators (non-product innovators). 18% are production innovators. 

Table 14. Descriptive statistics for the service sector. Pooled surveys period 2004-2009. 

Mean Median 

Standard 

deviation Minimum Maximum

Number of observations 984

Distribution of firms (%) 

Non-innovators (no process or product innovations) 0.52

Process only innovators (non product innovators) 0.08

Organizational change innovator (non product innovators) 0.17

Product innovators 0.23

          (of which product and process innovators-of the whole 100%)

Number of employees at the beginning of (each) survey 188.3 44 567.3 1 6400

Foreign Ownsership (10% or more) 0.1 0 0.3 0 1

Located in the capital of the country 0.8 1 0.4 0 1

Employment growth (%) (yearly rate)

All firms 10.3 7.7 19.5 -50.6 85.7

Non-innovators (no process or product innovations) 7.3 5.7 19.9 -50.6 85.7

Process only innovators (non product innovators) 12.4 8.6 18.2 -36.1 80.9

Organizational change innovator (non product innovators) 15.0 11.5 18.1 -13.4 83.9

Product innovators 13.0 9.3 19.1 -28.0 80.5

Growth wage bill per worker (%) (yearly rate) na na na na na

Sales growth (%)1 (nominal growth) (yearly rate)

All firms 11.0 10.4 23.8 -96.8 121.3

Non-innovators (no process or product innovations) 9.0 9.7 26.1 -96.8 121.2

Process only innovators (non product innovators) 13.6 13.9 17.5 -53.0 66.8

Organizational change innovator (non product innovators) 13.0 10.9 22.0 -87.6 121.3

Product innovators 12.9 10.2 21.1 -45.5 117.5

          of which:

          Old products -26.6 -31.4 24.2 -50.0 55.1

          New products 39.0 36.3 29.2 0.0 167.5

Labor productivity growth (%)1 (yearly rate)

All firms 0.6 2.9 26.2 -140.1 144.8

Non-innovators (no process or product innovations) 1.8 3.6 27.6 -140.1 144.8

Process only innovators (non product innovators) 1.2 2.9 21.4 -87.7 49.8

Organizational change innovator (non product innovators) -2.0 1.8 24.0 -94.2 70.2

Product innovators -0.1 1.3 26.2 -89.5 124.7

Prices growth (%) 2

All firms 2.0 0.0 8.8 -29.1 14.4

Non-innovators (no process or product innovations) 2.5 0.0 8.7 -29.1 14.4

Process only innovators (non product innovators) 4.1 5.4 6.4 -5.9 14.4

Organizational change innovator (non product innovators) 1.6 0.0 7.8 -29.1 14.4

Product innovators 0.2 0.0 10.2 -29.1 14.4  
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3.2.2 Innovation - Employment quantity relationship in the service sector 

We replicate here variants of the basic model in equation (1’), where the dependent variable is the 

employment growth rate minus the real sales growth rate (l−(g1 − π)) in the service sector. All the 

specifications in table 15 include the process innovation dummy, d, the new products sales growth rate, 

g2, the foreign ownership dummy, and a constant. The estimations also include industry fixed effects (at 

2-digit level).  

In the OLS specifications (columns 1 and 2 for total sample, and 5 and 6 for small sample) the dummy 

indicating process only innovation is not significantly different from zero in all specifications. In contrast, 

the coefficient on the growth rate of sales of new products (g2) is significant, positive and lower than 

one. Since this coefficient measures the relative efficiency of old and new products, it suggests new 

products are produced more efficiently than old products. As noted before, this coefficient could be 

downward biased because of the presence of endogeneity. The dummy indicating the foreign ownership 

is not significant and does not affect the other coefficients.  

In columns 3 and 4 and 7 and 8 we control for the possible presence of endogeneity, considering g2 as 

endogenous. The coefficient of g2 increases when estimated by IV. Now we cannot reject the hypothesis 

of the coefficient in g2 being equal to one. That is, the efficiency in the production of old and new 

product are equal.  

The Davidson-MacKinnon test of exogeneity rejects the null hypothesis for the variable g2, which 

indicates that endogeneity is indeed a problem and instrumental variables techniques are required. The 

results of the Sargan test indicate no problems with respect to the validity of the instruments. Their 

validity is accepted in all cases at 5% confidence level. The F-test for the instruments of g2 is greater than 

10, confirming the validity of these instruments in all cases. 
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Table 15. Innovation and employment quantity. Service sector 

1 2 3 4 5 6 7 8

Regression OLS OLS IV IV OLS OLS IV IV 

Constant 2.903*** 1.947* 1.658 0.850 2.292 1.358 1.030 0.156

(se) (0.955) (1.007) (1.094) (1.128) (1.451) (1.581) (1.547) (1.633)

Process innovation only (d) -3.025 -2.839 -2.035 -1.931 0.507 1.123 1.277 1.855

(se) (2.614) (2.566) (3.156) (3.140) (6.065) (5.972) (5.918) (5.895)

Sales growth due to new products (g2) 0.855*** 0.849*** 0.981*** 0.966*** 0.815*** 0.812*** 0.975*** 0.969***

(se) (0.042) (0.042) (0.070) (0.070) (0.068) (0.068) (0.104) (0.103)

Foreign owned (10% or more) 7.075*** 7.695 8.004 7.695

(se) (2.433) (4.739) (5.565) (4.739)

Ho: g2=1 p value 0.00 0.79 0.01 0.50

2-digit industry dummies Yes Yes Yes Yes Yes Yes Yes Yes

R squared 0.433 0.438 0.334 0.341 0.340 0.344 0.246 0.251

Standard error 25.35 25.26 25.46 25.34 27.54 27.48 27.66 27.56

Number of firms 984 984 983 983 477 477 471 471

F test, g2 19.97 19.75 14.02 13.96

p-value 0.0000 0.0000 0.0000 0.0000

g2 Exogeneity (Davidson-McKinnon) 4.772 3.948

p-value 0.0292 0.0476

Sargan test 26.62 26.10 26.01 27.79

p-value 0.146 0.163 0.166 0.114

Standard error 25.46 25.34 27.66 27.56

Observations 984 983 477 471

Number of ISIC (2 digit) 32 31 27 21

All Services Small firms

 
  Robust standard errors in parentheses ** *p<0.01, ** p<0.05, * p<0.1 

Notes: 1- All regressions include 2-digit industry dummies. 2- g2 instrumented by indicators of "increased range of good", 

"development of new markets" and "maintenance of market share", and the interaction of second and last one indicator. All 
these indicators were included as a set of dummies because the evidence of a nonlinear effect in the first-stages regressions. 3- 
F test denotes de F of excluded instruments in the first-stages regressions. 5- Exogeneity denotes Davidson-MacKinnon test of 
Exogeneity. 4- Sargan test denotes of overidentifying restrictions test. 

 
3.2.3 Employment growth decomposition  

In this section we are going to compute the decomposition of the employment growth for the whole 

sample and for the small firms sample using the proportion averages from tables 14 and A.3 (all firms 

and small firms respectively), and the estimated coefficients of equation (1) in the above table. We use 

the parameters estimated in the basic model (with d and g2 as regressors). The decomposition is 

performed with the parameters of the specifications estimated by OLS and IV. 

Considering the whole period, the average employment growth was 10% for whole sample and 8% for 

the small firms. OLS and IV estimations yield very similar results. For the whole sample the productivity 

improvement in the production of existing products is an important source of employment growth 

(ranging from 2.9 to 1.7). In all the estimations, individual process innovations account for only small 



 

 34 

employment changes (-0.2). The negative sign of the process innovation effect means a displacement 

effect. 

The sales growth of old products is the most important factor to explain the positive rate of growth of 

employment in the period (6.1%).  

Finally, product innovation has a significant positive impact on firm-level employment growth. The 

decomposition shows that the effect of new product sales, net of the substitution of existing products, 

range from 1.5% to 2.6% in the whole sample in the period 2004-2009. Product innovation is on average 

the most important driver of employment growth, and largely compensates the negative effect of 

productivity trend of old product. 

In the decomposition of the employment growth for small firms we observe a much more salient effect 

of product innovations, which in the basic model is largely compensated by the productivity trend in the 

production of old products.  

Table 16. Contribution of innovation to employment growth. Service sector, 2004-2009 

Contributions of innovation to employment growth. Service sector Period 2004-2009 OLS IV OLS IV

Firms employment growth 10.3 10.3 7.6 7.6

Productivity trend in production of old products 2.9 1.7 -4.0 -5.2

Gross effect of process innovation in production of old products -0.2 -0.2 0.0 0.1

Output growth of old products contribution 6.1 6.1 4.1 4.1

Net contribution of product innovation 1.5 2.6 7.5 8.6

    Contribution of old products by product innovators -6.1 -6.1 1.7 1.7

    Contribution of new products by product innovators 7.6 8.7 5.8 6.9

All services Small services

 
Notes: Decomposition based on estimations in table 15, columns 1, 3, 5 and 7. Yearly growth rates for the whole 
period 2004-2009. 

 

3.2.4 Innovation - Employment quality relationship in the service sector 

The average share of skilled labor in the sample is 25%. This is in contrast with the manufacturing sector, 

where this share is on average 10%. As can be seen from the table 17, product innovators have the 

highest share of skilled labor force, being on average 34%.  
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Table 17. Descriptive statistics for the service sector - Share of skilled labor by type of firm 

Share of skilled labor Mean Median

Standard 

Deviation Minimum Maximum

All Firms 24.6 12.0 27.5 0.0 100.0

Non-innovators (no process or product innovations) 19.8 8.0 26.2 0.0 100.0

Process only innovators (non product innovators) 29.1 21.0 26.3 0.0 95.0

Organizational change innovator (non product innovators) 24.2 12.5 25.9 0.0 100.0

Product innovators 34.4 27.0 29.3 0.0 100.0

Employment (total) growth (%)

All Firms 5.0 4.0 14.2 -33.0 106.8

Non-innovators (no process or product innovations) 5.4 2.9 18.2 -28.0 106.8

Process only innovators (non product innovators) 2.7 1.5 11.3 -23.3 24.2

Organizational change innovator (non product innovators) 5.6 4.8 8.1 -13.1 27.4

Product innovators 5.1 4.9 10.2 -33.0 33.3

Skilled labor growth (%)

All Firms 3.2 4.3 35.7 -112.0 154.1

Non-innovators (no process or product innovations) 1.4 -1.7 42.9 -112.0 154.1

Process only innovators (non product innovators) 2.7 5.5 34.0 -93.9 66.3

Organizational change innovator (non product innovators) 10.1 15.8 30.1 -84.9 67.9

Product innovators 1.5 5.4 27.2 -102.7 87.6

Unkilled labor growth (%)

All Firms 4.9 2.3 18.4 -58.9 106.5

Non-innovators (no process or product innovations) 6.1 2.3 21.1 -39.9 106.5

Process only innovators (non product innovators) 0.6 -2.0 14.5 -22.5 37.8

Organizational change innovator (non product innovators) 4.1 2.0 14.5 -42.1 36.0

Product innovators 5.3 3.6 17.2 -58.9 54.1

Notes: Yearly averages for the period 2004-2009

Sources: Innovations Survery waves 2004-2006, 2007-2009  

In order to estimate equation (2), we need to calculate growth rate of employment of each type of 

labor. Since there are only two available surveys, and the share of skilled labor is only available for the 

final year of each SIS survey, we can only get one data point for each firm that are present in both 

surveys, leaving us with only 200 observations. 

Table 18 presents the results for the extended model in equation (2), where the dependent variable is 

the employment growth rate of the labor type qj minus sales growth rate (lj
−(g1 − π)). All the 

specifications include the process innovation dummy, d, sales growth rate of new products, g2, and a 

constant. All the estimations include industry fixed effects (at 2-digit level), and control for foreign 

ownership of the firm.  

The dummy indicating process only innovation is not significantly different from zero in all the 

specifications. In contrast, the coefficient on the growth rate of sales of new products (g2) is significant, 

positive and lower than one for both skilled and unskilled labor. The dummy indicating foreign 

ownership is not significant and does not affect the other coefficients.  

As discussed before, the coefficient on g2 could be biased because of the presence of endogeneity. As 

indicated previously, any endogeneity is likely to produce a downward bias in this coefficient, 

overstating the productivity gains associated with the production of new products. Columns 3 and 4 of 

table 18 aim to analyze the robustness of the results using instrumental variables (IV) for the total 

sample.  
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Results indicate a differential impact of product innovation on labor depending on skills. In fact, the 

coefficient is smaller for skilled labor than for unskilled. This indicates that product innovation is more 

unskilled labor saving, and hence more complementary to skilled than unskilled labor. 

The coefficient of g2 increases when estimated by IV. Moreover we cannot reject the hypothesis of the 

coefficient being equal to one. The Davidson-MacKinnon test of exogeneity does not reject the null 

hypothesis of exogeneity of variables g2 which indicates that OLS estimation give consistent estimations.  

We do not present results for the sub-sample of small firms, since the sample size is reduced to only 29 

firms. This happens because we are only including firms present in both surveys, which are of big size, 

since they are of mandatory inclusion in the SIS survey. 

Table 18: Relationship employment- labor composition- OLS and IV estimation. Total sample for 
service sector 
(1) (2) (3) (4)

Sector

Regression Skilled-OLS Unskilled-OLS Skilled IV Unskilled IV

Constant -5.443 -2.097 -6.249 -2.030

(se) 192 221 (4.197) (1.977)

Process innovation only (d) 0.427 -4.662 1.184 -4.730

(se) (7.807) (3.846) (8.177) (4.432)

Sales growth due to new products (g2) 0.926*** 0.851*** 0.997*** 0.845***

(se) (0.118) (0.054) (0.232) (0.104)

Foreign owned (10% or more) 1.331 -0.609 1.370 1.370

(se) (7.914) (4.362) (8.030) (8.102)

2-digit industry dummies yes yes yes yes

Standard error 35.68 19.69 35.39 19.54

Number of observations 192 221 189 218

Ho: g2=1 p value 0.015 0.000 0.99 0.17

F test, g2 11.65 7.745

p-value 0.00 0.00

g2 Exogeneity (Davidson-McKinnon) 0.13 0.00

P-Value 0.72 0.95

Sargan (m) 4.304 10.55

Prob. Value 0.506 0.784

Services sector

 
Robust standard errors in parentheses. ** *p<0.01, ** p<0.05, * p<0.1. 
Notes: 1- All regressions include 2-digit industry dummies. 2- g2 instrumented by indicators of "increased 

range of good" and "development of new markets". All these indicators were included as a set of dummies 

because the evidence of a nonlinear effect in the first-stages regressions. 3- F test denotes de F of excluded 

instruments in the first-stages regressions. 4- Exogeneity denotes Davidson-MacKinnon test of Exogeneity. 5- 

Sargan test denotes of overidentifying restrictions test. 
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3.2.5 Innovation strategies - Employment quality relationship in the service sector 

Table 19 shows the percentages of innovator and non-innovators firms by type of firm and type of 

innovation strategy followed. 48% of the firms in the sample claim to innovate, i.e., develop or introduce 

new or improved products or processes or organizational design in the period of the survey. In the 

sample, 68% of the innovating firms buy technology, as the only strategy. This figure is larger than for 

the manufacturing firms (55%). On the other hand, 2% only makes its technology in-house and the 

remaining 29% do both buy and develop technology internally.  

The importance of firm size can be appreciated by looking at table 19. Large firms are more likely to 

innovate. Of the firms with less than 50 employees, only 37% innovate compared to 50% of the firms in 

the whole sample. Small firms that are innovative are more likely to restrict themselves to the buy 

innovation strategy. 61% of the firms only buy technology, while 3.6% of the firms have undertaken a 

make only strategy, and the other 35% a combined strategy.  

Table 19: Descriptive statistics for Strategies in the service sector - Period: 2004-2009 

All Service sector

Share of firms pursuing each type of strategy by type of firm (%)

Make 

Only

Buy 

only

Make and 

Buy

All Firms 0.01 0.33 0.14

Non-innovators (no process or product innovations) 0.00 0.00 0.00

Process only innovators (non product innovators) 0.00 0.87 0.13

Organizational change innovator (non product innovators) 0.02 0.83 0.15

Product innovators 0.04 0.51 0.46

Small fims service

Share of firms pursuing each type of strategy by type of firm (%)

Make 

Only

Buy 

Only

Make and 

Buy

All Firms 0.01 0.27 0.09

Non-innovators (no process or product innovations) 0.00 0.00 0.00

Process only innovators (non product innovators) 0.00 0.93 0.07

Organizational change innovator (non product innovators) 0.00 0.85 0.15

Product innovators 0.05 0.57 0.38  

In order to analyze how different type of business innovation strategies influence the capacity of 

generating or destroying employment in the service sector (quantity and quality) versions of equations 

(1) and (2) are going to be re-estimated, where innovation outputs (process and product innovation) are 

replaced by different types of innovation strategies (make and/or buy). These strategies are defined in 

table 10.  

Table 20 shows the results for the total employment growth. The first regression in column 1 shows the  

OLS estimation on make only and buy only strategies, and a constant, while in the following columns we 

add the combined strategies dummy. In contrast with the evidence for the manufacturing firms, the 

make only strategy has no significant impact on total employment growth. The combined strategy and 

the buy only strategy are significant and positive. In all the specification, all the three dummies are 



 

 38 

significantly different from zero and positive. The combined strategy dummy, shows the biggest 

coefficient. This result leads to the conclusion that the least damaging strategy for employment is the 

combined strategy. 

Table 20: Innovation strategies - OLS all firms service sector 

(1) (2) (3) (4)

Sector

Regression OLS OLS OLS OLS

Constant 6.532*** 0.242 2.832* -1.400

(se) (1.242) (1.274) (1.700) (1.793)

Make (dummy) -1.737 8.608 36.578 51.633**

(se) (11.377) (11.849) (22.234) (21.937)

Buy (dummy) 8.553*** 14.672*** 17.012*** 20.606***

(se) (2.210) (2.218) (3.679) (3.686)

Make & Buy (dummy) 29.898*** 32.150***

(se) (3.058) (5.200)

Foreign Ownsership (dummy) 8.556*** 8.414*** 6.532 7.549

(se) (3.154) (2.985) (5.947) (5.674)

2-digit industry dummies yes yes yes yes

Standard error 30.84 29.36 30.83 29.69

Number of firms 982 981 477 476

Service sector Small firms service sector

 

Notes: Robust standard errors in parentheses. ** *p<0.01, ** p<0.05, * p<0.1.  All regressions include 2-digit industry dummies 

In the next exercise we analyze the effect of innovation over the skill composition of the labor force. 

Table 21 shows the results for the growth rate of skilled (columns 1 and 2), and unskilled employment 

(columns 3 and 4). Very similar results to the ones obtained for the manufacturing sector are found.  

The buy only and make & buy strategies are positive and significantly different from zero for the growth 

rate of skilled labor when no controls are included in the estimation. The buy strategy shows a 

differential impact on employment growth by type of labor, being bigger on skilled labor. The make only 

strategy has a negative impact on unskilled labor, while no effect on skilled labor. The control variable 

(foreign ownership) is not different from zero in all the specifications.  

To conclude, in the service sector the buy only and make&buy strategies have positive effects on skilled 

and unskilled labor, while the make strategy has damaging effects on the unskilled labor. 
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Table 21: Innovation strategies – labor skill composition - OLS all firms service sector 

(1) (2) (3) (4)

Sector

Regression Skilled OLS Skilled OLS Unskilled OLS Unskilled OLS

Constant 3.150 -2.527 -3.071 -5.164

(se) (6.684) (6.880) (4.853) (4.732)

Make (dummy) -0.394 13.751 -21.896*** -14.891***

(se) (14.095) (12.019) (5.079) (5.221)

Buy (dummy) 7.658 16.037** 5.334 8.861**

(se) (6.684) (6.909) (4.002) (4.001)

Make & Buy (dummy) 36.931*** 18.693***

(se) (9.089) (6.491)

Sales of old products (g1real) -3.105 -8.549 8.010 5.376

(se) (6.886) (6.918) (5.150) (5.009)

Foreign Ownsership (dummy) 3.150 -2.527 -3.071 -5.164

(se) (6.684) (6.880) (4.853) (4.732)

Located in the capital region (dummy) 0.998 0.681 -1.852 -2.011

(se) (8.803) (8.798) (5.640) (5.554)

2-digit industry dummies yes yes yes yes

Standard error 40.93 39.25 26.67 26.11

Number of firms 192 192 221 221

Service sector Service sector

 

Notes: Robust standard errors in parentheses. ** *p<0.01, ** p<0.05, * p<0.1.  All regressions include 2-digit industry 

dummies.  

 

4 Conclusions 

Our results shed new light on the relative roles of displacement and compensation effects of product 

and process innovation on employment growth in manufacturing firms. We also provide results for this 

relationship in the service sector. 

In the first step, we consider the effect of product and process innovation over total employment. 

Results reveal that, in manufacturing, although process innovation has no effect on employment, 

product innovation is associated with employment growth. In addition, growth in sales of new products 

has been found to be an important driver of employment growth, while the trend in productivity went 

in the other direction, explaining the negative employment growth for the sample in the period 1998-

2009.  
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In the service sector, we find similar evidence. There is no evidence of displacement effects from 

process innovation, and the growth in sales of new products affects positively the employment growth.  

In a second step, we considered the impact on employment composition in terms of skills or types of 

worker. The results show that in the manufacturing sector new products are complementary to skilled 

and unskilled labor, although no differential impact is found. Instead in the sub-sample of small firms, 

and the service sector, the evidence show that product innovation is more complementary to skill than 

unskilled labor.  

Finally, we analyze the impact of different strategies of innovation: produce technology itself (make) 

and/or to source technology externally (buy). In general, results indicate that, in the manufacturing 

sector, producing in-house technology has the biggest positive effects on employment growth, followed 

by the combined strategy in second place and the buy only strategy in third place. With only two 

exceptions, the ranking is also preserved for the sub-sample of small firms and across different labor 

skills. In the case of the service sector, with only one exception, the make&buy strategy has the biggest 

positive effect on employment across firm sizes and types of labor, followed by the buy strategy. The 

make strategy has negative or no effect on employment in all cases, with the only exception in the case 

of small firms total employment growth. 
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Appendix A 

Table A.1. Definition of variables and information available for manufacturing firms  

Innovation surveys IS 
 

1998-2000, 2001-2003, 2004-2006, 2007-2009 
Economic activity surveys EAS 

 
1998, 2000, 2001, 2003, 2004, 2006, 2007 

Variables Description Source Availability Definition 

turn_fin Sales end of period IS, EAS All surveys 
For year 2006 and 2009 we used IS: Sales of goods and services produced or 
commercialized by the firm at the end year of each survey. For years 2000, 2003 
we used EAS. 

turn_init 
Sales beginning of 
period 

EAS All surveys Revenue from sales of goods and services produced or commercialized 

lnsales Log of sales IS, EAS All surveys Logarithm of turn_fin 

g 
Annual sales growth 
rate   

Average annual sales growth, calculated by (ln(turn_fin)−ln(turn_init))/2*100 

employ_fin 
Total employment 
end of period 

IS, EAS All surveys 

For year 2006 and 2009 we used IS: Number of people employed on average in 
the final year of the survey, including professionals, technicians without a 
dependant relationship, owners and business associates working in the firm, and 
not paid family workers. For years 2000, 2003 we used EAS. 

employ_init 
Total employment 
beginning of period 

EAS All surveys 
Total employment including only dependant workers, owners and business 
associates working in the firm, and not paid family workers 

l 
Annual employment 
growth rate   

Average annual employment growth, calculated by 
(ln(employ_fin)−ln(employ_init))/2*100 

pindex_fin 
Producer Price Index 
of National Products 
(IPPN)  

INE 
Years 2000, 2003, 
2006, 2009 

Index of prices are computed on the basis of the Producer Price Index of 
National Products (IPPN) for the industry on a 4-digit level (ISIC-Rev. 3). For 
some activities where no information was available, the IPPN at the 2 digit was 
used. pindex_init 

Producer Price Index 
of National Products 
(IPPN)  

INE 
Years 1998, 2001, 
2004, 2007 

gprices Prices growth rate 
  

Average annual prices growth rate, calculated by 
(ln(pindex_fin)−ln(pindex_init))/2*100 

wagebill_init Wage bill EAS 
Years 1998, 2001, 
2004, 2007 

Total payment to the personal of the firm. 
wagebill_fin Wage bill EAS 

Years 2000, 2003, 
2006 

gwagebill 
Growth rate of the 
wage bill   

(ln(wagebill_fin)- ln(wagebill_init))/2*100 

foreign_own Foreign ownership IS 
 

´=1 if percentage of foreign capital is bigger than 10% 
capitalreg Located in capital IS Last three surveys ´= 1 if firms has locals in Montevideo 
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small Small firms IS All surveys Dummy that defines firms with up to 50 employees at the end of the survey 

typefirm=1 
Non (process or 
product)  

All surveys Firm does not report innovation in product or process 

typefirm=2 
Process only 
innovators  

All surveys 
Firm introduced new or significantly improved technology or  production 
methods that substantially changed the production 

typefirm=3 
Org Change 
innovators 

IS All surveys 

Firms introduced new or substantially modified forms of organization and 
management of the establishment or local, changes in the organization of the 
production process. Includes innovation in commercialization: methods for the 
marketing of products (goods or services) new, new methods of delivery of 
existing products or changes in packaging and / or packaging. 

typefirm=4 Product innovators IS All surveys Firm introduced new or significantly improved goods or services to the market 

d Process innovation IS All surveys 
Dummy of process innovation only: = 1 if the firm introduced new or improved 
technology or methods that substantially changed the production 

innovation 
Percentage of sales 
that are Product 
innovation 

IS All surveys 
Share of total sales with new products. Percentage of sales to local market and 
exports of a product that is technologically novel or significantly improved  

g2 
Annual growth rate of 
sales new products    

g2=innovation*(1+g/100), then annualized 

g1 
Annual growth rate of 
sales old products   

g1=g-g2, then annualized 

rdcont Continuos R&D IS All surveys =1 if firms declare having invested in R&D continuously 

share_fin Share of skilled labor IS 2003, 2006, 2009 
Percentage of professionals and technicians working in the last year of the 
survey for the firm. 

lskill_employ 
Log of skilled 
employment 

IS 2003, 2006, 2009 lskill_employ=ln(share_fin*employ_fin/100) 

lunskill_employ 
Log of unskilled 
employment 

IS 2003, 2006, 2009 lunskill_employ=ln((100-share_fin)*employ_fin/100) 

ls 
Annual growth rate of 
skilled labor   

ls=(lskill_employ-l.lskill_employ)/3*100 

lu 
Annual growth rate of 
unskilled labor   

lu= (lunskill_employ-l.lskill_employ)/3*100 

range 
Increased range of 
goods and services. 

IS All surveys 
 Assesses the impact of innovation on the increase in the range of goods 
produced by firms. The variable indicates the impact on a scale of 0 to 3 (0 = 
irrelevant impact, 1= low, 2= medium, and 3 = high impact);  

newmkt 
Impact of innovation 
on development of 
new markets  

IS All surveys 
Coded between 0 to 3 (0 = irrelevant impact, 1= low, 2= medium, and 3 = high 
impact) 
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ishare 
Impact of innovation 
on expansion of the 
market share 

IS All surveys 
Coded between 0 to 3 (0 = irrelevant impact, 1= low, 2= medium, and 3 = high 
impact) 

eshare 
Impact of innovation 
on maintaining the 
market share  

IS All surveys 
Coded between 0 to 3 (0 = irrelevant impact, 1= low, 2= medium, and 3 = high 
impact) 

make Make only dummy IS All surveys 
=1 if firm reports ‘in-house development: internal R&D, training, engineering 
and industrial design, organization and management design 

buy Buy only dummy IS All surveys 
=1 if firm reports ‘external R&D, acquisition of capital goods, hardware and 
software or technology transfer and consultancy.  

bnm Make&buy dummy IS All surveys =1 if firm reports' both activities 
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Table A.2: Descriptive statistics – Manufacturing small firms 

Mean Median 

Standard 

deviation Minimum Maximum

Number of observations 1,353

Distribution of firms (%) 

Non-innovators (no process or product innovations) 0.63 1 0.48 0 1

Process only innovators (non product innovators) 0.05 0 0.22 0 1

Organizational change innovator (non product innovators) 0.09 0 0.29 0 1

Product innovators 0.23 0 0.42 0 1

          (of which product and process innovators-of the whole 100%) 0.18 0 0.39 0 1

Number of employees at the beginning of (each) survey 26.16 23.00 16.58 1 133

Foreign Ownsership (10% or more) 0.06 0 0.24 0 1

Located in the capital of the country 2 0.77 1 0.42 0 1

Employment growth (%) (yearly rate)

All firms -3.74 -1.89 15.89 -71.75 45.81

Non-innovators (no process or product innovations) -5.30 -3.08 16.23 -71.75 43.25

Process only innovators (non product innovators) 0.50 0.00 15.36 -37.69 39.75

Organizational change innovator (non product innovators) -1.40 -1.27 16.70 -56.75 44.12

Product innovators -1.31 0.00 14.14 -61.98 45.81

Growth wage bill per worker (%) (yearly rate) 3 3.96 4.14 13.74 -43.79 70.30

Sales growth (%)1 (nominal growth) (yearly rate)

All firms 3.60 4.58 22.88 -79.88 69.46

Non-innovators (no process or product innovations) 1.27 2.51 23.90 -79.88 69.07

Process only innovators (non product innovators) 8.15 5.96 20.11 -32.15 68.67

Organizational change innovator (non product innovators) 9.85 7.58 23.56 -67.72 69.07

Product innovators 6.52 5.65 19.15 -66.22 69.46

          of which:

          Old products -21.66 -20.64 20.84 -66.22 38.70

          New products 28.18 20.75 23.48 0.00 105.73

Labor productivity growth (%)1 (yearly rate)

All firms 7.34 6.86 22.16 -88.38 93.06

Non-innovators (no process or product innovations) 6.57 6.63 23.02 -88.38 81.89

Process only innovators (non product innovators) 7.65 6.69 21.66 -36.42 93.06

Organizational change innovator (non product innovators) 11.24 7.47 23.43 -61.04 78.04

Product innovators 7.84 7.55 19.03 -56.07 63.12

Prices growth (%) 4

All firms 7.69 2.85 11.62 -14.65 40.68

Non-innovators (no process or product innovations) 7.34 2.66 11.36 -14.65 40.68

Process only innovators (non product innovators) 6.38 3.93 10.20 -14.65 40.68

Organizational change innovator (non product innovators) 10.92 5.10 12.96 -11.50 40.68

Product innovators 7.65 4.55 11.88 -14.65 34.52

Notes: For the estimation sample. If not stated otherwise, for the period 1998-2009.

1. Sales growth for each type of firm is the average of variable g; averages for old and new products are the averages 

of variables g1 and g2, respectively

2. Period 2001-2009

3. Period 1998-2006

4. Prices computed for a set of industries and assigned to firms according to their activity  
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Table A.3: Descriptive statistics – Service small firms 

Mean Median 

Standard 

deviation Minimum Maximum

Number of observations 477

Distribution of firms (%) 

Non-innovators (no process or product innovations) 0.62

Process only innovators (non product innovators) 0.06

Organizational change innovator (non product innovators) 0.14

Product innovators 0.18

          (of which product and process innovators-of the whole 100%) 0.24

Number of employees at the beginning of (each) survey 20.5052 17 14.35264 1 103

Foreign Ownsership (10% or more) 0.1153 0 0.3197238 0 1

Located in the capital of the country 0.78826 1 0.4089705 0 1

Employment growth (%) (yearly rate)

All firms 7.6 5.4 19.3 -50.6 72.8

Non-innovators (no process or product innovations) 4.9 4.1 19.0 -50.6 71.4

Process only innovators (non product innovators) 13.4 13.0 20.5 -36.1 60.2

Organizational change innovator (non product innovators) 14.7 11.2 18.8 -12.6 66.1

Product innovators 9.6 6.3 18.5 -28.0 72.8

Growth wage bill per worker (%) (yearly rate) na na na na na

Sales growth (%)1 (nominal growth) (yearly rate)

All firms 8.8 8.1 26.7 -96.8 121.3

Non-innovators (no process or product innovations) 8.0 8.3 27.8 -96.8 121.2

Process only innovators (non product innovators) 9.7 9.7 20.8 -53.0 56.4

Organizational change innovator (non product innovators) 8.9 6.7 28.1 -87.6 121.3

Product innovators 11.1 8.0 23.2 -45.5 117.5

          of which:

          Old products -29.0 -35.6 23.2 -50.0 31.9

          New products 39.5 38.9 28.7 0.0 167.5

Labor productivity growth (%)1 (yearly rate)

All firms 1.2 2.2 28.8 -98.0 144.8

Non-innovators (no process or product innovations) 3.2 3.8 28.6 -98.0 144.8

Process only innovators (non product innovators) -3.7 1.5 29.4 -87.7 43.8

Organizational change innovator (non product innovators) -5.8 -2.9 28.1 -90.1 70.2

Product innovators 1.5 -1.5 29.2 -74.5 124.7

Prices growth (%) 2

All firms 1.8 0.0 9.7 -29.1 14.4

Non-innovators (no process or product innovations) 1.8 0.0 9.4 -29.1 14.4

Process only innovators (non product innovators) 4.8 5.4 6.8 -5.9 14.4

Organizational change innovator (non product innovators) 2.2 0.0 8.6 -29.1 14.4

Product innovators 0.5 0.0 11.3 -29.1 14.4

Notes: 

1 Sales growth for each type of firm is the average of variable g and averages for old and new products are the averages of variables g1 and g2, respectively

2 Prices computed for a set of industries and assigned to firms according to their activity  


