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Abstract
This paper analyzetwo possible sources of ledevelopment traps related to human capital
accumulation. The first one comé®m a mismatch between the skills workers have acquired
through their formal education and the skills demanded by sommnowative firms in the laor
market. The second one comdmm segmentation in the educational system, such that the
children of better educated parents receive a higher quality education than the children of less
educatedparents. Two different models are presented in which eddhese sources cause,
correspondingly, dual economies and {dewelopment traps.
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1 Introduction

Since the early economic development theych asRosensteifRodan 1943), the idea of
poverty or lowdevelopment traps has been present either implicitly or explicitly. The essential
idea is that Opoverty -keiefgreng sechaoisms that cadse povertye .
to persist (Azariadis and Starchuski, 200%5a&y and McKenzie, 2014). The notion of poverty
traps has been useful to try to understand t
as well asthe existence opolarized groups of households within countries: sshpoor. As
emphasizedy Kraay and Mc Kenzie (2014)he implication of the existence of poverty traps is

that onetime policy efforts that breathe poverty trap may have lotasting effects.

Typically poverty trap models rely on some departure form the neoclassical assgmghich

may be scale economies, positive externalities, increasing returns in the modern sector of the
economy vs. constant returns in the traditional sector, imperfect competition, borrowing
constraints, nutritional poverty traps, corrupted or weaktititional frameworks and
geographicapoverty traps.More recently somebehavioralpoverty trapmechanisms have also
been proposed. I n gener atshatpkeéds e emadch @amis hingp

today and income in the futu@anerjee and Duflo, 2011), and therefore #mergence of

! Geographical poverty traps refer to households in remote and isolated (rural) areas being unable to
choose a better production technologiynply because it is not available. The idea is that a similar
household placed in a better endowed area coul d
get out of poverty.
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multiple equilibria, at high and low income levels, so that if an econ@mg household3tarts

below a certainthreshgldt r emai ns trapped in a 6bad equilibr

There is a vast literaturen poverty traps modefsThis includes the model bylurphy, Shleifer

and Vishny (1989) and Matsuyama (1998%) which multiple equilibria are generated by
complementarities in investmedecisionsin physical capitalGali (1995) in turn analysebe
emegence of a low developmetrap in a environment of imperfect competitiomwhich the

size of markups decreases with the capital stock and the marginal product of capital and the real
interest rate does not decrease with the capital stock.

Noteworthy,in terms ofgrowth determinants, Nelson and Phelps (1966) consgiderit is the
stockof human capitalvhat leads to growth, since it affects the ability to innoyathereas
Lucas (1988)considers that it is thaccumulationof human capital, the factor that leads to
growth? Naturally, poverty trapmodelsbased on human capital accumulation have also been
proposed as it is the case dfremer (1993),Galor and Zeira (1993Barham et al. (1995)
Redding (1996)Acemoglu (199), Galor and Tsiddon (1997) and Berti Ceroni (20@9me of

these models emphasize complementarities between different investment decisions; others
emphasize the decision of human capital accumulation in a context of credit condtraints,

the modés by Accinelli, Brida andLondon (2007, andHeymann, GalianiPabus and Thome
(2006) find the growth process to require the achievemerthiishold levelsn human capital
alongside threshds in other economic variableBhis seems to be in line withe development

path followed by some Latin American countrisgsch as Argentinalt also coincides with
empirical evidence bjzariadis and Drazen (1990), who find that in a sample of 29 countries, no
country with a low ratio of literacy to GDP was abtegrow quickly in the period 19680 and

Ros (2003), who shows evidence that even high initial levels of education are not a sufficient

condition forachievinghigh growth rate$.

In Ikegami et al (201®) snodel individuals are endowed with different Isvef innate ability

and stock of capitahaveto choose between two alternative technologies for generating income

2 For a very complete review, see Azariadis and StarcH@eki5); for a more succinct yet more recent

critical assessment, see Kraay and McKenzie (2@aerjee and Duflo (2011) provide an insightful and

intuitive description of a wide range of potential poverty trap mechanisms.

®*These were proposed as an alternative .growth source
* Other related evidence can be found in Mariscal and Sokoloff (2000), and Krueger and Lindahl (2001),

among others.



and face missing financial markétin this setting, dw ability households remain poor because

they never find the higheturn technology attractive. Intermediate ability households can either

end up chronically poor or may take up the higturn technology and move out of poverty,

depending on theiinitial ability and assets endowmentinally, individuals above both the

critical level of assets and ability will always be Aooor® Pugliese et al (201®)ffer a novel

perspective; theywrgue and show empirical eedce that countries that haaéhigher number

andormor e sophisticated capabiliti escticanvsat ved i n
their industrialsationprocess at lower levels of GDP per capi@n the contrarygountries with

poorly diversified economies cannot take off uttiky have reahed an extremely high level of

capital

Laajaj (2017)modek a behaviouralpoverty trap in which currently poor individuals foresee

unfavourable futuref povertyand thisinducesthemto reduce their time horizon, which in turn

leads to a lower accumulation of assetinforcing their poverty conditiohDalton et al(2016

model the way in which an aspirations failure can lead to a povertyAragpe r sonés aspirat
level can spur geater effort but it can also produce a low satisfm from a particular outcome

If individuals take aspirations as givavhen choosing effort, that is, ifdividuals fail to

internalise the feedback from effort to aspiratiotteey will end up in a M-wealth low-

aspirationslow-effort trap

While there have been numerous and diverse proposstels onpoverty trap mechanisms,
empiricalwork on the prevalence of poverty traps has grown atvedaate.This is no surprise
given thatan strict assessmenand testing of poverty trapsequires either panel data or
randomized control trialllowed over some reasonable periddime, and these kind of dais
not abundantn their assessment of the available empirical evidence on pareg; Kraay and

® Both technologies are capital using andlskilensive but the higkechnology is subject to a fixed cost,
such that it is not worth using at low levels of capital.

® This model is particularly thougiprovoking because, when the authors introduce the possibility of
households experiencing a shotikey conclude that shocks (evenamte, i.e. if not materialised) have
more dramatic effects oimdividuals of intermediate ability: the possibility of hogk can set them on a
different accumulation pathmoving them to the lovequilibrium track. In tis context, the authors
conclude (after a simulation exercise) tiash transfer progranthat prioritisethe vulnerableover the
chronically poor may be preferable to prograimsusedon the chronically pogiin the sense that the first
design reduces me the midterm poverty rate (although it increases the short term one).

" The degree of country fithess is measured by the structure of exports in terms of their diversification and
complexity of the manufacturing process.

8 The author offers supportive empirical evidence from an-agret subsidy program and a matched
savings program implemented in Mozambique, under a randomized controlled trial. Improvements in
economic prospects increased the time horizon of poor barédiciand their asset accumulation over the
two years after the intervention.



McKenzie (2014)remain skeptical because there is no conclusiidence for many of the
common povertjtrap causing mechanisms considered in theoretical maaléi®ugh evidence

seems more conclusive supporing behavioural and geogshical poverty traps However, as

these authors acknowledge, the mixed evidence on poverty traps does/aliolate these
models. On the one hand, poverty trap mechanisms have usually been tested in isolation while in
reality it is likely that more tharone reinforcing mechanism is at work. Second, even if
households or countries are not in a poverty trap, they may be converging to a steady state only at
a very slow rateKraay and McKenzig2014 p1495; thus aid programs can be justified. Surely,

more work is required on this froreind advances in data availability will enable that.

In this papertwo sources of poverty traps are explored, building upon previous models. Both

sources are related to the accumulation of human capital. In one of the mddetspuilds on

Redding (1996) as well as on London et al. (20QBgre is a compleméarity between

investments in research and developnimntirms and investments in human capital by workers

in a context of heterogeneous firms in which there are mih@ and nofinnovative firms.

When workers are matched to Aimmovative firmsthey are requested perform tasks unrelated

to or too easy for their training; thtlsey experience a human capital loss, hamed hérweffect

In the other modelpreviausly introduced by Santos (2011), there is a segmented educational
system,such that the children of better educated parents receive a sensible higher quality
education than the children of less educatedmsralso provokinghuman capital loseamong

disadvantaged clairen, called here aseffect The U-effectcan be framed in Nelson and Phelps
(1966)06s perspective, because it refers to a m
abilities and the demanded abilities by the labor market, whichrim &ffects the innovation

effort performed by firms. On the other hand, theeffectc an be framed i n Lucac
perspective, since it addresses a problem in the process of human capital accumulation, such that

it produces a high degree of heteroggner polarization in cognitive skills acquisition among

different groups of society.

The rest of the paper is organized as follows. Section 2 presemsi@yeaous growth model in
which the existence of innovativ@nd noninnovative firms together witha potential human

capital loss effect discourages human capital investment and increaselatices of a dual

° These mechanisms include savitigsed poverty traps, increasing returns to scale in the modern sector,
nutritional poverty traps, and poverty traps arising from the interab@ween borrowing constraints and
a nonrconvex production technology.



equilibrium Section 3 presents a povettgp model in which the existence afiother kind of
human capital loss effect, related in this casa tow quality education, thaceffect leads the
fraction of the population that starts with a level of human capital below a certain threshold to
remain there forever, driving the economy to a lower aggregate income per capita. Finally,
Section 5highlights some links across the two models as well as with previous literature and
presents the concluding remarks.

2 Simple growth model I: firms heterogeneity and the U-effect as sources of a low-

development trap

This model builds uponRedding (1998 s m and vehich an economy's deficiencies in
education and trainingreintimately related to firms' investments in product quality, in the form
of profit-seeking Research and Developm@Rt#D hereafter) It also builds upon a previous
version by London (2007) drLondon et al. (2008)The model consists of a continuum of non
overlapping generations of workers and entrepreneurs living for two peaodsthese are
matched on¢o-one in both periods of life

The main differencbetweerRed d i n g 6 s mo c eresented ltere is lasefollawa. Redding
assumes firms to be homogeneous in the first petiwd,is, all usehe same technologyut

some invest in R+D for the second periadth some probability of success, while others do not.

In this model on the cdrary, firms are heterogeneous even in the first period: there are
innovative and noinnovative firms, and thus they use two different technologies in the first
period. The innovative firms invest in R+D for the second period, again with an associated
probability of success. Workers are randomly assigned to innovative ardmmrative firms in

both periods of life, and the allocation in the second time period is independent of the first one.
However, the second difference is that if workers are assignadnrinnovative firms in their
second period of life, they experience a human capital loss, nameitieffeat because despite
having invested in human capital they end up employed in a firm that demands less qualifications

and skills than the ones thewe.

2.1 The model

The model assumesa closedeconomy with no governmentcomposed ofentrepreneurgor
firms) and workersbothin a continuum of noroverlapping generationsvith eachgeneratiorof
workersandentrepreneurbving for 2 periods.

Ther e pr e s e nt alifefime etilityvad getkemtio®is given by:



Y o fog o "0 (2.1
wheredy; is the consumptiorof generatiord in period’Qand” is thetime discount factorwith

T p. It is assumed thandividuals are risk neutradnd that there is ho human capital
depreciation As in Redling (1996§ mode| individuals inherit or are born with one unit of
human capitalQy (from investment in human capital of the preceding generation), and invest a
fraction 6 of their time inperiod 1to increase¢his human capital stock Then:

Qr  p 10 Q5 (2.2

wheref is a parameter of efficiency of the educational systeith 1 [ , and—is the human
capital accumulation intensjtyvith m — p. Parametrs| and —represent the social and
institutional conditions of theconomy correspondinglyEquation (2.2) indicates thdte human
capital in the second period of life of each generatiepends on the fraction of time devoted to
study 0, the efficency of the educational systelm and the efficiency of the institutional

arrangements=-

The economy produces one homogeneous final gpceilparting from Reddingds
there are two kinds of firms or entrepreneurs: innovative rerdinnovative ones. Innovative

firms invest in the first period faaction| of their outputon R+D. If this investment is successful

in producing a new technology, which occurs with a probabiligwitht *  p , it inducesa

jump in productivity More precisely, échnologyo moves t hrough a o6quality |
produced by R+D, andiven by a parameter p. Normalising the very first period technology

to 0 p, the quality of the period 1 technology employed by innovative entrepreneurs of
gererationdis given byo 5  _ , wheredo denotes the number of innovations that have occurred

Thus, in this modelp denotes not only the generation number but akezhnology levelin this

way, in the first periodQ p) of each generatiodthere are two levels of technology used in the

economy:0 is the technology used by inndixe firms whereasnoninnovative firms usen
oldertechnology®  .**In the second periodQ ¢ , innovative firms that have been successful

in their R+D investment, use a technolqogdy , with _  p; innovative firms that have not been

successful keep using technology, and norinnovative firms remain with theiobsolete

9 Following Aghion and Howitt (2001), there is perfect complementary betegeand @y . This means
that individuals decide over consumption independently of time and of previecisions;i.e.
intertemporal valuation is only considered throtigh

Mt is assumed thatnly high school and college educatitavean opportunity cost of studyirgven by
the forgonewage in the labour market.

2 For simplicity, it is assumed that human capital cannattitained through learnirgy-doing, norvia
spillover effects between firms.

31n the very first period of life of this economy, namovative firms use technology © .



technologyd ; thatis, in thesecondperiod there are three technology levéllso note that
because of theormalizationused, each technology levehn always be expressed in terms of
0 times the correspondingfactor. The production technology is given by a linéanction in
all caseswhich is described below.

Each worker is randomly matched etweone with an entrepreneboth in period 1 and period 2
of their lives. However, in period 2, if they are matched with a-innavative firm they
experience askill-loss, represented by a paraméterwith 1T p: workers with high
education are matched with firms that need less human abfiitiElse lower is parameter, the
higher is the skilloss, orti-effect This effect is not present in the first peribdcause workers
only count with the inherited human capital level.

In this way, the production function of namovative ( Tfirms is given by:

wp O0p O for’Q p (2.39

wp 0 1% for’Q ¢ (2.3b

Not e shkilHeos& 6 ef f ect ilmturn theeproduetiondfunction pfanndvadivid(
firms is given by

Wy 650G for'Q p (249

and, in the second period:

Wy _ 05'G for’'Q ¢ with probability* (2.4b

Wi 0/Q for’Q ¢ with probability p * (2.49

From previous equationand assuming there agenonrinnovative firms andp @ innovative
ones the overall productiotevelin each period is given by

Wp W p O_0p Qp (259

_ 0 Qn (250

Wi G p W '_ p
The level of production is higher the higher the proportion of innovative firms in each period.
Additionally, in the second period, the level of production is higher the lowgr-gftect (with

no human capitaloss occurring when  p), and the higher the probability of investments in

R+D being successful

The workerds probl em

1 This is in line withan AK model (Aghion and Howitt, 2001)
15 The model does not considanskilled work.



Individual workers can obtaimagein period 1which is afractionf of the technologyer unit of
human capitafthe otherp | is obtained by the firm). This wage will depend on whether they
are employed by an innovative or a rAonovative firm, and this is a random process with
probability given by the proportion of each kind of firmghe economy.

Thefraction of workers who are employed in@innovative firm, have a waggiven by:

Ofp T0O (2.69

whereas thep @ fraction of workers who are employed in a innovative firm, have wage given
by

Op TO f_0 (2.69

This wageis the opportunity cost of studying, and clearly it is higher for those workers who are
lucky to be employed in an innovative firin.period 2, workersire agairmatched with either an
innovativefirm or a na-innovativeone and it is assumed that thrafiocationis independent of
their previous employment Following equation (2.6, the expected wagean be obtained as a
time discounted -fraction of the possible technologies consideritige probability * of
innovatiwe firms being a successful in their innovaticas well as th@robability & of the worker
beingmatched to aoninnovatve firm (vs.a probability being p @ of being matched with

an innovative firnj.

QOF "16 & p &‘_ p .Y

Theintertemporal budget constraistdifferent for workers thaareinitially employed in a nhon
innovative firm from those whareinitially employed in @& innovative firm Each of these budget
constraintss given by

OF "®f OVRp O60QF "O0 Qp (2.89

OF "®fr VRP O0QF "O0L QF (2.8b)

Putting things togethemdividuals will make their decisions about the amount of tintkevoted

to studymaximizang the expected discounted lifetime incamahich can be obtaimkreplacing

(2.2) and the corresponding versions of equations (2.6) and equation (2.7), on the right hand side
of the corresponding expression (2.8epending on whether theyre employed by a non

innovative or an innovative firm irneir first period of life:

18 A priori, this seems a strong assumption, but it may not beiss it evidenced lateone considers that
workers employed in innovative firms in the first period éndower incentives to invest time in education
for their second period of life.

' Note that, for convenience, the equation is expressed in terrds oftechnology, considering that
innovative firms employ  _ 0 technology if they are unsuccessful, andd _ 0 technology if
they are successful.



For workers whoare employed by a noimnovative firm in their first period of life, their

optimization problem is given by:

pro @& p @'_ p " _ (299

For workers whoare employed by an innovative firm in their first period of life, their

dGoww 10 Qp p 06

optimization problem is given by:

pro & p ®‘_ p ‘_ (29

Gw To Qs_p O _
The first order conditiof both versions of equation (2.9ields theoptimal fraction of time in
the first period devoted to human capaatumulation. For workers whareemployed by a non

innovative firm in their first period of lifethis fraction is given by

6 W p ®'_ p " _ "I — (2109
In turn, for workers whoare employed by an innovative firm in their first period of lithjs

fraction is given by

) (2.10b)

Given thato and¢ are tke proportion of timedevoted to studypy workers both expressn
(2.10a) and (2.10bjust be bounded between 0 andtherwise it would be unfeasibli.can be

seen that for any given set of parameter valaes, 6 exactly in pj _ ~ ; that is, workers

who are employed in the innovative firms in the fpetiod of time will invest a lower fraction of
their time in studing, which is intuitive, as they have a higher opportunity cbstudying in the

first periodgiven by their higher wagé&he higher the technological jump of each innovatign (

the bigger wage difference between innovative and-immovative firms, and thus, tHewer the

time allocated to study by workers employed in innovative firms as compared with workers

employed in nofAinnovative ones.

It is also worth noting thatin general both equation (2.10a) and (2.10b) shtvat the time
devoted to studys an increasing function of the probability of innovating successfullthe
proportion ofinnovative firns in the economyand the efficiency ofhe educational systefh.
Additionaly, ¢ is higher the higher the value parametet , that is, the lower is thbuman
capital lossf the worker ends up employed in an Aanovative firm in the second period of his

life.

1C



The firmds probl em

As staed above, there are innovative amhtinnovative firms or entrepreneurs and it has been
assumed that there agenonrinnovative firms, andp @ innovative firms. But what makes a
firm become innovatived.e. what can make fractiop & increase?heir decision is based
on comparinghe benefit of being innovative with tthenefit of being noinnovative, and this is
also influenced by the amount of time their workers spent studimmgvative firms have a
benefit given by the following expression, in which firms consider the timoeat#d to work by
their employed workersp( ¢ in the first period and given that employment in the second
period of life is independent of employment in the first pdriddincorporates thexpected

human capital investment of all workers for theasetperiod:
“p T Pl _p o "' p_ ®p 0O P wop
o 0o QO (2.1139

In turn, noninnovative firms stay mducing with the old technology. As beforbgir benefit
considers the time allocated to work by their empioyerkers ¢ 6  in the first period, and

incorporates thexpectediuman capital investment of all workers for the second period

p T p o wp 6 p Op 6 0o O (2.119

As in Reddingbés model , the decision t“% be an ir

Tt Suchcondition holds whethe following condition is satisfied:
P I _p O p 0
- P ' _ p QOp [0 p GOp [0 T

This can be reexpressed as:

6 o6 _ p - P _"p wp [0 p wp (06

| _p 0 (2.12)

This is a more complex condition thdtre oneo bt ai ne d bQn the dgtitchand gjdé ef .

the inequality ther e ntis RH#HDhirees the timendesotedto wosktind of i n
period 1 by workers, which is part of the worker
higher technological step these firms useFor firms to become innovative and be willing to

invest in R+D, thiscost needs to be exceeded by the left hand side of the expression. The first

term of the left hand side is the gap between time devoted to study by workers employed in non

innovative firms and time devoted to study by waoskemployed in innovative firmglthough

11



0 6 ,giventhad isaugmented by the higher technological steépnovativefirms use this

term is likely to be negativel.lhe key term is thus the discounted valuedf the probability of

success in R&D‘( times the technologi| 0 j _u mpp 6mes theexpectedincrease in
humancpi t al from period 1 to period 2, which is an
I n general, and coinciding with Reafdvorablebs condi

decision to mnovate is morekely to occurthe lessthefuture is discountegi.e. the higher i$
the higher the probability of successinvesting in R+D ( , the higher the size of quality jumps
in the technology(_ , the higher the education productivity paraméterandthe higher the

elasticity of human capital increase to time spent in education

As in Reddingsodés model, it is also worth noting
firmsé decision to invest i n R+hér hamard capitah e wor k e
accumulationl n f act , these decisions are taken simul

(firms and wokers) will be taken dependingn what they expect the other part to. do this

model , wor ker s6 deci sadtoosnthei inital emptoynent differimgdronb y mor e
Reddingb6s), their exp ebyandnnavaiivdirmimthewdemndiperiod t hey wi
of life and if so, whether the firm will beuccessfuin its innovation. In turnfirms considerhow

much tme workers will decideto devote to study to increase their human capital to which

worker they will be matched

Because of this strategic complementarity and s
equilibriums may be generated simultandoys. |l modbeeddgil i bri)ism condit
satisfied: workers expect firms to successfully invest in R+D and to be employed in one of them

and thus they inveshore timestudyingand f i rms expect to benefit fro
capital, andhius t hey both materiali se t haeaheeondtionvest ment
(2.12 is notsatisfied workers do not expect firms to invest, or they do not expect them to be
successful, or they do not expect to be lucky to be employed in one ibihthative firmsin

their second period of lifand thus allocate small amountdioie to increase their human capital.

Moreover, workers have a lower incentive to invest in studying when they are employed in
innovative firms in their first period, somelkocreating a paradox, as this choice of time

allocation reduces the incentives of firms to become innovativeirn,whenfirms do not expect

12



workers to invessufficiently in human capitaltheydo not find incentives to invest in R+t
is alsoworth noting that while in (2.12the] -effect does not play dréct role,it plays an indirect

role via the decision of wders on the time spent studyjvghichis analysed below.

2.1 The influence of the #-effect on the possible equilibriums

As stated ab v e the condition for a HfAgoresdioné2dpi | i bri un
Al so, aandigiobado equilibrium may ari se, depend
entrepreneurs andorkers about each other, as well as on the different parameters of the
economyAl s o, t h e ianoig divenrbp expredstonsi (z30ar (2.10b), depending on

whether the worker has been employed in a-inapvative or an innovative firm in the first

period Consideringthese expressionsne can evaluate the influendeat introducing firms

heterogeneity anthe associatetl -effect has on the decision to invest in human capital and thus

on the satisfaction of the condition for firms becomeinnovatve, expression (2.32Table 1

summariseshe four possible cases under different parameter values of the economy that workers

may expect.

Table 1: Optimal amount of time devoted to human capital accumulation under different

parameter values

All innovative firms and absence of human Some noninnovative firms (heterogeneous firms) and

capital loss presence of human capital loss
¥ #

No , N I . v _ —
successful 0 [ — o} W p O_"T — (2.14a)
innovations (2.13 5 5 _

H 6 - p Q" — (2.14h

Some L . ' ” - A i o, 3 ‘ ” -
successful 0 - P [ — 0 Wl p ow p N
|nn|(_)lvat|0ns (2.15) (2.16a)

) OF_ p & _  p I g
(2.1&0)

Suppose workers expect that there willfmesuccadul innovations that is," 1t (first row of

the table) Within this pessimistic casepne may think oftwo possibilities 1) all firms are

18 Redding (1996) offers a detailed description of thesitis equilibria configurations. This is left for
future work the analogous analysis.
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innovative (0 ) andthus there is np -effect 2) firms are heterogeneoysd ) and thus

there is & -effect In the firstcase when allfirms are innovativedespite not beinguccesful in

their innovationsthere isno effective human capital lgssndthe time spent stlying is given by
equation (2.1Bin Table 1. This coincides with the amount of tidevoted to studyy workers
whenfirms do not innovate ifRedding sodel (tamt 6 s t he r easmthedeawond subi nde
case, whersome firms are nemnovative there are two expressions for the time devoted to
study, one for workers who are employed by -rmorovative firms in the fist period(6 ), and
another for workersvho are employed by innovative firms in the first perfod. In the case of

the 6 , given by expression (2.14a), the difference with equation (2.13) is given by the term:
@] p w_.Giventhat. p, and the other parameters of this term are lower than 1, it can
be verified thatd 0 . That is, the time devoted to study by workers that are employed in
noninnovative firms in the first period is higher when firms are heterogeneous than when firms
are all innovative, despite the fact that workers factor in the potentiatiesdl they may
experience (the -effec) if they are employed in a nannovative firm in their second period.
The intuition is that their opportunity cost for investing in hancapital is lower than when all
firms are innovative, and the potential payoff for becoming employed in an innovative firm in the
second period is attractive enough to invEsten when they consider innovations not to be
successful) somehow compensatinfpe potential -effect However, the opposite occurs for
workers who are employed in innovative firms in their first period of life; it can be verified that
0 6 . For them, the opportunity cosf investing in human capital is highé¢hey expect no
successful innovationgnd factoring in the potential-effectreduces their incentive to devote
time to study. The ultimate aggregate valua ofill depend on the proportioof each type of

firm cdand p &. And thus a paradox emerges: the higlher proportion of notinnovative

firms &3 the higher the proportion of workers who will invest more in their human capital, and
thus the more likely is that the condition for a firm to become innovative (condition 2.12) holds.
Yet as the proportion of inmative firms increases, more workers will tend to invest less in
human capital as they are paid higher sakgiin their first period anywayand firms will have

lower incentives to become innovativim this way, firms heterogeneity seems to reinforce
heterogeneityThis result is in line wittAghion and Howitt 2001): the strategic complementarity
bet ween the workersd choice of educatien and t|

development trap.

Now suppose that workers expscime innovationo be successful, that is when 71U Again,

there are two possibilities, depending on whethere are heterogeneous firms, and thus a
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effec) or not Whenall firms are innovativethe timedevoted to studis given by(2.15 in Table

1, the 6 case which coincides with Reddiigs f r a c t dewoted to Studywhermfems
innovate.In turn,whenfirms are heterogeneous, as before, there are two expressions for the time
devoted to study: one for workers who are employed byimoovative firms in thdirst period

(6 ) (expression 2.16aand another for workers who are employed by innovative firms in the
first period(6 ) (expression 2.16bJ-or an analogous reasoning to the one above, one can verify
that 6 6" 6. In words, in presencef heterogeneous firms, workers employed in-non
innovative firms in the first period of life will invest more in human capital than when all firms
are innovative, yet, in the same heterogeneous context, workers employed in innovative firms in
the first peiod will invest less amount of time in studying than when all firms are homogeneous
and innovativeAs before, the opportunity cost of studying for workers employed in innovative
firms in their first period of life is higher, plus there is the poteftiaffectif they end up
employed in a noimnovative firm in their second period of life. As in the case of no successful
innovations, the ultimate aggregate valué afill depend on the proportion each type of ficn

and p ®, andiagaiii a highermproportion of innovative firms actually discourages becoming
innovative.

Comparing this with Reddingbs results, it seems
period, and th -effectreduces the likelihood of occurrence of a good equilibridareover and
paradoxically, the higher the proportion of innovative firms in the first period of life of each
generation, has an adverse effect on increasing such proportion. Looking in a different way a
these results,ni an economy with marked differenes among firms (innovative and mo
innovative),if workers ignorethe] -effectassuming or believing that all firms are the sathey

will all devote the same amount of time to studydngor 6 andthis will lead more likely to a

good equilibrium vith firms becoming innovative. But with successful innovatianstkers who

are unfortunately matched with nennovative firmsin the second period of lifeill noticethe

wage differential in the second period and thii lead future generations to facin the] -effect

in their expected salary equatjavhich in turn will leadfuture generationt® allocatedifferential
amounts of time to study depending on their first work experience leading to a more uncertain

equilibrium

Relatedly, empirical evidencauggestshat in Latin Americasecondary school drop out is still a
significant problemgiven by the high opportunity coand the low probabilities of getting an
employment in the more dynamic industries (Carlson 208d8ditionally, UNESCO (2013)

states that while secondary education has expanded in Latin America between 2003 and 2013
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(reaching 77% in 2011), it has done so at a lower speed than over the previous ez adee

report indicates that countries that implenagha cash transfer program conditioned on attending

school were able to increase enrolment much faster than countries which did not introduced such

kind of programs, supporting the relevance of the opportunity cost in the datiaking of time

devoted tostudy. Thi s report al so hi ghl i gdudhssproblera t it i
solving, the ones that are vital for adapting to different working contexts, and these are acquired
mostly at upper secondary level, in which the region is still far froiversal enrolment.

3 Simple growth model II: the w-effect as a source of a low-development trap

This model is based on Berti Ceroni (20@kd has been proposed by Santos (20t1y a
poverty trap model with two sources: the initial unequal distidbubf human capital and
income and the differences in the quality of education received by the children of parents with a
higher educational level and the children of parents with a lower educational level. This
difference in the quality of education neskthat given two children with the same level of
investment in years of education, they may end up with very different cognitive skills. That is
why this called a potential human capital los®r, for brevity, thewceffect The difference with

Berti Cerom (2001) in that here the quality of educatisrintroducedas a key determinant of the
poverty trap. While Berti Ceroni arrives to a two simultaneous and stable equilibriuntgganhe

and onébad herethere arghree simultaneous and stable equilibriutas badand onegood

As in the case oBerti Ceroni (2001)but differing form the previous model, thisdasmodel of
overlapping generations. Each family is composed of two individuals, father and son. Each
individual is born with the same abilityyés two periods and is endowed with one unit of time in
each period. Individuals can make decisions only in the second period of their lives. When young,
individuals can get educatidghtheir parents decide to do so. In that case, they assign theafunit

time to schoolDeparting form the previous model, in this case, the unit of time assigned to
education is indivisibleChildren that do not go to school acquire a fixed level of human capital
as a consequence of the passage of time. In the second period of their lives all individuals offer
their time unit in the labor market, earn an income that is proportional to ¢keirdf human

capital and decide how to allocate this income between consumption and spending in their

chil drends education so as to maximize utility.
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The utility function of pareniin time t depends on consumption in perib@ndon the stock of
humancapital oftheith child in periodt +1. It takes the form:

U'(q. ") =In(¢) £h, G.1

wheret is a parameter that measures the altruistic motiita O0¢ # . This utility function is

the same than the one used kgrtBCeroni. The human capital production function presents the
first departure from Bert.i Ceroni 6s model . |t
between families with more educated parents and families with less educated parents. This
segmentation is a usually observed characteristic, especially ilopiggecountries and it can be

seen in terms of social circles or networks (rich people are usually linked to other rich people

while poor people have friends and family that are usually also poor), and even neighborhoods.

Superscripj denotes the social circle.
-1 dco

W, =1 ..

. o "~ (3.2)
iln[a’'(g-b) W] ¢ ¢ b

with A =In(v') 45 .

htij-i-l is the level of human capital that the son of faihérom social circlg will acquire./?j is

the level of human capital that the childgy& he does not receive any formal educatibnis

level varies \ith the social sector to which the father belongs to. It is assumed that, given two

fathers, one with a higher educational level than the othér< h'?, if none of the fathers

decides to providéormal education to their children, the son of the better educated (elifﬁer

will enjoy a level of human capital equal or greater than the level of human capital of the son of
the less educated fath@'), that is:/7* ¢ /. Parameter?’ depends onv' and s', whee V'
represents the knowledge and basic adidlitprovided at home, and it is assumed that for
h[il < hfz, Vvt ¢ V2. In turn, s/ represents the soe@conomic environment in which the family

lives. It is plausible to assume that when children grow upetier educated sadinetworks,
they enjoy positive externalities. The exchange with educated adults and children whose parents
have high education reinforces the knowledge and skills they learn both at school and at home.

Formally, this parameter moves upwards the wholedmuoapital production functiols before,

it is assumed that fdn* <h'?, s' ¢ &.
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Educationispublict hi s is a second diff er enHoeeveriherdh Ber t i
exists a private cost of educatiffn, given by the cosbf complementary goodsuch @& books
and transportation to school, and by the opportunity cost ofsaoking. This cost isassumed to

bei ndependent of the fath dS.)jrif)asparanmlereNhichaﬂépendsdJm cati on
the social circle to which the child belongs ltois the threshold of spending in education that is

necessary to do such that the childés human cajy
spending level at which spending in education starts teffeetive As before, for ' < h[iz,

b' ¢ b*. This implies hat the minimum level of education (and so the minimum educational

spending) that the children of better educated parents require so that an improvement in their

education is observed, is higher than the minimum required by the children of less educated

paents.
Finally, qj represents the quality of education that the child belonging to social pesteives.

This parameter is of particular interest in the model, since it constitutes one of the causes of low
development traps. The quality of educatioat tthe child receives is not a decision variable for
the father. It is determined by the allocation of public resources to each dtisaksumed that

for K* <h?, g' ¢ g’. This implies that schoslwith students coming from better educated

families have better cpiity of education than schools with students coming from less educated

families.

As i n Bert.i Ceroni ( 200 1dné enly fimaldy@od throughhaelinearc o n 0 my

technology that uses human capital as the only production factor:

Y, =H, = ffig,(h)dh (3.3)

where H, is the aggregate stock of human capital in petiadd g, (hti) is the density function
that characterizes the distribution of human capital among fathers in permath that

g )20y ﬁ}t(h[i )dh' =1. The distribution of human capital in the initial generation of
|

fathers isexogenously giveng,(h)), with {1 (s, & y = s <.

The individual maximization program that fathdras to solve in timeis given by:

max, U'(c,H.)=In(¢) +h,
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st (4.4)

d =t -4
. =¢In(v‘)+sj d ¢h
“Tingi(d-B) W] &k b
(€,¢)2 (0,0

Following Behrman and Birdsall (1983it is assumedhat school quality can not be influenced

by parentsé spending in their childrenbés educa

consider taxesReplacing the budget constraint and the human capital production function in the
utility function and maximizing with respect tq” , the expression of optimal spending in
educatioris given by
ép HeH

i+ 5 (35)

¢ ()= -
Faen) ga+ T

. i
whereh’ = b/ -l}V—J (3.6)
q

Note that, for human capital levels equalor lower than the thresholdn_j, the education
spending function is constant lat , the minimum required level of spending such that the human

capital of children starts to increas€or human capital levels over the threshdid, the
proportion of income assigned to education is increasing in the educational level of the father.

This is kecause the utility function is néromothetic. This is analogous to Berti Ceroni (2001).

As expression (3.6) shows, tth,dtwrﬁcheducétisn human
spending starts to be increasing, is increasinb’irand in V!, and decreasy in the quality of

educationqj and parent.s6 altruism

Replacing (3.5) in (3.2), the transition equation that describes the evolution of dihnasty h u ma n

capitalcan be obtained
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;éhj hij ¢ h
N - |
i = fl 3 anif(H - K j : o= (87
h.=7 (1) -%Ingq [(H(1+t:)) + o 2 H >h &9
i €

Under the mentioned assumptions regarding the parametersdyiaenics of human capital

accumulation of each dynasty is independent of the aggregate dynamic, but it is dependent of the

social circlej to which the dynasty belongs. This transition funct)ﬁr(h”) has a pdsive slope

and is concave fol’ > h, .

Following Berti Ceroni (2001), it is assumed that current income distribution determines the

future one:

9.(N) = gul7'(H)] h [ s]1@38

3.1 Multiple equilibra and poverty traps
Assumethere are only two social circles or sectors, wititial educational levels clearly

differenced: j =1, 2, with h* < H2.

Santos (2007) specifies a set of plausible conditions so that the aggregate transition function

exhibits multiple equilibra. These conditiorencbe summarized in the following four ones:

c1) (v,b',<,4d)2 (0,0,0,0.

VeV ot d & 4 d

@+t¢) V!

in(v') - b +<]

C3) vi<g < "j a,2

Ca)0<@ #)[Inv') B sS4 1 "j a2

Graph 1 presents onegstble set of values of the parameters satisfying the mentioned conditions

and producing multiple equilibra for eagkransition functior® Each individual transition

¥The par alomes usedirsttée graph are:
B=021 =45 € 065¢ 13F 253 126 20;= C
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function 7' (W) (Transition Fc. j=1) andf?(?) (Transition Fc. j=2), shows three steady
states at human capital Ievelbl,h},h: y hz,hf,h; correspondingly The equilibra at human

capital levelsh! and h? are unstable. The other two equilibra of epchrve are stable.

While eachof the twoj-transition function presents three equilititee equilibra that will prevail

at the aggregate level will depend on the interval of human capital levels in which=the

human capital accumulation functi@h\(itlﬂ)) operdes, and the interval in which the the=2

human capital accumulation function opera(tb(§+l)). In other words, the number and type of
equilibra that are determined in the economy depend on the human capital level that distinguishes

between the two social cied, the more and the less educaldls thresholds called #, and it

can be thought asorresponihg to the university education level.

Graph 1: Transition Functions

Fathers' human capital(h(t))

450 Line — — — TransitionFc.j=1
------- Transition Fc.j=2  ------- Aggregate Transition Fc.

Two additional conditiongire necessary tallow the configuration of equilibrahat interest to

analyze in this papéf.In the first placeit is assumd that:

C5h* <h

This condition requires that the human capital levigh which the children of better educated
parents end up if they do not receive formal educa(tiiﬁK b’) is lower tha the human capital

level that the children of less educated parents get if they receive formal edusatondly it
is require that:

2 A detailed description of all the psible equilibra configurations is provided in Santosl(§0
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coh <k

Together with the previous conditions, this conditgumrantees the existence of three stable

equilibraat the aggregate level. This can be observed in Graphelred curve is the aggregate
transition function: fof a t Hemars c@pital levels lower than the threshdid<{ IE), the human

capital accumulation function that prevails is tmecorresponding toj =1;f or f at her s 0
capital levels at or above the thresh¢ly 2 IE), the human capital accumulation function that

prevails is the one corresponding jo= 2. The expression for this @gegate function is given

by:
5
%Invl+s1 H ¢ht
T st (H .
f(H):{Ian[(hi+€) LA B o4 &@Eis)
I e u
1oegt(N- 1) +8 @ B
| g 2 2
T 1k

It can be seen that thegrggate trasition function has a discontinuity at the threshold |dvelt

can also be seen that this aggregate transition function defines three stable equilibriums at

A*,h ,h, , and an unstable one b} .

Dynasties with an itial human capital beIovhj tend, in the longun, to a steady state level of

human capital given b!ﬂl, staying forever below the Ievéﬁ. It is possible that the fathers of

those dynasties initially invest to educate their children (with an spending level higher than the
required thresholdg™ > '), but eventually they will stop doing so because the human capital
stock decreases from one generation to the other. This result is completely analogous to the first
equilibrium i n Ber Dynastize whose initia( 2irGad tapitalgs almd@ed el
but below ?E tend in the long run to aestdy state human capital level equahf_o The fathers

of those dynasties invest enough in their children educeleﬂ'(])r:> b') and eventually the dynasty
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converges to the mentioned steady stafénally, dynasties witkan initial human capital above

IF, converge in the long run, the steady state human capital Iebél.

In this way in the long rundynasties are concentrated in three groups (and not in two as in Berti
Ceron (2001) 6 ghe wveoy paotwha in thellong run do not invest in human capital
above the required threshold and stay poor and without educatiadhg(@por who are able to

invest in education and reach an income and human capital level higher thaerythmoor
However, givenhat they move in a loveducation social circle and that they receive-tpyality
education, the human capital level to which they eventually converge is considerably lower than
that reached by theon poor This is theueffect because if these people haadd high quality
education they would have reached the highest steady state equilibrium, with the highest human
capital level; (3)the nonpoor, who start with high human capital levels and their dynasties
converge to a high steady state level of incomé human capital, in part because of their

favorable initial conditions, but also because they receive high quality education.

The first equilibrium constitutes a clear poverty trpe second one also represents a poverty
trap because although the level human capital and income is higher than in the first
equilibrium, the dynasties that reach the second equilibrium will never be able to reach the level

h*H , only accessed by those who start with favorable conditions, belonging to the highly educated

socil circle.

3.2 Aggregate output in the equilibrium

From the three long run equilibra to which different fractions of the society converge, it is

possible to obtain theggregate long run output.

As in Berti Ceroni(2001), at any point in time, income distribution determines current aggregate

investment in education and aggredaenan capital and income of the next period.

It is worth noting that there are dynasties ttait with a human capital level thahi (but lower tharIE)

and still they end up in the steady state human capital h{velower than the initial level.
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