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capital is a factor that contributes to the gross product of Uruguayan firms. 
Although the period analyzed is characterized by a continuous GDP growth, Total Factor Productivity (TFP) 
was negative for all sectors. This TFP estimated is not constant for firms but is persistence, consistent with 
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heterogeneous between sectors, according to the share of productive factors. 
 
JEL: L10, L11, L22, L23, C23 
Keywords: TFP, ICT, Productivity, Dynamic Panel Data 

 

                                                           

* Correo electrónico: mmellocosta@bcu.gub.uy; mmellocosta@yahoo.com 

I thanks to Gerardo Licandro, Rodrigo Lluberas, Fernando Borraz, Liz Bucacos, Victoria Landaberry and Magdalena 
Tubio for their opinions and contributions. 

The opinions, conclusions and possible errors that in this document are the exclusive responsibility of the author and do 
not commit in any case to the institutions for which he works. 



Resumen

El objetivo de este artículo es determinar si el desarrollo de las tecnologías de
la información y la comunicación (TIC) tuvo algún impacto en la productividad de
las empresas uruguayas. Para ello, el trabajo explota las ventajas de los paneles de
datos realizando una estimación dinámica de la productividad total de los factores
(TFP).

Utilicé el panel desequilibrado de microdatos para el período 2007-2014 en el
que se encuestaron 6.492 empresas. Las funciones de producción a corto plazo se
estimaron para todas las empresas y sectores, distinguiendo el capital fijo del capital
tecnológico y controlando la calificación laboral. Los resultados sugieren que hay
rendimientos decrecientes a escala. El capital tecnológico es un factor que contribuye
al producto bruto de las empresas uruguayas.

Aunque el período analizado se caracteriza por un crecimiento continuo del PIB,
la productividad total del factor (PTF) fue negativa para todos los sectores. Este
valor estimado de la PTF no es constante para las empresas, pero es persistente,
consistente con un proceso AR (1).

Existe una correlación positiva entre la utilización de las TIC y la PTF y el
rendimiento es heterogéneo entre los sectores, según la proporción de factores pro-
ductivos.

Keywords: TFP, ICT, Productividad, datos de panel, modelos dinamicos.

JEL Classification: L10, L11, L22, L23, C23..
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1 Introduction

The relationship between the incorporation, use and development of the so-called in-
formation and communication technologies (ICT) has been well studied with different
results. Commonly, ICT refers to the investment in communication and data process-
ing equipment and in the software necessary to use these equipment as those used in
improvements in processes of management, production and administration of compa-
nies. Multiple studies have been done for different countries of how ICT has affected
the performance or productivity of companies. The first studies yielded puzzling re-
sults. Investment in ICT did not significantly affect the productivity of companies. This
phenomenon was called the "productivity paradox" and was attributed to mismeasure-
ment of outputs and inputs, lags due to learning and adjustment, redistribution and
dissipation of profits, and mismanagement of information and technology.

Most of these studies focused on the sector manufacturer. In contrast, very few went to
study the relationship in the service industries. Paradoxically, given that the services
sector has been constituted in one of the main buyers and users of ICT equipment and
its performance has been particularly affected by the adoption and predominance of
ICT. Many sectors of services have invested in ICT and have become more innovative
(Triplett and Bosworth 2009).

In recent years, productivity growth in developed economies has been stagnating while it
is growing in emerging economies. The most prominent explanations of this trend involve
technology and the argument that universalization of technology will help reduce the
differences in growth and economic development. Technological progress is supposed to
increase economies’ productivity and potential growth.

One argument to explain the low productivity growth in developed economies is that
productivity measurements through National Accounts is wrong. The defenders of
this thesis, in particular Prof. Martin Feldstein, argues that he productivity growth
is strongly underestimated, because governments statistics “grossly understate the value
of improvements in the quality of existing goods and services”. Over time, he asserts,
these measurement errors are probably becoming more important.2

Gordon (2016), has argued that today’s innovations in areas like information and com-
munications technology (ICT) cannot be expected to have as big an economic payoff as

2“We’re Richer Than We Realize”, The Wall Street Journal, September 8, 2017.
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those of the past, such as electricity and the automobile. It’s even possible that ICT and
other new technologies may have some negative side effects that undermine productivity
and GDP growth. New technologies implies that people must learn new skills, adapt to
new systems, and change their behavior. While a new software or hardware may offer
more capacity, efficiency, or performance, those advantages are at least partly offset by
the learning period. From a security perspective, the need to protect against viruses,
spam and malware has mitigated in part the advantages derived from the technology.

The actual high connectivity may also be negative for productivity. Non-work emails,
social media, internet videos, and video games can easily distract employees, offsetting at
least some of the productivity-raising potential of that same connectivity. Mark Aguiar
et al. (2017) shows that recreational computer activities partly explain a decline in
labour supply among men ages 21 to 30.

During the period under analysis (2007-2014), Uruguay experienced an important eco-
nomic growth, 41,6% in the period, an annual average of 5.2%, and a deepening of the
use of information technologies, in particular by a significant increase in the speed and
availability of the internet connection. The objective of this study is to determine if there
is a relationship between the evolution of the productivity of Uruguayan firms after an
important period of economic growth and the development of information technologies,
particularly the advancement and universalization of good internet access. With this
objective, the analysis strategy is simple, firstly obtain a correct measure of productiv-
ity, and in a second stage estimate the effect of the use of computer technologies by the
firms in that productivity. It is not clear that there is a relationship between the use of
ICT and the productivity of firms, much less that this relationship is positive, at least
not in all economic sectors.

The main challenge is to correctly estimate the production function and from the Total
Factor Productivity (TFP). The fact of having a micro-data panel will allow us to carry
out an estimate that contemplates the main measurement problems, long discussed in
the literature. The fact of using panel data allows estimating eliminating problems of
endogeneity, fixed effects, and the persistence of productivity. In addition, exogenous
data are available to estimate the relationship between the use of ICT and the TFP.
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1.1 Literature Review

The present bibliographical review refers to the two relevant dimensions of the paper,
first the difficulties and the best ways to estimate the total productivity of productive
factors, and second, the role of information technology in productivity.

There is a vast literature for the U.S. economy that supports that ICT adoption and uti-
lization contributed substantially to the aggregate productivity revival in the late 1990s,
Jorgenson and Stiroh (2000), Oliner and Sichel (2000), and Whelan (2000a). These ag-
gregate results add to a large body of earlier microeconomic studies that typically found
a large economic impact from IT-use (see surveys by Brynjolfsson and Yang (1996) and
Brynjolfsson and Hitt (2000a)). Brynjolfsson and Lorin (2003) distinct fixed capital from
computer capital stock in order to measure computing productivity. They conclude that
the contribution of computing to production is significant in the short term (one year)
but highly relevant in longer terms (5 years).

Gordon (1999) and Gordon (2000) argues that the majority of the recent productivity
acceleration is due to cyclical forces with the remainder concentrated in the relatively
small portion of the economy engaged in the production of IT and other durable goods.
Kiley (1999, 2000) argues that large adjustment costs blunt the impact of IT investment
and may have actually reduced productivity growth in periods of rapid IT investment.
More recently, Mark Aguiar et al. (2017) propose a framework to answer whether
improved leisure technology played a role in reducing younger men’s labour supply.
They estimate a leisure demand system and show that total leisure demand is especially
sensitive to innovations in leisure luxuries. This innovations generate a disproportionate
response in terms of time to changes in total leisure time. They estimate that innovations
to gaming/recreational computing since 2004 explain the decline in young men’s labour
supply and difference market hours relative to older men.

Firm productivity can be both contemporaneously and serially correlated with inputs.
If that is so, an OLS estimation that assumes no correlation between input demands
and the unobserved productivity term will give inconsistent estimates of the input coef-
ficients. Contemporaneous correlation occurs if more productive firms hire more workers
and invest in capital in response to higher current and expected future profitability. The
problem is likely to be more acute for inputs such as labour that can be adjusted rapidly
to current productivity realizations. If a firm’s productivity is correlated over time,
then input choices will be based on a serially correlated productivity term. The OLS
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estimates will be biased upwards in a single input case, but the direction of the inconsis-
tency is indeterminate in a multivariate setting. For example, if labour and capital are
positively correlated, but labour is more strongly correlated with the productivity term
than capital, then the labour coefficient will tend to be overestimated and the capital
coefficient underestimated. A standard solution is to compute an FE or ‘within’ estima-
tor that uses deviations from firm-specific means in OLS estimation. This controls for
simultaneity provided the firm’s productivity is time invariant. However, productivity
is unlikely to remain constant over long periods of time, especially during periods of
significant policy and structural changes. The constant flux in firm decisions regarding
input use and firm entry and exit suggests a more general stochastic process for the
unobserved productivity term than that specified by fixed effects. If that is the case,
the FE estimator will at best remove the effects of the time-invariant component of the
productivity variable, but will still lead to inconsistent estimates. Blundell and Bond
(2000) suggest a GMM estimation that takes in account endogeneity and autocorrelation
problems in dynamic data panels.

In the estimation of production functions, we have not only an endogeneity problem, but
we also face a selection problem. We observe only those firms that are in the business.
Normally, we assume that a firm decides to continue operation if its expected future
profits exceed its liquidation value. Future benefits are related to the size of its capital
stock, it is reasonable to think that if a firm holds high capital stock it is because it
expects to keep in business. A firm that will exit the business would not invest, and thus
its capital stock value will be low due to depreciation. The expectation of productivity
conditional on the surviving firms is thus decreasing in capital, leading to a negative bias
in the capital coefficient. The selection bias is bigger in balanced panels, as we observe
only those firms that keep in business through all the analysis period.

Olley and Pakes (1996) developed a methodology to solve these two problems, which is
widely used in the estimation of production functions The estimation method is based
in a dynamic model of firm behavior that incorporates time-varying, firm-specific or
idiosyncratic productivity differences, and endogenies firm exits. In terms of implemen-
tation, Olley and Pakes used a semi-parametric approach, where uit is assumed to evolve
as a first-order Markov process , which means that current period productivity depends
on the previous period’s productivity. These avoids the need to add more structure
to the behavioral framework to obtain specific functions for the shutdown and input
demand decisions.
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There is a vast literature on the estimation of production functions and productivity in
particular. In the Uruguayan case De Brum (2004) seeks to determine the contribution
of productivity economic growth using time series. It concludes that the period of study
studied the growth was more by accumulation of productive factors than productivity
gains, in fact their productivity estimates are negative for much of the period.

Carracelas G. et al (2009) does an exercise of decomposition of the sources of economic
growth of the Uruguayan economy from a sectorial perspective. The methodology used
to obtain TFP is based on the Construction of Törnqvist indexes. They conclude show
evidence about the heterogeneity in the productive performance of the main economic
sectors of the country.

The paper will be structured as follows: Section 2 will present the approach to produc-
tivity and will state the estimation methodology, section 3 will present the empirical
approach, the data and the estimated models for the production functions, productivity
and of the relation between use of ICT and productivity. Section 4 concludes.

2 Approach to Productivity

Let’s consider a Cobb-Douglas production function, where there is some substitutability
between productive factors, in which we distinguish the physical capital from technolog-
ical capital, defined as the durable goods and intangible assets associated with ICT.:

Yit = F (Ait, Lit, ICTit,Kit,Mit) = AitL
α
itICT

β
itK

γ
itM

δ
it (1)

Where α+ β + γ + δ ≤ 1 3

Ait represents the multi-factor productivity of the firm.

Expressing equation (1) in logarithms we obtain the following lineal specification for
firm’s production:

lnYit = lnAi + αlnLit + βlnICTit + γlnKit + δlnMit (2)

Empirically, equation (2) can be expressed as follow:
3Constant returns to scales implies α+ β + γ + δ = 1.
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yit = β0 + β1lit + β2tit + β3kit + β4mit + νit (3)

vit = ηi + uit + εit

Where, yit stands for the gross output for each firm i in year t, lit is the total annual
labour cost for the firm , kit is the stock of fixed capital at the end of year t for the firm, a
proxy to capital utilization in the productive process, tit is the stock of information and
technological goods (ICT), and mit, is the intermediate inputs consumption during the
year, all expressed in logarithms. In the error term there is an unobserved time-invariant
firm-specific effect ηi, a potentially correlated error, µit and non correlated error, εit.4

Variable ηi represents firm factors not observed invariant in time, which could affect
productivity, such as managerial efficiency, human capital specific specialization, etc,
these are clearly correlated with the use of technology assets, labour and inputs, because
when the firm make it’s decision of how many inputs, labour or software will be used
knows it’s ability and efficiency. The random variable µit is usually referred as the
total factor productivity (TFP), and it is expected to be related with input decisions.
When the firm decides the amount of inputs and labour to contract, knows µit , thus
we face and endogeneity problem in the estimation of technological coefficients. On the
other hand, εit is the usual error term, assumed to be independent of inputs and of the
productivity shock.

Olley and Pakes (1996) links capital stock and flows, they take the usual assumption
that capital is accumulated by firms through a deterministic dynamic investment process
as the following equation:

ki,t+1 = (1− λ)kit + iit (4)

Where kit is the capital stock and iit is the investment expenditure at period t, and λ
is the capital depreciation rate. In this stage the distinction between fixed technological
capital is not relevant. Investment demand can be defined by means of an unknown
function.

4Blundell and Bond (2000), models µit as an AR(1) process.
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iit = i(kit, uit) (5)

Equation (5) implies that investment depends on capital and productivity, thus pro-
ductivity can be expressed as a function of capital stock and investment. Therefore
investment can be used as an instrument of productivity in the estimation of the pro-
duction function technical coefficients, with the limitation that we will only observe
those firms that made a positive investment, either in fixed capital or in ICT goods5.
Thus productivity can be expressed as:

uit = h(kit, iit) (6)

Therefore our production function to estimate can be expressed as:

yit = α0 + β1lit + β2tit + β3kit + β4mit + β5h(kit, iit) + εit (7)

In summary, in the estimation of the short-term production function we face multiple
methodological problems, unobservable heterogeneity or endogeneity, autocorrelation in
errors and selection bias. These leads us to estimate the production functions using
the method principally using Arellano-Bond (1991) (GMM) and Olley and Pakes (1996)
(OP) methods, although also estimates will be presented by OLS, Fixed Effects to verify
the robustness of the results.

3 Empirical Approach

3.1 The dataset

For the empirical analysis of the relationship between the use of information technologies
and productivity in Uruguay, we made an unbalanced data panel of 6,492 firms for the
period 2007 to 2014, with 21,799 observations, using the Annual Survey of Economic
Activity (ASEA). This survey is representative of all the companies in the country with
more than 10 employees, and includes all sectors of the economy except the primary
agricultural sector. Table 1 shows the time distribution of the panel.

5Levinsohn and Petrin (2003) used intermediate inputs instead of investment as a proxy, in order to
have a larger sample.
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Table 1: Panel time dimension

Year Freq. Percent Cum.
2007 1,576 7.23 7.23
2008 1,661 7.62 14.85
2009 2,010 9.22 24.07
2010 2,354 10.8 34.87
2011 4,399 20.18 55.05
2012 5,187 23.79 78.84
2013 3,028 13.89 92.73
2014 1,584 7.27 100
Total 21,799 100

The year 2012 presents the largest number of observations because it is the base year
for the National Accounts which provides the main country statistics.

Table 2: Sectorial distribution of the sample

Economic Sector Freq. Percent Cum.
Services 7,569 34.72   34.72   
Industry 6,049 27.75   62.47   

Commerce 5,408 24.81   87.28   
Transport & Logistic 2,139 9.81     97.09   

Other 634 2.91     100.00 
Total 21,799 100.00  

Table 2 presents an aggregate description of the sectorial distribution of the survey.
Industry refers to manufacturing industry, Commerce includes retail and wholesale trade,
Services includes education, health, insurance companies, accounting and professional
services, and Transport and Logistic includes goods and people transport and storage
and distribution services.

The empirical strategy will be as follows: in a first stage we will estimate the production
function specified in equation (3) by OLS, Fixed Effects, GMM and Olley and Pakes.
In a second stage we predict the productivity as the residual of the production function
estimation. Finally, I estimate the relation between the use of computers with internet
access (proxy of ICT penetration in the firm) and TFP using GMM.
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3.2 Production Functions

As specified in the theoretical framework, productivity or technological progress will
emerge as the residual of the estimation of equation (3) which is a log-linearization of a
Cobb-Douglas production function as equation (1).

Economic theory and the empirical evidence show that gross output is the proper output
concept for productivity analysis. Conceptually, firms and industries actually produce
gross output, say shoes, from some combination of primary and intermediate inputs,
say capital, labour, leather and electricity; the production model should match this as
closely as possible. Value-added, on the other hand, is an artificial construct that reflects
only primary inputs and therefore does not correspond to a well-defined output concept
at the industry level. Moreover, only under specific assumptions about the separability
of primary inputs from intermediate inputs does a value-added production function exist
and provide a valid description of the underlying production technology. 6

First, it is necessary to define the variables used, in particular the distinction between
fixed capital and technological capital used. The fixed capital is the value of the stock of
fixed capital at the end of period t, this is net of the annual depreciation and includes the
investment of the current year, in line with the equation (4). Similarly, the technological
capital, is the value of the communication equipment, computer hardware and software
of the company. Additionally, in order to control by labour qualification, the labour
force qualification ratio was added. This variable is the total of qualified labour in the
total labour force, understood as skilled labour by professionals and technicians hired
by the firm. This variable was obtained from the Survey of Innovation Activities (SIA),
whose frequency is three-year, so in the years in which the sample does not match with
the ASEA, the values were imputed from a Beta model to estimate proportions. Table
3 presents the composition of ICT usage expressed in annual average respect to total
capital depreciation. Hardware is the principal component used in the period.

6All the variables used are explained in de Appendix.

11



Table 3: Description of productive factors

Obs Mean Median Std.Dev.
21,733 16.584 1.858 64.273
21,733 33.866 29.878 21.443
21,733 45.933 44.206 23.351

21,733 0.593 0.040 4.734
21,733 0.077 0.000 1.338
21,733 0.353 0.007 2.288
21,733 0.163 0.000 3.807

18,985 9.539 6.381 10.709Share qualified labour in total labour

Software to Gross Output

Variables
Fix Capital to Gross Output (K/Y)

Labour to Gross Output (L/Y)
Inputs to Gross Output (M/Y)

ICT Capital to Gross Output (ICT/Y)
Comms to Gross Output

Hardware to Gross Output

Table 3 presents the share of fixed capital, technological capital, labour and inputs in
the gross output and the share of qualified labour in total labour. The use of labour will
be the annual total salaries paid by the firm and the inputs consumption is expressed
at purchase value. Due the sample’s frequency is annual from 2007 to 2014, we can
consider that we are estimating a short term production function. 7

As it can be seen, the relative participation in Gross Output is 16.58% for the fixed
capital and 0.6% for the ICT capital. Labour and inputs have a share of 33.87% and
45.93% in the Gross Output respectively. The hardware equipment has the highest
participation in ICT with 0.35% of total Gross Output.

Table 4 presents the OP estimation for the production functions for all the sample and
for the main industries in particular. In the aggregate estimation, sectorial dummies
where added, and time dummies were included in all estimations in order to control for
global economic aspects that could affect all firms.

7In order to make the descriptive statistics of the productive factors comparable they were rescaled
with respect to the gross product. All statistics are expanded using the weight corresponding to Annual
Economic Survey 2012.
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Table 4: Olley and Pakes estimations of technological coefficients8

Dependent Var All Manufacturing Commerce Services Transport 
Y Firms Industry & Logistic

K, in logs 0.012*** 0.008** 0.011 0.034*** 0.032***
(0.004) (0.004) (0.009) (0.009) (0.012)   

ICT, in logs 0.034*** 0.006 0.020 0.046*** 0.051***
(0.005) (0.006) (0.013) (0.008) (0.018)   

L, in logs 0.241*** 0.206*** 0.185*** 0.302*** 0.071   
(0.023) (0.016) (0.056) (0.033) (0.049)   

M, in logs 0.616*** 0.745*** 0.559*** 0.534*** 0.656***
(0.011) (0.011) (0.027) (0.012) (0.022)   

QL, in % 0.004*** 0.002** 0.020*** 0.005* 0.015** 
(0.001) (0.001) (0.006) (0.003) (0.007)   

N 12,111 3,897 2,734 3,816 1,317
N_g 4,237 1,055 1,295 1,514 762
tmin 1 1 1 1 1
tmean 3 4 2 3 2
tmax 8 8 8 8 7

Instruments Investment Investment Investment Investment Investment
Endogenous L , M L , M L , M L , M L , M

Sectorial Dummies Yes No No No No
Time Dummies Yes Yes Yes Yes Yes

* p<0.10, ** p<0.05, *** p<0.01

The production functions estimations suggest that Uruguayan firms as a whole have
decreasing returns to scale, thus β1 + β2 + β3 + β4 < 1 . Fixed capital has an estimated
share in gross output of 1.2% for all firms with a higher weight for Services and Transport
industries. In particular in the Services sector, health companies and hospitals have a
major importance and these explain the higher technical coefficient associated to fixed
capital. As well, these two sectors have a higher and significant coefficient for techno-
logical capital, while this coefficient is not significant for manufacturing and Commerce
sectors. Labour has a higher relevance in Services sector as expected, controlling for
labour qualification. Labour represents 24% of gross output for all firms, while it rep-
resents 30% of gross output in the Services sector. Intermediate inputs is the principal
component for explaining gross output, and Manufacturing industry and Transport are

8In these OP estimations, the non parametric estimation of capital and investment in the first stage
of the procedure was done adjusting a fourth order polynomial. Tables B.1, B.2, and B.3 of the appendix
presents the technological coefficients estimates using OLS, Fixed Effects and GMM. Estimations using
Levinsohn and Petrin (2003) does not differ significantly from OP, using this data.
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the sectors with a higher inputs share.

3.3 Productivity Estimation

The prediction of productivity was made as the residual of the model estimated by
OP, since it is the most accurate estimation method for estimating production func-
tions. Table 5 shows the estimated productivity for years expanded with the weighting
corresponding to the year 2012.

Table 5: Estimates of firm’s productivity

Year Obs. Mean Median Std.Dev
2007 1,115 0.034 -0.049 0.400
2008 1,233 0.009 -0.051 0.366
2009 1,388 -0.027 -0.079 0.361
2010 1,659 -0.008 -0.070 0.342
2011 1,458 -0.058 -0.092 0.328
2012 2,537 -0.091 -0.123 0.323
2013 1,720 -0.029 -0.075 0.319
2014 1,001 -0.017 -0.054 0.269
Total 12,111 -0.037 -0.082 0.337

Although in the period under analysis the growth of the Uruguayan economy was 5.2%
per year on average, the TPF in that period fell 3.7% on average per year for Uruguayan
firms. The explanation is that Uruguay, like most of the commodity producing countries,
received a strong demand shock in the period. In case the effect of the variation in
the stock of capital is negative in the TPF, we can say that it obeys to the fact that
the incorporation of new capital, both physical and technological, requires a period of
learning and adaptation to the productive process. If the variation in the labour is
negatively correlated by the TPF, we can interpret it as that the workers contracted
marginally have less productivity than the stock. If Tables C.1 in the Appendix, shows
the productivity estimation for Manufacturing Industry, Commerce and Services.
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Table 6: Relation between change in productive factors and TPF

Dependent Variable All Manufacturing Commerce Services Transport 
Ut Firms Industry & Logistic
Ut-1 0.561*** 0.174* 0.733*** 0.367*** 0.891***

(0.155) (0.089) (0.131) (0.101) (0.054)   
VarL 0.063*** 0.058*** 0.065*** 0.053*** 0.074***

(0.015) (0.012) (0.019) (0.013) (0.020)   
VarK -0.005 -0.009*** 0.001 -0.006 -0.016** 

(0.004) (0.002) (0.010) (0.007) (0.007)   
VarICT -0.029*** -0.002 -0.024** -0.037*** -0.013   

(0.008) (0.006) (0.011) (0.006) (0.016)   
Constant 0.535 2.750 -2.409 -3.007 -7.183   

(0.593) (3.482) (5.471) (14.075) (16.860)   
N 6,565 2,551 1,372 1,921 551

N_g 2,444 710 688 825 331
g_min 1 1 1 1 1
g_avg 2.686 3.593 1.994 2.328 1.665
g_max 7 7 7 7 6

Hansen_p 0.605 0.016 0.845 0.054 0.325
ar1_p 0.003 0.099 0.028 0.000 0.105
ar2_p 0.261 0.082 0.399 0.286 0.895

Instruments SW SW SW SW SW
Sectorial Dummies Yes No No No No

Time Dummies Yes Yes Yes Yes Yes
* p<0.10, ** p<0.05, *** p<0.01

As it can be seen in Table 6, the change in fixed capital in the case of manufacturing and
transport, and technological capital for the case of the commerce and services sector, is
negatively correlated with the TPF. This is an indication that the ITC requires a period
of adaptation to the production process, during which it can even reduce productivity.
The correlation of the change in labour and the TPF is positive, this is consistent with
the fact that there is qualified labour available for firms in the short-term.
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3.4 Estimating the relation of productivity and penetration of ICT in
the firms

In this stage of the analysis I estimate the relation between productivity and the pen-
etration of information technologies, in particular the use of the internet by the firm.
For approaching the concept of penetration of technology at the firm, I exploited the
module on ICT’s in the Annual Survey of Economic Activity9. The form that firms
should complete changed in 2011. Then, there are some variables for the 8 years ana-
lyzed and some variables for only 4 years. These variables that were included in 2011
are principally associated with connection speed, social networks and data backup using
a e-cloud. Additionally, two variables were added from the SIA, the probability that the
firm does technological transfer and the investment in labour qualification.

The principal technical development is related to the capacity of using, processing and
storing big amount of data. The main structural change in the period is internet accessi-
bility, this is a good quality connection with high speed. Thus, we focus this part of the
analysis with the period 2011-2014, in order to account for connective quality aspects.
Table 6 presents some selected variables of the module, the proportion of employees
in total labour that have internet access for doing their jobs will be de proxy for ICT
penetration in the firm.

9In the Annex are the ICT module forms used in the surveys.
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Table 7: Main ICT’s module variables

Variable Obs Mean Std. Dev. Min Max
Connection Speed: 2mbs/10mbs, Dummy 14,174 0.326 0.469 0 1

Connection Speed: >10mbs, Dummy 14,174 0.159 0.366 0 1
E-Banking, Dummy 21,766 0.706 0.455 0 1

Social Network, Dummy 12,944 0.243 0.429 0 1
Web Page, Dummy 20,560 0.603 0.489 0 1
Extranet, Dummy 21,739 0.403 0.491 0 1
Intranet, Dummy 21,738 0.278 0.448 0 1

Cloud Storage, Dummy 12,826 0.207 0.405 0 1
Buys Internet, Dummy 21,799 0.372 0.483 0 1

Sales in Internet, Dummy 21,799 0.305 0.461 0 1
Probability of doing technological transfer 15,358 0.089 0.170 0 1
Investment in labour qualification, Dummy 21,799 0.415 0.493 0 1

% of employees using PC in total labour 20,998 29.170 35.815 0 100
% of employees using internet in total labour 20,406 26.425 34.892 0 100

% Web Sales in Total Sales 14,174 6.422 19.235 0 100

In average, 26.4% of employees of firms use the internet in their job tasks and 29.2%
use a PC. According to the survey 60.3% of the firms have a web page, but the presence
in social networks is lower, 24.3%. Relative to the use of internet by the firms, 70.6%
does e-banking, 20.7% does cloud data storing, 37.2% of the companies make purchases
online and 30.5% make sales on average in the period. However, only 6.4% of total sales
were made online.

Approximately 48% of the companies had an internet connection with a speed greater
than 2 mbs (megabytes per second), which can be considered a good stable connection.
However, fiber optical internet access is available in Uruguay since 2013, principally in
Montevideo and the most important cities10. This corresponds to a common technologi-
cal shock to a large number of firms but that is not homogenous, since although the fiber
optic network is largely expanded in Uruguay, it does not reach 100% of the locations.
Thus, we should control by location and connectivity quality and speed. From the em-
pirical point of view, this fact is a fixed effect that changed over time, I will estimate by
GMM accounting for dynamic aspects of productivity.

10According to the ASEA 2012, 56% of the firms were located in Montevideo.
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Thus, there will be estimated the following equation:

uit = α0+α1ui,t−1+α2UIit+α3HSCit+α4PTTit+α5ILQit+θitInterit+δn

n∑
1

Cn,it+εit

(8)

Where uit is the Total Factor Productivity (TFP) estimated as a residual of equation
(3), UIit is the ICT penetration in the firm, measured as the proportion employees
that use internet in their labour in total employees expressed in logarithms; HSCit , a
dummy variable that takes value 1 if the firm has a High Speed Broadband Connection
( >2 mbs); PTTit, probability for firm i doing technological transfer in time t ; ILQit,
a dummy variable that takes value 1 if firm i did investment in labour qualification in
time t ; Interk,it , is the interaction between qualitative variables; and Ckit , is a vector
of control variables that includes economic sector dummies, time dummies, location and
firms size. Firm’s size is measured as the interaction of total labour, total assets and
the number of branch offices.

Table 8 presents the GMM estimations for equation (8) for all firms in the period 2011-
2014. In line with Bundell and Bond (2000), TPF seems to be an AR(1) process, since
first lag is statistically significant for aggregate and sectorial estimations. For our data
set productivity varies in time, but with persistence; particularly higher for Services and
Transport sectors.

The ICT penetration, this is the share of employees that use internet connections in
total labour, is positively and significantly correlated with TFP, particularly for Man-
ufacturing, Commerce and Services sectors. Using a higher speed internet connection
seems to be positive and significant, particularly in the Commerce sector.

An unexpected result is the fact that the probability of doing technological transfer
(PTT) is negatively correlated with TPF. This result is significative for all estimations,
a possible explanation is that less productive firms are more are more inclined to copy
technology because they have worst productive processes.

With respect to the investment in labour qualification, results are not clear. For the
Commerce and for Transport sectors seems to have a positive impact in productivity,
while for the Manufacturing industry the correlation is significant and negative. This is
consistent with the estimates of Commerce production function, whose labour qualifica-
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tion had a higher magnitude and significance. A possible explanation is that Manufac-
turing Industry has a higher portion of specialized workers than other sectors, so those
firms who invest in qualifying their labour force is because they have a productivity
lower than the average of the sector.

The interaction between the portion of workers using internet and the higher speed in-
ternet access is negatively and significantly correlated with TPF. This can be interpreted
as an indication of the misuse of technology by workers. Obviously, this evidence is not
enough and could open the line to a better and deeper analysis.
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Table 8: GMM estimates (2011-2014)

Dependent Variable
Ut All Firms Manufacturing Commerce Services Transport 
Ut-1 0.347*** 0.119*** 0.180*** 0.559*** 0.714***

(0.073) (0.019) (0.068) (0.103) (0.047)   
UI 0.372*** 0.640*** 0.653*** 0.490** -0.084   

(0.135) (0.210) (0.195) (0.235) (0.184)   
HSC 0.220*** -0.020 0.211*** 0.129 0.057   

(0.048) (0.057) (0.067) (0.112) (0.049)   
PTT -0.597** -0.140* -5.055*** -1.353*** -2.062***

(0.252) (0.082) (0.813) (0.483) (0.282)   
ILQ 0.066 -0.071*** 0.344*** -0.043 0.069** 

(0.043) (0.020) (0.092) (0.091) (0.033)   
Size -0.009 0.058*** 0.099*** 0.054*** 0.096***

(0.009) (0.012) (0.027) (0.015) (0.014)   
UI#HSC -0.437*** -0.775*** -0.699*** -0.578** 0.337*  

(0.157) (0.214) (0.231) (0.264) (0.181)   
Constant 0.057 -1.356*** -2.033*** -1.295*** -2.115***

(0.211) (0.280) (0.562) (0.321) (0.301)   
N 6,395 2,500 1,326 1,873 535

N_g 2,361 690 662 795 325
g_min 0 1 0 0 0
g_avg 3 4 2 2 2
g_max 7 7 7 7 6

Hansen_p 0.079 0.248 0.521 0.817 0.359
ar1_p 0.001 0.001 0.039 0.001 0.001
ar2_p 0.335 0.219 0.478 0.116 0.502

Instruments SW SW SW SW SW
Location Dummy Yes Yes Yes Yes Yes
Sectorial Dummies Yes No No No No

Time Dummies Yes Yes Yes Yes Yes
* p<0.10, ** p<0.05, *** p<0.01
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4 Conclusions

The main contribution of this paper is to introduce the distinction between fixed and
technological capital through a huge micro-data set. After considering this capital dis-
tinction in the estimation of TFP, I estimate the relation between this TFP and the use
of ICT by firms.

Fixed capital is statistically significant in the Gross Output estimations but with a small
coefficient. this is consistent with a short term production function, were fixed capital is
constant. Technological capital is relevant principally for Services and Transport sectors.

The estimates of the production functions reflect the expected differences in the intensity
of the use of productive factors. The manufacturing industry is highly intensive in the
use of inputs as well as commerce; obviously for different reasons, since one sector
transforms these inputs, while the other simply commercialize them. The services sector
is labour-intensive, mainly, but the contribution of technological investment and inputs
is significant.

Results suggests that although Uruguay had a continuous and important GDP real
growth during the period of analysis the TFP of Uruguayan firms reduced 3.7% in
average, these result is general for all sectors. There is evidence that supports the
hypothesis that these responds to the fact that both, fix capital and ICT investments
require a “learning period” to adapt to the process, during which the contribution to the
TPF is negative. In turn, the labour incorporated in the period has a positive correlation
with the TPF.

The penetration of ICT and the speed of internet access is positively correlated with a
highest productivity, although the interaction of internet intensity utilization and high
connectivity seems to have a negative correlation with productivity. In this period
there has been an improved in hardware, in software and connectivity but there has
not been a great variation in the degree of penetration of the technology. Possibly the
ICT investment is more efficient, faster and capable of processing a higher volume of
information but this is not captured completely, even interacting with internet capacity
and data storage. This implies that we may be underestimating the impact in the face
of the impossibility of measuring with current data ICT intensity in a better way, such
as data traffic or volumes of information downloaded or uploaded.

It seems that less productive firms are more are more inclined to copy technology because
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they have worst productive processes, this can be intuited from the negative correlation
between the probability of making technological transfer and the TPF.

It remains in the agenda to analyze deeply the relationship between data traffic and pro-
ductivity, as well as the implementation of automated production processes in the TPF,
particularly the development of artificial intelligence and robotization in production.

Appendix

A) Variables Used

Gross Output (yit): gross output obtained from the ASEA, expressed in logs.

Capital Stock (kit): is the value of the fixed capital stock at the end of the current year,
expressed in logs.

Technological Capital Stock (tit): is the value of communications goods, hardware and
software at the end of the current year, expressed in logs.

Investment (iit): total investment, both in fixed and technological capital in year t,
expressed in logs.

Inputs (mit): is the total annual expenditure in intermediate inputs, expressed in logs.

Labour (lit): is the annual total wages paid by the company, expressed in logarithms.

Qualified Labour Ratio (qlit): is the total of professionals and technicians in the total
number of workers of the firm, expressed as a percentage. This variable was developed
from the Survey of Innovation Activities (SIA). This survey has a three-year frequency,
so the missing values are imputed approximating through a Beta distribution.

Sectorial Wage (SWit): The sectorial wage is used in the GMM estimations as an
instrument, in a competitive sector this variable is exogenous for the firm, is expressed
in logs.

ICT penetration (UIit ): is the proportion employees that use internet in their labour
in total employees expressed in logarithms.

High Speed Broadband Connection (HSCit): is a dummy variable that takes value 1 if
the firm has a High Speed Broadband Connection ( >2 mbs).
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Probability of Technological Transfer (PTTit): probability for firm i doing technological
transfer in time t, this variables was developed from the Survey of Innovation Activities
(SIA) using a probit model for imputation of missing data due the difference in surveys
frequency.

Investment in Labour Qualification (ILQit): a dummy variable that takes value 1 if firm
i did investment in labour qualification in time t.

Size: is measured as the interaction of number of employees, total assets and the number
of branch offices, expressed in logs.

B) Production Functions Estimations by Economic Sector

Table B.1: OLS estimations of technological coefficients

Dependent Var All Manufacturing Commerce Services Transport 
Y Firms Industry & Logistic

K, in logs 0.015*** 0.009*** 0.030*** 0.002 0.016** 
(0.003) (0.002) (0.005) (0.005) (0.007)   

ICT, in logs 0.034*** 0.005* 0.030*** 0.046*** 0.037***
(0.003) (0.003) (0.007) (0.006) (0.010)   

L, in logs 0.249*** 0.205*** 0.197*** 0.309*** 0.085** 
(0.016) (0.008) (0.038) (0.027) (0.036)   

M, in logs 0.614*** 0.753*** 0.559*** 0.532*** 0.667***
(0.007) (0.007) (0.019) (0.010) (0.014)   

QL, in % 0.005*** 0.002*** 0.017*** 0.007*** 0.017***
(0.001) (0.000) (0.003) (0.002) (0.003)   

Constant 2.819*** 1.320*** 4.022*** 3.005*** 4.642***
(0.138) (0.051) (0.358) (0.352) (0.446)   

N 14,584 4,568 3,419 4,620 1,586
r2 0.948 0.984 0.925 0.945 0.916

r2_a 0.948 0.984 0.924 0.945 0.916
Sectorial Dummies Yes No No No No

Time Dummies Yes Yes Yes Yes Yes
* p<0.10, ** p<0.05, *** p<0.01
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Table B.2: Fixed Effects estimations of technological coefficients

Dependent Var All Manufacturing Commerce Services Transport 
Y Firms Industry & Logistic

K, in logs 0.004* 0.004 0.005 0.003 0.007   
(0.003) (0.003) (0.005) (0.004) (0.004)   

ICT, in logs -0.003 0.007 -0.018 -0.002 -0.058** 
(0.006) (0.007) (0.013) (0.010) (0.028)   

L, in logs 0.276*** 0.335*** 0.425*** 0.240*** 0.389***
(0.050) (0.046) (0.041) (0.080) (0.062)   

M, in logs 0.517*** 0.610*** 0.408*** 0.477*** 0.383***
(0.027) (0.054) (0.042) (0.040) (0.037)   

QL, in % 0.017*** 0.004** 0.021*** 0.018*** 0.033** 
(0.003) (0.002) (0.005) (0.004) (0.013)   

Constant 4.518*** 1.796*** 3.317*** 5.680*** 5.715***
(0.484) (0.241) (0.425) (0.912) (1.109)   

N 14,584 4,568 3,419 4,620 1,586
N_g 4,926 1,199 1,547 1,804 895

G_min 1 1 1 1 1
G_avg 3 4 2 3 2
G_max 8 8 8 8 7
r2_w 0.816 0.922 0.848 0.816 0.793
r2_o 0.938 0.978 0.904 0.941 0.805
r2_b 0.930 0.979 0.888 0.933 0.786

Sectorial Dummies Yes No No No No
Time Dummies Yes Yes Yes Yes Yes

* p<0.10, ** p<0.05, *** p<0.01
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Table B.3: GMM estimations of technological coefficients

Dependent Var All ManufacturingCommerce Services Transport 
Y Firms Industry & Logistic

K, in logs 0.010 0.015** 0.011 0.005 0.036***
(0.007) (0.006) (0.010) (0.006) (0.012)   

ICT, in logs 0.058* 0.026 -0.030 0.065 0.060   
(0.030) (0.031) (0.044) (0.050) (0.046)   

L, in logs 0.292*** 0.257*** 0.225*** 0.488*** -0.008   
(0.080) (0.036) (0.085) (0.077) (0.068)   

M, in logs 0.604*** 0.678*** 0.623*** 0.462*** 0.668***
(0.074) (0.038) (0.065) (0.071) (0.049)   

QL, in % 0.000 0.010 0.018 -0.002 0.022*  
(0.007) (0.008) (0.013) (0.009) (0.011)   

Constant 1.405 1.319** 3.743*** 60.630 5.437***
(0.945) (0.540) (1.153) (49.186) (1.105)   

N 14,584 4,568 3,419 3,086 1,586
N_g 4,926 1,199 1,547 1,361 895

G_min 1 1 1 1 1
G_avg 3 4 2 2 2
G_max 8 8 8 7 7

Hansen_p 0.127 0.337 0.076 0.583 0.169
AB_p  AR(1) 0.000 0.053 0.002 0.001 0.002
AB_p  AR(2) 0.933 0.299 0.673 0.673 0.652
Instruments Sect Wage Sect Wage Sect Wage Sect Wage Sect Wage

Sectorial Dummies Yes No No No No
Time Dummies Yes Yes Yes Yes Yes

* p<0.10, ** p<0.05, *** p<0.01
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C) Productivity Estimations by Economic Sectors

Table C.1: Estimates of firm’s productivity in main economic sectors
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D) Annual Survey of Economic Activity, ICT Module Forms
D) Annual Survey of Economic Activity, ICT Module Forms
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