DOCUNENT RRSUNME

D 097 265 so 007 832

AUTHOR Wolpin, Kenneth I.

TITLE Education, Screening and the Demand for Labor of
Uncertain Quality.

INSTITOTION City Univ. of New York, N.Y. Graduate School and

SPONS AGENCY

Univ. Center. _
Manpower Adainistration (DOL), Washington, D.C.

PUB DATE 74

NOTE 140p.

EDRS PRICE MF-$0.75 HC-$6.60 PLUS POSTAGE

DESCRIPTORS *Ability Identification; *Economic Research;
*Fducation; *Employment Qualifications; *Income; Job
Skills; Labor Force; Models; Productivity;
St.atistical Analysis; Work Experience

IDENTIFIERS *profit Maximization .

ABSTRACT

This report is concerned with the relationship
between income and schooling. A theoretical model explores the role
of schooling as an informational or screening device with an expected
profit maximization framework. The issue revolves around the extent
to vhich formal schooling serves to augsent worker productivity and,
thus, social product, as opposed to conveying information to
employers about the probable productive capabilities of prospective
wvorkers without, in itself, affecting those capabilities. Empirical
tests are formulated to disentangle schooling's productivity
augmenting 2nd identification functions. The conclusion drawn is that
the apparent use of schooling as a screening device does not appear
to stem from a mere identification of productivity types. In fact,
the pure productivity auguenting view of the income-schooling
relationship appears greatly more tenable. (Author/KSH)
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This report was concarned with the relationship between income and schooling.
A theoretical vadel wvae doveloped which explored the role of schooling as an
informational or sereendng dovice within an expectod profit maximiziation
framework.  Sceve 1l propositions concerning the demand for factors of pro-
duction of uncovvaw quality demonuniruted.

Empirical tests were forimlated to disentangle scheoling's produativity
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the former Lo be tae more tesable view,

.
i+ meeme e e e L n = e e —
V7, Rey o an i e, Vo Dl pten

Farnings, Fducotion, Leenowmic Analyeis, Labor, Statistical Analysis

17h. 1o bt baedey e

Srrcening

5¢, 51

Ve COnATT L W G e

oo e ¢ = oons o feme C e ST TG T
oAt s e Bl AN A AP SO B P B e R I AR 1. ‘llv. “”,I,\ 1 thhe 21 N or Plages
R . .o o RN
fvaiton) v g, st b e caest uags vilion i fe b . e

2':."[')"1‘ '/7) -||‘||-l||.-._”'l- llll

Gueesdoee, Lpoivain '! l, va, N
: e

. a8t MEAS s+ B emem st beve et

l()r;ull L L A LG B l‘“'l(”“, Pl/\\ l‘l Hll‘l(":\h'(ll'

. . SN O USRI SSENTR SN MO PR—

[ S A I B 1

W AH

—— 4




SUMMARY

by
T g

Since the advent of the human capitul cencepi, much rescarch has
becn devoted to the relatlonship between dncome and schnoling. Previous
- studics have cleorly demonsctrated that schooling exerts a substantial
positive effcct on earnings cven after attempting to control for innate
ability and family background characteristics. Recently, questions
N
have been raisced concerning the underlying nature of the obscrved

relactionship between incowe aund schooling, in essence, the link upon

which it rests. 'The issue rcvolves around the extent to which formal
schooluing serves to augment worker productivity and, thus, social
produc”, as oppuscd to conveying information tu cmployers about the
probable productive capabilities of proupective workers without, in
itself, affccting those capabilities.

The study first explored a theorctical model of this latter
"geree. ing" role and then attempted an ewpirical investigation of its
relative dmportance. The basis for the model was that individual

- pi.oductivitics are unknown to the firm prior to hiring and neither
instantaneously nor costlessly determinable from direct observation of
on-the~job performance. The information available to the firm was
restricted to knowsledge (a subjective notion was also treated) of the

first two moments of the population's skill distribution with output
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@ Lancticn ol occupation-cpecitic wrrepate skill Levels ond capital,
Vithin an uxyectcj-p;u[it wnni*izni?un yramevark, uncevtainty or risk
in he form el R0 vocionee wos chom to lead to a reduetion in
expected prolits at the previous input seales and to substitution and
production cficets on factor caployment. It was further deronstratod
that the demesd Tor wovkens ouwsocioied vith a civen schooling group
dependad upen hoth the averase skhill Lovel and the variaec-mem skill
ratio ol the grovp. This, colwoling's private retorn could be yiewed
eo o oreflecticn ol die infentione? countunt, i.c., dts sorting fuaciion,
Fusther, clivineting betveon group w0401 variancoe through the use of
idoad Tesiicn ov suscening doevices ves showm to lowd 20 a more
efficient allecetion of worlers Loth within and acrous firms.  There-
fove, oven 20 the higher average skill levels ascociated vith Lhe smoro
schoclod verae not produced in the schoaling procacs, schooli u's social
beneiit wourla not Lo zcro.

Althovoh coveral tects ofmed at distinguichine between the two
vieve vere condnetoed, probably the ctronsest test for the existence of
an ddentificaticn offecct vae based upen a compavicon between schooling's
return to relf-ciaployed and priviie wace ond salary workers. Since the
formew a.o pot subjrct to o cereeni. o proccss, i.c., there is uo need
for them to Llentifly their capubilitics through formal schooling, the
absence of a productivity effcet should be manifested in a lower return
to useheoling thon for the latter grovp. Using the LBER=Thorndilie sample
discunsed wre fully In the test, carnings regressions were estimated
amd profiles of the tuo vooker clusues compared.  The schooling cricct,
In general, vaa not Ysignificoutly" diffocent for the two proups.

Ginllar results verc obtadned for a comparison of the cffect of hlgher
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"quality™ wndernaduate training in earnings bhetween the two cliinnes,
carniags of the sell-employed vera seen Lo he equally augmented by
greater qeality cchooling,

The conclusion drawn fron this and oller independent cevidence was
that the appareat vaee of schooling as a screening device did no{ appear
to ¢lenm L{rom a merc identification of productivity types., In fuC',lthe
purc productivity cupnenting view of the income~ucehooling relationship

appceaced greatly rore tencblo.
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CHAPTER 1

%7‘
‘27 .
INTRODUCT ION 04#4/@01
£
3ince the formulation of the humaa capital concept, much attention
has been focused on the relationship between income and schooling. That
schooling excrts a substantial positive cffect on income has been well
documented. Direct calculations of internal rates of return to school-
ing performed in the carlier studies of Beck.r (3 ), Hanscn (10), and
ochers clearly demonstrated that, as an investrment, schooling was
competitive with physicul investments. Later research, attempting to
control for immate ability and family background charactecristics which
could impait upward biases to the estimate of schooling's return, in
general, did rot diminisﬁ this finding.l
However, a more fu:damzntal question has recently been raised
invelving the underlying nature of the observed relationship between
incomz and schooling, in essense, the link upoa vhich it rests. The
issue revolves around the extent to which formal scheoling serves to
augment worker productivity and, tlis, social output, as opposed to
conveylng information to employcrs about the probable productive
capabilitics of prospective workers without, in itself, enhancing those
capabilities. In other words, the investment in schooling may serve
the purpose of enhancing one's skills (the human capital view) and/or

of identifying oneself as a more productive person (the screening view).

\

1 . ‘
Scee Grilliches and Macdn (9 ), Hausc (11), or Giuntis ( 7).

-1~




BEST copy AVaiLar -

Although the private rate of retwin to schooling may be invariant
to the aix between tne "productivity" and “identification" effects, the
social return depends crucially upon their relative importance. In the
extreme, if schooling's sole function is informational, its social pro-
duct is related exclusively to the social value of :he information
imparted.

A brief outliue of the dissertation will serve to demonstrate its
aims. Tn Chapter II a model 4 devclaped whicn explores the impact of
labor quality uncertainty on a cempetitive firm's demand for productive |
fact.rs. Given imperfect information about worker productivities, a
raticnale is shovm for the use of screening devices which segment the
population into classes differing with respect to their "skill"
distribution paramcters. 1In particular, firms are shovmn to pay a
premium to workers associated with (schooling) groups with higher mean
skill levels and lower variance-mean skill ratios, the latter component

being a return based upon the relative riskiness of the input.

The model is, hé}cver, only a partial analysis as sciiooling de-
cisions arc igrored. In Chapter III several models incorporating this
aspect are critically surveyed. The proposition is that individuals,
in maximizing incomes, may choose schooling levels in a manner systema=-
.tically related to thelr endowed market productivitics which, being
based upon what firms beliévc the schouling-productivity relationship
to be, e¢xactly conforms to those beliefs. The crucial assumption is
that schooling acquisition costs are negatively related to market
. capabilities., A modification of this assumption is explored in the
text. Morcover, as a direct consequence of the presumed production

process, aggregate citput is unaffected by the placement of workers
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elther within or befween firms, Using the model presented in Chapter I1I,
several possible sources of aggregate output gains assoclated with the
efficiency of the screening process are isolated. The latter part of
the chapter surveys two empirical studies. The first attempts to show
the existence of a productivity cffect while the aim of the second is
to demonstrate a screening effect, although a somewhat differeont ona
than that described above.

In Chapter IV the results of further empirical tests are reporied. -
An attempt is made to isolate both the mean and variance corpounents of
schocling's return mentioned above.

Chapter V presents a summary of the major theorectical and

empirical findings of the dissertation.

_3_/— Ve
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THE DEMALD FOR FACLORS OF PRODUCTION UNDER IMPERKECL INLFORMATION
| | WITH APPLICATIONG TO FMPLOYMERT SCREENING

In this chapter the bebavior of a-coﬁpctitivc firm'whose labor
inputs are of uncertain quality is analyzed. The problem arises for
the firm because it must choose its workers from a population composed
of individuuls possecssing a diverse set of productive attributes or
skills, most, or cven all, of which are not directly otservable by the
firm prior to an individual's employment. Productive attributes are
defincd so as to include both concrete technical skills and personal
characteristics such as motivation and responsibility. In short, the
set consiste of all attributes perceived by the firm as contributing
to an individual's productivity. However, since education can be vicwed
as either augmenting some of the clements in an individual's vector of
productive attributes or as a predictor of these elements, or both, it
is not considered as belonging to the set. Similarly, race, sex, ex-
pericnce, marital status, family background, and other characteristics

which (may) serve as possible information sources to the firm are

“excluded. By using this classification scheme we wish to draw a sharp

distinction between those iteins which enter dircctly into the firm's
production function and those which may simply segment the population
into subproups whose skill'vector distributions may possibly differ.
To clarify this distinction we will refer to the former as elements of
an individual's human capital stock und to the latter .s "screening
devices." Note that a screcning device is not necessarily a passivé
instrument, but, as in the case of experience, may possibly augment an
inddividu:- 's stork of marketable skills,
To be more conmcrete, let ki = (kyq kyy ... ky,,) be the 1th

individual's vector of productive attributes, where the total skill set

-5-
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conslsts o n dilferent types; thus, for any single individual some of
the clements may be zero. Corresponding to cach occupation there is
assumed to exist a function which tran:lorms these elementary productive
attributes into a skill index. The ith individual's skill index fo;
the jth occupation is given by siJ = fj (kil, kiz, ces kin)' Since
individuals vary with respect to their human capital vectors, 1t is
possible for individuals to have differcnt skill indexes across occu-~
pations and within .occupations to havé some dispersion in skill indexes
acrcss dndividuals,

The production process within che firm is assumed to take the

Loilowing forms
(1) Y =T(S5, Sy, .5 S, K)L

L
o Q, = A o ~ F o o 1N ceese . M
T2 ‘.JJ '“l uij. rjcj/ fj(z) + +fj(ij):

aggregate skill for the jth occupation,

Lj = the number of workers mployed in the jth occupation,

and K non-labor JInputs.

The fimm, thercfora, 15 envisioned as employding individuals for
particulir occupations or Job catepories,

Vith perfeet ceriainty as to cach individual's human capital vector
the ith person's market wage for ﬁhe jtll occupation is given by fsj Sij»

l.e., the product of the competitively determined real rental rate per

1

Positive and dinminishing marginal products are assumed,
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unlt of the Jt% skill index and the ith individual's skill index for
2
that occupation. Hence, within the framework of fixed human capital

vectori, both iuter- and intra-occapational wage differentials can be
3
generated,  Morcover, group wage differeriiols within occupations

would exist solely as a result of differcnces in groun averages. For

example, the relative'wage of high schosl to college graduates would,

Gy T -
for the jth occupation, equal rsj 5”3 = “B] yhere S denotes the
Tsj Bcj Sej

average level of the skill index. lHowever, group differences over the
entire population also depend upon the allocation of workers to
occupations. With perfect information thils would be accomplished so

as to ensure each worker, given his skill vector, receiving his
4
maximun possible wage (utility adjusted).

Ly

The 1™ individuzl's mar inal product in the jth occupation is

.—-@.E... = oF . -—b-saj. = ._.a...}_?. .
. 9§. OL,. -oSs, ij
oL; osJ ) i3 3

3

It would be interesting to explore this certainty medel in a general
equilibrium context of occupational choice allowing for human capital
augmentation. See Fn. 4, 5 for a further discussion of this point.

4

Although occupational choice {s not considered in the model that
follows, one can casily see that the return to schooling, for example,
is not invariant to this choice if productive attributes, and, there-
fore, skill indexes are differc.tially augmented.
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The dncrement in output from an additional unit of the £th
elementary skill due to the cmployment of an extra worker will depend
upon the function to which the worker is allocated. The marginal pro-
duct of the £th skill when applied to the jt:h occupation within the

firm 1s

oF 251 _ 3F Ry . & £y
(2) Mpij 0sj %kg - 935 Oke 953 ;

1.e. its addition tec the aggregate skill index times the marginal

product of the skill index. Tor example, an extra unit of typing skill

may have a high marginal product when embodied in an individual emp loyed

as a secretary but a negligible one when cmbodied in a manager for whom
5

its skill index contribution is small.

R

S

Notice that the factcus being purchased in the market are the skill
indexes and not the elementary attributes. Since the former are
technologically determined from the latter, it is possible for indi-
viduals to have rcdundant amounts of specific elements as, for cxample,
in the care where all the transformation functions are of a fixed-co-
eificient nature and not all proportions of the elementary attributes
possessed by individuals are represented in the occupational structure.

at—

An alternative 1s to enter aggregate amounts of each attribute
scpavately into the production process as in Welch @9), i.e.,
Y'= 1(ky, k2, ¢y kp, K)o An individial's “.ge rate then depends upon
his human capital vector and real rental rates on then elementary
productive attributes.

The specification in the text was chosen because it lends itself more
caslly to the problem of quality uncertainty.
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For the compctitive firm, the profit maximizing level of the jth
aggregate ekill index is found by equating the real rental rate per unit
of the jt! skill index to the value of the jth skill index's marginal
product. Denoting S*j ags this optimum, workers will be added until their
combined aggregate skill index is cqual to S*j. Each worker is pald a
wage proportional to his contribution to S*j. However, firms would be
indifferent as to the exact number of workers it employed to obtain its
aggregate skill requircment; a firm employing 100 workers would be as
profitable as one using 10. But this argument assumes transactions costs
to be either negligible or unrelated to the number of workers. If, for
example, there existed a specific training cost necessarily expended on
each person, firms would attempt to economize on their pbysical labor
inputs. The indeterminacy of the physical labor requirement stems from
the fact thot numbers do not independently enter into the produetion
function and,Gthus, do not affect marginal skill products for constant
skill <inputs.

Now, suppoce that cmployers have no a priori estimates of human
capital vectors. Instead, let the jtM skill index be distributed over

the population with m.an K and variance ¢2., both of which are known

j’
with certainty by the firm. Each firm is seen as drawing a random

sample from the total population for each occupation with j being the
obtained sample skill mean for the jth occupation. The first two

moments of the sample mcan are Wj (the population mean) and Ozj/Lj

6

One could, of course, separately enter physical units (warm bouies)
into the production funcciom.

-9-




BEST COPY AVAILABLE

where Li is the size of the sample drawn (the number of workers employed).

The firm rcceives Sj = s.L, units of the jth aggrepate skill index

3
which is itself distriluted with nean §5 = %Ij and variance cszj.7
Upon expanding equation (1) around thepoint (§i, gé, oo EQ, K) and
taking a second order approximation, we obtain
PR S . T oyl _ g OF
(4) Y =F(S;, Sy, o0 Sy, K) +j£l<sj f uy) Lj SSE“
+ 55 Gyup)? 12 ‘g‘% ¥R Gy i) Lyly 'gfjdk

J#k

where all partial derivatives arc evaluated at (gi, gé, cee Sv’ K).

faen BOe - 1Y n = L2 a2 ssuming tht
Since E(.,J uJ) 0 and E(uJ uJ) o j/Lj’ and, assuming that

sampling is independent over the v occupations, expected output is

— — — — v
(5) Y = F(S;, Spy eeey Sy, K) + 2j§ 0§LJ F558;
' — v —_
= 4 q ‘ . r 1 , R . (og ==
: r(Sl, 02, se0y Sv, }\) + /zjzl RJ SJ rbij

—

= ¢(—S—l, -52, ooy Sv, Rl, Rz, s 0y Pw, K)

wherc Rj = ozj/uj = the variance-mean ratio for the fﬂloccupation,

and
S - 2F - o — — ,
rSJSj %E-T evaluated at (Sy, Spy ees Sys K)

Thus, expected output is that level of output obtained with certainty

if lalbor were homogencous plus a variance correction.

(3.2 S )2 =J(s -ud212 = o2/L .12 = g2
B ( j S.) ‘ L(sJ pJ) Lj OJ/Lj Lj | oJ Lj

~10- )




The basic predictions of the model can be illustrated mostcoc’:’lgﬂmlun'r

with a single aggregate skill input. Equation (5) reduces to

(6) Y = F(S, K) +% R§F§§

= ¢(§ + R, K)
vhere S = yur,
¢ = the population mean skill index, and
R = o?/u.
The variance-mean ratio can be interpreted as a measure of risk or un-
certainty attached to the labor input in the following sense. If
individuals posscssed identical skill vectors so that c? = 0, the profit
maximizing level of aggregate skill could be obtained without error.
For example. denoting S* as the optimal skili input and H as the number
of skill units embodied in each individual, L* = $*/u would be the
optimal laboi input. fhis case is exactly analogous to that under
perfect information since p is known although the labor input is now
determinate without resorting to the existence of transuctions costs.
However, if human capital vectors differ, ¢2 > 0, the firm can never be
‘assured of obtaining S* regardless of the number of workers it dec;dcs
to sample. The question is whether the firm will alter its employment
decision in response to the introduction of uncertainty, i.e., skill
variance. |
The first ekfcct attributable to the introduction of risk is a
reduction in expected output at the original equilibriﬁm input levels.
Thic can be demonstrated by differentiating equation (6) with respect

to skill variance (mean constant). This yiclds

(7) 3Y _ ¢, B8R . 1 ¢,
BoZ = N g2 " R
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(8) ¢P %S F7§ vhich must be negative under the con-

S
cavity assumption. TFirms, therefore, will be risk averse, always
preferring to sample from a population characterized by lower variance.

The equilibrium conditions for the profit maximizing competitive

firm are:

© Y =¢G, g, K

]

(10) P X¢L

(11) P = Agy ' !

i

(12) Py = MC

where PL is the wage rate, Pk the real rental per unit of capi.tal, and
Py the product price.
Totally differentiating equations (9), (10), and (11) with respect
0 skill variance, allowing inputs té vary but maintaining a constant

mean s! ill index and writing in matrix form, yields

0 ¢ 1o / (D\'._. dy - ¢ 2
L & do* do? ‘.
L
oL bL o < | - - brg2
dK :
¢" ¢ ¢ 4 oy
K LK KK AR
8 :
¢R %¢ and is obtained from equation 6).
9

In other words if fuced with s fair gamble of locciving S + € or

S - € cach with probability % or of receiving S with certainty the
firm would select the latter gince o (S, R, K) < ¢(s, K).




B
Solving for the three urknowns yields mmpy AM[MM,
bLL’ '

[ (_}iiz = 952) Bo = b2 Bp = $y02 B 1 /A

i

(13) A,

dL aY | |
[ (a5Z - 452) A = 102 By, = dge2 Ay, ] /b

(14) 452

(15) %537 = [ (% = $02) B _ b2 ALk ~ bxe2 Apg 1 /8
where A 1s the detc;minant of the left hand squarc matrix and the sub-
scripted A's are the relevant cofactors. (Subscripted ¢'s are partial
derivatives).

We have shown the first cffect to be a reduction in expected out-
put at the ;riginal input levels. The second effeci entails a movement
away {rom the previously optimal factor ratio at the new lower level of

expected output. This pure substitution effect can be isolated by setting

Y . ¢ - . e w R T(
._%Z.z~ do2 cyual Lo zero in (14) and (15), i.e., ¢, {%E+ Or %;5_' = Q.

The pcrcentage changes in -the two inputs are

iy 1 dL $10% _ dgo?
AN - e o T =)
' ! 1 dK -grv O .“EJJU_.Z - 4’]'02

wherc Ik is the elasticity of substitution of labor (evaluated at W)

and capital, a; 1s labor's share in total cost and ay is capital's
10 ‘
share in total cost. The percentage change in the labor-capital ratio

10
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is therefore - E

1l odn -1 & $La? - ¢gg2
16) 57 &7 K G =9Ik oL e -

The direcction of the pure substitution effect is seen to depend upon

the relative effect of variance on the marginal expected products of

the two inputs, Since

(17) = o e QFeee
g2 % (Fgs + SFgg

and
18) ¢y2 = %p 5 F—m
K Ssk’
upon cxpanding equetion (16) we fird that the substitution effect ig

related to chird partial derivatives.

(19) oL 0k (Fy F53 ® Fg Fggg - S Fg Fggy),

The signs of F§§§ and FEEE indicate the rate at which the marginal
product of skiil.declincs with increased usage of labor and capital,
respectively.,  Hence, if F§§K > 0, an increase in the quantity of
éapital retards the rate of decline in labor's marginal product (and
raises its own marginal expected product) while a negative value for
F§§K implies an accelcration in the rate of déclinc of labor's mar-
ginal product (and a reduction in its own marginal expected product).
A similar interpretation can be given to F§§§‘

Therefore, depending upon the form chosen for the production
function, the substitutior effect may be either to increcase or decreasc
the employment of the risky input. From equation (17) we sce that if

Efggg 2 - F§§’ the marginal expected product of labor may actually be

~14-
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enhanced with the introduction of uncertaiuty. Stated differently, it

is possible for an incrcase in the labor input to reduce the negative
impact of variance on expected output if the rate of decline of labor's
marginal product is sufficiently slow, i.e., if F§§§ is sufficiently

positive. Rewriting equation (6) as

1 v 0'2 2
(6'Y Y = F(S, K) +%— L%, F--
L SS

an increasc in variance raises 02/L which, since F-- < 0, reduces
SS

expected output. Although increasing L does lower effcctive variance

(62/L), it may also have a deleterious effect on .1 Fgg even if Fggg is

positive., It is the combination of these two cffects which dictate
the sign of ¢L02' Simply stated, the sign of the pure substitution
effect is determined by the relative effect of the two inputs in re-—
ducing the impact of variance on expected output. Thus, although
uncertainty originates with the labor input, it may, nevertheless, be
more efficient at reducing the variance effect on output than the
capiial input,

For cxample, in a quadratic production function, all third
derivatives vanish so that the sign of the pure substitution cffect

must be negative, i.c., less of the uncertain factor is utilized.

BEST COPY AVAILABLE
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However, Jlor a Cobb-Douglas production function ¢L02 > 0 and ¢Kq2 < 0,

11
implying a positive substitution effect.,

Figure 1 illustrates the case of a negative pure substitution
effect where A corresponds to the position prior to the introduction of
an uncertain factor and B correspends to the new equilibrium established
at the lower level of expected output, ?i, after uncertainty is intro-
duced., There are, powevcr, two gurthcr cffects, Tirst, there is a
dircct production effect corresponding to a northward movement aloag
the new expansion path in order to restore output to its previous level,
Yb. Second, there is an induccd production cffect in responsc to a
change in marginal expected cost after regaining the original output

level. 1In figure 1, the direct effect is shows as a movement from B

to C and the induced effect from C to D.

1L
Y = Ag®l ge2 ., a) s 4y <1

Auy (a7 - 1) S%1 -2 K¥2< 0

Avl (a3 = 1) (a; = 2) §4-3 K% >0

A aja, (u1-1) s¢;2 K%™1 < 0

}

Aa; (a1-1)2 Se12 K% > 0
2 , :

oty (4y-1) s41-l gy <o

= >

~16-
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Figure 1 .- The Effect of Skill Variance on Factor Demand

-

K-
Both the direct and induced effects are movements along the same ex-
pansion path and are in opposite directions. Marginal expected cosf
must increase with the introduction of unceriainty, i.e., MC must be
largec at C than at A with 02 = 0. The new equilibrium level of cutput
must, therefore, be lower than in the certainty case. The question is
which of the two effects, the direct or the induced, will outweigh the
dy

other. The net scale effect is obtained by setting — = ¢02 = 0 in
do .

equation (13).

This yiclds

' @a3") avx (-QLQZ EA . $x%2 EA
dg? : éL, EPy, ¢ EPg

)

where %é— and %%_. are the clasticities of marginal cost with respect
'L K

to the factor prices of labor and capital respectively. The percentage

change in marginal cost is a weighted sum of percentage changes in the

-]7=
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marginal products, 'If both factors are normal EA. EA_ > 0, the sign
. : EP;,  Elg

of the net scale effect depends solely on marginal expected factor
product changes as in the case of the pure substitution effect.

Figure 1 illustrates a positive net scale effect, i.e., a further
12

reducticn in the expected output from Yi to Y,.

——

12 .

For the competitive firm the scale effects are shown in the following
figure. Labclled points correspond exactly to those in Figure 1, Given
product price, P‘, output 1is at Yo prior to the introduction of un-
certainty. With’the introduction of skill variance marginal expected

2
q//"cw )

McG“:O

MARGINAL
CccsT

I
° |/ TR AR A Y

coat rises. There are three possibilities for the net scale effect. If

the initial impact of uncertainty is to reduce expected output to Yy, the

net scole effect is zero; the direct production effect is a movement from

B to € and the induced effect from C back to B. If expected output

initially falls only to ¥;° the dircct productlon effect is outweighed

by the induced cffect and the net scale effect is positive; output falls

further to Y;. Likewise B" illustrates a negative net scale effect.

For a monopolist, thc substitution effects given by equation (16) are
identical. The directicn of the nct scale effect, however, does not
directly depend upon the sign of equation (13') but on the clasticity of ,
marginal revenue with respect to output. For movements between B and C
(thoze to the left of B must entail a larger output than that ohtained
after the initial output reduction), the net scale effect will 1. posi-
tive, zero, or negative, i.e., output will be lower, the same, or
greater than the initlal change as the magnitude of %%él given in

equation (13') is larger, the same, or smaller than the percentage
change in marginal revenue due to the initial output reduction.

-18-
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Extending the model to y stochastic Inpuis (sec equation (4)) yiclds
the following cquations for the pure substitution and nct scale effects.

Gce Appendix A for derivation).

1 dg VobL o2 te o2
(20) =— -y ==12 “k_Jd a4 29 a0,
Li doé . k=1 ¢Lk Kk ¢K K kl]
v
1ok .oy tue? aog T et ao ]
K do% =1 .
j N i«
‘ v b (-
(21) ___Q)\_/%,_ = o {8 _?}_kg_?:i_- EX . 4.1\0'.21_ .E.?‘_..]
doj k=1 ¢L Eng ¢K EPR

where oy = the jth inputs share in total cost,
cij = the Allen-Uzawa partial elasticity of substitution between

the 1th and jth inputs evaluated at their respective mean skill levels,

-

j

lo}
(V)
!

= LuL. T s
k j B L~k J <3535k,

¢ 2 = 4§ «... - - - -
Ly % 53 F 5555y *+ % T 85

9'2:1 s F = =
P %Ly Fgiex

. The pure substitution effect duc to an increase in variance
associated with the jth labor input is, therefore, a weighted sum of
percentage changes in marginal expected factor producté, where the
weights are products of faétor cost shares and par:ial elasticitics of
substitution. If we can interpret third partial derivatives as third
order substitution terms then cquation (20) contains both second and
third order substitution effects. In this interpretution a positive
sign for ngg 51 indicates that the ith and jth inputs azce complementary

J"J

while a negative sign implies competitiveness. The pth term in

~19-
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equation (19) will be negative if the introduction of vitlance either

reduces the marginal expected product of the gth input and the gth input
1s substitute for the L{th fnput (049 > 0) or the &th input's marginal
expected product is enhanced and the gth input is complementary to the
;th (Gik < 0). (Note that a negative term results in increased usage

of the £th factor). The marginal expected product of the gth input
will decline if F§j§j§2 <0, i,e., if the 2th and jth inputs are sub-

stitutes in the third order sensc, and will risc if they are complements.

A positive 2t porn ~ind thus a negative effect on Li) will occur if

‘cither the gth input's marginal expected product is reduced and U, <O

or it is increased and Oig > 0. The net result will depend upon the
cost shares attached to each factor.
For the quadratic production function, all third order substitution

terms are zero; the pure substitution effect reduces to

(22) 1 dyy. . _4Ly02 .
Ly 07 RIS
do} tLy

Sin.:e ¢Lj0§ = L nggj 15 negative, the sign of (22) is dictated by the
sign of Uji' If the inputs are substitutes, 44 >0, Li will be reduced.
Notlce that since °jj < 0, the firm will alwvays substitute away from

the risky input (and its complements). Morcover, the net scale effect
nust be positive, i.e., the induced effect pust outweilgh the direct
production effect. This wlll impart a further reduction in Lj's

employment.,

Consider a linear homogencous production function. From Euler

YV e —— —
2: S F" + KFK b F(Sl’co’sv’K)o

k-"l k Sk
Thus,
£ ST - +F,- =o0.
k=)l '« Sksj KSj
-20-
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Differentiating again with respect to E} yiclds

S '{'oo Sr--". +ooo+SF- -+F _+ooo
1 “1‘33 k'Sps585 j sj.sj 5453

+§stVsJSj + KFKsj'SJ = 0

But, ¢quz

= ! - - = ¢
b * P.ij FSRSJSJ kT

= 4 8 Fzz-= + Y%F== 3 k=3

Therefore, !
\?

¢ dRo2 =
kflLk Lka + K Koj 0

which implies that

- 2 2
I o —Slkoj +og Koy
k=1 ~ dLy ¢K

Hence for a linecar homogeneous production function, the net scale effect
is zero.13 The substitution effect is, however, indeterminate.

Although the results of the previcus analysis are somewhat ambi-
guous as to the effecct of introducing a risky input on the employmenﬁ of
factors, the important point to note is that firms are definitionally
risk averse; quality uncertainty, regardless of source, must lead to a
reduction in expected output. The following extension makes use of

this fact to show how the firm is able to reduce uncertainty through

the use of screening devices.

13
For a lincar homogencous production function EN = O
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in the analysis that.follows factors that influcnce the size of the
screcening return are identified. It is demonstrated that firms will
pay a premium to thosc workers whose skill vectors are known with
greater precision based upon group identification., In general, pre-
ference for workers within a given ggoup will depend upon the group's
ﬁéau skill index and its variance-mean ratio. Although the analysis
is conducted with respect to cducation, other screening devices such
as race or scx are ;qually applicable.

Supposc there are to be oniy two education classes denoted as Ey and
where EC>E“' The corresponding parameters of the skill distributions
associated with these classes are assumed go be (K, oé) and (pH, OZH).
Avarcness by the firm of this skill differentiating function of education
would enable it to sampld independently from within each schooling class.
The firm's obtained aggregate skill would be § =5, Ly + 5, L, with

1 cC

'J _'—n . ! 2 7.
expcectations S “CLC 4 “HLH and variance o HLH + ¢ CLC whize LH

and LC are the number of individuals sampled from each group.

[

Thé production function of equation (6) can now be written as

- 2. 2
(23) ¥ = ¢(HHLH + WL, JHLH + OCLC- LK)
. UHLH + “'CLC

- . 2
vhere Byly + BgLe = S and Qﬁfﬂ + GFZC 2 R. In the short run,
. BHLIL+ ucke

14

EG-92 = B[ Gy = i) Ly + 6, ~K) L 12

THTH
under the assumption of sampling independence.

= o2l 4 oCZLC

-2
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with a fixed stock of capital, the ma pinal rate of substitution

between LIl and LC is given by

(24) - dke_ - ¥i . S¢5 - RER HRIGR
8 S Se5 " RoR + RCOR

where Ry = of/ic and R, = oélpc.

First, supposc that individuals within schooling classes are homo-
gencous with respect to their skill indexes. Given that aﬁ = 0% = 0,
education is an exact predictor of productivity, i.e., a "perfeci"
screcning device. The employment of education as a screening device
completely eradicates the uncertainty previously associated with the

labor input. Since Ry = R, = 0 equation (24) reduces to

~dLe _ M1
25 dale o M
(25) duy kg

The marginal rate of substitution is, therefore, independent of the
ratio of workers‘sampled from the two classes. Workers substitute
" perfectly for one anothe at the rate given by the ratio of their

mean skill indexes, “@A; Diagramatically, isoquants relating LC

c*
to Lu can be represented as straight lines with slope “%ALc, TFigure 2.
{llustrates the case where y¢ > by, L.c., where the more educated are
also the more productive (; fewer number of them are néeded to obtain
a given level of expected output). Clearly, 1if the firm did not make

use of this information it would not, otler than under exceptional

conditions, attain a profit maximizing position.
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Figure 2.  Factor Demand with Perfect Substitution Between Schooling
‘ Classes

Lo

o C ¢ B Ly
With no screening, all individuals would be employed at identical wage
rates regardless of educational attainment since the firm merely'
samples from the entire pepulation (frem which worlers are indistin-
guishable). This situation'is characterized by a total cost line (AC)
having unit slope. In order for a firm to maximize its profits; its
labor force would havé to be composed solely of Ec workers. Assuming
that educational attainment can be discerned at zero cost, the firm
will always be in a better expected position when individuals are
screcned as long as the EH set is non-empty. . Any single firm can
expect to earn excess prof;ts from screcning. .To show this gain, let
L be the optimal labor input determined from the initial analysis.
Since AC has unit slope, it can be consldered as the locus of points
for which the total labor input is equal to L, i.e., satisfying the
constraint LH + LC = L. Any point on this line represents the pro=
portion of E_ to EC workers obtained from sampling the entire

H
population. Therefore, for the Lo - Ly ratio g.ven by D the gain due

24
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to screening (the loss fxom ignoring cdud :cion's screening potential)
is cqual to the differcﬁce in revenue associated with the isoquants AB
and EF, total cost ﬁciug unchanged along AC.15

There are scveral reasons why education may fail to be a perfect
screening device. First, if individuals differ in some nonproductive
attributes, e.g., race, sex; family background, etc., which are some=
how related to educational attainment but not themselves perfectly
correlated with productivity, one would encounter some highly productive
individuals in a low education claés and vice-versa. Second, if there
are morc skill classes than there are schooling classes, at least one
class must contain heterogenecous individuals. Fo;6ei§?er of these

: ’

reasons non-zero variances are expected to occur.

From equation (24) we see that vhen cducation is an imperfect

screening device, workers from Eu and Ec are no louyger perfect

subetitutes . A necessary conditionfor the isoquants to be convex is

15

L will not usually be invariant to the use of the information. Scale
effccts are thus ignored, but the analysis is perfectly general for all
input scales. The potential gain from screening is thus larger than
determined above.

16
A third reason is, of coursc, that cducortion is diffecrentially

productivity enhancing so that individuals are not ecqually affected
by the schooling process.

17

Sce the more gencral discussion of this point in Chapter III and in
Spence (16 ). o on :
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that labor's marginal expected product be everywhere deelining, i.e.,
18 _
¢ g3 < 0, The marginal rate of substitution is strictly eclther

greater than, cqual to, o1 less than unity for all labor ratios. TFor
exanple, vith uu = “C the MRS  will be greater than one throughout if
R, > Ru cqual to onc if R, = R; and less than onc if Ro < RH'
Thus, us in the perfect screening model, with equal wage rates, profit
mazimization would entail the employment of individuals from a single
schooling class, |

Preference for the more cducated will be maintained only if

19
(26) of ~ a2 > (iﬂw‘.ﬁ{l‘.ﬁ&. ) (¢ = ).

Since ¢ ~ > 0 21 ¢R < 0, iudividuals with more schooling will be

H

preferred only if ( GZC - OZH ) 1s less than some positive number times
the diffcrence ia wcans ( “C ~ @ )i it is noi necessary for “C to be

grecater than uu and ozc less than ozu to obtain strict prefercnce.

18
The necessary and sufficicent condition for convexity is

- A
b5 < =5

oR 555 _
Thercefore, the assumption that Fg-- 2 0 underlics the statement in
SS

the toext.

19
EC vorkers will be strictly preferred if and only if

‘S%Q < 1 vhich reduces to rnquation (26) above.
‘i
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Figurce 3 illustrates the firm's employment decision when inequality (25)
is assumed to hold. Analogous to Figure 2, A'B' is a representative
isoquant and A'C' is the isocost line (with unit slope). A corner

solution is once again obtained (at A').

Figure 3. Factor Demand with Imperfect Substitution Between Schooling
Classcs

Clearly, the gain from utilizing the screen is a function of the
degree to which skill parameters of the groups diverge. For any given

labor input,‘f, the return to employing an additional Ec worker (thus

one fewer Ell worker) is given by

(27) _g..? - = ¢~ (& -p.l)-l-cb.“C“lIE R, - )20
chL B C 1 R—.§—_ C'RH.

20

a¥ | _ = ¢35 (u, ¢ i) + ¢, (BB~ 4 2R BLU)
BQL4SC%H%C‘R3L33LHBLC

Substituting dunt -1, ~OR uciiLi (Rg=Ry) and _BR m HCMILC (RH'RC)
dL¢ Ac  §2 oLy 32
e¢quation (27) is obtained.

-27-
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The marginal return to an extra worker belonging to the higher school-
‘ 21

ing class.is, thus a posicive functlon of Fe~hy and RH-RC. Further=-
more, assuming convexity, the revenue increment increases at a declining
rate with further substitution toward the more favored group.22
Competiti;; bidding for the more educated will cause Wb to rise
relative to w“. For example, in Figure 3, the ﬁew isocost line MM
reflects the increased relative demand for E, workers. As showﬁ, a new
equilibrium position is established at D where workers from both edu-
cation classes are employed by the firm. Notice that vhen RCBRH
(LC and LH are perfect substitutes), an adjustment in relative wages

to be equal to the ratio of mean skills will result in an indeterminate
factor ratio, The firm would be indifferent as-to the actual composition
of its labor iuput once workers have been identified according to their

cducational attainment. Tn geuneral, an explicit labor ratin will

correspond to each sct of relative wage rates.

21 :
Note that the product Hcky 1s being held constant.
22 _ = _ ‘
g% == 455 (et + [S%e L Re-Ri) b Cgopy) 1 /5%
C
=24 gk L (Re=Ry) G-y ) S /5%
.= - T( - Che = .3
= ¢sg(uc HH) + ”CPHL(“C'“H)(RC Rn)[S¢SR 2¢R]/;.
S, - S B ) N - -
But, S¢R§ 2¢R ‘S[SFSSS FLS]' Hence, with ¢s§<0,FS§<O,
and Fezz20 the result fellows since Ro<Ry.
23

They may Loth rise if the introduction of uncertainty incrcases the
overall demand for the labor irputs.

«28-
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Conaider an extension of thelmodcl to two job categories within
the firm as represented in equétion (1) with v'? 2. Suppose that
individuals are homogeneous with rospeet to their skill indexes in one
of the occupations, Ol, so that education serves no screening function
with respect to it. At equal wages, firms would be indifferent as to
education class to which an individual belongs when hiring for that
occupatlon. On the other hand, suppose that the more educated are
preferred for occup;tion two, 02, on the basis of both skill distri-
bution paramcters. Since firms cannot distinguish among individuals
within cducation classes, the wage paid to eacn type of worker must be
the same for each occupation; for, if the wage paid to EC workers was

greater in 0, than in O , the supply of E_ to O2 would increase and

2 1 c

that to 01 decrecase, thus destroying the initial wage advantage. As in
the single occupation model, we can expect "7C/wﬂ to rise due to the
increased aggregate demand for Ec werkers. Figure 4 illustrates the
effect of screening upon the employment decision within the two
occupations. In Oy an equilibrium is established at 4 where individuals
from both education classes are hired while in 0l the equilibrium

occ:rs at B where only the less educated are employed.
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Figure 4. Two-Occupation Case: Perfect Substitution

Lc. ' LQ-

-dlea = |
dlya

Ly ° B bna

As a second application, suppose that Lo workers are strictly

preferred to L. workers in both occupatlons but that the screeuning

H _
return is greater in 01 tban in 02, i.e., 4y lI— >—41-_ - due to

ag, | ch2| I,

larger differences in skill parameters in 0, than in 0,. If, for

example, 0202 > azcl, all otherparamecters and technical considerations

the same, isoquants corresponding to 0, will be less steep than those

1
- of 02. Thus, for any given set of relative wagea, the proportion of
LC workers employed in 01 will be greater than that in 02. Stated

’

24
. Note that this could be duc to technical considcerations such as the

impact of occupation-specific skill variance on expected output dif-
fering across occupations, .

~3Q~
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diffcrently, L, workers hive an absolute advantage in both occuputions

but a comparative advantage in 0. and, therefore, 0, will be more Lb

1 1

intensive than 02. Fipgure 5 illustraites this siftuation,

\

figurc 5. Two-QOccupation Case: Imperfect Substitution

Lay,
Lea

Clearly, it vill be advantageous for firms to utilize all zero

cost screening devices as long as segmentation elicits inter-group

s8kill parameter differences wnich lead to a positive screen}ng return.
From cquation (27), we see that the size of the screening return is

not only a function of the skill paramcters but.is also related to the
marginal expected skill pr;duct ( ¢§ ) as well as the impaét of skill
variance on expected output ( ¢R ). The extent of the return is not
necessarily uniform over ocecupations, and, thJQ, education distributions
may be videly divergent. Lxtensions to other negligible cost devices

is obvious and leads to similar results. Thus, for certain occupations,

individuals may be required to possess a specific set of characteristics,

=31~
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e.g., B.A. and 5 years expericnce, while for other occupations the set

may be less restrictive, e.g., H.S. and no expericnce required. How-

ever, cven within a narrowly defincd vector of desireable characteristics

substantial productivity differences may exist. If all zero or near
zero cost screening devices have been exh&usted, the firm faces the
decision of employing any individual whose qualif{ications meet the
desired specificatipns or of incurring some additional cost in attempting
to more exactly prcﬁict individual productivity levels.

Suppose, for example, the firm administers a test to each prospec=
tive cmployce at a constant cost per candidate, h. The efficacy of
such a device hinges upon its ability to predict an individual's skill
index. For simélicify, assume that the device can segregate the
pepulation into two groups with skill parameters ut.ozt and Heos azt.,
vhere the t' sroup 4o preferred en the basis of these parameters., The
test would act as a perfect screen if it divided the population into

groups with zero varionces; if no two individ 'als were exactly alike

_with regard to their cccupational skill index, péifcct predictability

would require the discernment of each person's skill index.
Following our prior analysis, for any given number of workers, the

marginal expected return from an additional preferred worker is given

by . *
28) AY . $RL ' (Rt = Re)
25 ay - ¢s(uu Me ) f = pebe! (Re? | t)

which, under suitable assumptions, has been shown to be a declining
function of Lt" the number of preferred workers employed. Let pys be
the proportion of Lt wotkers in the population, i.e., of those already

scrcened on the basis of low cost devices pyr of them will perform well
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1 .
on the test and l-pé poorly. It follows, then, ﬁhat in order for the

firm to obtain L preferred workers, it would have to sample, on average,

a population of size L /p « The marginal expected cost of loﬁnting an

'
additional preferred workzr is given by h/ptv since the firm must sample
llptv workers to find onc more t' worker. Therefore, the larger the
number of more productive individuais in the already restricted popu-
lation, the smaller the cost of finding an additional t' worker because
fewer will have to'£e sampled (un average).

Figure 6 depicts several equilibrium positions with respect to
this type of screening device. The relevant portion of the marginal
expected revenue curve is'that lying to the right of the vertical line
'fbtffbé which represents the expected number of preferred workers
obtained simply f£from sampling'f'workers. Three marginal expected
cost curves are shown where h; > hy > hye At MECl it will not pay the
firm to administer the test; simply snmpling'f workers will have a
higher expected net return. At MEC3 the firm will test'f/pt' indivi-
~ duals, and, on average, the firm's total labor force will consist solely
of the more skilled. An intermediate result is obtain for MEC2 where
£ individuals are screened by their performance on the test and L = £t'

workers (the rest of the firm's labor input) are obtained from sampling

and no testing.




Flgure 6 . Non-Zero Cost Screening Devlices
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One might expect that as the proportion of the more productive
workers (pt') increases, holding constant the group skfll paramcters
clicited through testing, i.e., the more efficient are previous devices,
the less likely is the firm to employ the test. However, as pt' rises
there are two effects. First, the MEC falls since the firm expects to
obtain a given number of prefecrred workers with a smaller sample;‘ Second,
the expected number of preferred workers (obtained from sampling) in-

creases for any fixed labor inpuc, shifting fbt, Ebt' to the right. The

net effect depends upon the elasticity of the MER curve with respect to

Lt" The more elastic it 1s, the more likely 1s the firm to usec the
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test at higher levels of pt'. " But the eff%ciency‘of previous screening
devizes also affect the uscfulness of further testing. Clearly, it in-
fluences the skill parameters of the restricted population from which

the firm would sample and, thus, the expectéd écturn from testing. 1In

the extreme case, if schooling was itself a ;erfect screen, the po-
tential efficiency of any costly screen would be irrevalent; the MER

from ufilizing the device would be zero as no further segmentation is
possible. 1In gencrél, each new device would have to sort more finely

than the previous onc in order for its MFR to be positive. Notice that

for education the MEC curve lies along the horizontal axis.

Thus, the factors which, in combination, influence the extent to
which non-zero cost devices are utilized are their cost of deveiopment
and administration, their-ability to discriminate productivity types,
the level of screening efficiency associated with previously applied zero
cost devices, the effect of skill variance on expected output (the output
cost of uncertainty, ¢p), and the merginal product of skill, 45+ Since
the importance of each probably varies across Job .categories (occupati.ns
aé previously defined), one would expect to observe systcmatic occupation-
specific differcnces in their overall screening intensities.

We have, so far, discussed only one type of uncertainty, namely,
individual variation in productivity about some population average

where both the mean and variance are known with certainty by the firm.

25

If, for example, pyt doubles, MEC is halved and Lpto Lpg+ is doubled.
The proportion of individuals tested will incrcase, decrcase, or remain
the same as the elasticity of the MER curve is greater than, less than,
or equal to unity.
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Morcover, distributlon paramcters have also been assumed known for all

subgroups of the population. In this world, all firms are equally
efficient at determin’ng optimal input levels given intergroup skill
differences, and, although the firm may learn about its individual
workers, it gains no new information about group parameters. A model
of adaptive learning would certainly be appropriate but is not within

the purview of the current paper. Instead, a much simpler modification

is pursued,

Assume that firms are, in actuality, unaware as to the true para-
meters of the skill distribution but maintain a subjective belief about
them. Specifically, let 02 denote the degrec of uncertainty attached
to the true mean of the population.26’ 2 Call this type II variance
as opposed to 2, type I.variance. Since firms nay differ in their
beliefs based upon prior experience (as long as 02 isn't zero firms
will usually differ as to the skill parameters'of the workers they
acgually employ), factor ratios may not be the same for all firms.

One could define "managerial skills" to be the ability of entreprenecurs

to estimate true parametric values, and, given some dispersion ia this

ability, one would expect firms to differ in their allocative efficiency.

- ey +

26 a
# subjectively distributed with mean p and variance o2,

27
The case in which ckill variance is also unknown is much more
complicated and is not dealth with here.
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Expanding the model to include this type of uncertainty we obtain

(29) Y - F(Sl’ Sz,.oo, SV’ K) + ;5 0‘2/ J S S
J J

+ 4T 02/112“217"- z ,

=1 7373 848y : .
A A 28

) 905,855+ ++8,R1 4Ry, 0 Ry Rl,Rz,...,Rv K)

where Rj = o2/uJ and the other terms are as previously defincd. Notice
that oj enters in a slightly different form than does Oj . This is
because uncertainty as to the value of “j 1s independent of sample
size (at least prior to employment) while the variance of the sample
mean 1s not. However, the introduction of type II uncertainty leads
to similar results with respect to its impact on the firm's employment

decision. For example,

oY 2
G0 et =3 ¢R = %Ly Fg,s,

which, since Fg. 351 < 0 1s negative and, thus, the introduction of og
also leads to a reduction in expected output at the original input vector.
Comparing equation (30) to equation (7-8) shows that the effect of a
unit incrcase in 8§ 15 larger than that for a unit increacc in 021.
The reason is as follows: aggregate skill variance in the former case
is a o% Lg and a§ Lj for the latter. Thus, for a given sample size,
expected output will be more adversely affected by an increase in

type II variance.

28

All covariances are assumed to be zero in the derivation. Thus
sampling efficicency is unrelated to uncertainty as to the level of
group means (sce Appendix A).
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Now cousider the one skill input production model. The pure

.
r’n"

substitution cffects for changes in o2 and 32 respectively are

J 3
(31a) Poz - L 4L 1 dk . OLK ’¢Loz - $Ko? | , and
o L do® K do? | ¢r ox_|
(jib) p;Q = 21 dL -1 _dK oLKWb3L32 _ $Ko? | .
L d02 K do? oL ¢R

But, ¢ g2 = LI¥Lo" + % Fgg] and 4% = Loy 5, so that

(32) Pg2 = $rdLo? - $LbKo2
P52 L(y®Lo2 - G1dxa2) + % Lrggok

If Poz < 0, then p;z must be more negative. Thus, if the introduction
of type I variance leads to substitution away from the risky input, the

effect of type II variance will be reinforcing. However, if Poz >0,

we cannot predict the sign of Pazg'thc labor input may be less effi-
cient at reducing the effect of type I variance yet more efficient with

respcect to type II variance. Similarly, the ratio of the net scale effect
is

AN E\
(33) No2 = -(oﬁfluz Fry + ¢L¢n12 R
gr “L(%k%102 _EA 4+ oLéko2 _EAy oy ponby _EA
EPL EPK §§ EPL

Thus, if Noz >0 so is N;%’while if Noz <0, no preduction about N;2
is possible. These results carry over exactly to the v input model.

To continue, suppose once again there to be only two education
classes, EH and EC. Now, hew~ver, there are three parameters associated
with each group's skill distribution (pu; Oﬁ,'ﬁz ) and (pc, oé ,zé)
respcctively. With v = 1 equation (29) becomes
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g2 .2
(3) T e gQuly + nolg, DA Ce Gt + Ocle )
bly + ¥clc (Faly + Bole)2

assuming uncertainty as between groups to be un correlated.29

With K fixed,

e Ao 2uply ~ 7
sy - dic . bul 505 - Rép - 2Rég + Rydpt Tir Ryt

dL u b - - S ZU. L "
Mt Mol Boo - Rop - 2Rep + Boopt Ziole Riby
S _

which, analogous to equation (23), is the marginal rate of substitution
between workers from th? two education classes.
Following our previous logic, the marginal return to the replace-

-ment of a less-educated for a morc-educated worker is given by

T . bekiL
(36) i [T " Gowp%s t T o [ ReRy)
+oLeRemiylyRy)

At equal wages (Wb=Wﬁ), there will be a positive screening réturn when
-
dLg

L > 0. With the inclusion of type II variance, we do not always

obtain strict preference for Eg workers even given Ko > uﬂ, RC < Ru

"~ "~

and RC < Ru; the sign of equation (36) explicitly depends upon the

L,-L, ratio. To 1llustrate, suppose that po ® i, oé -'oﬁ,

29

This is probably the most severe of the covariance assumptions since
one might expect, abstracting as we are from prior experiences, firms
which are more uncertcin about one group to be more uncertain about
all groups.

-39~




BEST COPY AVAILABLE

and 86 = ;ﬁ # 0. The screening return will still be positive for all
values of Lg and LH for which Lo < LH’ and, thus, in equilibrium firms
will employ an identical number of workers from each group. However, no
preference ordering is established, screening being pursued only to
minimize the firm's aggregate level of uncertainty.

One can see that the impact of type II variance on factor inten-
sities 1is not complgtely symmetric with that of type I variance. Type I
aggregate variance (o2L) is equal to oéLC + ofily; while type II agpregate
variance (;2L2) is 8% L3 + Gﬁ L%, so that, to take an extreme example,
if oé = oﬁ, 02L = ¢2 (Lg + L), which for a fired labor input is
unaffected By its composition while if Sé = Gﬁ = ;2, ;2 L2 = ;2 (Lé + Lﬁ)
which is minimized only at Lg = Ly.

In ge: :ral, the inclusion of o2 does not change our previous
resulté, serving only to mitigate or ameliorate the effect of ¢2 on
the demand for the more educated. The extension to more than a single
occupation also parallels the previous analysis. (See Appendix A).

In summary, there are three components of the private return to
education. The first is attributable to differences in group mean skill
luevels which may or may rot bear any other than an associative relation-
ship to the educationdl process. From the point of view of the return
itself, it is irrelevant as to the exact productive attyribites enhanced
by schooling, be they affective or cognitive, or even whether an indi-
vidual's stock of human capital is actually altered by having passed
through the educational system. As long as schooling groups differ
88 to their average level of productivity and information about indi-
viduals is imperfect, the demand for labor will be based upon group

identification. The second component is a function of skill variances

40~
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about the group iicans, the demand for labor of a given glass being
negatively associcted with its variancc-mean_ratio. The third part of
the rcturn 1s related to the firm's uncertainty as to the true value of
group mcdns; specifically, there is a negative relationship between
the demand for a given group's labor services and the ratio of this

type of variance to the square of the group's mean level of skill.,

~4l- /oy 2~
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CHATTER IIL
A CRITICAL REVIEW OF 'INE SCHOOLING-SCREENING LITERATURE

The purposc of this chapter is to present a survey of some recent
theoretical and empirical attempts to identify the underlying nature
of the education-income relationship. The conventional view is that
education cahances earnings via the production of marketable skills,
the productivity augmenting view. But, the models presented in this
chapter demonstrate:that one need not assume greater productivity as
the intermediary between schooling ond earningé. Schooling's return
may be informationally based. In the polar view education serves only
to identify.those individuals who are the more productive, the propo-
sition being that an individual's productivity is unaffected by the
schooling experience. This can be referred to as the "pure" screening
hypothesis. Briefly, the notion upon which the screening view is based
is that there exists some endowed productive characteristic or vector
of characteristics wﬁich ﬁeing unobservable to the firm and unaltcred

. by formal schooling are nevertheless proxied for by educational attain-

ment. One can think of these characteristics as endowed skills or
abiiity. Ability, when used in thig sense, specific.lly refers to
those innate characteristics of an individual which produce earnings
and should not simply be thought of as native intelligence. Through a
mechanism to be outlined shortly, schooling and ability turn out to be
positively correclated, and it is this association which lcads to a
positive return. That educational institutions produce something is not

at issue. The question is rather to what extent their output servee




BEST COPY. AVAILABLE

to augment productive skills as opposcd to being an informational device

which segments the population into classes differing in their (average)
1

ability candowments,

One can, I believe, raise serious doubts as to the validity of the
screcning-only view both on intuitive and theoretical grounds. That
there is a nroductivity effect appears from casual observation to be
obvious., Profcssional schools clearly give job-spccific training as
do cengineering and.sciencc-related undergraduate programs. Whether
gencral liberal arts programs and ﬁon-vocational high school curricula
do also is more problematic. The real question is with respect to
schooling's doninant role, namely, the portion of its private recturn due.
to the direct acquisition of skills as opposed to factors which are,
in a causal way, unrelateﬂ to educational success.

The models to be presented support almost any nix - one cannot
form an opinion as to the relative importance of screening based on
theorctical considerations.' The major point of these models is that
they present an alternative explanation of observed private rates of
return to schooling which may have significantly different implicatinns
for social policy. For example, in the screening models surveyed in
this chapter, the absence of a productivity cffect would imply (ignoring
income distributional questions) a negligible social investment in

schooling as the appropriate policy. However, as demonstrated in a later

1

It has recently been argucd by Gintis ( 7) that schooling's major role
is as a socialization device and, thus, produces marketable traits.
But, thils possibility is also denicd in the s ‘reening view.

-
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section of this chapter, the social return to schooling may also in-
clude an informational component. Although this role is not unrecog-
nized in the literature, there are foewv formal statcements concerning
the nature of this function.2 Empirical work in this area has been
Jjust as ineffectual in distinguishing the separate cffects. This is
not only due to the usual data limitations but more fundamentally to
a problem of ingenu?ty in the developnent of appropriate tests. Many
of the difficultieé associated with testing the screening hypotheses
arc discussed in the empirical chaﬁtcr.

One can also reject the extreme screening view on theoretical
grounds. For, suppose a firm were to hypothesize that education was
serving only an identification function. If the firm could predict
which individuals in Lhe'population would be successful in school, the
firm could earn excess profits by attracting thosc individuals at a
wage only slightly higher than their wage net of educational costs
(thelr alternative wage ufter having identified themscives) yet less
than their marginal products. I would think that the development of
such a device would not be so costly as to inhibit its use. The fact
that schools themselves usc testing procedures for this purpose
strengthens the argument. If such an information source were discovered,

the usefulness of education as a screen would be destroyed, and, 1if this

2 .

Arrovw does deal primarily with this aspect although in a different
model than that presented below. Stiglitz (17) mentions several
sources of a social return to identification but does not incorporate
them into his work.
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were its only purpose, no investmen:s in education would 1« undertaken.,

That this has not occurred appcars to me to be a strong indictment of
the extrcme view.

One can more casily dismiss the naive screering view that firms
merely believe there to be real productivity differences between indi-~
viduals of diffcrent educational attainmonts when in fact none exist,
i.e., all individuqls are similarly endowed. 1In this case there would
be no incentive, if actual productivities can be discerned from job
performance, for firms to continue‘to revard newer cohorts of the more
educated with higher wages. MNowever, recent evidence suggests that
private rates of return have been relatively stable or even possibly
incri;asing over t:ime.3 Moreover, the existence of differential pro-
ductivitics is crucial to the more sophisticated screening models
presentcd bLelow.

Screening models are a subset of a much broader literuture dealing
with ecomowic decision-making under uncertainty. The basis for this
literature is the observation that many cconomic decisions are made
with only imperfect iuformation. Rothschild (34), in a recent survey
of the literature on the existence of pri. : variability in factof and
comnodity markets and the concomitant scarch procedures necessary to
sustain such variations, persuasively ..rgues that meaningful results

can be obtained only by modelling the behavior of all market partici=-

pants in a way which does not assume naive adjustments by onc set of

3

See Welch (23) for a discussion of this point and 1lso Grilliches (8)
who contends that the future trend will show a decline in the rate of
return.
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economic actors without recognizing the reactionas of others to the
information imparted by those actions. It will be useful to keep this
remark in mind during the ensuing discussion.

As outlined in the previous chapter, the type of uncertainty
associated with job market screening is.with respect to labor quality.
Firms mist hire their workers from a population composed of individuals
whose productive capalilities are unknown to the firm prior to the
employment dccisio;. The existence of transactions costs, specific
training costs (the outcomes of which may depend upon initial ability),
and time lags in the discernment of wrrker productivity from on-the-
job performance monitoring will act as an incentive for firms té
utilize devices which sort individuals according to their abilities.
But, there is a more important rezson for the use of scrcens. Any
single firm can expect to gain a competitive advantage by idéntifying
the more productive workers to th~ extent that the information gain is
no£ appropriable by othcr'firms. Any zero cost device (to the firm)
will be employed as long as it discriminates, however imperfectly,
between individuals. The argunent is similar to the one previously
made, namely, that if a competitive firm can costlessly determine who
among the population are the more able, it will attempt to attract
those individuals at a wage greater than their net alternative but less
than their marginal product. Tf the information is public in the sense
that if it is available to a single firm it is available to every firm,
the more productive individuals rather than the firm will appropriate
the gain. Firms will utilize any zero cost device, but individuals
will (if the return is large cnough) supply the informavion. See

Stiglitz (17) for a fuller discussion of this point,
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To hegin, consider the model developed in the previous chapter.,

In it, the effect of labor quality uncertainty on a competitive firm's
employment decision is explored given the existence of a device |
(schooling) which sorts individuals into groups of known skill distri-
butions, The production proccss is assumed to depend upon an aggregate
skill input for ecach of several job tasks performed within the firm.
The production function is assumed to exliibit positive and declining
marginal products in all argumcnts; The firm is envisioned as drawing
a random sample from the populatioﬁ (pre-screcning) in order to obtain
its optimal aggregate skill inputs, the decision variables being the
nurber of workers to enpley in each task and the quantity of a non-
stochastic (riskle.s) capital inéut.. Within an expected profit maxi- -

mization frameworl:, it is demonstrated that the firm pays a premium to

those vorkers (with screering) wvhose echooling clasn has a highzr mean
skill level and a iowc. variance-mean ratio. The private rcturn to
screcninrg is, therefore, dircctly related to the efficiency with which
individuals are sorted into productivity classes, it being a function
of mean skill differcnces and the relative homogensity of the groups.
Several further results cmerge: (1) The private return to schooling
docs not depend upon a causal relationship betwcen educational attain-
ment and skill levels; (2) Even if mean skill differences were due to

gkil! formation, Lhe private return could be higher than that under

perfect certainty if the sorting process ercated morcahomogcncous groups

relative to their average at higher schooling levels; (3) An individual's

If there are more skill classes than schooling lavels imperfections
in the sorting process must exist. There is, however, nothing inherent
in the sorting tcchnology of the educational system which should lead
to variance cffects which favor the more schooled.
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wage depends less upon his own skill endowment than upon the skill
levels of the individuals in the same schooling class; Ignoring
variauce eifects, the less efficient the screen, i.e., the more low
productivity types found in higher schooling classes and vice-versa,
the lower the return to schooling; (4) Ignoring the distributional
questions inherent in (3), schooling's gross sociad product is not
neccssarily zero even if its only function is as a screcning device.
As already noted, éxplicit presentations of this result arce given in
-a later scction.

The major objectlon to this model is that it fgnores the reaction
of individuals to the use of cducation as a screen. The question as to
how the positive schooling-skill rclationship cmerges, given that there
may be a negligible productivity effect, is left unanswered. In par-
ticular, since it is advantageovs for ony lecss productive individual to
acquire the same image as the more productive, namely, more schooling,
why is it that education can persist as a screen? Both Spence (16) and
Stiglitz (17) approacli the screening phenomenon ffom this perspecctive.
That is, their models are couched in terms which take the employnent
decisions of the firm as given; firm size and factor intensities are
not detcrmineq within the model. Analytically, their models are best
viewed in the context of a $ingle aggregate firm although ccmpctikive
assunptions must be maintained. The firm is viewed as hiring all
individuals in the population with a given skill distribution; there is
no sampling problem. Marginal products are constant; aggregate output
is simply the sum of the outputs produced by each individual and is

vnaffected by the existence of skill variance.
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"

Since the two models are qualitatively similar, to a large dcérce
they will be merged in the discussion. Both authors do explore some-
vhat different questions after initially developing their models, but
the main concern here is with their formal statements. Where the
models are sufficiently distinct, the specific author will be cited.

Suppose there exists a uni-dimensional characteristic, B, which
is strictly proport;onal to productivity. The characteristic will be
rceferred to as abiiity. An individual possessing Bl units of ability
can broduce in a given unit of time Bl/@z of what an individual of By
units of ability can produce. With an appropriate choice of scale, B
can be consldered equivalent to productivity. Ability is randomly
endowed (at least from the firm's perspective) with given frequenciles.
The production process i; such that the firm cannot determine, except
at prohibitive cost, any single individual's ability. Each individual
is assumed to. know his own marginal product with certainty. Stiglitz
envisions an assembly line process where the firm can monitor aggregate
performance but not individual contributions to dutput; the épeed of
the assembly line is determined by the average value of B which for the
single aggregate firm must be §;= [ BE (B) dB, where £(P) 1s the fre-

quency distribution of ability. 1In the multi-firm case, E'is the

’

5

Stiglitz notes that under alternative assumptions about the production
process, as for example, in the case where low ability types reduce the
spced of the lire more than high ability types increase it, expected
output will be a function of other ability parameters. In essence,
this corresponds to the model developed in the previous chapter. It
i8 not pursued by Stiglitz.
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expcected speed of the line for any single firm so that with risk
ncutrality each worker is offered a wage of E'if no prior information
exists with respect to abllities. Since marginal products arc constant,
expected output is unaffected by the existenFe of ability dispersion.

Drawing on Stiglitz, suppose there exists‘a device which can

botentially identify abilities perfectly but which must be purchased at
a cost, C, which is independent of ability. Further, assume that once
the label is boughtbthe information is readily available to all firms
80 that no single firm will bear the cost of screening. For convenience,

'ppose there are only two types of workers with B; amd By units of
ability respectively where By > By. Since the less productive indi-
viduals do not wish to be identified (as such) they will never purchase
the screen at any positivé cost since it will only certify to others
sonething they already know and have a motive for keeping sccret. If
the more productive purchase the screen, their net incone is Bl -C.
Now, a full screening equiiibrium is possible as long as ﬁl-C ? BZ’
i.c., net income after paying for the scrcen excecds the level of
income obtained by abstaining from its purchase (in which case they are
taken to be By). A no screening equilibrium is also possible if
-ﬁl-C < F. since, 1f at any moment the device is not being used, each
more productive person seecs himself as having higher earnings if he

remains indistiuguishable. Thus, if

1) 51'32>C>31'Fo
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6
at least two equilibria are possible. Notice that if a full screcening

equilibrium occurs, cvery individual is worse off than if'the information
was unavailable even though each individual islrationally maximiiing
income given the prevailing information. If C 18 such that it does not
_éatisfy the right-hand inequality, a full screening equilibrium must
occur, and the morc productive will be better off than without the
screen. In either case, the full screening solution is socially un-
desirable as compa*cd to no-screening since aggregate output is lower by
the total output cost of the screen.

In this formulation, schooling can be an effective screen only to
the extent that the educational system itself performs a sorting
function since each individual faces the same identification cost. For
a full screening equilibfium to exist, there must be no possibility for
less productive perccens to be confuccd with the more preductive in the
schooling-sorting process: The performance criteria employed for

promotional purposes within the cducational system must be perfectly

-

6

As with most models of uncertainty, the question of dynamic adjustments
is crucial but extremely difficult. Consider, for example, the no
screening equilibrium. Given quality dispersion in a multi-firm setting,
one would expect there to be output variation among firms. W’+th the dis-
cernment of actual productivitics impossible, wage rates would adjust
under competitive conditions to the average ability of the individuals
assigned to the line. The maintenance of a no screening equilibrium
would be contingent upon no individual being able to improve his
position by obtaining the label. But, individuals of cqual ability now
face different alternatives and, thus, have different incentives to in-
vest in the screen. The stability of this equilibrium, is at lecast
questionable and depends upon, among other things, the Xorm of contrac=
tual obligations and the discernment of individual abilities.
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correlated with market productlyity. In other words,.cducatiOual
institutions in the pursuit of their own goaly (unless of course their
major goal is job scrcening) imposc.a zero return or, what is opera-
tionally the same thing, an infinite purchasc cost on the less pro-
ductive. Those of type B, will never choose to enter the system
because they have no possibility of obtaining the characteristic which
could identify them as belonging to the class of 31 types.

Notice that even if individuals misassess their true ability, a
fuli scrcening equilibrium may be obtained. Suppose, for example, that
some Bz people believe that they recally are endowed with By units of
ability. Those who have crred in thcir self-cvaluation will simply
beur the cost of finding out that they arc rcally of low productivity.
Since they are detected, full screening is preserved. Resourcés are,
neverthelese, wasted in their acquisition of the label and the mistakes
are socially costly. If, on the other hand, the more able undcrestimate
their ability, a full screening equilibrium cannot be ;aintained as firms
will find that the less educated have greater productivity than they
anticipated. If in the extreme, as Stiglitz notes, individuals are
very uncertain or sufficiently risk averse (in which casec ﬁ'is per-
ceived as a better alternative than the outcome (B;, Bp) with some
given probabilities), the screen may be inoperative.

Clearly, education may fail to be a potentially perfect screen if
schools make mistakes with respect to their evaluation of students
and/or if the characteristics neceséary to succeed in school are not
exactly correlated with those which produce earnings. Suppose, for
examplc, that sclools function in such a way that the probability of

success is independent of B (it need not be unity), This clearly leads
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to a no scrccning'equilibrium since schooiing actually conveys no
information; all individuals, in effect, face the same purchase cJ;t.
On the othcr hand, if the probability of success is larger for B) types
than for B, types, it is as if the two groups face different expected
purchase costs. This is, in essence, Spence's basic assumption.

Spence posits that the two types can obtain the same schooling
level (with perfect certainty) only if the less able expend more re-
aourceé on educatidn rclative to the more able - in his terminology
they face a higher signalling cost. If an individual pays his sig-
nalling cost, he is rewarded with a "good" image; if he does not, he
has no chance of success. The assumptions of the previous model are,
in general, maintained.

The {irm, as beforc, does not know the true relationship between
productivity and schooling but, based upon past employment experience,
posits a sct of subjective beliefs about the conditional distribution
of productivity given schooling. Note that learning must také place
in order for beliefs to be formed. As alrea&y noted, the performance
criteria on which schools base their decisions are such that the less
productive must expend greater effort (in the form of time or such
things as tutoring) in order to be assurcd of gaining the same schooling
level as the more productive can be assured of attaining with a smaller
expenditure. As Stiglitz points out, if everyone could pass through
the systenm without failure (or threcat of fallure), there would be no
basis for differcntial signalling costs, fhe existence of which is
necessary for education to be a viable screen. Only if performance
barriers which conform to market productivities are established can

effective screcning occur.
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To illustrate the implications of this model consider the following
configuration of subjective beliefs. The example is taken from Spence.
All individuals with ; years of schooling (or more) are belicved to be
of typc Bl and all thosc with less than E of type 62, each with proba-
fility onc. A signalling cquilibrium is said to occur when the firm's
prior belicfs are confiimed by its new market experience so that there
is no incentive for‘the firm to alter its beliefs in the next round of
hiring. Now, B, tjpcs will choose exactly ﬁ (they will never sclect
more schoouling than this since costs rise with no associated bcnefit)
if and only if Blill (ﬁ) > ﬁz, where Cl(ﬁ) is their signalling cost at
ﬁ and Cl(E)‘is a positive function of E. All Bz persons selcct zero
as their optimal level of schooling (if they select an amount less than
E, they will always selcét zero) if and only if By > B) = Cy Q;) with
CZ(E) being thelr assoclated signalling cost. Given the pricr assump-
tior. that signalling costs arc negatively related to ability, CZ(E) >
Cl(E) for all E, a signalling equilibrium is established where

~

@) € ® < ByPy < Cy (B),

i.e., where the differcnce in productivities fall within the range of

signalling costs cvaluated at E. A full screening erquilibrium arises

becausc, given the beliefs of firms, individuals self-selcét themsclves

into schooling clagses which, due to sufficient differences in sig-
ﬁalling costs, conform to those beliefs. By altering the initial priors,
Spence demonstrates that other signalling patterns may emerge including
one in which cveryrne obtains no schooling. This specific solution be-
comes relevant when cther characteristics, particularly unalterable ones

such as race or scx, arc introducced. Although, these cases are
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Interesting and pousibly important, they are peripheral to this
7

discusslon.,

Consider the special case where Cy(E) = 1/2E and CZ(E) = 1L, For
simplicity let By = 2 dnd B; = 1. The signalling cquilibrium cendition

reduces to
3) 1_<E_< 2.

Notice that any arbigrary valuc of E within this range will lead to self=-
[

confirming beliefs. Increascs in E serve only to reduce the earniugs of
8 "
the more educated. Concomitantly, increcases in E reduce social output;

within the equilibrium range, lower levels of education are parcto
superior to higher levels. Ignoring distributional aspects, the
optimal social investment in education is zero.

Subsumed in this model it a specific‘rc]ntionship between private
educational expenditures and success probabilities. Any expenditure

less than the "full" signalling cost leads to failure, i.e., zero

7

Spence does not explicitly exclude the possibility that the more able
may avoid purchasing ecducation and simply wait for firms to discover
their true productivities. Since learning must occur in order to judge
the validity of prior beliefs, such a strategy may in fact limit the
cefficacy of schooling's screcening function. Some assumption about the
learning process is necessary in order to fully specify the model.

8

Spence demonstrates that in the case of continuous subjective beliefs
both groups may be worse off. All individuals would prefer a no
screening solutioan.
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probability of success. But, suppose that individuals are free to choose
lower signalling costs by taking reductions in success probabilities.9
To accomodate this assumptilon, let tlhe slgnalling cost functions be
Cl = a (p)E and Cy = bL(P)E where P dcnotes the probability of success
and a* (P), b* (r) » 0. Siénalling costs are assumed to be necgatively
correlated with productivity in the semse that the less productive must
spend morce in order to face the same probability of success, i.e.,
a(P*) < b (¢*) for'all P**. The notion here is that as individuals
devote more resources to schooling, they begin to look more and more
lile they belong to the set of more efficient learncrs and, thus, even
if schools performed solely a markct scrcening functlon, the degree of
error will be associated with individual expenditures.

To conform to the prior example, let a(l) = 1/2 and b(1) = 1. 1In
order for the previcus sct of belicfs (sce page 53) to cliecit a sipg-
nalling equilirium cach less productive person must choose not to

10
enter the systcom at any positive p. The condition for this is

-~

) 2Py +1(L~-Py) - b(®y) E<1

or % > P2
b(Pj)

9

Spence does not mention this possibility. It scems implausible to

suppose that Iundividuals can choose only success or failurc with
certainty.

10
As in Spence, individuals are assumed to maximize expected returns;
they are risk neutral.
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Note that when P2 = 1, EYFE; = 1. Simllarly, the wmore productive must

all choosie to enter, the condition for this being

(5) 2P, +1(1-P) - a(®) E>1

or E < 1
8.(1’1)

More than this, they must opt for perfect certainty (P1 = 1); for
otheruise, some of the more productive will fail and the firm's bellefs

disconfirned. When P, = 1, P1

1 = 2. The necessary condition for
a(Py)

a full signelling cauilibrium is, thus,

(6) P2 (p<e P
a(P.,) a(ep)

Whether or not a full screening equilibrium occurs clearly depends
upon the shape of the signalling cost functions. Consider first the

case of constant marginal costs. Given our previous assumptions and

further assum’ng that a(0), b(0) = 0, it must be that Cl = L and

C2 = bz L. The net return to the more productive when they signal is

from 6)

-
(M Pp+1-.L BE=P [1-4E] +1

A
which is cle.-rly maxinized at Pl =] - % E must be positive from (5),

The lees productive will never enter the system since, for them, the

return is from (4).

(8) p

9 +1 = P2 E = P2 (1-ry + 1
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which is maximlzed ot P2 = 0 since 1 - E 0, Thus, for constant
marginal cost functions, a full scrcening equilibrium 1s obtained as

before.

The same result holds for decrcasing marginal signalling cost

functions. Tor this casc (7) becomes

(7") P, +1-a(P) E = Py (1-a®1) E) + 1.

1 . 1

Sincc a’” (Pl) < 0, letting = f(P;) it must be that £~ (Pl) > 0.

a(P1)

Thus {7°) zan be written as P

[
[1-—L  Ej+1. But 1 -—L1—§
1 £(r1) £(P1) )

must be positive by (6) and an incrcasing function of P1 so that
increases in Pl must raise carning f x any levcl of Eup to £(1).
Thus the optimal choice is Pl =1 -1 7 pust be less than two for
equilibrium, Similarly in order te incure that no leess oble perecon
attempte to purchase education, E nuct be larger than unity since the
maxiwum value of ET;%T i5 unity. Thus the condition for a signalling
equilibrium is again given by (3).

However, supposc there are increcasing marginal coéts. For the

less able, let

P2
= a(P,) where g* (P,) < 0. 1In order for no
b (Tp) s(y 8” (P, B2
type to desirc entry, the lower bound for E must be set at the maximun
value of g(Pz) since, otherwise, there will exist a positive probability

at which it will pay them to purchase an education lottery. Since
P a
b(pzf 's maximum value is grcather than unity, E must be greater than
this number in order to be an effective signal. TFor the morc able, let
P

—?r~;—— = h(P;) wh ve h* < 0. One can casily find examples for which
a b
1

~

there exists no value of I within the range given by (3) for which the

optimal choice 1s Py = 1. There exists no signalling equilibrium for this
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set of prlors even though signalling costs arc negatively correlated with

productivity. Suppose for example h(P ) = —-(a(Pl) = b P 2). Then net

iucome is mﬂ}lﬂlaCd at Pl = !;-whlch implies that the more productive will
: E "

choose to spend Cl = % . only for E < 1 which does not 1lie within the
equilibrium range. 1In fact, for the family of signalling cost curves
given by a(Pl) = Plk this result is valid.

Obviously, all that this exercise has demonstrated is that, for the
sct of conditicnal ﬁeliefs predicting full (perfect) screening, there are
some conditions (sufficiently increasing marginal cost) under which a
"perfect" signalling equilibrium may not result. Xt can be shown that
the result holds for other sets of beliefs, buc proceeding in this manner
does not constitute a proof of non-existence. However, thlie example does
illustrate the difficulty in obtaining signalling equilibria in a more
complex setting; for, the cholce of success probabilities depend upon E,
and it is this cholce which det.rmines whether beliefs are confirmed.

If each ﬁ corresponds to a different choice of the probability of success
(as 1t does in the above sample), the firm's beliefs would have to cor-
respond explicitly to this choice as the success probabilities determine
unique échooling-ability distributions. Thus, in this case, multiple
equilibria are impossible.

Spence discusses scveral other signalling situations. For example
it is shown that the phenonenonmay cocexist Qith education being somewhat
productive although 1f it is too productive relative to the differences
in signalling costs, all individuals will select the same schooling
level. It 1s also demonstrated that identification need not be perfect.
This arises vhen signalling costs are only imperfectly correlated with

productivity, the imperfection arising due to taste differcnces or

family wealth differences. In this case, some high
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productivity persons self-sclect themselves out of higher education and
are therefore associated with low-produc avsity types. The reverse may
also occur. As long as the correlation between productivity and sig-
nalling costs is ﬁcgativc, signalling cquilibria wmay exist. However,
the more imperfcct the signal, the lower is its return,

Ti:e major point of these educational screening models is that the
emplrically obscrved private rctes of return to schooling can be
generated within a framework of incomplete information withrut relying
on human capital augmentation. The models consist mainly of cxistence
proofs and then only under highly uncomplicated situatioms. It ic
difficult to see how the cxistence of signalling cquilibria as defined
could be estallished in a world in which individuals differ in their
productivities across industrics and occupations, firms have different
experiences and thus differcat expectaiions, schools make mistzkes etc.
But, onc needn't show the existence of signalling cquilibria to realize
that the informational phehomcnon may exist. After all, firms must
realize that they may obtain a different productivity-schooling dis-
tribution than that which would be perfectly consistent with their
priors. Signaliing cquilibria are probably flexible with respect to
new tarket experiences. To repeat, the 1eal question posed by these
models 1s concerned with the degree to which eredentials serve as
information sources as opposed to the degree to which they signal
productivity differences which are outcomes of the schooling process.
That situations in which education plays an identific&tion role can be
shown to exist 13 not surprising however ingenious the models. That
this is Its only function as previously arpued, appears implausable.

Suppose that cducation's major function is informational. What

effect does this have on the social desirability of a given educatilonal
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investwent? The question cleavly hinges on the sociul value of the
information conveyed and.ub;n the cost of developing cheaper information
sources of equal quality. Clearly, in a pure screening world, indi-
viduals would never choose to obtain formal schooling if they could
derive the same benefits from a less costly device. More realistically,
the extent to which private schooling investments would f£fall would de-
pend upon the screening~productivity mix.

To illustrate,‘consider the following example drawn from the model
devcloped in Chapter II. Suppose there are two types of individuals
and two schooling classes, denoted by E. and E

H (e

skill within the two schooling groups are assumed to have as their

The distribution of

respective means and variances By b and oﬁ ,oé « Assume that Be > Hy
and the variance-mean ratios are equal so that schooling's private
return is related only to the difference in means. The social value of
schooling depends upon how much of the difference (uc - pu) is accounted
Jor by skill cndowments as opposed to skill-formation.

In the models previously examined, the information itself has no

soclal value - in fact, the social return is ncgative. If education

imparted no skills, from a social perspective, the resources used in

the acquislition of schooling would Le a social waste. Since wmarginal

- products are assumed constant, gross social output is kul where L is

the inclastically supplied labor stock, w is the population's mean skill
level and k is the constant marginal product of skill. Net social out-
put is kpL = CLy where C is the output cost per educated individual and
Lo the number of such individuals. The optimal social investment in
education clearly occurs »+ L ® 0, where no individual invests in

schooling, since gross social output is itself unaffected by the number

of cducated individuals.

- 0(2-
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Assume for the moment that csuciation 1s acting as a perfect screen

C A
and g that of type B with LA and LB being their respective nunbers and

8, > sB. With a perfect screen, the subscripts also stand for schooling

s0 that %i = 02 = 0, Let s, be the skill level of type A individuals

classes, where ps = sy, by = Spo LC = LA and Lu = LB. Gross snclal
product with constant marginal products is simply kuupu + kpCLC= kS
where § is the aggregate skill in the economy. Note that for aﬁy given
number of firms, the distribution of skill over firms is unimportant
with respect to aggregate performance. Now assume that firm output is

2

a function of a single aggregate skill as described in the previous

chapter and supposc therc are N firms each employing L workers. Tor

the ith firm actual output is
(9) Y§ =T(S, K) = I"(?;':L L, K)

where E& is the mean skill level obtained by the ith £, from a random
sample of L workers. Taking a sccond order aprroximation around

S = WL = g,thc expected ag-regate skill input, yields
ey Y. e = u) e 4+ % (5 )2 12F—m
. (;0) Yy F(ul, K) + (s{-1) LFz + % (si wyc L FSS

where Fg and Fgg are the first and second-order partials evaluated at S.

-

Aggregate output Jds therefore

Y N
A1) 5§ v =NF + % 12— & (s.-p)2.
i=1 1 ik §s i=1 (sl k)

The second term in (10) is zero as total skill must be exhausted.

Since Fgg < 0, grous output is maxinized where Z(si-u)z = 0, i.c.,

where cach firm obtains the identical sample mean skill level. Assuming
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a potentlially perfect sercen, 1t can casily be demonstrated that

N ' N
’ - LC
(12) L¢ T (sg-pR = (ue=pp? = (L, - -C )2
(o | c.‘u =1 CLN

vhere LCi 15 the 1th firm's labor input obtained from schooling class
EC and %9 is the number of LC workers the ith firm would obtain 1if the
Lo workers were equally distributed over firms. When firms do screen,
each firm sawples the same number of workers from within a schooling

L
class. But, from (12), if Ly, = ﬁg for all i, aggregate output is maxi-

mized. The maximum social benefit from education's screening function

1s therefore
N

5 L,
L - —
i=]1 ( Ci y )%

i3) % p-- -, )2
(13) % Fo= (i

as one can furthor demongtrate that as cducation becomes a less perfect
screen, its social benefit declines (see Appendix B). In this case, even
as firus vaploy the same fuctor proporiions, variations in aggregate
skill will persist as within group ckill variances remain. The limiting
case in vhich screening has no social value occurs where the mean skill
level of the two schooling classes are identical so that sampling
within groups 1s tantamount to sampling the total population. It should
be clear that the return to screening is due to the elimination of be-
tween group skill variance; it is as if each firm samples from a total
population with a smaller skill variance.

In the previous models, the private and social returns to schooling
had to diverge for any gkill distribution containing a positive ability

component. But, in the above model, there will exlst some less than full

- productivity effect which will equate the two rcturns. The social return

may be positive even with a zero productivity effect 1f the cost of

education is smaller than the expression given by equation (13). Note

that the social return falls with reductions in screening efficiency
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From (13), it 1s casily scen that increasing the difference in
endovments (given a perfect screen) increases ecducation's screening
return w.th a constant population mean, i.c., a reduction in pu with an
increase in Bboe Suppose, however, that, with given endowments, education's
productivity cffect increases, Clearly, its social return rises as
education adds to aggregate skill. But, it is also possible for
education's screening return to incrcase; the effect depends upon the

rate of decline in the marginal product of skill. If Fggg < 0, the

informational valuc of education must increase while if F=— > 0, its

.S8S
value may rise or fall depending upon the size of the productivity
11, 12
augmenting cffect. Clearly, schooling has its maximum social

return for any given schooling distributilon where it is a perfect
screen, and the difference in schooling class skill levels is solely
duc to skill formation = in this case, the social return exceeds the
private rcturn. If, as Stiglitz arguecs, screening efficiency and skill
formation are joint products, cducation's gross social product may rise

by mcre than the value of the additional skills produced by schooling.

11
An increase in schooling's productivity cffect is assumed to incrcase

Me ™M

12
This result follows from the fact that the sercening return is larger,
the more ncgative F§§ (sce equation 11)) and the larger is (pc~uu)2.
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Consider the introduction of a second aggregate skill input. Assume
again N fimms each crnploying Ll workers to fulfill its aggregate ckill
requircment, S1» and L2 different workers to fulfill Sz. Morcover, to

gimplify the analysis, let us suppose that all individuals are equally

‘productive in the sccond occupation, but that there are two skill

classes as before with respect to Sl' Anélogous to cquation (11) one
can derive the following expreséion for aggrcgate output.

(14) ZYifr:1=(§l,§2) + z(?li-ul)Lngl + !sz(E'li-pl)z Li F§1§1°
Note that Eéi-pz = 0 for all firms by assumption so that all other
terms in tlo expaﬁsion vanish. DMore importantly, notice that the
second tcrm in equation (14) doecs not vanish as in the previous onc
skill input model. The reason is simply that the aggregate skill input
obtaincd by cach firz cnd thus the utilization of S, cconomy-wide de-
pends upon the distribution of workers employed in each of the two
occupations. There are, in this case, two returns to screening. fThe
first, as before, is related to reductions in aggregate skill variation
between firms. The sccond, however, refers to the proper allocation of

workers within firms (see Appendix B). Clearly, there is a socilal

gain to allocating individuals to their most produétivc uses (occupations).

Total output is maximized where the more producﬁive workers in occupation
uvne ‘are assigned to occupation one.

Arrow (2) demonstrates the cxistence of a positive social benefit
to screening with a fixed coefficicents production process. The basic
framework is the same as above, except that the screening return is
derived from altering the nwuber of workers in cach occupation so as

|

to maximize output whercas in the model outlined above the number of
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workexs in each pclcupatipn is fixed at Loth tlf‘. firm and aggregate leyels.
With fixed cocfﬁicieﬁts, the return to screening is zero in‘thé previous
: modcllas cach fiwn is constrained ro S9=loLy units of aggregate ékill in
occupation two. But, with some dejree of aggregate skill substitutability,
both rcturn are relevant; there 1s a positive return with the constraint
that ecach firm hire fixed numbiecs within occupations and a further
return from permitting firms to alter their factor proportions, given
the information. E&uation (14) therefore yields an underestimate of
the social valuc of screening for ény level of screening efficiency.
Extending the medel so as to include more aggregate skill inputs with
diffcrent degrecs of screening efficiency attached to those inputs and
allowing {irms to adjust factor proportions as well as total factor
employnent unduly complicates the arguments without leading to further
insights, The important point is that there exists a positive social
benefit from screcening even in the absence of a productivity effcct
and cne which may positively interact with this latter effect.

The implications of these models can be evaluated only by an
empirical examination. Although a wide range of studies exist on the
-8chooling-earning relationship, few attempts have becen directed toward
ldiscovcring their link. Much of the work has been concerned with
asscaring the bilas in schooling's private return which results from
ignoring measures of ability and family background. The results have
consistently found a minimal reduction in schooling's effccf on earnings.
(See Grilliches & Mason, Gintis). However, it would be erroncous to
conclude from this that schooling is an input into the production of
hwnan capital ratler than in identification device. The reason is
that screening arises solely as a conscquence of imperfect information.
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Schooling 1s simply a proxy for earnings producing skills (ability), at

least during the carly phas\ﬁ of an iudividual's carecr. If ahilitf
measurces were perfectly correlated with productive skills Lut firms
were unaware of an individual's abiliiy (measure), schooling might
atill have a larger effect on earnings (over the life cycle), provided
that schooling scrved an informational function. That these ability
measures may only very imperfectly corrclate with success in the job
market is actually.a peripheral considceration to the applicability of
these studies to the sercening hypothcsas.13

One possible test of screening does emerge from these arguments.
If educational attainment is being utilized as a scrcen, then its
effects should be most pronocunced at early stages in the life-cycle
and chould diminish over time (expericincc) as firms glean information
about actual productivities from on-the-job perforwsmee. The same
conclusion should apply to mcasures of what an individual learns in
school 1if the knowledge itsclf has no influence on productivity and
. firms utilize thcese measures as screening devices., This is the tactic
followed by Wise (24). Wise's null hypothesis, however, is "the absence
of a significant relatiorship between academic achicvement and job

14
performance." It is not surprising that this hypothesis can be rejected.

13

Arrow mistakenly believes that 4t is the imperfcctions in the ability
measurcs which detract from the usefulacss of these studies when applied
to the screcning hypotheses.

14

D. Wise, Acadenie Achiovemont 1nd Tnh P01form1noﬁ Ford Toundation

e et e 4 W ay

Program for i1cscarch in Un;vkxsxty Achicvement, Paper P-37, 1973, p. 3.
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Wisc's data consigty of biographical and salary information on

approximately 13Q0 college graduarns employcd by a singie large manu-
facturing company in 196S. All individuals had at lcast 3 years of
experience in the firm and were no older than 3Q at the timé they were
initially hired by the firm. The population was further restricted
(by Uisc) to persons with less than 23 years of expericnce. The re-
sulting sample consisted of 967 individuals.

The carnings equation that was estimated is shown below:
(15) s = ¢? eft e®, Ins=eg+rt + ¢

where s stands for the individunals current salavy, e 1s dnitial salary
(4++=0), r 1is the constant rate of increase in monthly salary between any
two years, t is the nunber of years of experlence in the firm and € is
a disturbance term. Buth a and r are assumed to be functions of per-

sonal characteristics as given below:

a-= “0+a-1+bj+d"o

3
PRt ai'i'Bj Tyt g?.:l 23

vhere 1 ais Ebj, Zay, EBJ, e =0
and
a_ = Constant
aq - cffect of having a PA degree at initial hiring
a8y - cffect of not having a BA degree at initial hiring
by = effect of an engincering or scicnce major

by = effeet of a liberal arts (or other) major

bj m cffect of business major
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Xo = yeans of experience prior to initial hiring
Yo » ﬁvcrage rate of salafy increase
%9, qz. teeny dﬁ 2 effect of college quality
| (Astin indcﬁ) |
By 'Bz.., B, = effcct of grade point averasc
(3.5-4.0, 3-3.49, 2.5-2.99 less than 2,5)
Yl, 72,.., Yz = effcct of rank in MA program
’ (top 5%, top 1/3, lower 2/3, no MA)
X1» X9y wey ¥g = measares of job satisfaction and
socioeconomic background.

(See Wise for a fuller discussion of these variables).

The prelininary analysis does not allow interactions between any
of the variables. Since Wise reports interaction terms to be insigni-
ficent, attestion will be restricted to the simplcor specification.

Results are duplicated below in Table I with the xL, L=1.., S5 variables

omittcd.




BEST COPY AviLag

TABLL 1

EARNINCS RECRESSION

Estimated Standard F - Statistic
Variable Cocefficient Error (null hypothcscs:pqual effeets)
Constant 6.70356 | |
ay .02591 (.01029 k 5.766
ay -.02591 (01029)
by .03879 (.0076%)
: 16.018

by .01340 (.00950)
by -.02539
X, .01647 (.00315)
r, .04501 (.00171) '
%y .01085 (.00303)
“s 00234 (.00112)

10.718
o5 .00122 (.00147)
o, .00182 (.00091) .
%5 -.00431 (.00116)
By .00777 (.00131)

; 22.179

B, .00055 ~(.00087)
B3 ~.00245 (.r0073)
Y 01241 (.00311)

11.398
Y2 -.Q0Q17 (.00182)
Y3 ~.00504 (00193}
Y -.00720

Source: Wise(Table 2).
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The rate of salary dncrease clearly rises with college quality and

gradc point average. Wise (Lollowing Astin by whom the index is devised)
asgumes that the quality of the cellege attended reflects the average
aBility of the entering class vhite grade point average, 1 presume, re~
flects one's masteiry of subject matter. Wise argues that if schooling
does nothing to cnhance productive attributes, then there should be no
pexsistent eflcet of grade point average on earningt, Morcover, since
he {in’.. the cffccf of GPA to be importint at all obility levels (no
interaction) and he suggests that the greater the quality of cellege
attcnded the more hLomogencous are the individuals vith regpeet: to
abllity, he' rejects the cenclusion that performance in school is merely
uscd to identify the more able. He also rejects the hypothesis that
grade polut averuge is mcfuly a proxy for affective traits which
Influcnce productivity on the basis that high aclool performance, which
should be an equally good proxzy for thesc attributes, is insignificant
and doos not reduce the affcct of college performarce (GPA) when also
used din the regression analysis., )
o» lowever, Wise ignores on-the-job training as a component of
“ earningc. If GPA is positively corrclath with the amounts (mcasured
in time equivalents) an individuel invests on the job, profiles of lng
(and &) will diverge (sce Mincer (13)). That this is occurring here to
some degree 1s cvidenced bf the finding “hat neither GPA nor €Q ﬁﬁvc
any cffcct on starting salaries. Wise contends that this is due to the
belicf by firms that they would creatc norale problems by differen-
tiating between individuals in this way. It is difficult, howcvcr; to
sustoin thiy view assundng cempetitive markets. 0L courze GPA may

reflect, in part, the rate of return to post=schooling investmcnts
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which, 1{ cauually related to GPA, should be included in the return to

.schooling.

The problem is cilreumvented to some extent by segmenting the popu=
lation by undergraduate major and by job function. One would cxpect
the variation in post-gchool investwent behavior to be smaller within
these classifications thon across the whole population. Dut.Wisc does
not report the cffects of CPA or CQ on initial salar; for the different
groups. In any evcﬁL, GPA 1s found to have a positive and significant
impact on the rate of sulary incrcase for enyineers and business majors
but not for liberal arts majors although, for the latter, the samnlc
size was covparatively simall,  The same conclusion follows_whun one
looks at rcpressions by function - tpose in which liberal arts majors
arc most prevalent yicld smaller GPA cffects. Hhatévcr liberal arts
majors do learn seews to be less relevant to the job they persorm.

A furtlicr result couccrns the effect ol a Master's degree on salary.
As is secn from the table, werely obtaining a Masters has ac appreciable
effcct on carnings unless the individual graduates in the top 1/3 of
the class. This holds true for both engineers and busincss majors. It
would have been intercsting to sce the effect of having a Masters degree
Bn'initial salary especially for those in the botton 2/3 of their class,
but Wise notes that most graduate training was obtained while working.
Wise argucs, although not cxplicitly, that Masters programs are, at
least, potentially proluctivity augmenting, the effect depending upon
an individual's performance. But, from a social perspective, the
question concerns not the potential but rather the actual productivity
gain. Morcover, the larger rate of salary increasc could, in part, be

duc to a jump in salary at the time the degree was granted which might

-73~




N BEST COPY AVAILABLE

be construed as an iduntificutioﬂ efféﬁt captured by all individualg
obtaining the degree,

As long as one is willing to accept Wise's interpretation of the
effects captured by €Q and CPA, it appears that colleges do impart
productive skills although an individual's college major and the function
pcrformcd vithin the firm are also important. To the extent that GPA
itself bas an ability corponcnt, alony with measuring accrued knouledge ,
the results are weakencd. Alsa, to the degree that carnings profilcs
differ due to on~-the-job training investments, the vesults may be con-
founded. TFurtlerrore, accepting the weak hypothesis that colleges ha?e
a statistically sigrificant affect on productivity does not exclude tihe

possibility that a statistically siguificant component of the return

is duc to screening.

" Taubman and Wales, on the othor hand, attespt to test for the
ouistence of a screening effcect., According to the authors, screening
is said to ozcur when individuals, due to their lack of educatiuwnal
attainuent are resteicted {rom entering occupations in which their
marginal products are gicatest. In other wordgs, if individuals were
free to choose tho accupations they entered at a wage commcnsurate with
their true marginal products and not based upon the average produc-
tivity of the individuals with the same schooling lecvel, a greater
preportion of less educated ould be found in higher paying occnpations.

What T & W do is to estimate carniugs as a function of education,
measured ability, father's education, age, and other characteristics
within broad occupational categorics from the NBER - Thorndice sample
of any airforce pilot and navigator candidates in 1943 (sce Chapter IV

for a fuller discussion of this data sct).
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From the occupational regressions, potential earnings of indivi-

duals In occupations other than their owm are estimated. . he residudl
variances arc used as estimates of the dispersion around an individual's
potential income and the disturbances are assumed to be uncorrelated
across occupations. To illustrate the application of this approeach in

a tvo occupation wvorld, let Yl and YZ be the mean incomes obtained for

a given schooling class from the repressions cquations

oo = y vy i N -
Yy = Qi xi : Ui i=1, 2 vhere ai is a vector of co

efficicnt and Xl the vector of independent variables including those

cited above. Let 612, 022 be the variance of the disturbonce terms

assunied to be nworicusly dintributed with zero means., If Yi = ?é,

half of the population can be expectod to be found in each occupation.

then

If'Yi < Yé, then the proportion expected in occupation one will de-
clinc for any given varis: :esy the greater is Yé - Yi the smaller this
expectod proportion,

The resulting cxpected and actual occupational dissribution: by
education are duplicated in Table 2., The regressions upon which these
results are based arc as previously described, escept that occupations
were grouped with dndividval occupational dunmies inserted. The group-

. ings werce (1) profescional, sales and technicaly (2) bluc collar, white
collar, and scrvice; (3) mabagerial. No interactions wcre used so that
earnings mercly shifts up or down for occupations within each broad

classification.
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TABLE 2

% | ACTUAL AND EXPECTED OCCUPATIONAL DISTRIBUTIONS

Some College

High School
Actual Expected Actual Ixpacted
Prof 1.5 9.5 5.8) 14.8
. Y 24.8 55.7
Tech 11.5¢ 20.6 21.0¢ 52.5 9.6 19.1
Scles 7.6 22,0/ 9.4 21.87 )
Blue Collar Nm.m,@ . L.3) 10.2}\ .8 ~
-3, 38.7 S 3.2 M 2.6
Service 6.8 H.b» 3.8{26.5 1.2
White Collar w.w\ .5 N.wv .6
Managerial 40.6 42.4 58.8 - 39.8

Source: ~Taubman and Wales (Table 1, Chapter 9).

College Graduatea

Actual

Nm.oM
36.6
2.8
3.8
h.w

b.o
1.1

1.1

59.4

Expected

38.3
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T & W conclude from Table IT that: "In general then, under the

assumptions of free entry and income maximlzation, very few people at
any cducation level in our sample would choose the blue collar, white
collar, or service occupatious."l5 The fact that high school graduates
predominate in the occupations is taken as evidence of educational cre-
dential requirements.  They {ind more problematic the fact that in the
higher paying occupations (Pruf., Tech., .ales) the expected fructions
alvays exceed the aétual and resort to rather ad hoc explanations. Aft;r
all, under -a screening proposition, why would college graduates be re-
stricted from entering those occupations which maximize income if they
arc indced the preferred group? Although T & W realize that the most
important qualification to this approach concerns the assumption that
there‘are no unmeasured ocecupation-specific skills which are correlated
with education, thcy f£ail to realize that this in itself makes it im-
possible to distinguisﬁ between the two hypntheses. That occupation-
specific skills are important appears obvious from Table 2. The ex->
pected fractions within.the three occupational groupings are almost'
identical for the three schooling classes. Thedir results imply that the
same proportion of high scliool graduates would be found in the prof.,
tech., and sales class as collcge graduates, and the same prcportion of
college graduates éould be found in the.blue collar, white collar, ser-

vice occupation as high scl ool graduates. It scems clear that high school

15
P. Taubman and T. Woles. "Fducation as an Investment and Scrcening

Device'". Mimeographed. New York: National Burcau of Economic Rescarch,
1972, p. 9-19.
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graduates who are in the first occupational category are not identical

to those in the second (even afcer controlling for other characteristics),
and, thua, to extrapolate the caru{ngs potcntihl of the latter from
actual carnings of the former must lead to spurious results. The result
in the first occupatton set for college graduates is further evidence
that these 1cegressions are ignoring some specific characteristics which
arc morc important in some occupations than others. All that T & W have
demonstrated is tha£ there exists a high correclation between education
and occupation but have not demonstratcd, as they intonded to do, that
this relationship is based significautly on entry barriers. The fact
that thelr results are consistent with a screening interpretation does
not aild in distinguishing between the two views. Moreover, even if the
actual distributions arc those which would obtain under strict income
maximization, the question would stlll remain as to whether schooling
produced those occupationsl skills or mercly signalled their endovment.

The test conducted by T & W sheds no light on this issue.
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CHAPTER IV
EMPIRICAL TESTS OI ‘THYE SCREENING #/YPOTHESIS

EEST’ : :
‘zvﬁ"mmadalf

The proposition advanced in the precédinglchapters is that the
priv e rate of return to schoollng may be {nﬁerpreted as derived from
the purchase of a label which serves to ideﬁtify'or signal productivity
endowments rather than,.as in the usual view, to directly enhance pro-
ductivitices. The empirical problem is to discntanglg these two effects
and ultimately to Qeasure their relative importance. The attempts re-
viewed in Chapter III werc much more modest in scope as they aimed
s0lely at dcmonstrating the existence of one or the other effect. Even
these resultis were not free of ambiguities. The more ambitilous under-
taking, although more decsireable for social policy, must await the
resolution of these simpier issues. Possibly, the question is unansuer-
able when posed in a general form given the wide variety of occupations
and job task: associatod with any level of educational attainment.

This chapter will atécmpt to serve two functlons. First, several
tests for the existence of a screening return will be furnished. Second,
by exhausting some of the more obvilous procedures, future research, it
is hoped, can proceed in somethat different direcctions. The major dif-
ficulty with many of these empirical formulations is that they are based
upon life-cycle earnings relationships whercas the theoretical foun-
dation is couched primarily in static ﬁerms. Implications from this
static framcvork can only naiv:ly be extended past the initial phase
of. work:cxpcrience.

One_fﬁrther issuc should be raised before proceeding. Although
seeminglylsemantic, it hag neyertheless led to confusion. Screening

hag been used to deseribe a situation in which educational institutions




VAI
fail to impart job relevint slills. Yot, the term has also been used l‘BlE
in an informational context in the senge ﬁhat if there exist rcal pro-
ductivity diffcrences across schooling classes which can be discerned
by firms, educational attainment will be utilized as a basis for
employiient. lowever, the latter may or may not be related to the
'formcx; whether schools produce useful labor market skills or whether
they merely scegment the population into groups which differ in their
skill endowments (or both), group diffcrcnces will emerge and useful
information imported. Any demonstration of schoonling's infecrmational

1
role is only peripheral to the former issue,

[

1

A simple test for schooling's informational function can be constructed.
To the extent thot schooling is the predominant screen, i.e., other de-
vices do not, in conjunction with schooling, perfectly predict producti-
vities, the correlation betweor. schooling and earniags should be greatest
at initial or early levels of c..perience. Thereafter, as firms learn
about actual productivities and the variance in carnings vithin school-
ing classes rise, the correlation should continually decline., However,
this rcsult may be confounded by post-schooling investment behavior.

In fact, Mincer {inds a rising correlation until the "overtaking"
expericnce level (approzimately the first decade) followed by a rapid
decline (sce Mincer (13), page 57). VWhen I performed the same calcu-
lations for the Thorndilke sample discussed in the text, a pattern of
rising correlations throughout the life-cycle was found. Although 1n
variancc. in carnings increase with experience, the marginal return to
schooling increascs at a faster rate, causing this result., But, the
manner in which the sample is constructed leads to quite diffcrent
schooling distriltutions within expericnce classes, confusing the issue.
Whether this result is peculiar to this sample or general to longitu-
dinal as opposed to cross-sectional data sets is clearly an issue for
futurc rescarch,
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Before proceeding with specific tests of the screening hypothcs;gg
some obscrvations about the gener#l cexplanatory power of this framcework
should be raised. Witlhout detailing the substantin! literature on the
rolce of cducation in cconumic grouth, it is clear that these studies
raise rather scrious doubts about the importance of the screening view.
If one is to accept the notion of only a limited productivity effect
of schooling, a rc;oncilintion with these studies is imperative. In a
reccut survey of the human rescurces arvea, T. W. Schults states that
" ..... it is now cstablished that the omission of the improvements in
the labor force assoclated with education accounted for a large under-
estination of the increascs in the cffective labor force, as Denison as

2

well as Jorgenson and Criliches have shown".  Although one might quarrel
with the force of this stutcment, it is, I believe, difficult to deny
its thrust. The implication is not compacable with a world in which
schooling serves mainly on Informational function. In the extreme view,

with a relatively stable "ability" distribution of successive coliorts

-

2

T. W. Schultz, Duman DRenources, NBER, New York, 1972, Distributed by
Columbia University ¥resu, New York and Loudon. The two refercnces ared
Edard ¥. Denisor, "The Sources of Economic Growth in the United States
and the Alternatives Before Us', New York Comnittec for Lce .omic Develop=
nent, 1962,

D. V. Jorgensen and Zvi  Criliches, "The Fxplanatlon of Productivity
Change," Review ol Reonomic Studies, 34, July 1967.
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of lahor force cntrants, there would, in fact, be little or no corre- lE
lation between prodﬁctiﬁity growth and educational attainmznt.3 Morc-
over, therc is nothing inhcrent in écrecning models which would predict
schooling levels to risc as they have. In the context of Spence's
model, one wonders about tlie nature of the'forccs which would conti 1~
8lly disturb the cquilibriur signalling pattern and concomitant
educationai distribution so as to displace schooling levels upward
over time. Any scrious consideration of schooling's identification
role as a major source of its priQaté return would have to addreuas
these issues. Although the theme will be repeated throughout tliis
chapter, it is important to note thaF the screening argument as a
gencral propocition appears to add little to the productivity augmenting
view of the schooling~incof.> relationship.
The scrceining model picsented in Chapter II dewonstrated that those
with more schooling will iuitially command a higher wage than those with
less schooling if their ﬁean skill level () 1is larger, their varlance-

mean skill ratio (OZ/L) is esmaller and/or if firms are relatively more

certain as to the average level of‘thcir productivity (o%/hz) being the

relevant paramcter). Consolidating the latter two, several tcsts are

3

It is possit”c that along with increasing educational levels there has
been an ir »yivccat In schooling's sorting function which, given the
discussion 3. (i pter I1I, has argmented aggregate output., There is,
however, no .- Zrical evidence available which supports this contention,
In fact, a test vas performed for this purpose. If schooling is be-
coming, over time, a more perfcet sorting device, one would expect tp
find larger within-schooling group variances in earnings within the
same cxperience class for older cohorts. However, some rough calecu=
latjons I have performed of In variances from the 1960 and 1970 census
de not elicit any discernable pattern.
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considered for the components, the mean effcct and the variance cffect.

Since mogt 6f the tects are performed with.Lhe ?BER—Thorndihe population,
b

a genecal description of this data sct follous.

The sample conslats of approximately 5,000 air force pilot, navi-
gator and bombadier candidates in 1943. In 1955 Thorndike and llagen
sanpled 17,000 of there men and collected iulormation on earnings,
schooling; job expericnce and other socioecconomic variables including
numerical scores oﬂ scventeen tests adwinistered in 1943 which purport
to measure various types of abilities ranging from manual dexterity to
abstract problem solviug capabilities. The NDER resampled a subsnt of
these in 1909 and again in 1971 updating data on job histories and

socioccononic characteristics. Specifically, the data includes infor-

mation on jobs held in fivc separate time Intervals: 1945-1952, 1953-

. 5

1957, 19586-16452, 1963--1966, and 1967-1970. Data on jobs held in yecars
other than those corresponding to the interview yecars are refrospcctive.
The sanple is composéd primarily of individuals of high ability

and excellent health,  All individuals are at leact high school grad-
uates aud a majority heve an undergraduate degree or some graduate
training. Ages, as of 1969, range from 42 to 55. Therefore, {or m:ny,

cuployment und chooling were interrupted by the war.

4 .
I am indcbted to Lee Lillard for hig aid in using this data sct.

5
Initial job, which may have occurrcd prior te W. W. II 1s also
reported. '
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To obtain accurate estimates of work experience, the population
wvas reatricted to those individu:ls whose initial Job occurred after
nllitary service ond in particular within the 1945-1952 interval.
IExpericence ds simply calculated as the difference-betvecn a reportoed
Job year lying within any of tlie five periods and the initial Jjob yecar;
it is, thus, defiunitionally zero for the initial job. TFurther ex-
clusions were those individuals with extended nilitary scrvice (any who
remained in the military after 1945), civilicn pilots, the disablcd and
the unemployed. - The censtructed sémplc consists of 7893 eceparate
experience-carnings points for those engaged (as of their last reported

job) as private wage end salary workers and 1906 obscrvations for thoe
6
self-cmploycd.  The reaszon for tius dichotomy will become apparent.

6

There were several poccible ways to assign obaervations to one or the
other class.  Each reported job dvrespective of the individual could
have heen assigned to the reported class. Tut, experience 1s decined
cuntulatively over each individual's vork history and may ot have the
same impact on carnings for cach of the two cmployment states. A sccond
possibility would have been to choose individuals who maintained the
same status throughout. As an approximation to this latter method,
individuals were assipgned to a given class on the basis of their last
reported job., Of the 1906 observations for which the last Job was in
tolf-employuent, 36%Z would also have been assigned to sclf-cmployment
if, inatead, the first and last job had lbeen matehed,  The comparahle
figure for privete wage caployment was 927 of th: 7693 observations.
Regressions were run for those individuals whose class was the same on
both the first and last job. Since many individvale d1 not report ine-
termediate jobs, the simvle sizes would have bLeen scverely restricted

if further constralnts were ut ‘lized. Results are qualitatively the same.
See Tuble €.9 as contrasted with Table 1.
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Prohahly the more important guestion concerns the rvelationghip
betweén average productivity differences and schooling, the mean cffoct.
Recall that the private return to schooling 1s solely a function of the
additional slills associated with the more schoolcd group (ignoring
variance returns) and will be the same, according to the models pre-
sented in the previous chapters, regardless of the mix between skill

endovment and human capital acquircd throush sclioolin:

Using tho NBEﬁ—Thorndike sample, ecarnings profiles were estinated for

both private wage workers and for the self-cuwployed. Table 1 repoits

the results for several regression specifications (see page 93 for a
discussion of these formulations). The dependent variable in this and

all other tibles is the natural logurithm of earnings (in 1958 dollars)

S is schooling level, P is expericnce, and A is an IQ-type abllity
measurc.7 Since the relevant hypotheses concern coefficient equality

as bhetween the self-ciployed and private wngc‘populations, the regres-
sions in Table 1 (and all following tables esicept where noted) are

from the poolad eample. Each cocflicicent represents the partial effect

of a given variable for one or the other sample. Given the variance-

7

The abllity nmcasure is a compositc of the scventeen tests. It was
constructed by Al Reaton of the Educational Testing Scrvice.
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covaripnee matrix of cocificients, t-tests may be perfomwed to test for
: 8
cquality of single cocflicients as between the two samples,
Deseriptive statistics are given in Tables C.1 and C.2 in Appendix C,
Consider the effcet of additional schooling for the two worker
classes given in Table 1, equation 1. It is scen that the marginal
return to schoollug is lowvger for the nelf-cmployud at all cuperience
points. The sane recult is apparcent vhen schooling effects arve averaged
over all life cyclé pointe (cee equation 2 or 3). A joint test was
perforned on € end 81 to determine whether the difference was statis—
tically =ignificunt between the two groups, Thé two coefficicnts were
constrained to be equal across the samples while all o hers were

allowed to vary. The F-velue obtuined was 9.6 which is greater than

(F

the appropriate I-statisti

(@]

(VR ]

R Schoolirg, thereforc, has a
2 9785)' .
differentiszlly Larger dimpoct on cavaings among the 421F annlaved,

Concidrring the screening models, there is no incentive for tle more

proeductive ol the selfzciployed to use schooling as an identification

..

8
Letting Yl = Xl Bl +tLl and Yz = X2 pz +'u2 refer to the separate
regressions for the two worker classes, the pooled regression is of
the foria

Ty ™ = Ta. 3 : .o

gl M R | [P ] e axpru

Y, ;P I | P2 U2
where Yy dds nox 1, Y2 ismx 1, Xl is n x k, Yo 1s mx k and Bl and
-Bz are k x 1.

See Fisber (6) for a discussion of hypotheses testing when some co-
cfficient: are constrained to equality,
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device. 1f formal echouling has only a small productivity cnhancing
effect, it sﬁould be most apparent. with respect to this gfoup. Regard-
less of other considerations, the self{-employcd can eari ataﬁost only
pe
the market's valuation of their margiudl produét. Thnggyé; schooling
effect for the self-cmpioyod is comparable éo that of the private clasa
of workers Is a clear indication of schooling's value. The endowment
argument ilnhcrent ;n the screening view appears to add liitle to the
productivity augmedting view of schooling's return.,

It.cou]d be argued thut the wmore produc£1ve among the self-
employed are the ones vho obtain more schooling and, thus, would earn
were regardlicess of their cducational utta;nmcnt. However, an ﬁttempt
was made to control for ability differences and, in any cvent, it is
not clear why the morc richly cendowed would be more prone to engage in
further schooling (after miiltar; service) unlens they perceived some
reward (which nust be due to skill auguentation rather than identi-
fication).

One obvious modification 18 to dclete the professional class since
it is, in many iInstances, subject to public screening through occupa-
tional licensure. Restricting attention to the managerial class, which
is baslcally the only other occupational category ingwhich the self-

employed are found, does alter the schooling effect., However, inter=

preting the schooling roefficient within an occupation as a marginal

9

The self-cmployed predominate in the managerial and professional
occupations aucounting for 837 of the obscrvations, The comparable
figure for the private wage class is 60%.




rcturn tc schooling in the usual sepse is 1nappropriate given that the

schooling and occupational choice decisions are pfobubly.not mutually
exclusive. Tor the purpose at hand, a comparisoﬁ.bctwcen worker classes
can, however, still be made reallzing that it holds only for those who
have chosen fo enter the occupation and not.for the entire population.
Regressions are reported in Tabla C.4. The overall schooling.coefficient
(equation 2 or 3) is, in magnitude smaller for the self-cmployed; also,
the schooling cffec£ in equation (1) 1s less at all experience points
within the sample range. Howevcr,'these differcnces are not

10
Ygignificont".

Similar reasoning applies to the effecct of college quality on
carnings cs between the two groaps. If the quality of collcge'attendcd
"i8 used as a sereun and merely serves a classificatory function, its
effect should be leecs pronounced on the carrings of the sclf—cméloycd.

To facilitate the comparison, the subsample of college graduates (those

having cxactly 16 years of schooling) was choscn. Other sample

"restrictions are maintained. The regression equaticns are presented

10

A joint test on S and SP reveals that the schooling effect does not
significantly diffcr between the two groups. The F value was 1.5. Aleo
a t=test was performed on § alone for cquation (3) in Table C.8. The
t-valuc was 1.55.
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in Table 2 below whexe Q represents the college quality variable
and other symbols are as‘prcviously dofined.ll |

Comparing the overall quality efflcet (averaging over cxperience
points), it is obscrved that the self-ciployed do benefit moic than
priyatc wage workers (sce cquation (2) in Table 2). Differences are
in fact, "significant".lz Similar results are obtained for the mana-
gerial class (sce Table C.7). Descriptive statistics for the two
worker classcs for'all occupations and for managers alonc are given in
Tables C.0 and C.7.

The obvious iImplication to bie dravn from these tests is that baman
capital augmentatioa is responsible for the schooling effcct observed
in thic sample. If the major portion of earnings differences botween
schooling classes could be accounted for by sorting, the self-employed
wquld not earn as large a return frea additvizacl schisoling nor-would
the greater knovledge gained from higher quality schooling have as large
or as sustainced an effect.

A corparison of average income of rural farm workers and urban
workera at alternative schooling levele found in Welch (20) also suppor‘s
the human capital view, The argument is baslcally the same as that with

respeet to the self-cmployed = private wage comparison made above since

the rural farm class is predominantly compored of sclf-employcd individuals.

11

The quality variable is a Gourman rating. Two such ratings were given,
an academic and an overall one.  The latter vwas usced in che reported re-
gressions,  Results with the former are almost identical. The simple
corrclation betveen the two was .98 for both worker clasces. In the
tables and regressions the original rating was divided by 10C.

12
The t-value was 2.4.
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Aa Table 3 shows the percentage increase in earnings wilth increased
schcoling for the 45-54 yeur old age clags reported by Welch rises
wose xapidly for rural firuwers., The absence of a screening motive

would preclude such a result if schiooling did not augment preductivities.

TAGLE 3%
& Income in ]:959 for Urban and Rural Farm Males, 45-54
é Years 01d, Ly Years of Schooling '
Conporicon for the 48 States 1-4 yrs, 12 yrs. 16 + yrs.

Urbon Averase 4,370 6,900 10,130
Rural Taim Average 2f780 4,900 7.600
Differcnce 1,590 2,000 2,530
Ratio 0.64 0.71 0.75

a Computed from data provided in the U.S. Census of Population,
Source: Welch (20), Table 2. -

One possible test for the variance component of the screcning
return can be mude by conparing earnings profiles of different achooling
groups. The argument can be made explicit with the assumpticn that post

schooling investmeats are zero. If either or hoth of the variance

’

2 2
o
components (.ﬁ- or ~§2‘) are operative, the private return to school-

ing moy bLe larger than that which is warranted by actual productivity
diffcrences. lNowever, as flren learn ohout actual skill levels, wage

rates will adjust to reflect performance. Wages should, thus, regress
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to thelx cercalnty levels. Notice that thexe is no necessity for the
variance paranecters to work in the same direction or even fof Eheir
effccts to favor the morce cducated. Nevertheless, the null hypothescs
of an upward biis in schooling's private return due to variance effccts
will be maintained.

Recall that ambijuous theorctical results were obtained with
respect to the cffect of uncertainty on labor domand. Imitial wage
rates might be above or below that which would prevail under certainty. -
With perfect information (u2 = 2 = 0) and in the absence of human
capital accumulation after thé schooling period, mean wvage profiles
for the two schiooling classes, as depicted in figure 1, would be
horizontal. Those with grcater schooling would earn AC more at all
stages of vork evpericence. However, with variance cffects favoring
the rore clucatud and assuaing a negeiive dmpact of uncertalvnty on
factor demand the wage profiles would be given by A'B and C'D where
“full" learning occurs T ycars after initial vork experience. As shown,

13
this leads to convergent wage profiles over some range.

13

Th~. 2 conclusions are not ludependent of the learning process. All
ti 1t is belng said is that the more cducated will carn more relative to
the less cducated than is warrantod by true productivity differcaces
and that over time relative wage rates will begin to reflect this
Initial bias, T there are different rates of learnings about the two
groups, there nay be a period durding which cavnings diverge but con-
vergence must, nevertheless, occur over some range.
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Figure 1. Wape = Experience Profilus with Tmperfect Information
by Schooling Class
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Complications arisc when there are opportunities for on-tine-job
training. If post-schooling investment behavior is systematically re-
lated to cducational attainment, any degree of converg:nce or divergence
can be elicited., If the wore educated either invest more heavily at
eacli level of cuperience, or if they carn a larger return per dollar :

14
invested, profiles will tend to diverge. If this is the case, then

14 N ’

The incorporation of learning into a human capital production model
is clearly relevant to the shape of carnings profiles, but the issuc
is very comples Tt is one possibility for extending sercening models
to a life-cycle context which might clicit more concrete testable
implications,

94~
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the vaxiance effects, if they exist, vill be disccernable Only if they
15

outweigh the txaininb cffects. Tﬁc available evidence suggests thc
exact opposite; the variance rceturn is overwhelmed by systematic invest-
ment patterns. For example, in Mincer (13) and Lillard (12), it was
found that dollar carnings profiles diverge with increasing expctlcnce.16

The regression equation used to test for the existence of the
postulated variancg conponent is specified below. The form was chosen
for the speeific screcning hypothesis rather than as a direct conse-
quence of a formal theorctical construct. It i8 not narticularly

different from the usual types of earnings functions that have been

used in otﬁér studies. All variables are as previously defined.

= o ' 2
(1) InY =a  + ¢ S + «, P+ a3P + aasP + as.A + e AP+

Hincer finds coavergent In Y profiles using the cross-sectional
1960 1-1,000 Cencus which he attributes to the more educated investing
less “tine" in job training rclative to the less educated. Welch (23),
however, perceives a vintage cffect as the cause since those with more
experience obtained their schooling in carlier years. The latter is,
however, not possible in this sample, giventhe manner in which the

samplce is constructed. Experience levels do not correspond to specific

age c:-:orts.
15

Yor a complete discussion of the rclationship between human capital
accunulation and the life~cycle earnings distribution sece Mincer (13).

16
Mincer useg the 1960 1-1,000 Census. Lillard usecs the NBER-
Thorndike sample described more thoroughly in the text.
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Since converpence dpplics declining carnings differentials between

schooling clasces with expericuce, a negative value for the least squares
estimate of ®, would be congistent with the screening view. Note that

it would also be consistent with Mincer's luman capital model. The
ability terms arc included to allow for the possibility that individuals
of greater innate talent or Initial “ekill® iﬁvest more resources on

the job or carn a larger investment rcturn,

Regression rcshlts for private wage and salary workers are reported
in Table 4. Descriptive statistics are giveﬁ in Appendix C, Table C.1i.
Several diffierent sample specifications were tried; the basic results
are generally unaltered. Tor cxample, there are probably non-pacuniary
rcturns or labor supply considerations which explain the fact that
teachers by fér have the highest .average level of education yet rank
oniy fifth (out of 8) with rcépect to earnings. Also, medical doctors,
lavyers and - hor professionals are generally restricted in their
schooling decisions and would not be subject to a variance return. The
major effect of cxcluding these groups is to enhince the effect of
schooling on carnings as shown in Table 4. Since labor supply variables
were given only for the last job and citrapolations back to previous
Jobs would be highly subjective, no cttempt was maﬂe te incorporate
then into the analysis. |

Concentrating on equations (3) and (5), it is scen that the per=
centage iIncrease in carnings duc to an additional year of cxpericnce
is larger the greater is schooling; 1n Y schooling class profiles fan
out with expericuce. For cxample, from equation (6) at $ years of

experience an cxtra year of schooling is associated with a 1.5%
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increase in carnings while thu,cqmparablu cffects at 10, 15 and 2Q ycars
of expericnce are 4.2%, 6.97% and 9,67 respectively. The training com=
ponent, if_thag is the.ptopcr explanation, is, in fact, quite st.ong

as carnings are estimated to be lower for the more educated for scveral
years after initial cmploymert, Notice that ability diffcercnees also
have larger impacts at later expericnce.

Since the self-cmployced are not subject to an educationally based
market screecuing p%ocesa, therc ghould be no relative certainty retuvrn
to those vho are more educated. Earniags profiles should, thercfore,
diverge to a greater extent for this group if the null Lypothesis that
systcmntic';ariation in past-schooling investment behavior with odu-
cational attajmmuent 1s identical for both worker classcs is maintained.,
There is no a priori judgmant inhcrent within the humon capital f{rame=-
work s Lo this coaparicon,

Looking éf equation (1) in Table 1, the schooling-cxperience
interaction term is seen to be larger for the self-employed as was
suggested by the scrcening model. A one-tail t-test lecads to a
rejection of ghe null hypotheses of coefliciont equality between thé
two samples.l. However, that this may simply be a training effcct can-

not le¢ ruled out. Qualitatively similar results are obtained °r the

managerial cluss (see Table C.4, equation 1).

17 .
The t-value was 1.8.
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Congider also the abllity—cxpcxjuncé intcraction. The ability
effect Increasces with cﬁpcricnéc for private woge workers but.ia
insignificant in the self-ciployed regression cquat:ion.]8 The impli-
cation of the scrcening model is that ability differences (if the ability
measure reflects productivity endouimcuts) will be discerned by
cmployers and carnings will, thus, over time, more nearly rcZlect thesc
differences. For the sclf-caployed, no such cffcct should be observe-
ablc. However, it may oc thut the skills measured by the ablility
varisble are lcss relevant for the self-ewployed. Indeed, a larger
ability effect vould be expected fo:r this group at initial expericnce
(P = 0) thnh for those privately emplcyed since, if the latter are
subfcc; to scrccening, individuals of diverse abilities, even within the
samc schooling class, would initially be move cquzlly compenuatcd..
This is apparuntly not the case; the ability measure appeares not to
capture job-rclevant skills for the sclf-employed.

| Bésically, the same arpuments can be made with respect to the
impact of schooling quality on life-cycle ecarnings. If college quality,
for cxample 1s used by {iri.s as an informational device and there is

a varionce component to this return, profiles of differcnt quality

groups should converge with expericnce. On the other hand, if no

18

For the self-omployed F = 0,992 vhile for private wage vorkers
F = 35.935. YThcese ave derived from vithin=group regressilons which
naturally have identical coclLficients as those given in the text but
have di! ferent variance-covariance matrices of the coefficients.

-99-
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Information is attqchcd to knowlng the college an individual attended,
profiles should be ddentical., Note that if this knovledge is value-
less to the firm, it is presurcd that no skill differences exist.
Assuming quallty to be a valid serecn, one should find no convergence
in a compariscn of private wage vorkers witﬁ the sglf-cmployed or, if
training investments are for some reason positively corrclated with
college quality (ability constant), greater divergence, To facilitate
the comparison, the subsanple of college graduates (those vwith cractly
16 years of schooling) wis choscn, Other sample restrictions are main-
tained. The regression equotion is specified identically to thut of
equution (1) cucept that a college ¢nality measure, Q, replace the
schooling variable S and QP replaces SP. Results are presentqd in
Table 2 combining all occupational categories, Managcrial regressions
are reported in Appendin C, Table C.8. |

Consiztent with the sereening proposition, earnings profilcs
diverge to a greater extcét as between college quility levels for the
self-employed, lowever, the t-value associated witch the test for co-
efficient equality is 0.506. vhich implies no "aighificant" difference
in the rate of divergence., This result 4s unaltered when only the
managerial occupation is considercd. lence, there is no confirmation
of a varlance rcturn to college quality. '

The preccding formulations have attempted to discern the existence
of a variance or relative certainty rcturn to schooling which does not
reflect productivity diffcrences causally related to educational attain~
ment., Adwittedly, the tests are crude, yet the results generally do noﬁ
confirm any substantlal bias in schooling's return due to this factor.

Clearly, furtuer quantification of sysicmatle post-school behavior as

=100~
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related to schooling, ability and college quallty 1e cssential.

The stxategy has heen to explore the implications of the two com-
peting vievs of the schooling-income relatlionship and develop procedures
whiich might indicate at least the direciion, if nct the magnitude, of
schooling's prcdomiﬁnnt role. As noted, taﬁcn singly, the tests are
not poucerful; yet, cumulatively, the ressage is clear. A significant
screening component is simply not revealed.

Because of the difficultices in designing and implcmenting pro-
cedurcs to isolate the two effcects, it would be a uéeful cxereise ﬁo
outline an empirical specification which, ignoring data requirements,
has strongly divergent implications under the two reghres. Such a
model is outlined below. It is not intended as a complete specification
of an appropriate test. |

Concider a world vomposced ofn . gueprzophic unitco (rrzions,coﬁntries
between which lalor is completely immobile. Reglons wre assumed to be

composed of individuals whose aggregate "

abiiity" or cndowed producti-
vity distributions are identical. Suppose, moreover, that schooling
serves only a scrcening function, and, becausc of taste difierences or
Spence's multiple equilibri-, for example, schooling distributions (in
particular, average schuoling levels) diverge between regions. Also,
for simplicity, assume that schooling's screening efficlency is the
same in all regions in the sense that an additional ycar of schooling
moves an individual up the ability distribution (in an identification
sense) by exactly the same amount in all rcgions. For example, the
average ability of those with 10 years of schooling in one region might

correspond to the average ability of those with 12 years of schooling

in another region and likewise for the scivoling pairvs (11, 13), 9, 11)

etc.,

«101~
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Under these assumptions, the yutes of return to schooling obtained

from simple within rcgion scﬁooling—cnrniﬁgs regressiong would be
ideuticai for all rcgionu. Cousiduf, however; pooling the n samples
and performing i following regression:

(2) 1In Yij =- B+ BiSyy + pz'é'j + ‘33"13 + uij, where
Yij’ Sij and Xij are, respectively, the earnings, -chooling level and
other rclevant characteristics of the ith individual residing in the
jth regiong 33 iz the average schooling attainment of thiose individuals
in the jth reglong and u is a disturbance term,

Clearly, cn increase in an individual's schooling level (S1 ) will,

J
holding the mean schooling level (gj ) constant, ;pcrease carnings due
to his improvement in position re;ative to other.iudividuals. In fact
'Bl vould be identical to the within-region schooliny rcgrecsion co-
efficiente. lowever, an incrcase in 33, holding the itll individuai's
own schooling level constant, would worsen his relative position, {.e.,
identify him with lower ability types and, thus, reduce his earnings.

In a screening world, 52 would, therefore, be negative.

If thesc were the only implications, this framcwork would not be
very useful. For, under a productivity augmwenting view, the same pre=-
dictions are possible althiough 52 could reasonably be positive if demand
conditions were the cause of the diffcrent schooling investment: patterns.,
There is, however, a much stronger prediction. If all individuals®
schooling levels were augmented (or rcduced) Ly an equal amoun , say

onc¢ year, any individual's earnings would be unchanged., Each individual

woild remain in exactly the same position relative to others s before.

-102-
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Thus, the sum of the tvo ceeffticienty (Bl + ﬁz) should be zero. The

more positive their sus, the less importence could one cucribe to the

scraecning Lypotheses.




CHAPTIR Y

SUMMARY ANl;v CONCLUSTONS

The dissertation was basically divided into two parts. The first
portion (Chuptex Ii) desceribed a model of a compctitive firm's employ-
ment declislons vhen some inputs are of uncertain quality. 1In particular,
individual productivitics were assumed to be unknown to the firm prior
to hiring and ncither instantancously nor costlecsly deterninable from
dircct observation of on-the-job pevformance. Instead, the information
available to the firm wac restricted to knowledge (a subjective compo-
nent was also treated) of the first two moments of the population's
skill Aistribution. Output was assuncd to be o function of occupation-
specific agﬁrcgate gkill levels and capital. Within an expected profit
maximization framework, uncertainty or risk in the form of skill
variance vas shoun tn lead to a reduction in expocted profits at the
pravious input scales. lowever, its cffect on labor demand was seen
to be ambiguous; when decomposed into substitution and output responscs,

« the former may imply a greater utilization of the risky labor input.
Although deperding upon production function properties (in particular,
third pnrtial-derivatives), the intuition for this result was simply
that the firm substitutes toward those factors vhich most reduce the
negative impact of skill vériancc on expected outrput.,

The rationale for the use of screening devices, e.g., schooling,
8ex, age, etc., vhich may segment the population into classes differing
in thedir skill distribution paraﬁctcrs; ﬁas nex:t coasidered. It was
demonstrated that the demand for individuals associated with a given
(schoolinz) group depended upon both the average skill level and the

variance-mean skill ratio of the group. Since skill variance reduces
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expected prof{its, the flatter component was interpreted as a relatlye nisk

effcct. With an imperfect deviee (one which locs not perfoctiy predict
productivitics) production isoquants relating quantitics of labor of
different classes vere, wder plausible assumptions, shown to be convex,
Civen nmarket wage adjustments as a recult of screening, workerys from
different ({schoolirg) classcs may be cmployed within the same occupation.
Morcover, sincce any device's sorting capability may differ across
aoccupations, workcf charactcristicé nay aleo differ,

Applying the model spccificaliy to education, it was scen that the
relationship betweea Income and schooling nced not be due to okili aug-
mentation.  Scliooling's private return can be viewed as a reflection of
its informational content, i.c., its sorting function. Several models
(Chapter III) which explicitly consider the individual's schooling
decicion in » sereening world vere connidered,  Havover, theee fermu-—
lations tcended to ignore the soclal value of schooling's identification
role. This point was then explored in the context of the previous model,
In estence, eliminating beiween group skill variance through the use of
screens was shown to lead to a more efficient allocation of workers both
within and between firms. Thefcforc, even 1f the higher averase skill
levels asecoclated with the more schoolad were not produced in the
schooling proccsu, schooling's social bencfit would not be zero. Thcre.
are aggregate output gains from screening which nay coexist with any
mixture of the two views.

The sccond portion of the disszertation described some cmpirical
atteompts to discntangle the productivity and identification cffects of
schooling. The results of two previcus studles were reported

(Chaptcr III). The first attunpted to discern the existence of the
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productiyity cffcct whilc the second concentrated on the screening effect.
The evidence for the existence of schooling's productivity cnhuncing.
role wvas gcen to be greatly more convincing although the nature of the
hypothesis did not rule out an important sercening role as well,

Further empirical tests were pexformed and their results discussed
in Chapter IV. Tests for both the micon and variaace components of the
return to sclicoling were condiited. Variance effects were, however,
not readily dispinghishubln from on-the=-job training effects. Neverthe-
less, it would bLe safe to conclude that no substantlal upward bias in
schooling's return was discernable as a result of the postulated relative
risk prenium,

Probably the strongést tect for the exictence of an identification
effect vas bascd upon a comparlson between schooling's return to self-
employea and private wage vockers. Since the former are not svhject te
a scrcening process, i.e., there is 10 nced for them to identify their
capal..litics through formal schooling, the absence of a productivity
effcet should nanifeat jtuelf in a lower return to schooling than for
the latter group. Using the NDER-Thorndike saiiple (see Chepter IV) 4n a
longitudinal fashion, earnings regressions werc estimated and profiles
of the twe worker classes compared. Thc.scheoling cffcect, either
averaged over all life-cycle points or at alternativeklevels of experi-
ence, was shoun not to ve "significantly" different for the two groups.
This rcsult was maintained cven after excluding the professional
occupations and, thus, considering only those in the managerial category.
Similar results were obtained for a comparison of the effect of higher
"quality" undergraduate training on carnings Letween the two classes.

It was demonstrated that the earnings of the sclf-cmployed are cqually
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augmentald by greater quality schooling, a result which would have to be

due to nkili auguentation rather than idcntjfication.

Further independent evidence related to thie controversy was also
discussed,  For cxample, Welceh's (20) income-schooling cﬁmpariuons of
rural farm workers (gencrally, they are self-employed) to urban workers
supportced the previous finding that the incomé gains from schooling are
substantial even for groups not influenced by a screening motive.
Further Joubts as go the importuance of the screening view ware raiscd
in a brief discussion of the growth accounting litcrature. It was also
noted that the sercening models surveyed in Chapter III did not appear
capable of explaining the rapidly rising schooling levels observed
over time,

An important point noted in Chapter IV and also stressed by otler
authors (Becker (3), Chiswick (5)) was that in order for sch-oline to
serve nainly a screcning function, one would have to discount the pos-—
s8ibility that there would be market forces which, through the development
of cheaper information sources, would destroy the screening motive for
gchooling investmente. There are two reasons why market asechanisms
might not be strong cnough to bring about this result. Either the return
from developing alternative sources of information are not large enough
or schooling is predeminantly a productivity augmenting instrument. The
latter appeared more plausible given the éxistence of devices alrcady
in use (by schools) to predict school success and the suhstaékiatinl
private cost of attendiag scheol. |

In conclusion, the apparcnt use of schooling as a scrcening device

did not appcar {rom the empirical work presented in this dissertation,

ta atem from a mere identification of productivity types. The cvidence,
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in fact, was such that o pure productivity aupmenting vicw of the

income=scliooling relationehip appeared greatly rore tenable,
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APTENDIY A

This appendiy to Chopter IT first demonstrates the propositions in
the text for the single skill input model and then generalizes the proofs

to the multi-factor case including all of the distribution parameters
discussed in the text.

1. The Sin~le Skill Tmput lodel,

Beglnning with cquations (13), (14), and (15), thc proofs of

which are given in the text, the pure substitution effect can be
proved as follows:

. 1 dL A] Al"
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oK
Similarly,
1 K Oy o,
(A3) == %= ey o 1 =g o9 THK
K do Lo A Ko KA

which, upon suvbstituting for AIY and l\q., and performing the same

manipulations a=< above,reduces to

-1l1ll=~




‘:‘L 4’ ’

l '(!1\7' = -J .4_,.1‘.0.2.. - .q.,.K.(.,.?l . %lt
as LKL,

Subtracting A.4 from A3, recalizing that x + ' 1, vields A.5,

the percentage alteration in factor ratios due to a change in

variance.

(A.5) .1.%14.{ - L L 02 - 4a?\,

Substituting

m (Fg + MR + 1S F===),

L0 55 $55

épp2 = % Sgp + % Pog,

and s = S Feem
‘ro? T % rssr

Into A.5, it is fecn that the pure substitution effect does depend

on third partial derivatives.

(A.6) 1dL . 1ax s ™ 5y, = oBP=Fem + P Fue .
L doZ K doZ K’ SSS °Fs S8 K 8S

That marginal expected cost must increase with the introduction of

uncertainty can be demonstrated as follows. Setting a—g-} =0, 1.e.,

restoring output to its original level, and assuming no substitution

_ Lo?2  %pg?
effect ( s - s = 0), from (13) in the text, A.7 is obtained.
L K

(A.7) _‘D\/,;\. [-%?/_\o - ’Y(%‘* + ¢1 Al') ]/A

Q
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&y
%Muﬂlg

¢.02 )
where y ._.;,.;’:- ,. l\‘;_?'_ o Substituting for CL and L\{,

a.gy O = =4 -yt
d

+ 24' & '¢ . Bllt

vhere T = ¢2¢ "
L o ¢ LKL

KK LL

T >0 is tle conditicn for cost minimization,
o > 0 is the condition for profit maximiration and
¢02 < 0 as previously demonstrited.. Thus, nmarginal expeceted cost

must risc as loag s variance veduces marginal expected products,

i.e., y<O,
The net scale effccet is found by setting QXE -0, = 0.
do ¢
From (13),

(A.9)  drD. - -

i /_\ . 14 2 ¢ _'A'I
Srg2 G151, fre? il

z -
Co At A
o i P2 b
Put —= = %&: o Thus g‘;‘-‘%\'p“ s g A 15,
L L'LN A& A
dA /A

Similarly, %7 = ¢.0% Therefore
) dPK/PK .1\__5 ’

a10) & - fe? 04 fre?
do

; ).
QL LPL ¢K F‘K

With the introduction of schooling as a screening device,
expected output is given by equation (22) in the text as demon-
strated. The margins) rate of nubstitution for wvorkers from the

two schooling clasces is found in the usual mammer. Totally dif-
ferentiating (22) and setting dY = 0 yields
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(A.11) dY = Botgdl + 1 q»dl.l' -P;qur, ¢ ‘\RdLh = 0,
| g ulyy
Substituting SR_ = I'¢ (R.~R) and R_= M1 (my-R),
2 2 :
where Ro = 9C_ and Ru = -gn3 into A.11, A.12 is obtaincd.
Wg ty

™ - He o Ho
(A12) dY = 0= g1, f1L 48 - C+re C
| dhg L1298 | RS — c¢n ]

S S
= ot )
+ dLu []J.HGJS - R¢R -:'§ + RH¢R -31
or
(13)" =dlc . by ( s - Rop 4 Ritg )
diy  Ho | 86 -Réy +RR,

To demonstrate the convexity conditfon for the production
ko = S
S

differcenticts AJ13 with wcepeet to L. c

H Defintag

RC¢R and k“ = S¢§ - R¢R + RH¢R, one ohbtains

(A14) - g_c_lﬁ d’Lg
' by dLp
= My ad;" r :ﬁ‘l,%fk ¢§aﬂ—-‘§]
-k [0 Ifi%*_%n d2R4 ¢:5~f§
-Rq'l’s:‘?. U‘d{‘i Ry uLu )

=114~
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R




= (Lc-ku) [ .S-S-f oo ...d.s. KR ?,‘t-.. ’(’R A ’d.s-_

o dLl‘ ! Wit JLI’. :. .dl:l.i
ds _, .t _ _d3 .
T Bl an, Schy iyl

- = - SIS ] e
kc l“ . g‘»R(Pu C) so that

KRy = By = = (=l ) (S - R).

R
- m N
Aleo, ¢S5 = p +p dL(; « L} U.C- :“) and \

dn. = 9R_+ ox GLc= ~MI(KC-1H) (4 )

Substitutiva of these cxpressions into A.14 and rearranging term

yields

2 12 [EAel . . -
(13 Lo | oty [5655 + 205 - 250505]
dLy kele ¢r

which will be negative if and only i1f

. o= < 2 95 (S¢= -
(4.16) s""’ss < '5;{(‘ ¢sn ¢R)f

or Ao 17 ) < §' ) i Y - - 1 -.2 P R
(4.17) bgs 43 555 since SYSR ¢R: 5 8% 1o

A
[y
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2, The Multi-factor Hodel.
Attuntion‘in now restricted to the formulation of expeacted

output given by cquation (29) in the text, .To olitain th&t résult,

it 1s asuumed ﬁhat firms belicye the mean skill level to be the

truc ncan with some subjective variation attached to their bcl;ef.

Assuning that firms vith greater uncertainty can expect to gample

no vorse than ﬁirms with more confidence in their Leliefs, and that

this type of subjective uncertainty is wncorrclated ovcf occupations,

the appro:ination of cxpectedloutput is simply additive in the two

two types of variance. Specifically, 35 is distributed vith mean

u] and variancoe u?/L, vhile pj is subjectively distributed with mean
: i
“j and variance 3;. Thus, their difference, E&-pj, is distributed

with mean zero and variance cr§/L:l + c:; under the covariance assumptions

previously made. Lxpected output iz, tlherefore,

(A.18) Y = F(Sl, 29 S JK) + k5 ERijb:;j+ % szSS T

(71 ]

. 535

wherce Rﬁ e oi/u and Rj - a§443. Trr equilibrium couditions for the

competitive firm are:

—— - — A A a
(A19) Y = ¢(Slf52’ vos svfulfRZ’ °°’RV’R1’R2’ "’RV’K)

(A.20) rLj= My 351, v

(A.21) Py o= A

(A22) AN=mMC= PY'

Totally differentiating with recpect to o& (ox 02) and rewriting

in matrix notation yields
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0 (Y . 'y - ¢ 2
N A I
. . . . 2 '
¢Ll 4)141]41“. ¢L1LV qj]..;i_l‘( dLl/dU& d
Ly 62
. . 3 . N ‘ 1 l
(A.23) | ° . T . . - '
.1 2 _
¢LV. ¢LVL1 ¢LVLV ¢Lvh dLv/doz . ¢chi
. -f
b - ¢ $: » K/ do? ‘ \ - /
| 'R i, k[ | av/ae? '¢ng
Solving for dLi, the effect of skill variance in the 2D iabvor
do?
2

input on the employr.cnt of the kth, yields
(A2 $ka (g7 - 40 ALk-‘f ¢1,,02 AL, L
dﬁ% do % J=1 TMTE Yk

| 4 2 A rY
- 4’1»0’ l‘shk / A,

v

vhere & 1s the detersiinant of the left hand square matrix and the
subscripted A's are the relevant cofactors., The pure substitution
. effect is (recull that dY - ¢02 is get equal to zero)
of L

v ¥ g2 4 .
. (hozs) Lk § Ly, TR N R Ve

. b dog 0 §=L Ly La 4 LA
¢, O
But, from Allen (1), “jojk = .EJTZ?JEE where
- Lk

“jk is the Allen-Uzawa partial elasticity of substitution. Thereforc,

2 2
L‘. doi JY3k ¢’L | RKp  ———

3 ¢x
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Notice that for tlu'z. onc skill inpu; nedel, .aLGLL‘: 00

equation A.2 rcduces from A.26. The net scale eflicet 1s demonstrated

80 that

in a similar manner and Is given by

2
M.27) oo Blo B ded By
do? ¢;, EP :
* I K.
The reason that results iny not be symmetric for u;: is simply

because OL .2 $ 4 %2, Notice that
» ') L9 :

A.28 , = ) L, P - - Ao,
( ) ¢Lj°i | F llj [} Sg:;zSJ for j/ and

2=k (S, Pz g = + Tz =
¢I"«°z Sy, Sy g8p s,,sz)
and

. A o !‘: 2 fwe o =e .
(A.ZQ) 4’1‘1;2 - ‘le'A lsﬂ,bﬁsj for _|4"2- and

Ao gl I . e -
°Lz°;: %(LeSy Fgu5,8, + F5.5,)0-
Thus,
(A.30) &7 22 = ¢1 g2 and
Lok I'juf.. L,
‘2 L Il 2 + lf F- - .
¢]102 | 3 (‘!‘sz ] sgsg)

For a lincar homo};c—nc:ous production function, twice differen-

tiating kuler's equation with respecct to §L yields

F
S
L8 22

+00+.S-F':"“- +1"-;-; +ooo
2 L5558y 88y

w2
i

5.5
m.

$8F= == +KF== n0
A )

or, using (A.28),
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e
E—I:J-.——Op“ = 0\

(3D, Ty 8
b,
j R

Since for a lincar homogencous function .E%__ = q

(A.32) is identical to the net scale cffect given In (A.27).
Thus, for tnhis fuaction, the initial rcduction in output duc
to an increasc in skill variance tor any single occupation is

also the 11 reduction.

~ However, for cg, the Euler equation implies

. YLt
(A.33) Fay 3t = K12 Fe - <O
3 ¢Lj ‘ L 8,8,

) ' A
go that the net scale etfect due to the introduction of ¢

must be positive; cquilibrium output will be lower than the

partial reduction givén by ¢ai .
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This appendix demonstrates tho pLOPOSJthuu concerning sohoolxng 8

gocial rcL\Ln as an identification device that was outlined in Chapter III.

1
Aggregate output is given by

N N
B.1 Y NF 4 Y L?F-m % -1)2
( ) jEl ‘1 a + SS Jn (Bl | )

as demonstrated in the text. With schooling serving as a perfeet

gcreen,

Bj."l‘u}_l.l_.j;'*'y'cl‘gi-.
‘ L L

aince cach firm must obtain Ity aand Ho units of skill from each

individual within the two respective schooling classcs. Since
Ly Lc

== 4p, =
H Wi, lCNL

where I L =L, XL =1, L +L=RL, L~ + L
i i H 1 Ci C c

N bcing the number of firms and L each tirm's labor input,

-~

B.2) L2 (-2 =c[p (. -y - Layao
(8.2) i (s 1y ;;’)'”‘ca‘u 01 .

Ly Lg

L
But (Lni - - (Lcl N) since L i ci-L -~§— Ne

w "

Thus,

—_ L
(8.3) 1273 (sif“)z = (uc-un)z D) (LCi."T%)z which is equation
(12) in the text.

With dnmperfect sercening, each firm's safple mean gkill level from

sampling within schooling classes will not be identical to the actual

eans since .¢>, q2 4 Q.
m OH_’ qC 'l‘




Thercfore, 8, = 8

2 v (= o1)2 ’ e : -
(B.4) L i (Bi.H) f i1 1801?01..
Moreover,

L L
S " oy ok v, 20,

ci
- - Uni Lpys Lan Lpu
Byy ™ 8, =+ g b, =s + 8
HL - CA L °B Lyy W TH ALy I

with Lpc being the number of A individuals in education class E

C

and sitlilar definitions tor Ly LBC' Lpje
Hence,

Ly L
B.5 1.2:: 8 - Z-z L +L -2AC_ Al
(8. 5) (5y4) F e * N )

Lyc L
+oy ygy +1L - B¢ _.lﬁf.li)]Z,

sel g1 T N T

"L L L L
- _AC _ MY _ _ - ZBC _ “BH
But, LAC:I. + LAMJ. e (L + L —= . 20

5C1 BUi N N’
Finally,

-— . L L
2 )2 = (g en )2 - AC A

Since, under screening, those firms which sample well from both
schooling classe;, i.e., large proportions of A workers, must
exactly be offset by firms sampling poorly as the number of workers
samplcd from each schooling class is the same for every firm, the
effect of between schooling class skill varfance has been eliﬁinatcd.
Vafiation within classes still remains, and, thus, schooling's

social value is emaller than under perfect screening.
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Miagy
qu the mu}tieskill input podel discussed in the text, itﬁis
only ﬁecaubﬁry to add Lhut,.by allqcating workers to occupﬁtions
through the use of schooliﬁg as an inforﬁational device, the
mean skill level of the population frém.which it samplcé is
boosted, 1n the example given in tue text, the net effect of

screening is to raise iy (thus l)’ and moke the latter two terms

in equation (14) zero.
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TABLL C.2

BEST COPY AvaILAg

Moans and St aderd Deviastions of Sclected Varizbles

for the Seli-lmployed:

All Occupations

Ln Earnings
Scliooling
Expericnce
Age
Ability
Earnings

# of Obscrvations:

Means

126~

1.900

Standard Deviations

0.7027
2.345
8.692
10.00
1.769
10,420
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TADLE C,5

Occupational Distrilutiony for Private Wage
(a)

and Self-inployed Vorlers

Occupntion Private Self-Errloved
lone reported 181 ( 2.3%) 89 ( 4.7%
Educator : 865 (11.0%) 8 ( 0.47)
Professional 1252  (34.97) 347 (18.2%)
Exccutive- Mavaner 3512  (44.5%) 1238 - (65.0%)
Commiiasioned Salesian 604 (7.77%) 105 ( 5.5%)
Teclmical 532 ( G.7% 106 ( 5.6%)
Skilled-Manual 350  ( 4.4%) 5 (0.32)
Scnni-Skilled and 1046 ( 1.37%) 0 ( 0.0%)
Unskilled liowval
Scrvice, Clerical 294 ( 3.7%) 0 ( 0.0%)
Laborex

(b) . .
Other 199 ( 2.5%) 8 ( 0.47%)
© TOTAL 7693 (100.0%) 1906  (100.0%)

(a) Both major and minor occupational categorics are reported. The
table refers only to the former and, as previously noted, only
to the last job.

(U) This includes Trainees, Apprentices, Journcymen and Miscellaneous
White Collar Workcru.
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TAILE c; 8 s Copy ‘m’lﬂﬂlt

Colleype Qudtiy Regressions for College Graduuates: Managers

Cocfficients (t=valucs in parcnthesisn)

AP

Intcreept

nr2

Private

0.0820
(11.3459)

-0.0015
(7.9462)

0.0211
(1.3495)

0.0019
(1.5934)

0,0Q018
(0.1917)

0.0020
(2.8150)

-0.1437
(0.8434)

Self-Imnloyed

0.0660
(4.8502)

-.0013
(3.8507)

0.0970
(0.2340)

0.0049
(2.1553)

0.005%
(0.3757)

"00 0(',‘05
(0.4704)

8.3623
(55.75.0)

.6153

(a) These cocfficients arc not "statistically" different ng t«1,18,
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Earnings Regressions for All Ind:ividuals with the Same Worker Class
3 (a) (b)
on 1lst anid 5th Job

~ (Coefficients (t-values)
Q) (2) )

&
&
&
% |

S

Private

(6.55)

0.0129
(2.76)

-0.0013
(24.94)

0.0041

m.m.

-0.0016
(0.18)

-0.0059
{0.48)

(3.35)

0.0048

Private

0.0262
(11.79)

0.0802
(39.93)

-0.0018
(16.73)

m.m.

0.0460
(8.02)

0.0725

(10.57)

-0.0012
(4.25)

Private

0.0203
(8.01)

0.0800
(40.08)

-0.0015
(16.74)

S.E.

0.0476
(8.08)

0.0726
(11.06)

-0.0012
(4.29)

(15.58) (7.36)

0.0043 0.0001 0.C279
(1.01) (0.004 (10.34

(6.85) (0.89) .

Intercept 0.0134 8.6993 -0.037 7.9705 1 0.0757 7.9462
(0.09) (63.51) (0.38) (87.62) (0.76) (85.32)

Rr2 .5335 .5029 .5094

(a) There are 8260 observations, 7,570 private and 6:J self-employad. Thus 1,187 observation previously
classified as self-employed were private wage workers on their first job while only 270 were oppositely
classified.

(b) SP not statistically different in equation (1). S statistically different in equation (3).
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