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1. INTRODUCTION

Lain America is one of the most unequa regions in the world. Despite its farly
good economic peformance, which has dlowed a subdantid reduction in poverty,
inequdity has dmos never dedined; showing, on the contrary, a substantid increase
over the lag two decades The Chileen economy, in spite of its outstanding
performance in the past decades, has not been immune to the increase in inequdlity
widdy registered throughout the region.

To give an idea of the magnitude of inequdity we will quickly review some
rdevant datigics Inequdity in Chile is high both in absolute terms and in reaive
teems In 1990, the Gini index caculated by Deininger and Squire (1996) placed Chile
at the very bottom of aworld ligt:

Table1: Income Inequdity, Selected Regions. 1990

Per centage in national income divided by income

quintiles

Region Gini 1 2 3&4 5
Sub-Saharan Africa 46.95 5.15 8.94 33.54 52.37
Latin America and the Caribbean 49.31 4.52 8.7 33.84 52.94
East Asia and the Pacific 38.09 6.84 11.3 37.53 44.33
South Asia 31.88 8.76 12.91 38.42 39.91
Eastern Europe 28.94 8.83 13.36 40.01 37.8
Middle East and North Africa 38.03 6.9 10.91 36.84 45.35
Developed countries 33.75 6.26 12.15 41.8 39.79
Chile 56.49 3.52 6.62 28.91 60.95

Sour ce: Deininger and Squire, 1996.

A dmilar picture emerges if we look a the sandard of living. “The persagtence
of high leves of unemployment for long periods of time and the severe drop and dow
recovery of the red wages led [in the lagt three decades] to a deterioration in worker's
dandards of living’ (Raczynski and Romeguera, 1995. 286). This can be deduced
from seveard indicators. An effective way to monitar changes in living dandards is by
looking & changes in the per capita consumption. The two financid crises (1975 and
1982) had of course severe impacts on consumption. Moreover, the 1982 criss was
folowed by a long recesson, which lested four years. The recovery phase, which
darted in 1986, was dow, and in 1989 the index dill remained 4 points beow the
1981 levd. Alongdde the decline in consumption, the economy witnessed a further

deterioration in the digtribution of expenditures across incomegroups.



Table2: Household Expenditure, Greater Santiago

Quintiles 1969 1978 1988
1 (lowest) 7.6% 5.2% 4.4%
2 11.8% 9.3% 8.2%
3 15.6% 13.6% 12.7%
4 20.6% 21.0% 20.1%
5 (highest) 44.5% 51.0% 54.6%

Source: Raczynski and Romaguera, 1995.

The table above shows a dear increase in expenditure concentration: the richest
quintle of the Grestler Santiago populaion ganed more then 10% of ovedl
expenditure in less than twenty years. Ricardo FrenchDavis observed in 1983 tha
over the fird nine years of militay regime “with households divided into five
quintiles, [...] the poorest reduced their consumption by 31 percent between the two
observations, while the second and third quintiles cut back by 20 percent and 12
percent respectively. On the other hand, the highest income quintiles concentrated the
counterpat of the deteriorated podtion of the other groups’ (Ffrench-Davis 1983
23). The hgh levd of inequdity in Chile is lagdy due to inequdity in wages The
average Gini index cdculaed for household income coming exdusvely from labour
is 051, while the index cdculated usng al sources of household income is only one
percentage point higher. This data suggests that the direct source of inter-household
inequdity is income from work, rather then capitd income as is often bdieved
(Beyer, 2000).

One of the plausble causes of such inegudity might aise in the asymmetrica
digribution of knowledge, coupled with the kinds of increesing returns to education
observeble in the Chileen labour market. In this paper we study the dynamics of
reuns to knowledge, where knowledge is acquired through a combination of
interactive and individud learning. We suggest that in the light of this new definition
of knowledge, choosng the optimd levd of educaion is no longer an individud
execie of present and future utility maximisation as suggested by more forma
human capita theory (Becker, 1964). In fact, other externad (environmentd) varidbles
could afect the individud decison on invesment. We develop a modd which dlows
us to cdculae the retuns from both individud learning (i.e schooling) and
interective learning (i.e. facetoface interaction and the adoption of information and
communication technology). We then gpply this modd to the Chilean labour market.



The work is dructured as follows: the next section reviews briefly the literature on
returns to schooling in Chile, then we present a critique of this literature and develop a
modd which tekes into condderation the twofold definition of learning mentioned
above. The fourth section presents the description of the data used as wdl as the
modd’s rexults Fndly, section five concdudes the work, presenting the policy
implications of the core results and some suggestions for further developments.

2. RETURNSTO SCHOOLING: THE CASE OF CHILE

Two man propogtions have been put fowad to explan the increese in wage
disperson: firg, that the increese in the gap between skilled and unskilled workers has
been caused by trede liberdisation, and secondly, that technologicd changes, biased
agand less killed workers, have actudly generated the increese in inequdity. The
technologica argument gppears to be empiricaly sronger. In fact, a vast number of
dudies show, in one way or another, that technologica changes have pendised less
skilled workersin terms of both labour demand and wage differentids.

Severd dudies have focused ther atention on the impact of schooling on wage
dynamics, usng the years of schooling as a proxy for skills. Bravo and Marinovic
(1997) sudying Chileen household survey data' observe “that relative wages have
moved progressvely in favour of more educated workers since 1975. This fact is
reflected in wider gaps between workers with more versus less schooling, especidly
among the entrants of the labour maket” (Bravo and Mainovic, 1997 25).
Moreover, they note that “there were important changes in the didribution of
employment by schooling and occupationd categories within economic sectors. All - of
them reduced the share of less educated workers and dmogt dl diminished the
percentage of blue-colla workers. On the other hand, the employment of workers
with more schooling and higher postions increesed in dl economic sectors’ (Bravo
and Mainovic, 1997: 37)

Interesting results found by Beyer (2000) shed some light on the linkage between
high education and inequdity. He obsarved tha, in most recent years, the impact of
schooling is hardly noticesble among individuds with 12 or less years of schooling:
the income curve for this group is practicdly flat. The figure presented below, based

! The data used in this work are the CASEN household survey and the Encueta de Ocupacion y
Desocupacion of the University of Chile.



on the 1994 edition of the Enquesta CASEN, shows the wage reaionship with respect
to educationd levels.

Figurel. Wage of Full-time Male Workers: 1994
(Resident in Urban Areas and aged between 25 and 54)
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Source: Beyer, 2000.

The ided curve binding the twenty obsarvaions of the grgph grows in an
exponentid fashion. This suggests, as a fird goproximetion, that the returns from
education are not condant for different levels of schooling. In other words an
additiond year of schooling begins to have a sgnificat impact on a person’'s income
only a high educationd levels. Beyer (2000) corroborates this result in esimaing a
wage equation for different years and for different levels of education. The results of
this exedse ae extremdy intereding: in 1996 additiond years of schooling in
dementary education had a magind effect on the wage of less than 4%; the
corresponding return  to  secondary  education is  agpproximatdy 10%. In  higher
education, however, it soars to more than 20%. The author argues that this rdaive
dructure has not dways been present in the country: in 1960, margind private returns
to dementary and secondary education were around 10% and 20% respectively, while
the return to universty education was 13%. In 1970 the return to dementary and
secondary education held steady, whereas returns to higher education reached 20%.
During the 1980s, the gap in returns to education increesed sharply, and in 1990 the
digance between the returns to secondary and universty education was gpproximately
12 percentage points. These rexults are paticulaly different from those usudly




obtained for developed countries, where the returrs to education usudly have a
condant if not a decreasing relative structure.

Smilar results to those obtained by Beyer (2000) had been ataned by Bravo and
Marinovic (1997) in a previous work. The authors sudied the returns to educetion in
the Great Santiago area using the Encuesta de Ocupacion y Desocupacion of the
Universty of Chile Frs, they showed that the levd of schooling increased
subgtantidly over time, as shown in Figure 2 below.

Figure 2. Digribution of Years of Schooling among Full-time Workers
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Sour ce: Bravo and Marinovic, 1997

In 1957 more than 80% of the full-time emdoyees had less than 12 years of
education, while forty years later this percentage had dropped to 32%. The number of
people with universty education has dso increesed subdantidly over the same
period. When looking a the returns to educetion, the authors conclude that the
difference in the returns to schooling between workers with incomplete  primary
education, complete primary education, and incomplete secondary education has
disgppeared over time. The wage-education curve, subdantidly flatened in its firg
part, jumps to much higher vaues once it exceeds the twelfth yeer of education®.

An interesting sudy conducted by Bravo, Contreras and Medrano (1999) points
out that the return to computer use in Chile is extremdy high in comparison to those
ealier observed by Krueger (1993) for the USA. Using the Encuesta de Ocupacion y
Desocupacion of the Universty of Chile and the International Adult Literacy Survey




(ALY for the year 1998, the authors edimate a wage eguation to cdculae the
magnitude of the returns to computer use. Not to incur any omitted variable problems,
the authors use a comprehensive lig of control varidbles (wider than those used by
Krueger) which incdudes education, potentid and effective experience, economic
sectors, level of education of the father, quality of education, a st of proxies to
account for ability (eg. number of repeated school years), and biomass (caculated as
[kg/(m3]). The indusion of a wide st of control variables dlows the authors to
overcome some of he mgor criticians made of previous works. DiNardo and Pischke
(1996) have asserted that those workers that use computers are aso the most qudified
workers, and therefore would earn higher sdaries even if they were not usng
computers. Bravo, Contreras and Medrano argue that controlling for the levd of
educaiion of the father and ability dlows them to overcome this problem. The results
obtained undoubtedly suggest that returns to computer use ae extremdy high,
ranking between 28% and 32%. These figures are gpproximately one third higher than
those edimated for developed countries This difference can be explaned by the
larger number of people who have access to computers in developed countries
compared to Chile A find concdluson drawvn by the authors is that technologica
changes tend to have a dronger impact on the wage dructure of developing
economies than on that of developed countries.

The picture that comes out from these dudies is that of a country dominated by
sf-reinforcing mechanisms which tend to widen the gep between those who have
high levels of education and access to modern technologies, and those who have not.
Unfortunately, the nexus between increesing returns to education and the adoption of
new technologies is not investigaed degply enough. In our undergtanding,
technologicd changes advantage those who ae adle to gan from them, who ae
usudly in the most skilled and wedthy layers of the society. In other words
technology can trigger a poverty trap, magindisng those unable to use it, and
widening the ggp between skilled and unskilled workers (this would explain the sharp
increase in returns to schooling after the twelfth year of education).

In the next section we will argue in favour of the exigence of a poverty trap
through the devedopment of a modd which disentangles the action of learning into
individud learning and interactive learning. The man idea is that those people who

2t is important to mention that in the Chilean school system, more than 12 years of educaion means
completed secondary school education.



have high leves of schooling and high access to ICT will be ale to gan the mogt
from interactive learning.

3. INDIVIDUAL LEARNING AND |NTERACTIVE LEARNING: M ODELLING DYNAMIC
| NEQUALITY

In this section we depat from the assumption that the learning process of each
individuad can be divided into two different processes an individud learning process
(in which each individuad decides how much to inves in formd education such as
schooling), and an interactive learning process (through which individuas exchange
information in a more informa — face to face — manner). This idea is in the line of
thought of the ‘peer effects and ‘network externdity’ literature. Classc studies of the
learning process suggest that this amounts to much more then forma schooling and
indicates the key importance of associating with peer groups for example in actud
working environments (eg. Arrow, 1962, Rosenberg, 1982; Bénabou, 1993, 1996ab).
Recently, severd empirica sudies tried to measure the impact of locd spillovers such
as neiwork externdities and learning from others. Authors like Case and Katz (1991),
Brock and Durlauf (1995), Glaeser, Sacerdote and Scheinkmaen (1996), Goolsbee and
Klenow (1999), and Hoxby (2000) have proved in various ways the importance of
networks externdities in determining individua behaviours.

In our modd we define the two processes of learning as linked by a rdation
gmilar to the one that links firms spending on R&D and their &bility to gan from
technologicd spillovers. In 1989 Cohen and Levinthd sudied the effect of invesment
in R&D a the firm levd and suggested that “R&D not only generates new
information, but dso enhances the firm's ability to assmilae and exploit exiding
information... [W]hile R&D obvioudy gengates innovaions, it dso devdops the
firm's ability to identify, assmilate and exploit knowledge from the environment —
what we cdl a firm's ‘learning’ or ‘absorptive cgpacity” (Cohen and Levinthd, 1989:
569). This twofold effect is what they cdled the ‘two faces of R&D’.

This idea could be trandated, mutatis mutandis, into the individual decison to
inves in educaion: an individud’'s capacity to absorb externdly generaied knowledge
depends on its invesment in individud leaning. In other words we could sy tha
investments in individuad learning have a double (face) effect: directly augmenting the
educaiond levd, and indirectly augmenting the cgpacity for learning through direct
interaction.



Along the lines of the modd proposed by Cohen and Levinthd, we can formdly
define a sngle equation to describe the leve of knowledge (human capitd) of esch
agent:

o .
S G
Ki=E +1,¢/ , qp 1—+ @
c N-1-.
e (%]

where E; is the levd of educaion obtained by individud i through a forma process of
individud leamning, and |; is the levd of education of individud i obtained through the
process of informd interactive learning. The ldter process of learning is function of
three variables agent i's absorptive capecity (yi); the degree of connectivity of the
network (n) within which agents interact (q,); and the average level of education of

&g E; 0

other agents EJ"\I T It is important to note that in this modd the absorptive
(; L=
e (4]

cgpacity is a function of E with postive fird derivative and negative second
derivative (i.e individud learning increeses absorptive cgpecity at a decressing rae).
This formdisation resembles the basc dSructure of peer effects modds (the baseline
model), which have been commonly used to study the digributional problems such as
digparity in education opportunity or income inequdity’. Indeed, the difference of this
formdisation isits non-linearity in peers mean achievement.

Back in 1966 Neson and Pheps suggested that returns to schooling are higher in
a dynamic environment because education improves the workers access to
information and ther ability to decode and undersand new informaion. We will push
this idea further in saying that achieving high leves of education through individud
learning will fadilitate the second* phase of the learning process (interactive learning).
This fact is cgptured in the knowledge equation above by the paameter yi —
aborptive  capacity.  Furthermore,  following the line of ressoning of Neson and
Phdps we assume tha interactive leaning will be more productive the more
advanced and connected is the surrounding environment. These two eements are

* The basdline model can be express as Yij :a+loyj -i+xijc wherey; is some outcomefor person i in

groupj, 71- - j isthe mean vaue of the outcome for &l the peoplein group j except for person i, and X;

isavector of other factorsthat affect personi’s outcome (Hoxby, 2000; Durlauf, 1996).
* We cdl interactive learning the ‘second phase of the learning process without necessarily implying a
rigid tempora relation between the two aspects of the learning process.



a E,
captured in the knowledge eguation by g, and lll\ln T respectively the degree of

connectivity of the agent (within a paticua nework) and the average leve of
eduction of other agents By investing in individud leaning, each person will
become more educated but will dso learn how to learn, becoming more able to
exploit the opportunities provided by the surrounding environment. In the words of
Cohen and Levinthd, each individud will augment her/his absorptive capecity. This
implies that investment in knowledge will display increesng returns. The presence of
increesing returns might then generate a Stuation smilar to that described above as a
poverty trap: those people who have initidly invested little in indvidud learning (i.e
with an initidly low levd of education) will probably be unddle to exploit the
increesing returns, being trapped in a lower equilibrium. On the other hand, if a
person could initidly invest in individud learning and bresk out of the trap, shehe
will continue to learn indefinitdy. From this theoretica framework we can draw two
main inferences, which will be the core hypotheses of our modd. Frd, the impact of
individud leaning on retuns to weges is in fadt, overesimated if consdered
separady from the impact of interactive learning; second, the impact of interactive
learning is sronger the higher isthe leve of individud learning.

3.1 THEM ODEL SPECIFICATION
An empiricd test of this hypothess can be developed usng a dructure smilar to
the one proposed by Mincer. The socdled Mincerian earnings function defines the
logarithm of the current income as a function of years of schooling, work experience
and individud ability:
InW=a+rs+Ing(t- s)+e @
Fdlonming the idea described above according to which knowledge accumulated
by each individud is the combination of two separde (but certainly interreated)
proceses of learning (i.e. individud and interactive learning) we can rewrite eguation
(2) asfallows
INW =a +bK +e ®
For dmplicity we have omitted the experience term, having now replaced the
yeas of schooling with a more comprehengve index of knowledge Combining
equations (1) and (3) we derive the following function:
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Having described the relation between vy, g,, and Jll\ln T as characterised by sdf-

reinforcing effects (i.e. the higher agent's i absorptive capacity is the more shelhe
will gan from beang wdl connected in a highly knowledgesble environment), we
expect anonlinear relation between these varidbles:
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Ealier we have defined absorptive capecity (y;) as a pogtive function of the
individua education levd (E), therefore gpproximating y; with E will not lead us to
any mgor loss of informetion:

Ve [e] .
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The subscript index i refers to the individud while the substript n refers to the
neighbourhood in which the individud lives This geogrgphica indexation will dlow

a
us to pick up neighbourhood level differences and to define the variables ]ll\ln T ad
g, intheempirical estimation. Equation (6) can be rewritten as
InW, =a +bg,m, + bE, +e )
aE,
where E lll\ln is set equal tom. Now we define the degree of connectivity as:

d, =j +WD, ®
where D, is a dummy vaiable characterisng the index of connectivity (eg.

households which have access to computers or telephone lines).
We can now rewrite the wage equation as.

InW =a +bE, +bm_ +b,v, +e ©
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where v, is equd to Dy, by isequd to b j, ad b, isequd to bw. Equetion (9) is a
linear regresson which decomposes the return to knowledge into three mgor effects
individud leaming, environmental conditions (i.e. average level of knowledge of the
surrounding environment of esch agent), and degree of connectivity. We will argue
that estimaing this equation will give us a better messure of the return to knowledge
thean those obtaned edimaing a cdassic Mincaian equaion. The additiond
information is brought into the picture by the introduction of a more comprenensve
definition of knowledge, ale to combine the two faces of the learning process. In
fact, we will argue that edimating a traditiond Mincerian eguation without induding
the interactive learning term generates upward biased results.

More should be sad about the interpretation of the three b coefficients The first
b is the return to forma education and it has a very dmilar interpretetion to those
conveationdly given to reuns to schooling. by should be interpreted as the
contribution to returns to knowledge given by the surrounding environment in which
eech peason lives and interacts. Findly, b, represents the return to connectivity:
access to ICT (eg. access to tdephone ling, internet and email) will generate higher
returns to education. The figure below shows how each component of the wage
equaion might affect the actud wage.

InW 4

4/ Connectivity effect

/ Averageleve of education
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The different dopes of the three different curves plotted in the figure above
reflect the fact that individud learning is interacting with the other two variables. This
ds reflects our expectation to observe increasng effects of by and b, for higher
levels of formal education.

With respect to the definition of neighbourhood it is important to mention here
that each person is a the same time a member of severd neighbourhoods, some of
which are purdy geographicd, while others are social neighbourhoods. In other
words, we can define a neghbourhood as the group of people who live in the same
dreet, but we can dso define a neighbourhood as the group of people who work in the
same place, are acquainted with the same people, and share the same kind of interests.
Indeed, most people would argue tha the mogt fruitful interactions do not take place
within - our geogrgphicdl  neghbourhood but  within some kind of social
neighbourhood®. Therefore, it is important to consider dl the possble dimensions of a
neighbourhood in our andyss

4. THE MODEL ESTIMATION

In this section we will present the main results obtained from the estimetion of the
mode developed above. More precisdy, we have edimated severd wage equations,
dl of which are derived from equation (9). We will first describe the data used for this
purpose, then we will show the main results of the empiricd estimaions, confronting
them with the previous results in the literature.

4.1 DATA DESCRIPTION
The data used in this paper ae obtaned from three independent sources the
Caracterizacion  Socioecondmica Nacional (CASEN) jointly conducted by the
Depatment of Economics of the Universty of Chile and the Chileen Minisry of
Planning MIDEPLAN), the Encuesta de Ocupacién y Desocupacion of the University
of Chile and findly, the Internationd Adult Literacy Survey (ALY dso conducted by
the Univeraty of Chile.
The firsd CASEN survey was conducted in 1985, and other surveys followed in
1987, 1990, 1992, 1994, 1996, and 1998 (the CASEN 2000 is not yet available). These

®|am grateful to Osvado Larafiaga, Dante Contreras and al the participantsin the seminar held in the
Economics Department of the University of Chile during my visit to the department, for pointing out
thisimportant differentiation between geographical and socid neighbourhoods.
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aurveys, which cover the whole country, are consdered the best avalable source of
infformation on houscholds They provide information on demographic fedtures
chaacteridics of the dwdling; access to utilities and public services, educationd
attanments, hedlth conditions hedth insurances, hedth services used and bendfits
received; occupation and employment; and income,

The Encuesta de Ocupacion y Desocupacion has been carried out every year
snce 1957. It covers a sample of gpproximady 4000 households located in the Great
Sattiago aresf. The daa collected cover demography; occupations, education and
wages The 1998 survey indudes additiond information on effective years of working
experience; number of repested school years kind of school atended (characterised
according to the funding systen? and the rurd/urban location); parents leve of
education; religion; weight; height; and findly, use (or not) of a computer a work.

The International Adult Literacy Survey is probably the most complete survey
in teems of informaion on the levd and qudity of education of the Chilen
population. This survey has been conducted in thirteen countried, with Chile the only
Lain American country gppearing in this group. Moreover, dongdde Poland, it is the
only LDC included in the group. The survey, caried out in Chile in 1998, collected an
extremey large amount of informetion for a sample which covered 3500 households
homogeneoudy digributed around the country. Daa are collected for dl people aged
between 15 and 65. The kind of information collected ams, among other targets, to
define dearly and unambiguoudy the level of education and &bility of workers across
the country.

These three surveys ae complementary rather than subdtitutes. Each one
contains some information that is not included in the others. Therefore using the three
databases and comparing the results will enrich our andyss as wdl as confirm its
robustness and consgency. The varidbles of interest were the logarithm of wages
years of schooling, access to telephone lines, and use of computers a work. It is
important to mention that data on access to tdephones were only avaldble in the
CASEN survey, while data on the use of computers were available in the Encuesta de

Ocupacion y Desocupacion and the International Adult Literacy Survey.

® This region, cdled Regién Metropolitana, covers 42% of the economicdly active national population
gsee; Bravo et d. 1999:7).

Chilean schools can be entirdly funded by the government, partidly funded by the government or
entirely private.
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The geogrephicd neighbourhoods have been defined & two levds of
aggregation: comuna and segmento. The former, avalable only in the CASEN survey,
identifies 243 didricts, which cover the whole country. The later, avalable in the
CASEN survey and in the Encuesta de Ocupacion y Desocupacion identifies a much
gndler geogrgphic entity, which can be associated with a block of buildings not
interrupted by a dreet. In the cAsEN survey there are 8283 segmento (this number
drops to 7951 when we condder only workers and employees aged between 14 and
65), while for the Great Santiago area there are 292 segmento. Using the geographic
neighbourhoods we defined the neighbourhood's average coverage of telephone lines,
the neighbourhood's average number of computer usars, and the neighbourhood's
average levd of education.

The social neighbourhoods were defined in two ways. as the ‘work environment
neighbourhoods and as the ‘socid-afinity neighbourhoods. The first category of
social neighbourhoods was defined using information on the sector and on the city in
which each person works (this informaion was available in the CASEN survey and in
the Encuesta de Ocupacién y Desocupacion). We grouped together dl people who
work in the same sector’ and who live in the same dity. In the case of the Encuesta de
Ocupacién y Desocupacién which covers only the metropolitan area, we consdered
only the economic sectors in order to creste work environment neighbourhoods. In
this way we obtained 1764 neighbourhoods for the CAsEN survey, and 705 for the
Encuesta de Ocupacion y Desocupacion. The ‘sociakeffinity neighbourhoods have
been defined only for the IALS database usng specid information on the quantity and
qudity of reading and on the kind of socid interests®. We have constructed social-
dfinity neighbourhoods using principd component and duder andyss Through the
methodology of principa components we identified the most dgnificant variables for
our andyss. Usdng a large st of potentid varigbles, we sdected those which explain
a rddivdy lage amount of the vaiddlity of the whole information <.
Subsequently, we used a northierarchicd  dugtering methodology to  define  group
agents into k clusers. More precisdly, we used the k-means dudering approach. This
technique first defines k random clugters, and then moves objects (people in our case)

8 Belgium, Canada, Germany, Irdand, New Zedand, Northern Ireland, Poland, Sweden, Switzerland
SFrench and German cantons), The Netherlands, United Kingdom, and United States.

Theleve of aggregation identifies nine macro sectors (agriculture, mining, manufacturing, eectrica,
congtruction, trade, transport, financial sector, services).
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between those duders, with the god of minimisng variability within dugers and
maximigng variability between cduders Since we have used more than one variable
to define the duders the digances (vaiability) within and between dugers were
measured in multrdimensond space usng Eudidesn digances In this way we
generate 100 clugters, which are dgnificantly heterogeneous among themsdves, but
each dugter is a homogeneous environment™.

Bdow we report a datidicd summay of the man vaiddes used in the
empirica anayss. We present three tables, each one referring to adifferert database.

Table3. Desription of Varigbles Survey CASEN 1998
(Full time Employed Workers aged between 14 and 65)

Variable Obs Mean Sd. Dev.
Schooling 39329 9.915762 4,092142
Log of Wage 39418 11.74482 0.672038
Scho. by com. 39619 9.916283 1.586402
Scho. by seg. 39610 9.914581 2.870197
Scho. by w_n 39617 9.914343 2.829238
Telephones 31899 0.366030 0.481725
Td. by com. 39619 36.59558 21.67438
Td. by s29. 38835 36.12846 37.37153
Tel.byw n 39541 36.83094 28.00059
m comuna 39329 100.8417 50.39584
vV comuna 39329 4293.344 4264573
m segmento 39329 106.5556 66.38665
v segmento 38549 5070.602 7045.457
mw_n 39329 106.3365 68.61727
vw_n 39251 5199.579 6529.566
segmento 39619 4006.577 2308.178
comuna 39619 8603.16 3808.521
work_n 39619 1336.338 555.4374

10 A detailed list of the variables used to construct ‘socia-affinity neighbourhoods' is available from
the author.
1 For an extended discussion of principal component and cluster analysis see van Ooyen (2001).
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Table4. Destription of Varigbles: Survey *Encuesta de Ocupacion y Desocupadion’ 1998
(Full time Employed Workers aged between 14 and 65)

Variable Obs Mean Sd. Dev.
Schooling 2570 11.91323 3.689361
Log of Wage 2556 12.20511 0.748600
Scho. By s=g. 2570 11.91323 2516178
Scho. Byw_n 2570 11.91323 2.770627
Computer 2180 0.3811932 0.4857912
Comp. By seg. 2521 40.8049 29.73077
comp. By w_n 2568 41.06695 33.58094
m ssgmento 2570 148.2537 69.91123
v segmento 2521 7342.507 7962.326
mw_n 2570 149.5984 75.37474
vw_n 2568 8087.169 8374.829
Segmento 2570 145.679 85.04472
Work_n 2570 36.27432 26.15741

Table5. Desription of Variables International Adult Literacy Survey, 1998
(Full time Workers aged between 15 and 65)

Variable Obs Mean Sd. Dev.
Schooling 1536 9.66276 4430521
Log of Wege 1352 14.0357 .9349546
Scho. By s n. 1536 9.66276 3.173708
Computer 1536 0.222005 0.41573
Comp. by s n. 1536 22.20052 20.19605
mw 1536 103.4348 66.6126
VW 1536 3344.395 4119.096
Socid_net 1536 4857357 29.15614

We define the two variables v, and m,, described in section three, usng both
levds of geogrgphica aggregetion and dl the definitions of socid neighbourhoods
identified above.

In the graph bdow we plotted the kernd dengty function of schooling to study
how years of schooling ae disributed among the working populaion'. It is
interesting to observe (gpat from the absolute maximum in correspondence to 12
years of schooling) the presence of a locd maximum e the right of the mode of the

2 The following andysis is soldly besed on the Encuesta de Ocupacion y Desocupacion, as the three
surveysdo not present particularly interesting differences.
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digribution. This implies that there is a condderably large group of people endowed
with reaivey high levds of education (i.e more than 12 years of schooling), which
will give them a subgtantia comparative advantage.

Figure 3. Density function of Years of Schooling
(Full time Employees aged between 14 and 65)
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If we plot the average level of education againg the average level of wages we
can clealy see how the comparative advantage mentioned above will dlow the group
of most educated workers to be on the steep part of the wage curve.
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Figure 4. Wage againg Years of Schooling
(Full time Employees aged between 14 and 65)
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Next, we observe the didribution of computer users by leves of education: it is
extremdy important to note how the number of computer users increases sharply
exactly in correspondence with the sharp increase of returns to education (i.e 12 years
of schooling). The shgpe of these curves unmigtakebly suggedsts the exisence of a
srong relation between wages, use of computers and level of education. What is left
unexplained is the causd direction of this reation. A plausble conjecture is that high
levels of education imply higher posshility of usng computes & wok as wdl as
higher ability in usng new technologies Consequently, skilled workers will earn
congderably more than unskilled workers. Indeed, we envissge a (vicious) cumulative
effect, which worksin the direction of widening the skilled/unskilled wage gap.
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Figure 5. Percentage d computer users by levels of education
(Full time Employees aged between 14 and 65)
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This phenomenon of cumulaive advantages (i.e higher levd of education, higher
probability of usng new information ad communicaion technologies, higher
probability of being in the upper pat of the wage didribution) becomes even more
evident if we condder as the unit of invedigaion, the geogrgphica neighbourhood
raher than the individua™. In fact, the corrdation between level of education and
number of computer users is about 080", suggesting the presence of very
homogeneous geographica neighbourhoods.

In the graph bdow we plot the regresson line obtaned from the regresson of
average number of computer users againg the average level of educetion cadculated as
the average of each geographica neighbourhood.

% | n this context the geographical neighbourhood is defined as the segmento.
 The corrdation between use of computers and level of education drops below 0.5 if calculated at the
individud levdl.
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Figure 6. Useof Computers and Years of Schooling at segmento Leve
(Full time Employees aged between 14 and 65)
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The corrdation between the log of the wage and use of computers (again, as the
avaage of each geographicd neighbourhood) is dso veay high, reeching an
goproximete levd of 0.75. This high levd of corrdaion corroborates the assumption
tha  neghbourhoods ae  paticualy  homogeneous — environments rich
neighbourhoods are those with the highes number of computer users and with the
highest average level of educaion. This evidence suggests the exigence of drong
segregation between rich and poor neighbourhoods. This phenomenon would require
more profound investigetion, which is beyond the scope of this paper.

4.2 MAIN RESULTS

In this section we will present the man results obtaned from the modd
esimation. The reference modd is the one developed and discussed in section 3. In
this modd there are three independent variables that am to explan the dynamics of
logarithm of wages (the dependent vaiable). The three independent vaiables ae

aE

E, (years of schooling), m, = E J"\l Toad v, =D,m,. As dready explained m and
v represent respectivdy the contribution to returns to knowledge given by the
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surrounding neighbourhood in which eech person interacts, and the returns to
connectivity expressed as access to ICT. Looking a the dructure of the three
independent  varidbles, some problems of multicollinearity might be expected to
arise®. This is due to the way in which m and v are condructed (i.e. v is a function of
m and both are functions of E). To avoid this problem we nead to use some other
vaiables that can proxy m and v without generaing multicollinesrity. The two mogt

o
ak,
obvious candidates are 12— and D,. To be sure that these are good proxies we

look a the corrdation index between m and v and ther proxy varigbles. We do this
for dl surveys used and a dl definitions of neighbourhoods considered. In table 5 are
the corrdation coefficients referring to the year 1998. The high levd of corrddion
between the variables consdered suggedsts that the proxies chosen will dlow us to
overcome the multicollineerity problem without losing much informetion.

Tableb. Corrdation coefficients

Encuesta de Ocupacién Encuesta CASEN EncuestaSIALS
m \ m \ m \Y
& sogmento 0.8393 0.8886
D cgrento 0.9155 0.8485
A comuna 0.6668
D comuna 0.8356
Swork > 0.9327 0.9028
Dyorc_net 0.9139 0.8537
S 0.8170

social- affinity

D 0.9202

social affinity

Sour ce: CASEN 1998, Encuesta de Oaupacion y Desocupacion 1998, SIAL 1998.

15 It indeed arose in severa preliminary regressions.
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In the light of this observation we can rewrite the modd to be edimated as

follows
4¢
INW =a +bE, +b, jll\ln T+b.D, +e (10)

As dreedy mentioned, we edimaed severd verdons of eguation (10), usng
different databases, differet regresson techniques (i.e regua OLS modd and
Heckman sdection model®), and findly, different definitions of neighbourhoods (i.e.
geographical neighbourhoods and social neighbour hoods).

One posshle problen asodaed  with  our  definition  of  geogrgphica
neighbourhood is the presence of endogeneity in the rdadion between the
neighbourhood's average levd of educaion and individud wage This is a common
problem of the literature on peer effects which follows from the possble presence of
sdf-sdection mechaniams to join vaious groups “Neghbourhood ... compodtion
reflects the condrained choices of ther members so that identification of group
effects may be difficult to disentangle from individud characterisics’ (Durlauf,
1997). In aur case the causdity nexus could go from average levd of education to
wages, and therefore support our hypothess of interective learning, as wel as from
individua wage to average levd of education (suggeding that richer people move
from poorly educded neighbourhoods to better off neighbourhoods). One way to
control for this endogendty problem would be to st up a Smultaneous equation
modd, which would dlow us to redefine the neighbourhood varidbles by means of
ingruments'’.  Unfortunately, the data avalable do not dlow us to define relisble
ingruments.  Therefore we control  the problem of endogeneity by means of
comparison of the results with different definitions of neighbourhoods. In this regard
it is extremely important to have both socid and geographica neighbourhoods.

All results obtained are consgent and tdl the same dory: introducing the network
vaidbles in the Mincerian regresson generates a shap reduction in the impact of
schooling on the wage (generdly edimated around 129%). Moreover, the returns to the
neighbourhood's level of education and the returns to connectivity have the expected
podtive (and dgnificant) coefficients, suggesting that both varigbles have a pogtive
and dgnificant impact on wages. In othe words, the neghbourhood levd of

18 For acomplete discussion on the Sample Sdlection Model see Heckman (1979).
7 Technicaly this problem is solved using TSLS estimations.
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education, and the neighbourhood average levd of access to computers or telephone
lines, affect pogtivey the individud levd of wages. This rexult confirms the
importance of interactive learning in determining wage dynamics.

We have edimated severad modds with robus OLS. Since the obsarvetions are
independent  across  groups (neighbourhoods) but not  necessarily  independent  within
groups (due to the presence of repeated observaions on individuds) we controlled our
edimators using the duder option avaldble in the econometric packet STATA. In table
6 beow, we report a summay of the man rexults of the modd edimated with the
Encuesta de Ocupacion y Desocupacion, the CASEN survey and the International
Adult Literacy Survey. We present four modds, dl variants of the modd presented in
equation (10). The fird modd uses geographicd neighbourhoods defined  as
segmento; the second modd uses geogrgphical neighbourhoods defined as comuna;
the third modd uses socid neighbourhoods defined as the work environment; findly
the fouth modd uses sodd neighbourhoods defined &  socid-finity
neighbourhoods. Each moddl has been edimated with different databases. Not every
mode has been estimated with dl databases due to the detabases characteristics.

Table6. Full timeworkers aged between 14 and 65. Dependent variable: log of wage.

Robust OL S estimators

EOD. 1998 CASEN, 1998 IALS, 1998
Ei 0.047%*  0.0324** 0.046**  0.0858**  0.0438** 0.0718**
& sgrento 0.1038** 0.0852+*
D cegmento 0.0043** 0.0034**
& comuna 0.0895+*
D comuna 0.0028**
S ok et 0.0897** 0.0827**
Dok et 0.0031%* 0.0053¢*
S wial - affinity 0.0377**
Dsocial - affinity 0.0039*
Constant 102144** 106148** | 10.3172** 9.8821** 10.2768** 12.9026+*
R-square 04606 04143 04267 03755 04389 0.2533

Notes: Undgtarred variables are not sgnificant a the 10% levd. * = dgnificat a
10% or better. ** = dgnificant at 1% or better.
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The reallts independently from the definition of neighbourhood adopted,
confirm quite grongly the presence of a dgnificant neighbourhood  effect. Al
vaiables consdered are datidicdly sgnificant and have the expected sign. The effect
of retuns to schooling varies between 5 and 8 percent according to the definition of
neighbourhood™®  This  finding confirms our  expectation of a tradiiond over-
edimaion of the reurns to individud leaning. The retun to neighbourhood
interaction is dways significant and ranges between 4% and 10%. It is important to
obsarve that the importance of interactive learning drops markedly when conddering
socid-afinity neighbourhoods, but it kegps the expected sgn and its datisticd
dgnificance. This is probably due to the fact that when usng socd-afinity
neighbourhoods, we minimise the satidtical effect of sdf-sdection.

The coefficdent of the connectivity variable is aound 0.004, meaning that an
increase of one percentage in the use of computers dengty (where a dengty of 100%
means tha dl people resdent in a specific neighbourhood have access to computers)
generates an increase of 0.4% on the dependent varidble. This result is consstent
through the different definitions of neighbourhoods.

In concluson, we can assart that the results obtained consgstently confirm our core
hypothess thet the interactive phase of the learning process plays an important role in
explaining the wage dynamics. If we do not consder the neighbourhood effect werisk
overesimating the impact of individud learning.

The second hypothess of our modd was the occurrence of a povety trgp
triggered by the different abilities to gain from interactive leaning according to the
different levels of individud learning (i.e years of schooling). To address this
question we edimated the modd reported in equation (10) for different leves of
educetion. We fird cdculate the return to individud and interactive learning for
individuds who have completed only primary scthool, then for individuds who have
completed secondary school, and findly for individuds who have universty leves of
education®.

18 When the neighbourhood is defined as segmento or work environment the return to schooling is
approximately 0.45; on the other hand when considering larger neighbourhoods (comuna) the return to
schooling isdmost twice aslarge.

®oA problem associated with these regressons is the smal number of people in each neighbourhood
when the overdl sample is split into three sub-samples according to the level of education. This
problem is not present in the case of the CASEN survey, when the neighbourhood is defined a comuna
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Table 7. Results from the Encuesta de Ocupacion v Desocupacion

Encuesta de Ocupacion y Desocupacion

Lessthen 7 Between7 and Morethan 12 Lessthen 7 Between7 and Morethan 12
years of 12 years of years of years of 12 years of years of
schooling schooling schooling schooling schooling schooling
E; 0.0236* 0.0507** 0.1606** 0.0318** 0.02731** 0.1231**

& ymento 0.0113 0.0379** 0.0832**

D segrmento 0.0009 0.0044** 0.0052**

S work  _ net 0.0081 0.0195 0.1176**
Dok net 0.0009 0.0031** 0.0066**
Constant 11.4401** 10.8273** 8.8472** 11.525** 11.3374** 8.5792**
R-square 0.0195 0.1353 0.4240 0.0288 0.0958 0.3874

Notes: Undarred variables are not sgnificant & the 10% levd. * = dgnificat a
10% or better. ** = ggnificant at 1% or better.

Table 8. Results from the Caracterizacién Socioecondmica Nacional (CASEN)

Enguesta CAEN

Lesthen7 Bewen7and Marethen12 Lesthen7 Bewen7and Morethen 12 Lesthen7 Bewen7 Morethen
yearsof 12 yearsof yearsof yearsof 12 yearsof yearsof yearsof  and12years 12 yearsof
schodling schoaling schodling shodling scthodling schodling ghooling  of schodling  schodling

Ei 00113¢ 0.0291** 0.1464** 0.0256** 0.0636** 0.1962* 00192¢*  00345*  01273+*

a 0.03%6** 0.0635+* 0.1046+*

segmento

Degmento 00035  000B3* 000G

& somuna 00085 00319  01135*
D, 00081 000G Q0012+
S ok _ et 00207+ 004983 00644
Diork_net 00067* 00057+ 00085+

Congant 11.0002*  106412* 85406** 111184**  104936* 80711+ 109201** 106386**  90509**

Rsquare 0.1410 01875 03343 01102 01171 0.2848 0.1631 0.1809 03163

Notes: Ungtarred variables are not dgnificant a the 10% levd. * = dgnificant a
10% or better. ** = ggnificant at 1% or better.

levd, as we dill have large neighbourhoods. The fact thet this result is consstent with al the other
results allows us to underplay the impact of thislimitation.



Table 9. Results from the International Adult Literacy Survey

International Adult Literacy Survey

Lessthen7 Between7 and Morethan 12 Lessthen7 Between7 and Morethan 12
years of 12 years of years of years of 12 years of years of

schooling schooling schooling schooling schooling schooling
E; -0.0232 0.0859** 0.1857** -0.0158 0.1119** 0.1847**
S social- affinity ~ 0.0898** 0.0148 0.0422 0.0853** 0.0041 0.0383
D social - affnity 0.0005 0.0055* 0.0009 0.0050 0.0067** 0.0009
Experience 0.0626* * 0.0422**
Experience sq. -0.0010** -0.0010**
Constant 12.993** 12.903** 11.2584** 12.0265** 11.0182**
R-square 0.0617 0.0836 0.1392 0.0678 0.1503 0.1509

Notes:  Ungared varidbles are not dgnificant a the 10% leve. * = dgnificant a 10%
or better ** = qdanificant at 1% or hetter

Frd, from this andyss we confirm tha the Chileen labour market is
characterised by increesng returns to schooling. Secondly, we notice that higher
levds of individud learning generate higher returns from interactive learning. In the
tables above we summarise these results®.

The firg two sats of results confirm our hypothesis of cumulative effects between
individud learning and interactive learning, suggesting that those people who have a
high levd of schooling will be ale to gan the mogt from interactive learning. Putting
it in other words this result confirms the assumption that a poverty trap exids,
generating divergence between skilled and unskilled labour. The results obtained with
the International Adult Literacy Survey are incondsent and modly inggnificant. This
is probably due to the smdler number of observaions available in this database.

4.3 CONTROLLING FOR THE ROBUSTNESSOF RESULTS
The reaults obtaned so fa ae condgent and robugt throughout the modd

specifications consdered. It might be argued, though, that these modd specifications

2 Table 8 reports only the results concerning the OLS egtimations and aggregated & segmento level.
When running the Heckman sdection modd we however obtain very similar results Moreover, the
level of aggregation does not affect the outcome. More detailed results are available from the author.
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do not teke into account other variables usudly induded in the retuns to schooling
literature. In order to tackle this objection we controlled for the presence of omitted
vaidbles, which could generate biased coefficdents We devdoped a wider
goecification of the modd which indudes dl the vaiables usudly used in the
literature, and tested the Sability of our parameters. In one modd egtimation we aso
induded a dummy variable cdled Discrimination. This varidble asigns a vaue of 1
to those districts that appear to be particulaly rough®. The reason we introduce this
vaiadle is because the Chilean labour maket appears to be heavily affected by
discriminatory  behaviour (i.e. people resdent in poor and rough neighbourhoods have
fewer chances to get a good job as opposed to people resdent in better-off digtricts).
This marked digortion might afect the meaning of our neghbourhood varidbles
cgpturing a discrimingtion effect rather than the true effect. The introduction of this
new dummy variable, however, does not change our results subgtantivey. In fact, the
varidbleis gatigticdly not sgnificant.

Table 10. Summary of different models specification. (Robust OLS estimators)

Caracterizacion Socioecondmica Nacional

Robust OL Sestimators

Ei 0.046** 0.0858* * 0.0438** 0.0706** 0.0966* * 0.0698**
a 0.0852** 0.0507**

segmento
D segmento 0.0034** 0.0029**
a 0.0895** 0.053**

comuna
D ooruma 0.0028** 0.0031**

% % ok k-

S work et 0.0827 0.070
D 0.0053** 0.0048**

work _ net
Experience 0.0215** 0.0242+* 0.0245**
Experience sq. -0.0002**  -0.0002**  -0.0002**
Constant 10.3172** 9.8821** 10.2768** 10.1278** 9.7784** 9.8152%*
R-square 0.4267 0.3755 0.4389 0.4170 0.3971 0.4816

Notes: Undarred variables are not dgnificant at the 10% level. * = dgnificant a 10%

or hatter ** = donificant at 1% or hetter

! The selection of these rough digtricts was made through the use of interviews with residents of the

Gregt Santiago area.
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The table above reports a summay of the results obtained with different mode
specifications for the caseN survey In dl the cases the coefficients of the
naghbourhood vaiddes are correctly Sgned, gSatidicdly sgnificat and of smilar
megnitude to those reported in table 6.

As dready mentioned, a second objection which might be raised with regard to
our modd is the presence of sdection bias In order to control for this potentid
shortcoming we have re-ran dl the different specifications of our modd using the
Heckman sdection procedure. In dl cases the results were consstent with the OLS
robust estimators. Below we report asummary table for the cAseN survey .

Table 11. Summary of different mode specifications (Heckman selection model)

Caracterizacion Socioecondmica Nacional

Heckman selection model

Ei 0.0461**  00859**  0.0438**  00706**  0.0966**  0.0699**
& comento 0.0851** 0.0507+*
D 0.0034** 0.0029**

segmento
& comuna 0.0896* * 0.053+*
Doyrua 0.0027+* 0.0031%*
S ok na 0.0828** 0.0698**
Dii ra 0.0053** 0.0048**
Experience 0.0215**  0.0242**  0.0246**
Experience sq. -0.0002**  -0.0002**  -0.0002**
Constant 10.3202 9.8849 102786 101278 9.7784 9.8106

Selection Mode: sex, age, . of age, experience, 5. of experience.
Notes:  Ungared variables are not sgnificant a the 10% level. * = dgnificant at 10% or better.

** = qgnificant at 1% or better.

5. Concluson

The core message of this paper is that building human capitd is a complex process
based on formd education (i.e. schooling and training), as wel as on interacion with
other people In modern societies dmost everybody has the chance to acquire a
minimum level of education through the forma system of schooling. Nonethdess, the

22 Similar summary tables of the other two databases are available from the author.
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socid groups within which people interact in their daly life ae very different. This
kind of informa interaction can be seen as a process of knowledge exchange, which
takes place through faceto-face interaction. In this work we have tried to measure the
impact of both kinds of learning mechaniams on the wage dynamics We cdled these
two phases (faces) of human cgpitd credion individud learning and interactive
learning.

There are two man results of this invedtigation: fird, interactive learning is as
important as individud leaning in determining wege dynamics second, the higher is
the levd of formd educaion (schooling) the higher will be the returns from
interactive learning. On average, a person with more than twelve years of education
will gan twice as much as a person with less than seven years of schooling. These
findngs suggest the occurrence of sdf-reinforcing mechanisms, which generaie a
vidous drde for those people who ae initidly endowed with low leves of formd
education, and a virtuous drde for those endowed with high levds of educaion. The
cumuldive effect of this twofold dynamic is the increese in wage inequdity as wdl as
the polarisation of the society.

A firg policy implication thet follows these findings is that messures teken to
reduce inequdity should focus on the redigribution of neighbourhoods membership.
Durlauf (1996, 1997) cdls this policy ‘associaiond redidribution’, and shows how in
many cases government policy of this type has contributed to the reduction of
inequdity in the USA. Indeed, in the case of Chile this kind of policy is paticulaly
nesded snce the sodely displays high levd of inequdity coupled with high levd of
segregation. A govenmentd  policy of  neighbourhood  membership  redigtribution
would fadlitate interaction between people from different socid classes and therefore
would fadlitte an egua diffuson of knowledge boosted by informd interactions.
This poicy should be coupled with subdattid investments in educdion amed a
increesing the absorptive capacity of people. The combination of theses two policies
would maximise the interactive learning impect.

2 More detailed results are available from the author upon request.
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