Estudios de Economia. Vol. 28 - N° 1, Junio 2001. Pags. 53-68 53

EXTERNAL SOURCES OF TECHNOLOGICAL INNOVATION
IN CHILEAN MANUFACTURING INDUSTRY*

RoBERTO ALVAREZ

Abstract

There are several arguments in the literature regarding that more open econo-
mieswould grow faster inthelong term. Neverthel ess, the channel sthrough which
opennessincreases growth have not been clearly identified in empirical analysis.
In this article, we study if outward orientation variables have a positive impact
on technological innovation, which is one of the most important sources of pro-
ductivity growth. Using microeconomic data for Chilean manufacturing indus-
try, we identify the effect of three main mechanisms of technological absorption:
exports, direct foreign investment and purchase of foreign technical licenses. The
results suggest that exports increase significantly technological innovation. In
addition, we found causality in both ways. Technological innovation increases
the probability of exporting. The other two channels; direct foreign investment
and technical licenses, would be less important, because they only affect a re-
duced number of technological innovation indicators.

Resumen

Existen diver sos argumentos que aseveran que economias mas abiertas debieran
crecer mas en e largo plazo. Sn embargo, los canales mediante los cuales la
apertura aumenta el crecimiento no han sido claramente identificados empi-
ricamente. En este estudio se evallia s variables de apertura tienen un impacto
positivo en innovaci én tecnol dgica, que esuna de las fuentes masimportantes de
crecimiento en productividad. Utilizando datos micro para la industria manu-
facturera chilena, este trabajo identifica los efectos de tres mecanismos de
absorcion tecnolégica: exportaciones, inversion extranjera directa'y compra de
licencias técnicas extranjeras. Los resultados sugieren que las exportaciones
incrementan significativamente la innovaci on tecnol égica, mientrasquelos otros
dos canal es son menosimpor tantes porque afectan sdlo a un nimero reducido de
indicadores de innovacién tecnol 6gica.
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1. INTRODUCTION

In literature about the determinants of economic growth there are some ar-
guments relative to that openness would allow to reach higher growth rates.
Nevertheless, sometheoretical model s show an ambiguous rel ationship between
both variables. In some cases, asin Lucas (1993), the trade openness is posi-
tively related with growth, because allows a higher accumulation of human
capital in the way of learning by doing. On the other hand, some models asin
Young (1991), conclude that trade openness is negative for developing coun-
tries, since these countries would produce goods of avery low learning rate.

In model s that emphasi ze the accumul ation of knowledge like amechanism
to generate endogenous growth, the effects of openness depend on the realloca-
tion of resourcesthat this generates. If opennessincreases production of sectors
more intensive in knowledge, the impact will be positive. Otherwise, it will be
negative. (Grossman and Helpman, 1991). Rivera Batiz and Romer (1991) ob-
tain similar conclusions. In their model, openness will generate a higher eco-
nomic growth, only if it reallocates human capital from the sector that produces
final goods toward the sector that produces new designs of capital goods.

Many empirical studies have studied thistopic, but the evidence is not con-
clusive. Some authors find that openness increases growth rates (Dollar, 1992;
Ben David, 1993; Sachsand Warner, 1995; and Edwards, 1992 and 1998). While
others suggest that there is not a significant relation between openness and
growth, as it would be the case for Latin American countries, (De Gregorio,
1992; Corbo and Rojas 1992 and 1993). In arecent paper, Rodriguez and Rodrick
(1999) revise critically thisempirical literature. They argue that “ methodol ogi-
cal problems with the empirical strategies employed in this literature leave the
results open to diverse interpretations. In many cases, openness indicators used
by researchers are poor measures of trade barriers or highly correlated to other
sources of bad economic performance. In other cases, the methods used to as-
certain the link between open trade policies and growth have serious shortcom-
ings’. For these reasons, they conclude that there is little evidence that open
trade policies, in the sense of lower tariff and non-tariff barriers, are signifi-
cantly associated with economic growth.

One of the main problems with these studiesis that they do not identify the
mechanisms through which openness affects economic growth. In this sense,
many authors claim that it is necessary to study this relationship using
microeconomic data. This article is a contribution in that sense. We argue that
openness may impact positively to growth because it encourages a higher tech-
nological innovation. This phenomenon is very relevant in a less developed
country since they absorb technological advances generated in the devel oped
world. However, unlike Edwards (1998), we consider that technological ab-
sorption is not only restricted to trade of goods, but aso to long-run capital
flows and direct purchase of foreign licenses.

In order to do that, we use plant level data of several ways of technological
innovation and different sources of external absorption. Our main objective is
to determine if external sources, like direct foreign investment, exports, and
acquisition of foreign technical licenses, contribute to a higher technological
innovation in Chilean Manufacturing firms. The case of Chileis very interest-
ing because it has experienced a high growth rate during recent decades. In
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addition, it hasreduced significantly itstrade barriers, and direct foreign invest-
ment flows have increased dramatically.

The articleis structured asfollows. Section 2 shows the data source and the
evidence of manufacturing firms' technological innovation. It has been found
that there is a positive correlation between innovation and international expo-
sure (exports and foreign direct investment). In Section 3, using a wide group
of innovation indicators, we estimate econometrically theimpact of export ori-
entation, foreign capital and technical licenses. The results suggest that innova:
tion probability is affected mainly by the exports, and that the other two vari-
ables affect a reduced number of indicators of technological innovation. This
evidence is robust for alternative definitions of innovation variables and in a
wide group of indicators of innovative activity. Nevertheless, theimpact of ex-
port orientation is not lineal. A higher exporting orientation increases innova-
tion for lower ratios of exports to sales, but to some extent the impact is nega-
tive. Firms strongly oriented to international markets have a lower probability
of carrying out technological innovation. In Section 4, we discuss causality
relationship between exports and innovation. The evidence shows that thereis
causality in both senses; a higher technological innovation increases the prob-
ability of entering to the international markets. Finaly, in Section 5, conclu-
sions are presented.

2. TecHNoLocIcAL INNOVATION IN CHILEAN M ANUFACTURING | NDUSTRY

Dataused in this article comes from the 1% Survey of Technological Innova-
tion in the Manufacturing Industry, carried out by the National Institute of Sta-
tistical (INE) in 1995. The survey contains data for 541 industrial plants and
researches on innovative activities. We use two groups of variables. The first
group includesinformation about the intensity of theinnovation in five aspects:
product innovations, process innovations, packing innovations, innovations on
organizational administration and innovations on product design. For each one
of theseinnovation types, theintensity in innovation ismeasured in ascale of 0
(null) to 4 (very high).

The second group deals with expenditure in technological innovation. The
survey asks directly for investment in Research and Development (R& D) car-
ried out by the plantsin 1995. Using additional information, the expenditurein
foreign technical licenses has been added for the period 1993-1995".

In Table 1, ageneral characterization of the innovative activities is shown
for the total sample of firms. In general, it can be inferred that a great percent-
age of firms declare to have carried out innovations, mainly on products, pro-
cesses, and organizational administration. In relation to expenditure, most of
the companies have invested in R&D (70%), but only about 24% have pur-
chased foreign technique licenses.

1 Expenditurein licenses and some other characteristics of these plants (val ue added, capi-
tal, exports, foreign capital, etc.) was obtained from the National Survey in Chilean Manu-
facturing Industry, carried out by the same institution (INE).
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TABLE 1
TECHNOLOGICAL INNOVATION IN MANUFACTURING INDUSTRY
(% of Firms)

Type of Innovation Innovates | Do not innovate
Innovation on Products 79.3 20.7
Innovation on Productive Process 86.7 13.3
Innovation in Packing 54.3 457
Innovation in Organizational Administration 76.2 238
Innovation in Design of Products 56.9 431
Investment in R&D 70.2 29.8
Acquisition of Foreign Technical Licenses 237 76.3

In Table 2, technological innovation by exporting and non-exporting firms
ispresented. In general, It can be observed that exporterstend to be more inno-
vative than non-exporters. For each one of the five aspects above, the percent-
age of exportersthat have innovated is higher to that of the group that does not
export. In relation to expenditure in R& D and technical licenses, we can aso
infer that exporters carry out more technological innovation than the non-ex-
porters. A higher percentage of exporters declare to carry out investments in
technology, either spending directly in R&D or buying foreign technical li-
censes. In fact, only a 19.5% of non-exporters invest in R&D, on the other
hand, in exportersthis percentage increases to 58.6%. Similarly, only a7.2% of
non-exporters purchases foreign licenses. Thisis lower than 25% of exporters
that is involved in such activities of technological transfer. In addition, if we
take the average of the intensity of innovation, we also have evidence in this
sense. Exporters show amoreinnovative behavior for al the considered aspects
(Table 3).

In the case of the comparison of technological innovation between firms
that have foreign direct investment (FDI) and those that do not, theresultsgoin
the same way. As it is shown in the Table 4, although the percentage of firms
that innovatesin productsand processesisrelatively similar between both groups
of firms, ahigher percentage of firmswith FDI innovatesin packing, organiza-
tional administration and product design. In relation to expenditure in R&D
and technical licenses, we a so have found significant differences between both
groups of firms. Only a 25% and 9% of the firms without FDI invest in R&D
and buy technical licenses, respectively. On the other hand, these percentages
increase to 57% and 42% respectively in firmswith foreign property. Also, for
each one of the considered types of innovation the average of intensity ishigher
in the firms with foreign property (Table 5).

According to these comparisons of the innovative activity between firms
more and less exposed to external influences, we can conclude that those more
guided toward external markets present a higher technological innovation. A
deeper analysis of causality between technological innovation and external
sourcesis presented in the next sections.
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TABLE 2
TECHNOLOGICAL INNOVATION BY EXPORTERS AND NON-EXPORTERS

(% of Firms)

Type of Innovation Non-Exporters Exporters

Innovation on Products 60.9 84.0

Innovation on Productive Process 67.2 86.4

Innovation in Packing 417 514

Innovation in Organizational Administration 59.0 749

Innovation in Design of Products 42.7 64.3

Investment in R&D 195 58.6

Acquisition of Foreign Technical Licenses 7.2 24.9
TABLE 3

TECHNOLOGICAL INNOVATION BY EXPORTERSAND NON-EXPORTERS
(Average Intensity in Innovation)

Type of Innovation Non-Exporters Exporters

Innovation on Products 0.80 127

Innovation on Productive Process 0.90 1.49

Innovation in Packing 101 1.30

Innovation in Organizational Administration 161 195

Innovation in Design of Products 0.88 174

TABLE4

TECHNOLOGICAL INNOVATION BY FIRMSWITH AND WITHOUT
FOREIGN DIRECT INVESTMENT

(% of Firms)

Type of Innovation Without FDI With FDI
Innovation on Products 65.1 68.6
Innovation on Productive Process 70.8 70.2
Innovation in Packing 42.8 57.8
Innovation in Organizational Administration 61.7 67.0
Innovation in Design of Products 46.1 56.5
Investment in R&D 25.2 56.9
Acquisition of Foreign Technical Licenses 89 42.2




58 Estudios de Economia, Vol. 28 - N° 1

TABLES5
TECHNOLOGICAL INNOVATION BY FIRMSWITH AND WITHOUT
FOREIGN DIRECT INVESTMENT
(Average Intensity in Innovation)

Type of Innovation Without FDI With FDI
Innovation on Products 0.87 112
Innovation on Productive Process 0.98 1.62
Innovation in Packing 1.03 1.65
Innovation in Organizational Administration 1.67 181
Innovation in Design of Products 101 1.63

3. DETERMINANTS OF TECHNOLOGICAL | NNOVATION

The relationship between international trade and technological innovation
is atopic of theoretical and empirical debate. Grossman and Helpman (1991)
suggest several ways through which these variables are related. Nevertheless,
their model prediction establishes that the impact of trade on innovation (and
growth) depends on the changes in relative prices generated by openness. Al-
though many studies have been made to study the relationship between open-
ness and growth, the evidence continuesto be discussed. Rodriguez and Rodrick
(1999) revise critically the empirical literature about this topic, and conclude
that methodological problems leave the results open to several interpretations
and, therefore, there islittle evidence suggesting that openness would be asso-
ciated to a higher economic growth rate.

Many authors have outlined the need to explore this relationship using
microeconomic evidence. In this paper, we study the relationship between a
wide definition of openness and technological innovation. In this case, open-
ness is considered as a way to absorb foreign knowledge through three main
mechanisms. Two are indirect sources; trade in goods and participation of for-
eign capital in property of the firm, and the other is direct; the purchase of
technical licenses.

In general, the studies about the determinants of technological innovation
have been focused on the relationship between innovation and market struc-
ture, and size of thefirms, with relatively little emphasisin the potential impact
that absorption of external technologies could have on the innovative activity.
There is some evidence about positive relationship between external sources
and innovation at firm level in Braga and Willmore (1991) for Brazilian firms.
These authors find that the probability of innovating is affected positively by
the foreign property and the exporting orientation. Cassiman and Veugeleres
(1998) obtain similar results for manufacturing firmsin Belgium. Their results
indicate that a higher ratio of exports to sales increases the probability of inno-
vating. They argue that competitive pressures in international markets could
account for the fact that constant innovation isthe only way of maintaining the
firms’ participation in these markets. A complementary argument is given by
Pugel (1978), who states that exports, given that increase the market size, rise
the return to innovative activities.
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In the case of Chile, due to the scarcity of microeconomic data about tech-
nological innovation, the empirical analysis in this sense has been practically
none. Recent works have been made with data provided by The Survey about
Technological Innovation in Manufacturing Industry carried out in 1995. Two
studies in this topic are Herrera and Crespi (1998) and Crespi (1999), who
using this survey have found evidence that exporting orientation, measured as
theratio of exportsto sales, affects positively and significantly oninvestment in
R&D. In addition to these papers, this contributes in two senses. First, rather
than aiming at the determinants of investment in R&D, it focuses in the impact
on several indicators of technological innovation. Secondly, the effect of other
external sources on innovation is explored. A similar approach to this paper is
used in Alvarez y Robertson (2001). They compare the effect of international
exposure on technological innovation in Chile and Mexico, and conclude that
exports is the most significant external source in both countries.

In this article seven variables of technological innovation are used; innova-
tion on products, innovation on processes, innovation on packing, innovation
on organizational administration, innovation on product design , investment in
R&D, and purchase of foreign technical licenses.

In the first estimate, we use a Probit model, in which the dependent vari-
ables are defined asadummy variable. It takesthevalue 1 if the firm innovated
technologically in the last years, and O if it did not. We define that afirm inno-
vates, if it declaresthat intensity ininnovation ishigher than 0. In the same way,
we define adummy variable for R& D and licenses. It takesthe value 1 if firms
invested in R& D or they bought foreign technical licensesand O if they did not.

The othersinnovation variables, except R& D and licenses, are measured in
a scale that takes values between 0 and 4, depending on the intensity that these
are carried out by the firm. In order to check the robustness of the first esti-
mates, an ordered Probit model is also estimated.

Among the explanatory variables, we analyze three mechanisms through
which the companies can absorb technologies and, in that way, increase their
innovative activities. Thefirst two mechanisms are exporting orientation of the
firms and the participation of foreign direct investment. In both cases, it is ex-
pected that they affect positively technological innovation. Another source of
absorption of technologies is the purchase of foreign technical licenses. How-
ever, we argue that itsimpact may be ambiguous depending on the license sub-
stitutes or complements to domestic innovation.

Besidesthese variables, it iscontrolled by other determinants of theinnova-
tion suggested by literature, asthe size of thefirms, age, investment, labor costs,
and property (state or private). The size of firmswould affect positively ininno-
vation, because large companies can take more advantage from scale econo-
mies associated to the innovative processes. The age would impact negatively;
older companies would have lower learning possibilities. A higher investment
in machinery could increase innovation through the knowledge incorporated in
the capital goods and the adaptive characteristic of the technological process.
With regard to the importance of the labor costs, its effect on the innovation
would be positive, since very high labor costs could encourage more effortsin
innovation to reduce costs. In terms of the property of the companies, it would
be expected that private companies are more innovative than the State's.
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The descriptive statistic of explicative variablesis shown in Table 6. In the
sample, exports represent 17.4% of sales. In the case of the foreign investment,
the average participation of foreign capital s reachesto 9.8 percent of total capi-
tal. In respect to size, about 1/3 of the plantsis in the medium size range (be-
tween 50 and 200 workers) and almost 50% are large plants (more than 200
workers). Therest, approximately 20% are small plants (Iess than 50 workers).
About 9% are state companies. The average age isaround 33 years. | nvestment
in new machinery and labor costs represent 5.5% and 13.5% of sales, respec-
tively. Finally, 20% of plants has purchased foreign technical licenses?.

The results of the estimates for simple Probit model are shown in Table 7.
Regarding the exporting orientation, thiswas statistically significant for all the
analyzed variables, except for purchase of foreign technique licenses. A higher
ratio of exports to sales increases the probability of spending in R&D and of
carrying out innovations in each type. However, as the parameter of this vari-
ableto the square was generally negative and significant, it can beinfer that the
relationship is not lineal. The probability of innovating increases with certain
level of exports, but then it starts to decrease.

Using these estimates, it can be calcul ated that the probability of innovation
is maximized when exports are between 35-60% of sales (Table 8). This evi-
dence suggests that differences in innovative efforts are not only explained by
the fact of exporting. In addition, more exports are probably to impact innova-
tion on previous stages of international insertion, and these incentives are lower
in firms already strongly oriented to the export markets.

According to estimates, foreign capital is not associated with higher inno-
vation. Firms with FDI are neither more likely to invest in R&D nor to buy
foreign licenses. Also, FDI is not associated to more innovation on products,
processes and organizational administration. The only positive impact ison the
probability of innovating on packing and product design. Thisevidenceisvalid
for alternative specifications of the variable FDI. The same results are found if
adummy variableisincluded, or FDI to squareis added.

TABLE 6
DESCRIPTIVE STATISTICAL OF EXPLICATIVEVARIABLE
Variable Description Mean
Exp Exportsto salesratio 0.174
Fdi Foreign capital in total capital 0.098
Sizel 1if 50 < Employment < 200 0.333
Size2 1if Employment 200 0.488
State 1if firmsis State property 0.087
Age Operation years 32.97
Inv Investment in machinery on sales 0.055
Labor Labor costs on sales 0.135
Licenses 1if firms bought foreign licenses 0.192

2 Every variable is measured at the beginning of the period, 1993.
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TABLE7
DETERMINANTS OF TECHNOLOGICAL INNOVATION:
PROBIT MODEL
Variable R&D Licenses | Innovation | Innovation | Innovation | Innovation | Innovation

Products Process | Administ | Packing Design

Exp 132¢ | 0485 | 3.339* | 2487 1604* | 1816% | 1.702*
(202) | (034 | (288 | (216) (263) | (2.28) (2.51)

Exp2 092 | -0086 | -3.397% | —2.133** | —1.857* | 2.016 | —2.434
(-149) | (-054) | (271) | (<171 | (273) | (-234) | (-3.16)

Fali 0176 | 0021 | 0089 | 0013 0263 | 0.308**| 0.383
(120) | (060) | (059) | (0.08) (157 | (195) (2.54)

Sizel 0.328* | 0122* | 0312* | 0291* | 0307 | 0262**| 0.398*
(308) | (322 | (229) | (229 (198) | (167) (2.76)

Size2 0320 | 0154+ | 0317 | 0.247 0.284* | 0331* | 0.483*
(280) | (7 | (349 | (270 (208) | (2.89) (4.14)

State 0.106 - | 0482 | -0055 | -0.003 | -0.099 0.139
(0.57) (<213 | (-021) | (-0.02) | (-0.49) (0.54)
Age 0001 | 00006 | 0002 | 0002 |-00001 | 0.004 0.003

(069 | (157 | (059 | (069 | (-0.03) | (L.08) (1.20)

Inv 0289 | -0072 | -0076 | 0196 | -0.303 | -0.378 0.115
(047) | (064) | (-113) | (017) | (-053) | (-0.68) (0.22)

Labor 0351 | -0117 | 0784 | 0771 1270% | 1.021**| 1.135*
(-1.01) | (-143) | (152) | (148 (200) | (187 (2.16)

Licenses | 0.285**| 0593* | -0.136 | 0.144 0.267+*| -0.129 0.027
(194) | (591) | (-1.06) | (0.95) (192) | (-0.98) (0.23)

N 437 426 437 437 437 433 437

PseudoR2| 0.29 0.43 0.25 0.27 0.19 0.18 0.27

Robust z-statistics in parentheses.
*Significant at 5%; ** significant at 10%.
Dummies by sector no reported.
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TABLES
PROBABILITY OF INNOVATING AND EXPORTS

Type of Innovation Exportsto salesratio
(%)
Innovation on Products 49.1
Innovation on Productive Process 58.3
Innovation in Packing 43.2
Innovation in Organizational Administration 45.0
Innovation in Design of Products 35.0

In the case of technical licenses, the results show that it would affect the
quantitative variables of innovation. In these two variables, investment in R& D
and purchase of licenses, probability of innovation is affected positively by the
fact that the firm had previoudly purchased technical licenses. According to this
evidence, there would be a*“virtuous circle” in this sense: it is more likely that
a firm continues investing in R&D and purchasing licenses in time if it has
bought licensesin recent years. In the rest of innovation indicators, the results
indicate that licenses affect areduced number of technological innovation ways.
Specifically, licenses have a positive and significant impact on innovation on
organizational administration, but it isnot relevant for therest of theindicators.

For therest of explicative variables, the only relevant impact is that associ-
ated to the size of companies. Thisispositiveand significant in al the estimates
and is in accordance to the evidence in similar studies; large companies inno-
vate more than small ones.

Since the definition of the innovation variables used in the previous esti-
mate can seem arbitrary, we proceeded to analyze if the results were robust to
aternative definitions. Using five indicators of innovation, we estimated an or-
dered model Probit. The results are shown in Table 9.

In general, it can be concluded that the previous evidence is robust to the
definition of theinnovation variables. It is confirmed that the exporting orienta-
tion of the firms affects positively to every innovation indicator, and that this
relationship is of a U-inverted kind. The other mechanisms of technological
absorption, direct foreign investment and licenses, affect a reduced number of
innovative activities.

4. THE ProBLEM OF CAUSALITY BETWEEN EXPORTS AND | NNOVATION

Evidence in the last section states that controlling for some characteristics
of the firms, the ratio of exportsto sales affect positively to technological inno-
vation. However, the causality relationship could bein the other sense. If tech-
nological innovation increases productivity and competitiveness of the firms, it
could be a way of improving exporting performance. Some articles, like
Nassimbeni (2001), have found that the propensity to export of afirmislinked
toits ability to innovate.
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TABLE9
DETERMINANTS OF TECHNOLOGICAL INNOVATION:
ORDERED PROBIT MODEL
Variable Innovation Innovation Innovation Innovation Innovation

Products Process Administ Packing Design
Exp 3.949* 2.487* 1.604* 1.816* 1.702*
(2.60) (2.16) (2.63) (2.28) (2.51)
Exp2 -3.638* —2.133** -1.857* -2.016* —2.434*
(=2.71) (-1.72) (-2.73) (-2.34) (-3.16)
Fdi 0.389 0.013 0.263 0.308** 0.383*
(1.35) (0.08) (1.57) (1.95) (2.54)
Sizel 0.964* 0.291* 0.307* 0.262** 0.398*
(3.17) (2.23) (1.98) (1.67) (2.76)
Size? 1.125* 0.247 0.284* 0.331 0.483*
(3.87) (2.70) (2.08)* (2.89) (4.14)

State —-0.482 -0.055 -0.003 —0.099 0.139
(-2.13)* (-0.22) (-0.02) (-0.49) (0.54)

Age 0.002 0.002 —-0.0001 0.004 0.003
(0.59) (0.69) (-0.03) (1.08) (1.20)

Inv -0.076 0.196 -0.303 -0.378 0.115
(-1.13) (0.17) (-0.53) (-0.68) (0.21)
Labor 0.784 0.771 1.270* 1.021** 1.135*
(1.52) (1.48) (2.00) (1.87) (2.16)

Licenses -0.136 0.144 0.267** -0.129 0.027
(-1.06) (0.95) (1.92) (-0.98) (0.23)

N 437 437 437 433 437

Pseudo R2 0.25 0.27 0.19 0.18 0.27

Robust z-statistics in parentheses.

*Significant at 5%; ** significant at 10%.

Dummies by sector no reported.



64 Estudios de Economia, Vol. 28 - N° 1

To analyze the impact of technological innovation on exports, we follow
Robertsand Tybout (1997) and Bernard and Jensen (1999), and estimate amodel
that explains the probability of exporting. The dependent variable, a dummy
that defines exporter status (1 = if the firm exports, and 0 = if not), is measured
at the end of the period, 1995. In order to controlling for potential simultaneity
between exporter status and these variables, the explicative variables are mea-
sured at the beginning of the period.

All innovation variables are defined as adummy; 1 if firms have innovated,
0 if not. The other explanatory variables included in the model are:

(i) A dummy variableif thefirm has or has not participation of foreign capital
(Fdi)

(if) The intensity in human capital, measured as a ratio of qualified to non
qualified labor (human capital)

(iif) The size of the firm, using total employment (Employment)

(iv) Thelabor productivity, measured as value added by worker (productivity)
(v) A dummy if the firm exported one year ago (export_1)

(vi) (vi) adummy, if it exported two years ago (export_2).

The estimate results, shown in Table 10, let infer that none of the techno-
logical innovations has a significant influence on the probability of exporting,
an exception is the positive impact of purchase of foreign technical licensesin
thefirst specification. However, this parameter isnot significant if we add other
control variables. The most important explicative variableisthe export statusin
previous years. According to estimates, if afirm has exported in the last year,
the probability of exporting increases about 60-70%. Exportsin recent two years
increases this probability about 40-50%.

In Table 11, we show two additional estimations for probability of export-
ing. The objectiveisto check if thisevidenceisrobust to alternative definitions
of innovation. We cal cul ate two measurements of technological innovation. The
first oneisinnova, defined as 1, if afirminnovatesin every type of innovation,
0if not. The second oneisinnoval, defined as 1, if intensity is higher than 2in
every type of innovation, O if not. The results of these estimates are mixed. In
the estimate using variable innova, we do not find evidence that innovation
affects significantly the probability of exporting. In the case of innoval, which
identifiesfirmsthat make higher effortsin technological innovation, itseffect is
positive and significant.

In summary, we find some evidence that technological innovation may af-
fect the export status. However, this positive impact is only received by firms
that are very intensive in technological innovation.
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TABLE 10
DETERMINANTS OF PROBABILITY OF EXPORTING

Variable @ 2 3)

Innovation 0.12 -0.01 -0.01
on Products (0.89) (-0.11) (-0.09)
Innovation -0.06 -0.18 -0.19
on Productive Process (-0.35) (-0.93) (-1.12)
Innovation in Packing -0.10 -0.10 -0.10
(-1.07) (-1.61) (-1.64)

Innovation in 0.01 0.06 0.04
Organizational Administration (-0.07) (0.63) (0.43)
Innovation in design 0.13 0.08 0.09
of products (1.35) (0.71) (0.82)
Licenses 0.37* -0.01 -0.04
(2.56) (-0.19) (-0.57)
Export_1 - 0.70* 0.63*
(4.62) (4.1
Export_2 - 0.49* 0.43*
(2.98) (2.57)

Fdi - - -0.08
(-1.27)

Human capital - - 0.01
(0.36)

Employment - - 0.05
(1.44)

Productivity - - 0.04
(1.42)

N 541 541 532
Pseudo R2 0.12 0.63 0.63

Robust z-statistics in parentheses.
*Significant at 5%; ** significant at 10%.
Dummies by sector no reported.
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TABLE 11
DETERMINANTS OF PROBABILITY OF EXPORTING
Variable 1) 2 ?3) 4 5) (6)
Innova -0.07 -0.08 -0.09 - - -
(-0.11) (-1.16) (-1.18)
Innoval 0.70* 0.50* 0.38**
(5.69) (2.56) (1.72)
Licenses 0.37* -0.01 -0.04 0.37* -0.02 -0.05
(2.96) (-0.20) (-0.45) (2.91) (-0.21) (-0.77)
Export_1 - 0.72* 0.68* - 0.74* 0.70*
(4.80) (4.43) (4.95) (4.59)
Export_2 - 0.44* 0.43* - 0.38* 0.36*
(2.86) (2.53) (2.43) (2.22)
Fdi - - -0.09 - - -0.09
(-1.07) (-1.12)
Human capital - - 0.02 - - 0.02
(0.36) (0.33)
Employment - - 0.04 - - 0.03
(0.93) (0.62)
Productivity - - 0.03 - - 0.05
(0.69) (1.12)
N 541 541 529 541 541 529
Pseudo R2 0.08 0.62 0.61 0.12 0.62 0.60

Robust z-statistics in parentheses.
*Significant at 5%; ** significant at 10%.
Dummies by sector no reported.

5. CoNcLUSIONS

During recent decades Chilean economy has experienced a high rate of eco-
nomic growth. Also it has significantly increased the trade exchange with the
rest of the world and facilitated the entrance of direct foreign investment. Sev-
eral arguments in literature state that there would be a positive impact on pro-
ductivity growth from this higher insertion in international markets. One of
them is the absorption of new technol ogies from devel oped countries.
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In this article the impact of three mechanisms of technological absorption
has been explored; exports, direct foreign investment and purchase of foreign
technical licenses. The empirical evidence of this paper suggests that innova-
tion is affected mainly by exports, and that the other two variables of external
absorption affect a reduced number of indicators of technological innovation.
This evidence is robust to alternative definitions of innovation variables and a
wide group of indicators of innovative activity. However, the impact of export
orientation is not lineal. For a lower ratio of exports to sales, a higher export
orientation increasesinnovation, but to some extent theimpact isnegative. Firms
strongly oriented to international markets have alower probability of carrying
out technological innovation.

A second important aspect that has been analyzed is the causality relation-
ship between exports and technological innovation. Thereisevidence that prob-
ability for exporting is not associated to low level of innovation. However, very
innovative firms have a higher probability of entering to international markets.

This evidence is consistent with some studies on exporting performancein
other economies. In those papers, it is found that productivity growth precede
the entrance to international markets. In the case of Chilean industry, it seems
to be a similar phenomenon, a high intensity in technological innovation is
required to export. But the evidence suggests akind of virtuouscircle, sincethe
exports are an important incentive to innovate.

REFERENCES

Alvarez, R. and R. Robertson (2001). “Exposure to Foreign Markets and Firm-
level Innovation: Evidence from Chile and Mexico”, mimeo, University
of Chile and Macalester College. April.

Ben David, D. (1993). “ Equalizing Exchange: Trade Liberalization and Income
Convergence’, Quarterly Journal of Economics, 108 (3).

Bernard, A. and J.B. Jensen (1999): “ Exceptional Performance Exporter: Cause,
Effect or Both?’, Journal of International Economics, Vol. 47, N° 1,
pp. 1-26.

Braga, H. and L. Willmore (1991). “ Technological Imports and Technological
Effort: AnAnalysisof their Determinantsin Brazilian Firms’, The Jour-
nal of Industrial Economics, Vol. XXXIX, N°4, pp. 421-432.

Cassiman, B. and R. Veugelers (1998). “ Complementary Between Technology
Made and Buy in Innovation Strategies: Evidence from Belgian Manu-
facturing Firms’, mimeo.

Corbo, V. and P. Rojas (1992). “ Crecimiento Econdmico de América Latind”,
Cuadernos de Economia, N° 87, agosto, pp. 265-294.

Corbo, V. and P. Rojas (1993). “Investment, Macroeconomic Stability and
Growth: The Latin American Experience”’, Revista de Analisis Econ6-
mico, Vol. 8, N° 1, junio, pp. 19-35.

Crespi, G. (1999). “ Determinantes delalnnovacién Tecnol 6gicaen lalndustria
Manufacturera Chilend’, Estadistica y Economia, Instituto Naciona de
Estadisticas, N° 17, pp. 113-134.



68 Estudios de Economia, Vol. 28 - N° 1

De Gregorio, J. (1992). “Economic Growth in Latin America’, Journal of De-
velopment Economics, Vol. 39, julio, pp. 59-84.

Dallar, D. (1992). “ Outward-Oriented Devel oping Economies Really Do Grow
More Rapidly: Evidence from 95 LDCs, 1976-85", Economic Develop-
ment and Cultural Change, pp. 523-544.

Edwards, S. (1992). “ Trade Orientation, Distortions and Growth in Developing
Countries’, Journal of Development Economics, Vol. 39.

Edwards, S. (1998). “ Openess, Productivity and Growth: What Do We Redlly
Know?’, Economic Journal, 108, marzo, pp. 383-398.

Grossman, G. and E. Helpman (1991). “ Trade, Innovation and Growth”, Ameri-
can Economic Review, Vol. 80, N° 2.

Herrera, G. and G. Crespi (1998). “Gestion delaProducciény delaCalidad en
lalndustria Manufacturera’, Estadistica y Economia, N° 16, pp. 57-80,
Instituto Nacional de Estadisticas.

Lucas, R. (1993). “Making a Miracle”, Econometrica, Vol. 61, N° 2, marzo,
pp. 251-272.

Pugel, T.A: (1978). The International Market Linkagesand U.S Manufacturing:
Prices, Profits and Patterns.

Rivera-Batiz, L. and P. Romer (1991). “Economic Integration and Economic
Growth”, Quarterly Journal of Economics, N° 106, pp. 531-555.
Rodriguez, F. and D. Rodrik (1999). “ Trade Policy and Economic Growth: And
Skeptic's Guide to the Cross-National Evidence”, NBER, Working Pa-

per, N° 7081, April.

Roberts, M. and J. Tybout (1997). “The Decision to Export in Colombia: An
Empirical Model of Entry with Sunk Costs’, American Economic Re-
view, 87 (4), pp. 545-64.

Sachs, J. and A. Warner (1995). “Economic Reform and the Process of Global
Integration”, Brookings papers on Economic Activity, 1, pp. 1-118.

Young, A. (1991). “Learning by Doing and the Dynamics Effects of Interna-
tional Trade”. Quarterly Journal of Economics, N° 105.



