How Does Skill-Biased Technological Change
Affect Human Capital Accumulation?

Tim Eggebrecht
This draft: July 24, 2009

Abstract

The paper studies the effects of skill-biased technoldgitange (SBTC)
on human capital accumulation (HCA). Two particular issaresaddressed:
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economy; (ii) the extent of the effects in high- and low-fiyt countries.
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is imperfect. The analysis shows that, in both the short4amgirun, SBTC
affects HCA negatively when the economy is in low developnstsges and
positively in high development stages. As for countrieshwlifferent char-
acteristics, high-fertility countries are more likely te hegatively affected
in the long-run while low-fertility countries converge tteady-state with
higher human capital accumulation after the occurrenceBais
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1 Introduction

Human capital is one major input factor in the production@eaf modern economies.

Therefore, the output and income level in a society is infbeel beside other fac-
tors, by human capital accumulation (HCA). Shocks may #ffiee process of
HCA; and they may influence the evolution of output and incamb¢he society
via HCA. The question arises: does a society have to fearasblck or, to put it
differently, is human capital growth and consequently atgnd income growth
higher or lower after the shock occurred? | am concentratimgkill-biased tech-
nological change (SBTC) as one example of shocks which nfagtdfiCA. The
link between SBTC and HCA arises from the effect of the tetbgypwchange on
wage levels and wage inequality. | later show that any chamgege levels and
wage inequality will also affect education decisions ofiumlals in the present
and future periods.

Taking a more detailed look on the link between SBTC and HCA fivstly
find that SBTC changes the marginal product of workers inexurand future
periods where the new technology is in use. In particulaif GEncreases the
marginal product of higher skilled workers more than thatest skilled work-
ers. Therefore, wage levels will change and firms give higheruneration to
high-skilled workers relative to low-skilled workers. ®adly, these changes in
current wage levels and future wage inequality play an ingmdrrole in determin-
ing education decision of a household. On the one hand, holgs expenses on
education investment depend on current wage levels betmusawving is con-
strained under the assumption of imperfect capital markdt.the other hand,
these expenses depend on return of education investmentlgithe future wage
inequality between high- and low-skilled workers. This lrap that the education
decision itself is therefore affected by SBTC via changesages. Furthermore,
not only the current education decisions are influenced byGGBut also all fu-
ture education decisions. As a result, the sequence of huapatal accumulation
will change after introduction of a new skill-biased tecluyy.

To study the SBTC-HCA relationship, two questions are ofipalar interest:
(i) For an economy with given characteristics, what arectéfef SBTC on HCA
in the short- and long-run? (ii) Does SBTC affect equally ot countries with



different characteristics? | distinguish the cases of twesmwith high and low
fertility rates.

Concerning dynamic effects of SBTC, short-run analysislisgithe evolu-
tion of human capital growth rate and identifies whether humapital growth
accelerates or slows down. Long-run analysis focuses onSBWC affects the
steady-state of human capital accumulation where humatatapmeasured in
terms of average human capital of an economy.

To study these questions, | employ an overlapping-gememinodel where
parents invest in education of their children. Capital neaiik assumed to be
imperfect where the assumption of imperfection is takeméoeixtreme of no bor-
rowing. To simplify the analysis, | consider only two typdsadlults, the skilled
ones who were educated in previous period, and the unskilied who were not.

Results of the analysis are the following. With regard to SBfffects in an
economy with given characteristics, | find that, in both $hand long-run, SBTC
affects the HCA negatively when the economy is in low develept stages and
positively in high development stages. As for countrieshvdifferent charac-
teristics, high-fertility countries are more likely to begatively affected in the
long-run while low-fertility countries converge to steaslate with higher human
capital after the occurrence of SBTC.

The analysis of SBTC effects on HCA is recent in the literatilnough there
are many contributions that have been studying some othtrfaaffecting hu-
man capital accumulation. Moaz and Moav (1999), for exangtlely the effects
of changes in wages on the human capital accumulation pgdoea given level
of technology. They find that wage levels and future wageuaéty are impor-
tant determinants for education decisions and human ¢agitamulation. As an
extension of their work, | take into account the possibitifftechnology change,
in particular SBTC, as one of the possible shocks affectingeg, which in turn
affect HCA.

Maoz and Moav (1999) is based on the model introduced by GaldiZeira
(1993) who analyse the link between income distribution eddcation invest-
ments. They take additionally into account that the accatian of human capi-
tal via education decisions has an effect on future incomedeand distributions
since the supply of skilled/unskilled labour affects maegiproducts and remu-



nerations for input factors.

However, there are mainly two explanations in the literategarding changes
in wages: (i) skill-biased technological change and (igreasing international
trade or globalisation effects. Both arguments are raisexplain the increase in
wage inequality in the USA during the 1980s (see for examplpigcal studies
of Murphy and Welch, 1989; Levy and Murnane, 1992). The SBXflanation
argues that SBTC increases the demand for skilled laboativelto unskilled
labour and as a consequence, raises wage inequality beskiled and unskilled
workers! Empirical evidence founded by Mincer (1991) and Autor, Kaitx
Krueger (1998) shows that introduction of computers in atakes, which is seen
as SBTC, can explain most of the observed changes in wageadili Neverthe-
less, Card and DiNardo (2002) argue that not all skill-kdesehnologies would
have effects on wages but only a certain type. Internatimade is another expla-
nation of changes in domestic wage levels (see Wood, 199%leBs, 1995; and
Wood, 1998). This explanation is based on the Stolper-Skemigheorem which
predicts changes in domestic input factor rewards when @joatl prices on the
world market changé To identify which one of these two arguments has stronger
explanatory power, Acemoglu (2002) studies empiricaleychse of the USA and
Winchester and Greenaway (2007) have done the case of th&uatK.studies
find that SBTC is the major source for the observed increasage inequality in
these countries.

Therefore, | concentrate in this paper on SBTC effects oresaghich in turn
affect human capital accumulation. The remaining part efghper is organised
as follows. Section 2 describes the model specification.ti@e8 derives the
human capital accumulation path. Section 4 discusses teet eff skill-biased
technological change on human capital accumulation. &e&iconcludes the
paper.

1See Acemoglu (1998), Bound and Johnson (1992) for the USAghiviaand van Reenen
(1998) for a comparison of the USA and other OECD countries.
2See Stolper and Samuelson (1941).



2 The Model Specification

To analyse effects of SBTC on HCA, | employ an overlappingegations model
over an infinite time horizon. The setup is similar to Maoz &hdav (1999)
and Galor and Zeira (1993). In every period, the economy ymes a single
homogeneous good using all types of human capital as inptdria The supply
of human capital is determined by individuals’ decision ba kevel of education
investment in each child in the preceding period. The chpitaket is assumed
to be imperfect where this assumption is driven to the extrefmo borrowing
possibilities whereas the labour market is characterigguefect competition.

2.1 Individuals

Individuals live for two periods labelled child- and adwdtd respectively. In
childhood, individuals are passive, i.e., do not consumd,raay receive educa-
tion. Later in life, adult individuals supply labour, comse, and invest in their
children’s education.

For simplification reason, | assume further that parentdility decision is
exogenous.A version of the model with both endogenous education andgsd
nous fertility decisions would lead to the same qualitateslts comparing to the
here presented version with endogenous education and rexagéertility deci-
sions? Once parental education decision has been made, it leads wWifferent
skill levels of grown-up children in the next period, i.en adult can be either
skilled or unskilled depending on his parent’s educatiorisien in the past.

Each parent shares the same utility function which is definyekis own con-
sumption and quality of his children. The latter is représdiy expected average

SHowever, it is largely argued in the literature that there ibnk between parents’ fertility
decision and their decision on children’s education plahis Thterdependency was pointed out
first by Becker (1960) and Becker and Lewis (1973); it is aldeeh into account in Galor and
Zeira (1993).

“When fertility choice is endogenous as well, | take into agtdhat both decisions are nor-
mally not made at the same time. Parents decide first on thé&wuaf children and some years
later on their education. Due to uncertainty, for instancénhe actual evolution of personal in-
come, both decisions cannot be perfectly adjusted to ede. dthis explains why inner solutions
for the education decision can occur in this setup while n@mjributions in the literature arrive
at corner solutions [as for instance Galor and Zeira (1993)]



income of children. Formally, this utility is given by

U; = In[¢}] + B1n

wiy + A} <wf+1 - wfﬂ)] (1)

wherei denotes parent’s skill level, with= « in the case of unskilled parent and
i = s in the case of skilled parent. Variabtedenotes parent's consumptiof,
represents degree of altruism, anfl ; (resp.wy, ;) denotes wage income of his
skilled (resp. unskilled) grown-up children in the nextipdr The proportion of
children from parent who receive education is denoted by where): € [0, 1].
This proportion is endogenously determined by the pareaatation decision.

Note that no expectation operator is contained in equafipalthough future
or expected wages of children are determinants of paretitiy.u Here, indi-
viduals have perfect foresight over future wages becausppase that there is
no uncertainty in the model and that individuals form rasbexpectations over
future variables.

Note also that the number of children does not enter equétipthough par-
ents may also value the number of children. This is due toskaraption that the
number of children is constant and exogenously given. Ity facludingn would
have only a multiplier effect on children’s average wageome and would not
change the results qualitatively.

To form his education decision, parentill maximise his utility subjected to
his budget constraint which is given by

w; = ¢, + Nine (2)

wherew! denotes parent’swage income and, denotes education cost per child.
Education cost per child is assumed to follow the equation

o s
er = nw;.

It is the proportion; of the wage of a skilled adult. This is because only skilled
adults can work as “teachers” and one teacher can transhearst knowledge to



more than one child at the same tif&or plausible education cost per child, |
suppose) € (0,1).

Now that we have defined education cost per child, it is ingrdrto know
whether this cost is affordable for parents or not. To givedaa of how much this
cost represents in parent’s income, | introduce relativecation cost for skilled
and unskilled parents%. For skilled parents, relative education cost is deter-
mined by parametey and is independent of the wage ratio between skilled and
unskilled workers. For unskilled parents, relative ediacatost is given byyi—fi
and thus, depends on the wage ratio. t

2.2 Firms

Firms produce a single consumption good employing botheskénd unskilled
labour in production. Output; follows the constant returns to scale production
function

2=

Y= [o(wy) + (W] (3)

whereV; (resp. W}*) denotes the number of skilled (resp. unskilled) workers
employed in the production process. Input factors are wedybyb, which is
positive and exogenously given. Exponert (0, 1) determines the elasticity of
substitution between both labour inpGt3his particular formulation of the pro-
duction function in equation (3) allows SBTC occurrencechigan be simulated
by an exogenous rise in’

Wages are determined on the labour market where supply ofi@ménd for
labour meet. Current supply of labour is given by educatiecigions in the last
period. Current demand for labour depends on the produfitizetion which de-
scribes the technology currently used by firms. In a pesfemimpetitive labour
market, wages are determined by marginal product of skatetlunskilled work-

SMaoz and Moav (1999), de la Croix and Doepke (2003, 2004atsassume that education
cost depends on average human capital in a society sinds thisaverage human capital level of
teachers. In their models with skilled and unskilled labloging perfect substitutes to each other,
this assumption means that education cost depends on awsagg. For simplification reason, |
assume here dependency of the education cost on the skilgd mte only. The results of this
paper do not change when education cost per child would depeaverage wage.

5The assumption om ensures that both input factors are substitutes in thisymtieh function.

"This production function is similar to the one in Acemogl(2).



ers. The level of marginal product for each labour type imtigf in the case of
CRS production functions, uniquely determined by the irfpator ratiogvv—;. To
solve for skilled and unskilled wages for given productiondtion and labour
supply, we therefore have to identify the input factor ratio

Since all adults may not work according to their skill levieg., not every
skilled one works as skilled worker, the input factor rasambt necessarily equal
to the ratio between skilled and unskilled adults in the patan. The reason is
that a skilled adult has high knowledge allowing him to apiellyjobs requiring
either high or low skills. Thus, he will choose the type of warhich offers him
the higher remuneration. Unlike a skilled adult, an unskilhdult can only apply
for jobs which requires less skill.

However, it follows that adults will only work according tbeir skill level
as long as the following wage condition is fulfilleds > wy'. Otherwise, when
wy > wjy, a skilled adult would have an incentive to apply for an uts#ijob.
This decision would lead to the readjustment process of ggeveondition, i.e.,
skilled wage would increase and unskilled wage would degreaAt the end,
skilled adults will cease to choose to work as unskilled weoskvhen skilled and
unskilled wages are equalised.

In the case ofv; > w, where adults work according to their skill le¥el
wages are formally given by

1—an| *
’LU%9 = b[b+< a t) ] Ews(atvb)v (4)
t
u Qy 7 7 — U
wy) = [b<1—at) +1 = w"(oy, b), (5)
which in turn implies
1
ap < — = Q. (6)
140671

Variablea; denotes the proportion of skilled adults in the adult popoeand is

8Formally, according to their skill level meahg = L; andW® = LY.



derived as
Ly

T LI+ LY
Considering this definition af,;, condition (6) implies that the current proportion
of skilled adults must be low enough to end up in the case waleeaults work
according to their skill level and; > wy'.

Note that type-specific wages in periodan be expressed as functionsnf
andb because this formulation of wages will be useful in the latealysis. The
wage ratio in this case is computed as

s 1 1=
w — O
_Z =}
'LUt at

and depends also on the current skill formatigrand technology.

In the case where a large number of skilled adults in the @djoul exist, i.e.,
a; > a, wy would be larger thaw; if all adults work according to their skill level.
The readjustment process would take place such that in héheninput factor
ratio VVK—} equals tox and wages are equalised at the level

ay

1-v

wf:wf:[bl%jtl} !

for all values ofa;. Note that after the readjustment process the wage ratiosn t
case is always equal to one.

For a graphical illustration of the wage determination foareg skill forma-
tions in the economy described by, see figure 1 where wages are displayed as
functionsw®(ay, b) with 7 = s, u. Depending on the current proportion of skilled
adults, dotted lines in figure 1 display marginal productd solid lines wages.
Note that to the left of the threshotd adults work according to their skill level.
To the right ofa in contrast, the readjustment process takes place whitteiartd
leads to equalised wages.
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Figure 1: Skilled and unskilled wages for given proportidiskilled adultsa;.

3 The Dynamics of Human Capital Accumulation

This section derives the human capital accumulation patthBomodelled econ-
omy. A proper measure for human capital is the level of avetagnan capital
in each period since the aggregate stock of human capitandispalso on the
population size. Average human capital in turn is uniquedyedmined by the
proportion of skilled adults, denoted hy, assuming that skill levels are con-
stant. Therefore, | will concentrate on the dynamicsvpfn the remaining part
of the paper. This section shows the derivation of the dynamic;. A detailed
description of the accumulation path can be found in appefdi.

Economy’s dynamic evolution is formally given by the dynaraguation for
the proportion of skilled adults:

Q41 = Oét)\ts* + (1 - O‘t))‘g*' (7)

This equation states that the next period’s proportion dfeskadultsa;; is de-
termined by the current optimum education decision of eklikdults\;* and that
of unskilled adults\}* weighted by their proportion in the actual adult population

Optimum education decisions are the result of the followimgximisation
problems:

max U st wi=cl+ \ne, (8)
At



with i = s, u. An adult with skill leveli maximises utility subject to his budget
constraint over the fraction of children who shall receideeation.

For a moment, we take expected next period’s wagfes as given and derive
the main determinants of optimal education decisions. @uegisions can be
derived as

0 if 51 <0,

A ={1 it 5[] > 1, 9)
1 |gwi Wi
1+ ﬁnet warl—w’#Jrl else

That is, adults with skill levet may not invest in education of any child, may
invest in education of all children, or may invest in edugatof some of their
children.

From equation (9), we can infer the dependency of optimatation deci-
sions on fertility rate, current wages, and next period’'geg Higher fertility
raten implies that, ceteris paribus and comparing to situatioitis lewer fertil-
ity rate, investing in education of the same proportion afdrkn is more costly
for the parent, simply due to the larger number of childrengagent and hence
the larger number of children who shall receive educatiooteNhat the optimal
education decision depends positively on parental wagenees!, which in turn
implies that skilled parents never invest less in educabiotineir children com-
paring to unskilled ones sinee; > wj'. Note also that the terrﬁf in the first
summand of the inner solution reflects the inverse relatiesation cost for par-
ents with skill levek. Furthermore, the terrﬁ% reflects the inverse of next
period’s wage inequality between skilled aﬁal untglzilledms relative to the un-
skilled wage (relative wage inequality in the following)hdse findings have two
implications. On the one hand, higher relative educatist €owould lower the
chosen proportion of educated children since it is morelyctcbst parents to in-
vest in children’s education. On the other hand, highettixgavage inequality
in the next period”fﬁ}:iwr“ would affect positively\i* because this means higher
incentive to invest inHelducation in order to become skilifuthe next period and
receive higher wage. These findings shown that educatioisides depend on
current and next period’s wages and wage inequality.

So far, we took next period’s wages , as given. We will now take into

10



account that next period’s wages are endogenously detedninthe model and
will analyse how optimum education decisions change. Thye dmange will be
that optimum education decisions cannot be explicitiywdztias in the derivation
with given next period’s wages presented above.

We know from equations (4) and (5) that wages depend on thidaknation
in the respective period, that is; = w(ay, b). Therefore, next period’'s wages
depend on the skill formation,,; and current wages depend an Accounting
for these facts, optimum education decisions in equatipodB be rewritten as

0 if 5501 <0,
A (o, g1, b) = 1 it 5] >1, (10)
w3 [amteh — e ©I5e
where
aprp1 = A (g, app1, 0) + (1 — ag) A" (o, g1, b). (11)

Here, optimum education decisions are no longer expligithen by equation (9)
because optimal education decisiong idepend on future wages and hence on
future skill formationn,, ; where the latter is determined by the optimal education
decisions it themselves. But optimal education decisions are impficidfined

by equation (10) in conjunction with equation (11). An egjtlsolution cannot
be derived though the model structure is relatively simptiwever, optimum
education decisions!* and consequently next period’s skill formatiep, ; are
uniquely determined by the current skill formatiapfor given parameter values.

Proposition 1. For every combination of, b, 3, v, n andn, there exist unique
solutions for the maximisation problem of skilled and uls#iparents, i.e., for
A and A\, Consequently, the skill formation in the next perigd; is uniquely
determined.

Proof. See appendix A.2. O

Given the dynamic equation fer, and having solved for optimum education
decisions, the evolution of economy’s average human dapitr time can be
described now. Due to the lack of explicit solutions for thtimum education
decisions and for the dynamics af, human capital accumulation over time is

11



derived by employing a numerical examgI€igure 2 displays the accumulation
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Figure 2: The Human capital accumulation path.

path for an example economy. The accumulation path is cenednch implies
low overall investments in children’s education in develgmt stages with cur-
rently low average human capital and higher investmentsages with higher
average human capital. We can also deduct from the figuréhtba@conomy con-
verges in the long-run to a unique steady-state which isgnyethe intersection
of the HCA-curve with thet5°-line.!® Note also that the accumulation path can
be divided into three segments (dividedd®wanda) which are described in detail
in appendix A.1.

Comparing HCA in economies with different characteristiggure 3 depicts
accumulation paths for economies which differ with respedheir fertility rate.
Fertility is higher in the economy described by the loweruwalation path, i.e.,
Nhigh— fertility > Mlow— fertility- The reason why economies with higher fertility
face lower HCA is based on the implication of higher fenilin the education
decisions. Higher fertility rate induces parents to invastducation of a lower

9To simulate the model, | use the following parameter valges: 1,y = 0.5,n = 0.22,b = 4
andn = 1.6. In the choice ofy, | follow Acemoglu (2002) who proposes a levelpf= 0.5 which
fits empirical data on the elasticity of substitution in tleguction function (See Acemoglu, 2002,
page 20).

10Beside the positive steady-state mentioned here, thesesexisecond but trivial steady-state
ata; = 0 which is not covered in the following analysis.

"n the simulation of the depicted HCA processes, | choosefdliewing fertility rates:
Nhigh— fertility = 2.5 andnlowffertility = L.6.

12
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Figure 3: Human capital accumulation path in the case of a-hagd a low-
fertility country.

proportion of children. Therefore, given that two courgrikffer inn only, higher
fertility negatively affects the accumulation path.

Note that in figure 3 the long-run equilibrium is again givertle intersection
between the accumulation path and ti3eline for each displayed economy. We
can therefore deduct that in the long-run high-fertilitpeomies will converge to
a steady-state with lower proportion of skilled adults camimy to low-fertility
economies which converge to a steady-state with highergptiop of skilled
adults. Considering that lower proportion of skilled adulnplies lower aver-
age income level, we can think of the high-fertility econoasya poor country.
Since the low-fertility economy consists of relatively nyaskilled adults in the
long-run equilibrium, we can think of this economy as a riclumtry. This neg-
ative relationship between fertility and average incomwellés also empirically
observablé?

12Bjrdsall (1988) presents more details on population grcavith the negative relationship be-
tween income level and fertility rate in recent decades. fdgative relationship is explained in
the literature by quality-quantity trade-off models whigkre introduced by Becker (1960) and
Becker and Lewis (1973) as mentioned above. Their reswdtempirically proven, for instance,
by Hanushek (1992).
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4 The Effects of Skill-Biased Technological Change
on Human Capital Accumulation Path

In the previous section, we analysed human capital accuionlaver time for
an economy with constant technology. This section analiystly the effects of
an unexpected skill-biased technological change on theahuwapital accumula-
tion path and compares secondly these effects between twwmetes which are
different in their fertility rate.

Regarding SBTC effects on HCA in general, we start with asiatythe effects
of SBTC on wages and wage ratios, followed by the analysiof thanges in
wages affect education decisions, and finally, derive theffect of wage changes
on the HCA.

SBTC is simulated by raising parametexhich weights skilled and unskilled
labour input in the production process. Due to this changedhnology, marginal
products and consequently wages are affected. As showrafigrin equations
(12) to (14), marginal product and wage for each skill lemgberiodt rise after
SBTC for given skill formationy;, wheret € [k, o] andk denotes the period of
SBTC occurrence.

ol 1-2y

b+(1_0‘t)1 C L0 12

y

S
ow;

ob

i _ 1_7[b< il )7+1 ( i )7>0 (13)

0b v

aag;; - (1_0“)1_%0 (14)

Note that the skilled wage rises faster than the unskillegeygahown by equa-
tion (14), due to the skill-biased character of the techgplchange. This in turn
implies an increase in the ratio between skilled and ureskiVage in current and
subsequent periods after SBTC occurrence.

These increased wage ratios cause two effects on currerfuaurd educa-
tion decisions. It is helpful for identifying these effe¢tsrearrange the optimal

14



education decision equation for each parental skill le@&ncentrating on inner
solutions, skilled and unskilled parents’ education deaisire derived as

ux
Al

S%
)\t

1 i 1
Buwi and (15)
L+ 8 |nnwy Y1 g
L Witq
1 1 1
[ -
L+8 |nn g
L Wit

respectively where € [k, oo].
We are now able to see how education decisions are affecteltbmges in cur-
rent and next period’s wage ratio. Note from equation (18) timskilled parents’
education decision in periads influenced by the current wage ragé because
the education decision depends on the current relativeaiaidnocost.t This rela-
tive education cost rises when the current wage ratio isestd Consequently,
unskilled parents face a negative effect on their educatemsision after SBTC
occurrence, which is referred to esst effecin the following. Furthermore, note
from equations (15) and (16) that next periods wage rga%té affects the invest-
ment incentive of all parents in periedHere, an increaseti+r11 the wage ratio raises
the investment incentive and therefore affects positieelycation decisions of
skilled and unskilled parents. This effect is referred toreentive effect For-
mally, the cost and incentive effect can be shown in the Wahg derivatives

BNote that the inverse wage ratio is embodied in unskille@ptst education decision. The
respective derivative with respect to technological cleaisgnegative and given a%“% =

T ().
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holdinga; anda;,; constant:

oA 1 1 05 o one
= s s — — § 0 and (17)
ob 1+ 08 |nn [ﬂ] ob [%_1} ob
(. w?’ (. wr+1 /
L (=) (+) J
oA 1 1 0
= - - >0 18
ob 1+0 [M B 1] 2 0b (18)
—. wg+1 /
(+)

wheret € [k, 0o].

Both cost and incentive effect work in different directipss that the net effect
of SBTC on education decisions and hence HCA is ambiguousdélify the
net effect on HCA, we have to verify what determines the nfecethough we do
not have an explicit equation to solve for, ;.

Proposition 2. The net effect of SBTC on HCA is uniquely determined by tine sig

of a, 25 + (1 — o) " where current and expected subsequent skill formation,

i.e.,a; anday, 1, are hold constant.

Proof. See appendix A.3. O

That means we can simply derive the net effect by concengratn SBTC effects
on wage ratios and consequently on education decision®witaking into ac-
count that the resulting changes in education decisiorstiiiture skill composi-
tions which in turn via expected skill formations affect agaducation decisions.

Regarding the sign of, 2 + (1 — a,) 2" and hence the net effect of SBTC
on HCA, I find the following.

Proposition 3. The value ofatagf;* + (1 — o)

close to zero and is positive fag — 1.

0

gg is negative for values af;

Proof. See appendix A.4. O
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In cases with currently few skilled adults, i.e., for lowéds ofa,, the net effect is
negative because the negative cost effect outweighs thevpdaacentive effect.
In these cases, the cost effect is the main determinant galbwevestment in
education. Furthermore, many parents are unskilled andareerned by the
negative cost effect. Contrariwise, in cases with curyamthny skilled adults, i.e.,
for high levels ofa,, the net effect is positive since the incentive effect oulve
the cost effect. In these cases, skilled and unskilled waegenare equal or even
equalised for values af; betweena and 1. Therefore, the cost effect, which
depends on the wage gap between current skilled and urtskiflge, is weak or
even invalid. Additionally, the incentive side is the magterminant of parents’
education decision. Since the incentive side is positiaégcted after occurrence
of SBTC and the cost effect is weak or invalid, the net effecHCAP is positive.
The results of the analysis regarding short- and long-rtectsf of SBTC on
HCA are illustrated in the following figure. Figure 4 disptatevo HCA paths in

Qttl o

50 2008 ‘ 45

Figure 4: Impact of SBTC on HCA in the low-fertility countdy= 4 andd’ = 6.5.

the case of the above introduced low-fertility country wilifferent technology
level. The solid (resp. dashed) HCA-curve in this figure destihe accumulation
path for a low (resp. high) level of the technology paramétemhe economy
follows the solid HCA-curve before and switches to the dddHEA-curve after
the occurrence of SBTE.

In the case of the low-fertility country, SBTC has the foliog effects in
short- and long-run. Since the economy converges to a higbady-state value of
average human capital after SBTC, the analysed economy #apesitive effect

4SBTC is simulated by a rise infrom 4 t0 6.5.
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in the long-run. The short-run effect is ambiguous and ddpam the current
development stage at tinkewhere SBTC occurs. If average human capitals
lower thana", which denotes the intersection of the accumulation patfisre
and after the SBTC occurrence, human capital growth wilp@ned consequently,
the economy faces a slow-down in human capital growth in tiegtsun. In the
case ofay, > o in contrast, the economy is positively affected and human
capital growth accelerates in the short-run.

Regarding the comparison of SBTC effects on HCA between twmuies
with different characteristics, the same technology ckasgow analysed in the
case of the high-fertility country in figure 5 and will be coanpd to the case of
SBTC effects in the low-fertility country analysed aboven@ary to the case of

Qg1 Q41

Qi 7

Figure 5: Impact of SBTC on HCA in the high-fertility countty= 4 andd/ =
6.5.

the low-fertility country, the steady-state is negativaffected because the high-
fertility economy converges to a lower level of human cdpitahe long-run af-
ter SBTC occurred. The reason is that the steady-state bffhrgjlity countries
comprises low average human capital or in other words loywgnoon of skilled
adults. As discussed above, HCA is negatively affected reld@ment stages
with low average human capital. High-fertility countriéetefore face a negative
effect on their long-run equilibrium. Regarding the shamt-effect, human capital
accumulation is clearly negatively affected assuming thaits smaller than the
steady-state level. High-fertility countries may everefacdecline in average hu-
man capital in the medium-run wher is located between the steady-state level
before and after SBTC occurrence.

As a result, low-fertility countries rather benefit in thea¢gprun from SBTC
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and must not fear the negative cost effect though the grovdverage human
capital may slow down in the short-run. Contrary, highifgyt countries are
rather harmed in their human capital accumulation in botrtsland long-run.

5 Summary

This paper analyses the effect of skill-biased technokdgibange (SBTC) on
human capital accumulation (HCA). In the scope of this paperhuman capital
accumulation over time is described by the level of averagedn capital. This
level is uniquely determined by the proportion of skilledus, denoted byy,,
assuming that skill levels are constant.

A numerical example is used to identify the accumulatiorcpss over time
because an explicit analytical solution is not achievablee nhumerical example
shows that the accumulation path and the long-run equilibristeady-state) for
average human capital are uniquely defined for given paemeConsequently,
countries with different characteristics expressed bferbht parameter values,
say differences in fertility rates, follow different HCA tb&s and converge to dif-
ferent steady-states. Consistent with empirical findinige,model predicts that
countries with higher fertility rates converge to steathtess with lower propor-
tion of skilled adults and hence with less average humanalaid income levels.

The analysis of SBTC effects on HCA is conducted in two stépstly, the
analysis focuses on SBTC effects on HCA in general and séga@domparative
analysis is made between low-fertility (rich) and hightitéy (poor) countries.

Regarding the first analysis, SBTC causes two effects: atinegzffect rel-
ative to education investment cost and a positive effecttive to incentive to
invest in education. Due to its skill-biased character, SBaises the wage ra-
tio in current and subsequent periods. These increased raigs imply on the
one hand, for current and future periods, increasing vea&tilucation cost for un-
skilled parents, in other words a negative effect on uretiparents’ education
decisions. On the other hand, larger wage gaps increaseufignt and future
periods, incentive to invest in education. These incergffects have a positive
impact on all parents’ education decisions. Though twodsiia different direc-
tions are caused by SBTC, the net effect can be identifiedn&heffect on HCA
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is negative in situations where only few adults are skillesl, for low values of
a4, because many parents are unskilled and face the negastveftect and the
cost effect is the stronger and determining factor for thecation decision of un-
skilled parents. In contrary, HCA is positively affectedsituations with many
skilled adults, i.e., for high values af;, since relative education cost for all par-
ents is equalised and is unaffected by SBTC. The only actireefin this case is
then the positive incentive effect.

Regarding the comparison between high- and low-fertilityrtries, the paper
shows that low-fertility countries are rather positivefieated in the long-run by
SBTC comparing to high-fertility countries. Low-fertilitountries’ steady-state
comprises high proportion of skilled adults and consedugetite positive incen-
tive effect dominates. As for high-fertility countrieseihsteady-state comprises
lower proportion of skilled adults and hence, stronger tegaost effect which
dominates the positive incentive effect. In the short-ow-fertility countries
may face temporarily a slow down in human capital accumuagiepending on
the current skill formation. High-fertility countries aasdways negatively affected
in the short-run.

This paper analyses the effect of skill-biased technoldignge on the hu-
man capital accumulation process. The effect stems frormtpact of SBTC on
current and future wages and consequently individualstation decision. How-
ever, there are other factors that can affect wages and HGReisame way as
SBTC can. Globalisation, for instance, is one of the mosiais/factors. Its
main implications are (i) indirect effects via internatrtompetition in goods
market which influence domestic wages and (ii) direct efeta competition in
international labour markets. Therefore, it is also imaotto take into account
assumptions on open economy as an extension of the currel® mbich is only
a closed economy framework.
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A Appendices

A.1 Description of the HCA process

In this appendix, the HCA process is described in detailsthirl divide the ac-
cumulation path into segments and secondly, analyse gaeghication decision
in every segment separately.

The accumulation path of an economy with certain charastiesican be di-
vided into up to three segments. The segments are shown ire fiyand are
labelled in the following as: (i) left segment fag between 0 and; (ii) middle
segment fory, betweery anda; and (iii) right segment foe,, betweery and 11°
The presence of these segments depends on parameter valwedl he analysed
at the end of this subsection.

In what follows, education decision of each parent’s tymeearalysed for each
segment separately. For these analyses, current and meod’'pevages are im-
portant. To derive later wage ratios, which are main deteamis for education
decisions, skilled and unskilled wages are displayed fdhete segments in fig-
ure 6.

i
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03 a 1

T
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Figure 6: Skilled and unskilled wages in each segment.

We start with the analysis of education decisions in thedeffment. With

5Note thator depends on the fertility rate and is depicted in figure 3 for both the high- and
the low-fertility country. Contrary, the value af does not depend amand is hence the same for
high- and low-fertility countries.
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respect to wages in this segment, the proportion of skilkhdta is low which
implies high wages for skilled parents and low wages for dleskones. Con-
sequently, current and next period’s wage ratios are higlalfdevels of«; and
a1 Within this segment. The high current wage ratio implieshhiglative edu-
cation cost for unskilled parents since this cost depenctimdurrent skilled and
unskilled wage. The high wage ratio in the next period ingphégh incentives
to invest in education for all parents because the diffexdretween skilled and
unskilled wage is large.

This wage formation in the left segment induces the follayeducation deci-
sions. Skilled parents invest in education of all theira@reh. This corner solution
in skilled parents’ education decision is the constituaing major property of the
left segment. It distinguishes the left segment from thedi@degment where
skilled parents do not invest in education of all childreeaBons fon;* = 1 are
the high incentive to invest in education and low enoughtiredaducation cost
for skilled parents which are given by If n is not low enough, skilled parents
do not invest in all children’s education and thus, the leffraent does not exist.
Regarding the education decision of unskilled parentsjghdhey face high rel-
ative education cost due to the high current wage ratio, illedkparents invest
in education at least of a small proportion of their childréinunskilled parents
do not invest in education of any child, next period’s skillrhation equals to
the current composition between skilled and unskilled @dagcause all children
of skilled parents receive education. Consequently, higgennequality arises
in the next period which stimulates unskilled parents te@sgtun education of a
small proportion of their children today.

Moreover, we can identify the main determinant of educatlenisions and
the shape of the HCA-curve in this segment. Although thestiment incentive
is high for all parents, overall investments are relatively, as can be deducted
from the low levels ofa,,; because the currently large proportion of unskilled
parents is restricted by their high relative education.cosie relative education
cost of unskilled parents is therefore the most importatgrdeéinant of HCA in
this segment. With increasing, wages of both skill groups converge which im-
plies declining relative education cost for unskilled pase This allows unskilled
parents to invest more in education of their children andasp why the slope
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of the HCA-curve is larger than one for very smajl However, since the speed
of wage convergence decreases withas can be seen in the wage figure 6, the
slope is declining and thus, the accumulation path is cancav

Turning to the middle segment, wages are more equal hererthiaa left seg-
ment. This implies, via smaller current and next period'g&vaatios than in the
left segment, lower relative education cost for unskilledemts and lower incen-
tive to invest for all parents. Regarding the educationsieniof skilled parents,
they do not invest in education of all their children anymtreugh their rela-
tive education cost are unchanged. The reason is the lowestiment incentive
comparing to the situation in the left segment. Investmehtlviour of unskilled
parents is not changed compared qualitatively; they siést in education of
some of their children. Therefore, the HCA-curve has a dosmvkink ata due
to less education investments of skilled parents.

In the right segment, income levels and hence relative dntuincaost are
equalised for both types of parents. Regarding educatioisidas, suppose the
case ofp being low enough, which means that every parent has enouglhwe
to invest in education of all his childréfi. But this decision cannot be optimal
since all adults in the next period would be skilled. Soméheftt would work as
unskilled workers which leads to equalisation betweeneskéind unskilled wage
in the next period, i.e., the readjustment process takeepl®ue to equalised
wages in the next period after the readjustment process th&o gain of edu-
cation investments. Consequently, parents invest in eiducaf a proportion of
their children only such that marginal cost equals to maidggain. Subsequently,
wage inequality in the next period is positive which stintegacurrent education
investments. In the right segment, the incentive side isetbhee the most impor-
tant determinant of HCA.

Note that the accumulation path is given by a horizontal imtne right seg-
ment because education decisions do not change for diffienaais of the current
skill formation. This stems from the fact that the optimgbum factor ratio and
hence current wages are constant within this segment. Sage lvels for all
values ofa; imply, on the one hand, same education cost and, on the caimel; h
same next period’s wages and hence the same investmenivecé&onsequently,

18Note that parameter determines in the right segment relative education cosi phgents.
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education decisions are similar for all current skill fotroas in the right segment.
All three segments exist when the following parameter r&gins are ful-
filled. The left segment, for instance, disappears if reéagducation cost for
skilled parents is too high, i.e., if > 77 = %%. The middle segment would
disappear if and only if relative education cost parametées less or equal to
zero, which is ruled out by assumption, i.e.€]0, 1. Therefore, the middle seg-
ment is always present. The right segment is present if theead o, derived as
[bﬁ]/[l + bﬁ], is smaller than one. It is smaller than one wien 0 which is

fulfilled by assumption. Hence, the right segment is als@gbpresent.

A.2 Proof of proposition 1

Proposition 1. For every combination of, b, 3, v, n andn, there exist unique
solutions for the maximisation problem of skilled and ules#iparents, i.e., for
A and \*. Consequently, the skill formation in the next periad, is uniquely
determined.

Proof. Optimum education decisions depend on current and futugesvas shown
in equation (9). Considering that wages depend on the skith&tion in the re-
spective period, it follows that optimum education deaisialepend omy; and
as41. Furthermore, since wages depend on the technology ledetation de-
cisions depend also on parameierAccounting for these dependencies, the dy-
namic equation ofy; can be rewritten as

i1 = at)\f(at, (o7 b) + (1 — Ozt))\f(ozt, Oy, b) (19)

Variablea,; on the right-hand side of equation (19) determines nexbdéyi
wages and is expected by parents at tim&ariablea,,; on the left-hand side
instead is the actual outcome of current education de@sibuie to rational ex-
pectation and certainty in the model, i.e., perfect forasithe expected value
must be equal to the actual value. Therefore, next peridd@lfermation oy, 1 is
only implicitly defined by equation (19).

For the following proof, both sides of equation (19) are ¢odased as sepa-
rate functions which depend an, ;. We are interested in situations where both
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functions are equalised. With regard to the right-hand, sfdereaction of optimal
education decisions to a change in the expected futurefgkitiation derives as

6“’t+1 - Wiy )

_1 80‘t+1 f+ aat+1 f+ o~ ik

v I AT <0 fora,; <aandd < A\ <1,
t

A= (20)
Q1

0 else

t+1 t+1 Owiy, _ Owj, :
where >0 and < 0 for oy < @ and Bar = Py = 0 else. Since

the denvatlve in equatlon (20) is non-positive, the riglnd side is therefore
monotonic decreasing in; ;. Intuitively, a higher proportion of skilled adults
decreases the wage inequality and hence lowers the invetsimeentive. Parents
therefore invest less in education of their children, andseguently, the right-
hand side is negatively affected by a risedn ;. Contrary, the left-hand side
depends positively on and is strictly monotonic increasmg; ., ; .

Since the right-hand side is strictly monotonic increasangl the left-hand
side is monotonic decreasingan, ;, there exist only one unique solution f@f,
fulfilling equation (19). Figure 7 represents graphicalig gualitative properties

RHS, LHS ofeq. 19 LHS

RHS

(OTAN]

Figure 7: Unique graphical solution fas, ;.

of both functions and depicts both right-hand side (denbted H S) and left-
hand side (denoted by H .S) of equation (19) for a given value eaf;, i.e., for
given current wages, and given parameter values. O
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A.3 Proof of proposition 2

Proposition 2. The net effect of SBTC on HCA is uniquely determined by tine sig

of oy 835* + (1 - at)agg* where current and expected subsequent skill formation,

l.e.,a; anday, 1, are hold constant.

Proof. The implicit dynamic equation faf, can be derived as
1 = N (o, g, ) + (1 — a) N (a, g, b). (21)

Employing the implicit function theorem, we can identify athdrives the effect
of technology change om,_ ;. The implicit derivative is derived as

a)\s*

dO(,H_l Oéta—z + (1 — Oét)%
ab oy 1 N (22)
R Oovgy1 + ( B at)aatJrl B

Since a higher proportion of skilled adults in the next perimplies a de-
creasing wage ratio, i.e., lower wage inequality, the itmesit incentive is lower.
Parents thus choose to invest in education of a smaller nuafilmhildren. Con-
sequently, the denominator in derivative (22) is stricigative. The overall sign
of the derivative is then uniquely determined by the nunugrand the changes in
optimum education decisions holding, ; constant. O

A.4 Proof of proposition 3

oA
ab

Proposition 3. The value oht% + (1 — o)
close to zero and is positive fog — 1.

is negative for values af,

Proof. Current and next period’s wage ratio influence current etilucdecisions.
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Their reaction to the technology change can be derived as

1 1= ~
(‘—‘“) fora; < a,

wy «
oL t

0 else;
a“’fﬂ

Wiy _ 1- Q41 o
ob Q1
respectively.

The following findings can be inferred from these derivaivé-or the case
of oy — 1, on the one hand, the current wage ratio does not change d&ecau
wages are equalised for valuescgfbetweerny and1 and is always equal to one.
Consequently, the negative cost effect is invalid. On tieohand, sincey.  is
strictly smaller than one far, € [@, 1] and is hold constant in this analysis, next
period’s wage ratio always rises. That means that the pesiicentive effect is
active. As a result, SBTC affects via wages the educatiorsibes and the HCA
process positively.

Regarding the case of, being close to zero, note that,; — 0 whena; —

0 as shown graphically in figure 3. Therefore, the change imectirand next
period’s wage ratios are going to infinity far, — 0. Concentrating on small
values ofa; close to zero, we find that the change in current wage ratiarggel
than that in next period's wage ratio, i.8%/“% > awf*é{)w?“. The reason is that
a1 1S always larger than, for small positive values af;. Note also that a small
value of o, implies high weight on the education decision of unskilledgnts
and only low weight on that one of skilled parents. As a redhié negative
cost effect dominates the positive incentive effect in tase, and human capital
accumulation is overall negatively affected. O
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