Earnings, Schooling, Abiiity,
ana Cognitive Skills

M. Boissiere
J. B. Knight
R. 4. Sabot

Reprinted from
The American Economic Review
Vol. 75, No. 5, Deceriber 1985

A ’

-

' 177,6 ’\/I‘cs,scc’hﬁsetfs Mehi:

Withingtdp, D'C! 20036
.‘.."(' . -,‘, e

Regrint No. 125



Earnings, Schooling, Ability, and Cognitive Skills

By M. Roissnire. LB Kyighr, anp ROH Sapor”

Conventional estimates now avatlable for
a large number of countries generally indi-
cate that the sociad retems o education are
positive, large, and competitive with retures
to investment in physical capatal! That Luch
estimates are good guides for pubhe recource
alleeation has, however, been questioned. The
heart of the preblem lies i tne mterpretation
of the positive relatonship between the di-
catten and the carmings of workers: whethui,
as the conventional estimites assume. the
coetticient of the education vanaple i the
carnings function measures the effect on the
productivity of workers of human capied
acquired m school It has been hypothesived
that education i part, o mstoad, represents
sereening for natve abvy and motivation,
o eredentalisme and that @y o consequence
conventional measires ol the social benetit
of cducation e cubstantialiy upward b
xl.\L'(],:

In this paper we attempt to distinguish the
mtluence on cartungs of cogmitive achieve-
ment, naove abiity, and vears of education
as i means of adjudicating the human capitad,
sereening, and credentiabist hypotheses, Our
ceonoipetrie analvas is based on two ngor-
ousty comparable nuero diatasets from Kenva

* Bowsiere: Deselopment Kesearch Depastment, The
World Bank, i%18 H Streets Wasthengton, DO 20433
Kmghto Insnitute of Feononnes and Statisues, Oxfednd
Umversity, Sabet. Widlums dbege, Willlamstown, MA
01267 We are weateful to e Bducational Testung Service
of Prowceton for the desen of tests used in thiy study
and o I Anmitage, ) dchrman, ] Hausman, D Hendny,
1Y Jamusen, and oo anensmous referee for thein insights
and advice Helpful comments were also receved fiom
particpants in seninars at Oxford and Yale umversities
The views presented here are our own; thev should not
he mterpreted as reflectng those of the World Bank

PGieorge Pracharopoulas (1973; 1981 contains a st
iy, of 44 countries 1 which rate of return studies had
been condacted and of the estimates obtuned.

“Fer mstance. Keaneth Arrew (1973, Mark Rlaug
(19765, Samuzl Bowle and He.bert Gintis (19760, John
Rifev (1979, Michael Spence (1970), and Lester Thurow
(1975
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and Tanzame, generated by surveys of the
urban wage-lubor foree specifically for this
study. These data sets contain the usual vari-
ables found in carnings function estimates of
the benefits of schooling— indtvidual earn-
ings, vears of wducation, and vears of em-
plovment experience. In addition, they con-
tin Do vartables-— measures of the worker's
cognitive skills and of his or her reasoning
andhity - aot previousty found i studies of
developing countries and onlv rarely found
mstudies of the educanon-carmmgs rela-
tnonship in developed countries.' With these
variables we can estimuate the direct effects
en carnmgs of cognitive skills, ability, and
vears of schoobing. By using them to estimate
educauonal production functons and educa-
teonal attainmen: functions, and hinking these
functions with the carnings function in a
recursive framework, we can also assess the
various mdires Uetfects on earnings of ability
and vears of schooling, Having data sets
from two countries very similar with respeet
1 size, resource endowments, structare of
production and emplovment, and level of
development means that not only can we
subject our results to the usual statistical
tests, b we can also assess their replica-
hility,

Both Kenva and Tanzania have nearly
achieved the obgective of unmiversal primary
cducation while university enrollments re-
main at leqs than 1 opercent of the relevant
age group  The mmportant policy issuves re-

“Por attempt o contra! for ability and for for cogni-
tv e wehievement in studies tor the United Siates, see
Jere Behrman er sl (1980), Gary Chamberlain and Zwi
crrihiches (1971, Grliches and William Mason (1972).
Michael Clneck (1977), Paul Taubman and Terence
Wales (1974, Taubman (1975), and David Wise (1975);
see alve the survey articles by Griliches (1977; 1979). In
mostinstances the dati refer to special subgroups in the
ropulaton and clear distinetion cannot be made be-
tween naturdi ability and cognitive skills acquired in
chool.
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garding mass education in East Africa arise
at the secondary level. We are therefore con-
cerned to evaluate the benefits of secondary
education. The public educational system in
both countries is meritocratic and years of
education may thus provide good signals of
ability. The public sector is an influential
craployer of wrban labor in FEast Africa,
accounting in 1980 for 39 and 61 percent of
the total in Kenya and Tanzania, respec-
tively. Moreover, institutional arrangements
suggest that access to public sector employ-
ment grades and entrv pay are influenced by
educational qualifications. Explanations of
the earnings-education rzlationship in terms
of screening or credentialism cannot there-
fore be dismissed in the present context.

Section 11 presents our recursive model of
ability. years of education, cognitive achieve-
raent. and earnings. Section 11 discusses our
data. Estimates of the model are presented
~-earnings functions in Section IV and edu-
cational  production and attainment funce-
tons in Section V--and their implications
for the human capital, scre g and creden-
talist hypotheses are discassed.

L. 'The Madel

In the conventional measurement of the
social rate of return to (say) secondary edu-
cation, the benefit stream is estimated bv
means of an earnings function. of which the
following, for a sample of primary and see-
ondary school completers, is an example:

(1) InW=a+hS el + a1+ u

where In '+ Jog of (pre-tax) earnings of the
individual, § = dummy variable signifying
that the indiwvidual has precisely completed
secondary education, individuals with a coni-
plete primary education forming the base
subcategory,” I == the number of years of
employment experience of the individual, and
t = a disturbance term.

“Schooling is introduced as a dichotomous rather
than a continuous variable for reasons of survey design,
to be discussed below:.
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Ficurr 1

The term S is interpreted as a proxy
for the cognitive skills or other marketable
traits acquired in secondary education. The
Cross-section earnings function is_used 10
strnulate two time-series, W and W, repre-
senting the predicted earnings, over their
expected  working-lives,  of primary and
secondiny school leavers, respectively. The
difference bhetween the educational groups
in predicted lifetime earnings is then used
as the estimate of the social benefits of sec-
ondary education, from which the rate of
return can be calculated.

The criticism of the assumptions underly-
ing this approach can be illustrated in terms
of Figure 1. which presents a simple structur-
al model of the relationships among earn-
ings, years of education, natural ability, and
human capital. For these four variables, the
figure depicts those which are determinants
of humun capital (the wvertical arrows), of
earnings (the horizontal arrows), and of both.
Of the six links depicted, equation (1) in-
cludes only £, the relationship between years
of education and carnings. The cceflicient on
S in (1) will be an unbiased estimate of the
effect on earnings of skiils acquired in school
only under certain stringent conditions.

The first condition is that years of edu-
cation must—-through the relation F—pro
vide an accurate measure of the human
capital acquired in school. The markel value
of this human capital, determined by mar-
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ginal product, must then determine earnings
via A, However, years of education, being
one put into the educational production
function, may be a poor guide to the output
from the function. Second, vears of edu-
cation must nfluence earmings only indi-
rectly, through F+ 4. If there 1y a direct
relattonship, through B, which 15 positive,
the coetlicient on vears of education over-
states the human capitsl etfece. The loose
amalgan of hypotheses concerning the pav-
ment for educatonal qualifications irrespee-
uve of their cconomic value, generally known
as Ceredentiadism,” stresses the direct effect
of years of education on earnings. According
to this view, schools provide students with a
credenttal which 1y personally valuable but
noi productive. For matance, the government
mayv determine wages and estabhsh educa-
ton-based hiring and pavment criteria, or
private employers mav diseriminate in favor
of the educated with whom thev share simi-
lar soctoeconomie backgreunds.

the third condition s that, if abihty s
correlated with vears of educaton (1),
must have no direct (C) or indirect (via
£ By eltect on earnings: positive relation-
ships imply that the coetlicient on 8 in (1)
overstates the effect on earnings of skills
acquired n school, that s, the effect of abil-
1y s wronghy atinbuted to vears of educa-
tion. Emplovers mav reward ability on an
wdividiual basis or, according to the theory
of educational sereening for ability, they may
use vears of education as a means of identi-
fving workers who are potentially more pro-
ductive, drawing on two stochastic relation-
ships, E and ¢ Educational attainment
“signals’ workers with greater average abil-
ity, and it is this zbility, rather than what iy
actually learned in school, that is rewarded.
There is, however, a way in which ability can
strengthen the human capital relationship
between earnings and education. If educa-
tonal selecilon criteria are meritocratic in
the sense that they promote the more able
(relation £, then years of educaton are
more efliciently transformed into cognitive
skills (on account of D) E+ F+ 4 and
D + 4 influence but do not bias the estimate
of the effect on earnings of skills acquired in
school.

DECEMBER 1985

To capture the complex relationships de-
picted in Figure 1 we take cognitive skills to
be a measure of human capital and rea-
soning ability to be a measure of prede-
termined natural ability, and posit a recur-
sive model represented in the following three
equations:

{2) S=a,taR+a,E+a, F+v
(3)  H=hy+bR+b,S+bG+bB+y
(4) InW=c,+c,S+ R

teHt oL+ clP + 2

where R = reasciung ability, £ = an indica-
tor of the aggregate probability of attending
sccondary rchool when the individual was
aged 14, £ = ndicators of parental educa-
tional background, H = cognitive achieve-
ment, ¢ = an indicator of attendance at a
government (as opposed to private) school,
# = an ndicator of urban (as opposed to
rural) birth, and ¢, v, - = disturbance terms.

Equation (2) retlects the influence of natu-
ral ability on educational attainment within
a subsidized and competitive educational
system (relation £ in Figure 1). Equation (3)
1s an educational production function, incor-
porating relations D and £ it is similar in
form to those used in most such studies.®
The earnings function specified in equation
(4) includes relations A, B, and C. As op-
posed to the “conventional human capital
model”™ in (1), we refer o (4) as the “ex-
panded human capital model.”

I, The Data

The data for this investigation cone from
rigorously comparable surveys administered
by a team (including the authors) in the (wo
countries within a few months of each other
in 1980. The full samples were randomly

“Full definitions of variables are provided and the
system iy tested for recursiveness in the subsequent
sections.

®See the reviews of Eric Hanushek (1979) aad L. Lau
(1979).

s
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selected on an establishment basis. using a
two-stage procedure, from among the wage-
labor force of Nairobi and of Dar es Salaam.
Establishments from all sectors of the urban
economy—-public and private. manufactur-
ing and nonmanufacturing—are represent-
ed.” The main questionnaire was adminis-
tered to the full sample, and provides the
information on earmings.® education, em-
ployment experience, and other personal
charactenstics. Not all the respondents were
given the three tests that vielded our mea-
sures of reasoning ability, literacy, and
numeracy: testing was confined to a random
subsample of primary- and secondary-com-
pleters.® Whereas the full sampies each con-
tamed some 2.000 emplovees, the subsamples
numbered 265 1n Kenva and 179 in Tanzania,
The analvsis using the test results is neces.
sarily contined to the subsamples, The surves
design thus requires that schoolmy he en-
tered as o dichotomous rather than o con-
tinuous variable,

Reasoning ability wis tested by means of
“Raven's Progressive Matrices™ (see J.
Raven, 1956). This test involves the matchimg
of pictornial patterns, for which literaey and

"Nether very small establishments 8 emplovees)
nor estabhishments in urban and rural areas outside the
capital aties were included in our samples. Since selee
ity by unmeasured penonal characterisgos 1 the
surveyed capital ity establishments 1 likely 1o be
stronger ut the primany than at the secondary level,
however, any conseguent sample selecuon bras ikl
to understate the benefits of cogmitve shill duduasition,
sostrempthening the argument of thes papet

"Sometimes teferred o below s wages As data ae
generally avalable only on carmngs per month and not
on hours worked. 11 1% not posaible to estinmite separate
wige and hours functions, tor 1o establish whether
higher cogmitive skill causes people to work more pro-
ductively as opposed 1o longer hours. However, the
influence of longer hours 1 unbikely to have been i
portant: onlv 20 percent of the sample had worked
overtime n Kenva, and 21 pereent i Tanzania. the
pereentages for nonmanual employees being 10 and 23
pereent, respectivels Whether overtime was worked ap-
peared to depend maindy on the nature of the 1ob and
the characteristies of the emplover

“It took half an hour pet respondent to camplete the
questionnaire and an hour per respondent to administer
the tests. Given its small size, the sabsample was strati
fied by education to ensure sufiicient observations in
strata of particular interest,

BOISSIEREET AL: EARNINGS AND SCHOOLING 1019

numeracy provide no advantage: it has been
widely used in developing countries.!” The
tests ol reading achievement and mathe-
matics were designed by the Educational
Testing Service of Princeton specifically for
use an these surveys. The designs were based
on questions in national primary-leaving and
Forni IV exaniinations and on other guides
to the content of the academic curriculum,
which is much the same in Kenya as
Tanzania. The major difference is that use of
Swahili is stressed more in Tanzania: ques-
tions were therefore set in both English and
Swihth for respondents to choose the lan-
guage they preferred. The sum of the scores
on the hiteracy and numeracy tests i used as
the: measure of cognitive shill ©° The fre-
yueney distributions of test seores for cach
sample as a whole and for prunary- and
secondary-leavers reveal considerable vari-
anve on each test, o desirable characteristic
for dependent and independent variable
alike. Al three tests appear 1o have been
appropriate for the target groups: there are
very few perfect scores and no zero scores,
suggesting that the results do not satler from
the common problem of truncation of the
abihty or achievement distribution that arises
when questions are oo casy or too diflicult.
Although these measures represent g dis-
tnct advance, their linntations should be
recognized i the iterpretation of the results
to come. Because secondary schoals select
entrants partly on the basis of performance
i primarv-leaving  examinations, the  dif-
ference between primary- and secondary-
leavers in mean  achievement scores mayv
exaggerate the value added by secondary
cducation. However, our test of whether
selection by cognitive achievement for sce-
ondary school qualifies our assumption of
recursiveness proved negative. Noncognitive
traits, such as attitudes and interests, may
also be acquired in school and may b val-
ved i the labor market. Natural ability may

See, for example, B L Klingelhofer (19a7), M.
Waober (1969), and U Sinha (1968)

" The ability score 1s marked out of 36, the achieve-
ment score out of 63 (34 for numeracy and 29 fot
literacy).
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TABLE 1 —HUMAN CapiTal EARNINGS FUNCTIONS WITH AND WITHOUT MEASURES OF ABILITY
AND COGNITIVE ACHIEVEMENT

Whele Whole Priman Secondary Manual White-Collar
Subsample Subsample Leavers Leavers Workers Workers
H 2 (H h (5) (6)
Kenya
I 042 048 031 062 036 049
(8 40) (9 84) (4.49) (10.20) (6.02) (8.64)
S 476 192 - 065 .030
(6.7 (247 (0.650) (0.2.3)
H - 020 019 023 013 017
(6.18) (3 98) (5.40) (3.21) (3.55)
R - 006 000 014 003 011
(1.32) (0.02) (217 (0.50) (1.46)
Constant 6.297 5459 5811 5171 5.866 5.705
R? 29 a4 39 50 a2 49
N 205 205 71 134 ile K8
Tanzania
I 054 055 049 066 (44 061
{9.70) (10.10) (713 (7.06) (4 8%) (7.82)
S 280 d12 - - 141 068
(4.30) (1.42) (0 8S) (1) 58)
#H - 013 00y 013 D08 012
(322 (1.66) (2.29) (1.16y (2.25)
R - 001 - 00 010 - K 013
(015) (0.21) (101 (0.64) (1Sh
Constant 5782 S YK 5470 5.027 5423
R? 38 43 34 a7 24 46
N 179 179

107 72 87 88

*The dependent variable is In M. The r-statisnes are shown in parentheses

C. Could Cognitve Skill Represent
Anvthing But Human Capital?

Administered wage scales might explain
why emplovers would pay 4 premium to
workers with more vears of education even if
they were not more productive, Screening for
ability might similarly explain such pre-
mium even if the cognitive skills acquired in
school had no economic value. Neither of
these accounts. however, could also explamn
why cognitive skills are rewarded within an
educational stratum.

Whereas employers could ascertain the
length of education of job applicants, they
did not have our test scores to provide them
with independent measures of numeracy and
literacy. Grades of pass in the national sec-
ondary-leaving exammation do provide em-
ployers with a ready indication of cognitive
achievemeni and ability. There is evidence
for Kenya, where competition for jobs among
secondary-leavers is intense, that examina-

tion scores are used as a selection criterion.
We therefore expect, and find, a significantly
positive relation between grade of pass and
starting wage." Similarly, our achievement
lest score bears a positive and significant
relationship to the starting wage in Kenya.
H. however, these results reflected the favor-
ing of good examinees for reasons of *fair-
ness™ or for screening oarposes, rather than
simply for their cognitiv. skills, we would
expect the relation to declin.~ as employment
experience lengthens. On the contrary, in
Kenya achievement as measaed by scores
on our test is a markedly better predictor of
current thar of starting wagzes. 2"

“Ina Kenva carnings function fcr secondary-leavers
in which the worker's (constant price) starting wage is
the dependent variable

““The substitution of In starting for In current wage

s the dependent variable in column 2 of Table 1 results
I a reduction in the coeflicient on #/ from .020 1o 011,
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TABLE 2— THE EFHECT OF INTRODUCING THE CHARAC TFRISTICS O & REPRISINTATIVE SECONPARY-LEAVER
ON THE PREDICTID WAGE OF A REPEISENTA TIVE PRIMARY-LEAVER

Changein Predicted Wage Using:

Primarv-beaver Coeflicients

Mean Value

Secondary -
Leavers o
z, Slnit;
Kenva
I 11410 9180
In bt~ 7 (k40 [N
H 461 323 RIS
R RV 287 (KK
i 64 126 - 192
Ay - 143
Tanzania
W K43 0 6490
Int 6.737 6.475
H 375 247 118
R 290 250 - 004
/. 72 78 - (LS
A - - 165

Yotes The chunee in the predicted weometne mean wage of priman

Secondary-Leaver Coefficients

oo o
Shilling« Pereent Aln i‘f/[ Shillings Percent
280 308 322 349 38.0
0 0.¢ 064 61 5.6
1046 ~21.2 - JR4 - 429 ~46.8
141.3 15.4 215 220 240
79 122 166 117 181
-3 ~0.4 040 27 4.1
- 10 - 1.5 - 020 ~13 =20
11e 179 075 Sl 7.8

or secondary-leavers as the result of the addition

or subtiacion of four vears of wecondan education 1« derved as i readuad (the remaming difference in geometric
mean wages of the two groups) after clininating the differences due o difierences in the mean characteristics.

The percentave change m the geemetne mean wage is caleulited from the change in In b in g wav analogous to the
dummy vanable i semiloganithse carnings funciions explumned B Halvorsen and Palmqunt.

The differences beraeen priman
percent lesel o both countres

Aln, foos Zoand A Inh 1z, 7

f

increase in wages would result from gIving
primary-leavers the higher achievement levels
of secondary-leavers: 31 3§ percentn Kenva
and 12-18 percentin Tanzania,

E. Do Ihgh-Achiering Primary- Learery
Farn More than Low-Achiermyg
Secondarv-Learers?

Columns 1 (Kenva) and s (Tanzania) of
Table 3 show substandal variation ia cogni-
tive development within educational strata,
The average achievement test score of the
top third of primary-leavers is double that of
the bottom third in bhoth countries. Among
secondary-leavers, the average score of the
top third 1s half as much again as the bottom
third in Kenya, and double that of the bot-
tom third in Tanzania. In both countries, the
literacy and numeracy of the top third of

sodsecondanv deavers i the mean values of 4 and K are significant at the |

primary-leavers is roughly equal to that of
the iniddle third of sccondary-leavers. 26

To estimate the impact on earnings within
cach educational group of ', within-group
variance of cogritive achievement. the esti-
mated stratified earnings functions are used
to predict carnings for different levels of
cognitive achievement. In the case of pri-
mary-leavers:

(6) (In Win), = Cop €, R, + ey, L+ 3, H,

(M (nWpr), = ey, e, H, + ey, L+cy R,

where H, and R,, represent the achieve-

*It scems that cognitive skills are not the only basis
for access to secondary education
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TABLE 3~ PREDICTED WAGES OF PRIMARY- AND SECONDARY-!

DECEMBER 1985

FAVERS WITH VARYING LEVELS

OF COGNITIVE ACHIEVEMENT AND REASONING ABILITY

Kenva

Tanzania

By Achievemen:

i1 Y
(h )
Primarv-Leavers
Bottom 0% 131 AR
Bottom 1.2 214 623
Middle 1,73 .2 151
Top 1/3 450 97R
Top 0% S1.6 1.109
Secondary-Leavers
Bottom 10% 281 s6d
Bettom 1/3 l6.1 1.036
Muddle 1,3 472 1,323
Top 1/3 54.0 1.556
Top 10% 559 1,624

ment and ahility scores ot each primary-
leaver ¢ and a crcumflex indicates & pre-
dicted value,

Columns 2 and 6 show the predicted mean
wages of primary- and secondary-leavers of
varving levels of achievement but of the same
levels of ability and experience. Secondary-
leavers who scored in the top third on the
achievement test are predicted to carn some
30 percent more than those in the bottom
third in Kenya, and some 35 persent more in
Tanzanma: roughly the same  percentages
«pply o primarv-leavers. In both countries,
it would seem. how much you learn in
primary or i secondary school has a sub-
stantial tnfluence on your performance at
work. Moreover, the predicted wage of
primary-leavers who scored in the top third
1~ nearly as high as that of secondary-leavers
who scored in the bottom third. In East
Africa, mere attendance at secondary school
is no gnarantee of success in the labor market:
1t is necessary to learn one’s school jessons,

F. Do More Able Primary-Leavers Earn
More than Less Able Secondary Leavers?

There is substantial variation in reasoning
ability within the two educational strata (cols.
3 and 7, Table 3). As with achievement, the

By Ability

By Abulity

By Achievement

R, Y, " Y, R, ¥
3 4 5 (6) N (%)
1o 807 119 S71 9] 657
1o i) s06 lo.8 398 16 0s]
260 804 246 643 Qo1 643
R 803 20 649 i 639
W0 SO3 0.7 747 34 637
174 LN3 20l 681 134 732
42 1.1 256 125 214 792
s IRAR] 173 %47 99 862
ERRY) 1,387 RS uR1 kR K96

18} 1,395

316 1.039 355 91l

ability of the top third of primary-leavers is
roughly equal to that of the middle third of
sccondary-leavers. In contrast to variation in
achievement, however, variation in ability has
no o effect on o the predicted  carnings  of
primary-leavers and httde on those of see-
ondarv-leavers. Moreover, wherees the abil-
iy seores of the ablest 100 percent of
primary-leavers are roughly double those of
the feast able 10 percent of secondary-leavers,
their predicted wages are lower (cols. 4 and
8} In neither country 1s being among the
most able of vour peers & suflicient condition
for successtul performance in the labor
market.

G. How Much Ineguality is Pue o
Cognitive Skills?

The effects of ability, cognitive develop-
ment, or years of education on the dispersion
of earnings may differ in reiative importance
from their effects on 1he structure of earn-
ings. The latter depends only on the size of
the coefficients in the earnings function. The
former depends also on the proportion of
employees with a particular characteristic (in
the case of the dummy vaniable), or the
extent to which employees differ in posses-
sion of that characteristic (in the case of
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TaBLt 4 — Tk REfa1:vE CONTRIBLITIONS OF WORKER CHARACTERISTICS TO THE DISPLRSION
OF EARNINGS; THE MEAN CHARACTFRISTICS OF WORKERS By FARNINGS QUINTILE
Kenva Tanzania
Contnibution Percentage Percentage of Percentage Percentage of
to Vuriance: Absolute of Total Restrncted Total Absolute of Total Restricted Total
Il 031 320 . us 720 -
> 011 IO 167 011 B3 298
H 049 S00S 7407 025 189 67.6
R e [N Ui O ) 2.7
Total 097 1% 0 M0 132 100 100.0
Earnings
Quintile. L.owest Second I'hurd Fourth Highest  Lowest  Second  Third frourth Highest
I3 645 K 6d 6o 70 1328 216 573 76K .04 12.07
S 43 45 T i 14 23 ik X 12 01
I 3169 RESTH 4400 4382 46 61 26.00 IX QR 2943 27 56 3616
R RETEN 2TAT 2071 249 80 2021 2541 2514 27 60 27.54

continuous vanables): and where in the dis-
tribution of payv these who possess the char-
acteristis or possess n varving degrees are
found.

To measure elatve contnbutions 1o dis-
perston. we adept the folloviny procedure:
using equiation howntten here as Inl -
=X b where 70w the st of mdepen
dent variables (7= 1. ), we predict the
carnings of cach emplovee (1), Fach inde-
pendent variable ¢ 1 s in rn set equal to
e mean value, and predicted carnings (4 )
are estimated using the set of other ehar-
actenistes possessed by each emplovee. Here
H., represents the predicred value of 7 for
cachindividual (1) when his endowment of i
equals that of all other individuals. The varn-
ances ¢ Hoand B are calealated. and the
contribution of Z, to the explained variance
of earnings is estimated as var(H’ ) var( oo
The relative contribution of each individual
variable 15 caleulated by expressing its con-
tribution as a percentage of Lo(var(H)--
ar W, )7 In effect we are attempting to
answer the following counterfactual ques-
tion: what would be the effect on the in-
equality of pav i, while mean carnings
were held constam, the dispersion due to a

TTFor further explication of this method of decom-
posing inequality and a comparison with other methods,
sz¢ Behrman, Knight, and Sabot (1983).

2610

particular characteristic such as cognitive
achievement was eliminated?

The relative contribution to inequality of
cach independent variable in the expanded
human capital earrings function for the
unstratified sample is shown in Table 4. The
contribution of employment experience to
the varance of caraings is markedly greater
in Tanzania than in Kenya.”® The contribu-
tion of the ability variable to the variance of
earnings 15 small in both countries, partly
because of its negligible coeflicient and partly
because high and low earners have similar
ability scores. The contribution of years of
education is larger, reflecung the size of its
coeflicient and the tendency for the propor-
tion with secondary education to rise with
carnings quintile. In Kenya achievement
accounts for three-quarters of the variance in
caraings explained jointly by avility, educa-
tion, and achievement; in Tanzania the share
is two-thirds. Not onlv are cognitive skills
highiy rewarded. but there are few highly
literate and numerate workers, be they

“*In Tanzania mean experience rises monotouically,
from 3.1 years in the lowest 0 12.1 years in the highest
carnings quintile. This is not the case in Kenva; i.c.,
high levels of experience are associated with low as well
as with high incomes, possibly because of the inverse
corrclation between education and expetience: the more
educated. who are more plentiful in Kenya, have re-
ceived preference over the more experienced but less
educated in access to jobs.
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the figures in parentheses are r-statistics. The
probability of going on 10 secondary schooi
was positively and signiticantv related o the
ability score, it was raised signiticantly f
both parents had heen cdncated and it was
signtficanty affected by the secondary enroll-
ment ratio - - positively, as expected. m Kenva
but negavvely in Tanzama, The reason for
this negative sign s that although Forose
over tne. the proportion of primary school
completers conuneing to secondan school
actaaliv fell. With all independent variahles
at therr mean values, an merease in the atshin
seore from the mean of the botom (o
that of the top-abiliny terale would raise the
probability of secondary school attendunce
by .25 in Kenva and by 35 in Tanzania,
Abitlity therefore has two wmdirect effects on
carnings: not cnly via relanon D but also via
relation £ 1 Figure 1

Before combining the three functons for
simulation analvsis. we whether  the
estimated model 1s recursive: that s, whether
the estimates are consistent and not sttbjent
to simultancous cquation bias, Hf some un-
measured chutactensties, such as drive and
cetermination. contributzd to cducational ui-
taimment, to cognitive achievement, and to
carnings, the error terms (. v, and . respec-
uvelv) e equations (23, (2, and (4) would he
correlated. as would educational attinment
and v, educational attaiimment and -, and
copnttive skill and = Applving a specitici-
tion test developed by Jerry Hausnan (1978,
we added the predicted value of education-
al attainment (5 for cach individual as an
independent variable i (33 and in (h, and
the predicted value of coanitive Skill (£7) as
an independent vanable i (0). 7 Our find-
ings that the coetlicients are not aigmticantly
different from zero in five of the six cases
and just significantly <o in the sixth makes
‘U difficult to reject the null hypothests that
the equation svstem is recursive,

test

NS and 11 oare generated using (2 and (1), respec-
tively, plus the other exogenous vanables in the three-
equation system

" The coeflicients are 1 S18 (rvalue = 373), - 0K
(.210), and — 011 (748) in Kenva, and 4.243 (1 430,
43312.036), and - 011 {.647)in Tanzania. The possibil-
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A further test of reenrsiveness between
eguations (2) and (3) was conducted. Equa-
ton (3) was estimated using instrumental
variables, and the estimated coefficients were
used o generate 1 for each individual at the
end of primary school (e, with 5=0).
Equation (2) was then estimated with H as
an additonal independent  variable. The
cocthicient on M s not significan: in either
country supgesting  that simultaneity on
account of selection for secondary school by
cognitive achievement is unlikelv

Fhe indirect etfects of ability are measured
and compared with the direct effect in Table
o, Bwo abmity levels are considered 1 each
sample. corresponding to the mean values of
£ or the top- and bottom-ahility terciles; all
other characteristies of the sample are kept
at therr mean valves, Within the threc-equa-
ton svatem, we then trace the difference in
predicied wages between the two ability levels
which 1s doe to relations ¢ PDound F in
Figare 1. The rull consequence of the as-
sumed abitity dilference - -incorporating all
three eifects--is 1o create a difference in
predicted wages equal to 32 pereent of the
sample mean m Kenva and 16 percent in
Tanzania (the final row of the table). The
direct effect of ability differences on earn-
mgs. working through the carnings function
alone, aeceounts for only ore-fifth of the pre-
dicted full wage difference in Kenya and for
much less in Tanzania (relaton C). The indi-
rect effect of ability on cognitive  skill
acquisition and hence on earnings represents

1y of simultanety between equations (2) and (4) in
Panzama makes the Tanzanian results less reliable
However, the fact that the coeflicient on $ iy signifi-
canthy positive implving that the coeflicient or 8 is
biased downwards, suggests that the buas is pot due to
stmultancity. The extreme ratoning of secondary enrcll-
ment an Tanzania ensures that the pnvate demand re-
mans strong - as revealed by the pavate raty of return
and subjective responses to survey questions— despite
povernment compression of the earnings s.ructure fn.
17) The suggestion that the wignificant positive coeffi-
centas due 1o the less pereeptive acquining unprofitable
cducavon and receiving lower income, is therefore im-
plausible

Y The coefticient was actually negative, being - 0.090
istandard error = 0.053) in Kenya, and - 0.063 (0.079)
i Tanzama

~—
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