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workerd' Gooperation, mulual raiming, aml tendne longesty is
anciber ol iden 0 economecs, A reoend  meowclasswcal
apphication, with abundunt citations, = bal af CHiver
E. Williamson ([973), who argues thal such institutional
devices as implicii contracts, colleclive bargaining, sniersal
pramation ladders, and seslofity ights are ecobumically
efficient when johs and warkers are helercgensons
idiosynerntic,

A fxed] strecture of wapes for jobs. whech s emphssized by
scgmentation sconamista, 8 descripiively uorurate aml wselul
Fos analysing short-run behaviowr, but even in the short run a
lsuman capitnl model of supply-side prodaectovity Lrails Cai
peplain the mawch of workers 10 a hierarchy of wage-fxed
mbs In the long run the human copital model can caplain
changes i workers” produclivity trais, and necciassical
models generally would predict changes in ihe strioclure of
hoth jobs and wapes. )

A discussion of smpincal work and policy Bsoess cbicerming
segmented labour markels 12 bevond (e scope of this entry
i s ihe hibliography below), Tt should be stated. however, 1hat
the spmetime claim Lhat the necchssical econemests ignore the
demand side of the market in policy discussions is wfousded,

That kabour market owlcomes ancd procssscs are complex
amd controverssl 18 evident in the intelleciual gy of 1B
above-listed Ave sourcst of ineguality. The criticisms and
emparical work ol the sogmested kabowr market sconomists
khawe added fo this legacy, but they, like the sariber desseniers,
the Marxisls and the Isatitutbosalista, remain on the bank ol
i mainsirenm. |

Gl G. Caam
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The lilerature on segmented labour markels is extensive sad diversibed,
and there are dizpulm shaul who s the leading iberoress and which
are the lemdinerk amicles. Thess chorasierisiice make il de8®eull 1o
provide a brief bibbography. T sSditicn Lotk b2ms ciled in Lhe keal,
several surwey articles and books conlain kngthy Eblcgraphoes:
Taubman and Wachier (1986); Ciondon, Edwards aod Reich (19R1);
Wilkisoa [19B1); Cam (1976). The applimtion of sqpmented laboar
market theories 1o desclapment acanamict S not, kowever, coverad in
these sourtes, and the sulhor & unawar: of any survey ar bibliographic
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seigniorage. Full-hodied monies swch as gold Som Comtam
metal approximaiely equal in valee io the face value of the
coin. Under ibe godd standard, meial could be brought o the
mint and freely coined into pold, less o small seipaiorepe
charge [or 1he povibege. Subsidiary or token coin and paper
maney by contrast cost much less e producs Chan theor Laoe
value, The excess of the Face valee aver the cost of production
nf curtency is alse called seigmiorage, becanse it sccrued 1o the
seigmeny of raler who issued the carremcy, in eurly limes.

The use of paper money mstead of full-bodied coln by
midera govcrnmenis penerates o very large social saving in the
wse of the resources that would oiherwiss bave to be expended
i iinlig Aikd smelting large quantities of metal. The valuc of
this seigniormge can be measured by considering the aggregaie
demand curve for currency, as a luncbon of the rate of
interesl, The area umder this demand curve represemts Lhe
aggregate flow of social henefits from holding currency, under
certain assumplions. The socal cost of holding currency =
measured by the apporunity cost of the fscurces it takes fo
produce the cermency. I gobd were uwsed for cormeocy, il
opporiunity cost would be measured by the mie of interest
that cowhd he sarned on those reeouress iF transferred Lo some
other use, Thus the aren under the demand curve between the
marked rate of interest and the cost of providing paper
currency represenis the flow of signiosspe or social saving
that accrues from the use of paper currency instead ol gokl.

In the international monestary systom, gold remains o very
Inrge Fraction of tolal haldings of international reserves (about
45 por cont of toda) reserves valued at markel prices a1 the end
of March 1985). Substiteton of fidwciary reserve assels such as
Special Drawing Rights created by the Intematiosal Monetary
Fund or United States dolkcs for godd wouold gererate a
substanical social gain in ihe form of seapmiorage equal 1o The
excess of the opportunity cost of capital over the costs of
providing e Aduecary asset, I7 interest is paid 1o the holders
of the reserve asset, the seprocsage i@ $plil befween the issuer
and the Bolder.

The existence of these large seignxeaps gains is what led 1o
ihe development of the gold exchange standard, usder which
first British sterling, before World War I, and since then
Unitud States dollars and other curmencies have substitated for
gold in inftermational reserve holdings. As interes! rates paid on
these reserwe assets hawve risen, more of the segniorage lss
pecrued b holders of reserve asseis,

Further substitution of fdwecinry reserve assels [oe gold in the
international monetary system has frequently been sugpested,
und the Second Amendment o the Charler of the
Tnternational Moretary Fund adopted in 1978 proposed such
a goal, Listle progress has been made, however, since the
underlying e is one of trust in the financial probity of the
jssuer andd its continoed political stability, as well as s
comtinued willingness (o convert resere asicld into usihle
currencies over bong periods of lime.

5. Biarx

sebertnm. Sec COMPETITION AN SALINTHIN,

selection Was and self-sebection,  The problem ol selection bas
in ecomomic and socal siafistics arises when a rale other than
simple randem sampling = ussd to sample the underlyng
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population that i the object of interest, The distorted represen
Lation of a true population as 2 consmguence of & sunpling rule
i5 1he ezsence ol the selection problem, Drstoring selection rales
may be the outcome of decisions of sample survey statifticians,
sell-atlection decisions by the ngents being studisd or both,

A mandom sample of a populstion prodyces 2 description of
the population disiribution of characteristics that hak many
desirable properties. One aliractive feature of a random sadpls
geicratd by ihe bpown rmle thar all indisidanls an: equally
likely o be sampled is that it producess a description of the
ropulation distribulion of charpcteristics that Pevoutees -
creusingly ccufate as sample oo expands.

A sample selected by any malke mot equivakent lo sandom

sampling produces a descriplion of the population distribution

of characteristics that does nod accurtely describe thy true
popalation digtribution of charscteristics no matter how big the
sample size. Unless the rule by which the sample is selecied is
knawn or can be recovered (rom the data, the schacted sumHe
cannol be wsed to produce an accurate description of the
underlying population, For certain sampling fibes, even knowl-
edpe of 1he rule gencrating (ke sample doss not suffice b fecover
the population distribution from the sumpled distribubion.

This entry defings 1be problem of sebection hias amd presems
conditions required o solve the problem, Examples of varsous
types of commionly encountered sampling Frames are given anxd
spocific cconomic selection mechanisms are presented. Agsmp-
Lons required to use sclecled samples 1o determine featires of
the popualation distribetion are discussed

The analytical framework developed o understand the infer-
ential problems raised by selection bins is alsa Cruitiul in
undcrstanding the economics of scllselection. The protelypical
chusve theoretic madel of self-selection is that of Roy (1951). In
fis medel, agents choose amopg 4 vanety of discrets
‘oecupalivoal’ opportunitics. Agents can purses oaly ope
‘occupatian’ &t A time, While every person can, in principle, do
the work m each ‘occupation’, at least al some level of
competence, sell-inberest drives individuals to choose thai
‘wocupation” which produces the highest income (wiidity) for
them. As in ibe statistical selection bias prablem, there is &
latent population (of skills). Observed {utilized) kil digtriba
tons are the oulcone of o selection cube by agents. The
relalionship between observed amd latent skill distrabations is of
considerable iaterest ard underlics meoent work on workes
hierarchies (see Willis and Rosen, 1979 The “cccupaiions” can
he: (a) markel work or non-market work (b) unemploved and
sarching or working at the ollered wage {c] working e ome
provines or working in anather, of (d) any choice amonp & s¢l
of mutually exchusive oppariunmbies.

Because the insights in the Roy model underly much receni
ressurch, we present 8 bedel exposition of it and demonsirate
how it can b of has been Trustfully extended to a variety of
settings. An Emportant izsue, closely linked to the problan of
identifving population parameters from selecled sample distri-
Putiors, is the empirical conlent of economic models al s
seloctson and worker hisrarchies, Are thoy artefucts of distribu-
ticnal assumptions for unobservahle skills or are they genuine
belinvioural hypotheses?

|, & DEFNITION AMNE SOME EXAMPLES OF SHLECTION BIAS

Amy selection bias model can be described by the following
sel-up. Lel ¥ he a vector of oulcomes of intersst and lel X be
a veutor of ‘control” of “explanatory’ variables, The popalation
distribwtion of (¥, X} is F(y, x). To ssmplify the EXpOsEon we
assume that the densty is well defined 2nd write it &5 7 (v, 1)

2BE

Any sampding rule can he intcrpreted ag prodicing 3 non.
Repalive weapltimg Function wiy, x) that alters the population
density. Let (¥*, X*) denate the dampled random varable: The
density of the sumpled dala giy*, x*) may be writien as

FOFe. %) = coiy®, x*Hliy®, x*)/
f*
| =t Ly, x) dyt det (1)

where the denominator of the expression s introduced 1o mgke
the: density giy*, ) mtegrate to one as is required for proper
densities,

Alternatively, ihe weight may be defined as
ary*, x*)

J‘-:ulff', x“M(y*, %) dy* dx*

ar*(y*, %) =

w0 That
EOP™. %%} = @ "y, 2"} (y*, x%). (L3}
Sampling schemes for which wiy, ) =0 for some values of
(¥, X) create special problems. For such schemcs, not al] values
of {¥, X) are sampled. Lot indicator vartable ifx, v) =0} I g
polenlal ohservation ot values ¥, X cannot bhe sampled aod ke
i(y. %) = | wtherwisz. Lot & = | record the vooerrence of the
event ‘s potential observation is sampled, ie 1he value of ¥y, x
i vhserved” and Jel A <0 if it js not. Tn the pupulation, the
propartion that is sampled

PriA = i;ajeh.tjft!.!]drﬂ!- (1.3)

whil
PHA =0} = | —Prid = 1)

Fur samples in which oy, x) = 0 for & non-negligible propor-
tion of the population {Pr{A = 0} = 0), it i clarifying to con-
sider Iwn Cases, A tramcared samiple it one Tor which Pria - 1)
i nol known and cannol be consistently eslimated For such a
sample, (1.1} is (b dersity of all of the sampled ¥ and X valoes.
A cengored sample s one for which PriA = 1) Js ksown or can
be consistently cstimated. The sampling rube in this case is such
that values of ¥, x for which as(y, x) = 0 are pot koown but it
= known wiscther or nat iy, x) — 4 for 2l values of ¥, X. Tn this
case it is molationally convenknt to define (V*, X*) = (0, 8} lor
valoes of ¥, x such that ey, x) — iy, &) = 0. Such o definition
is innacuois provided that in the population there is no podnt
mass (coecentration of probability mass) at (0, 0). [Any value
ather than (0, 0) can be sehocted provided that there &8 no point
mass at that vajue). Given A =10, the distribution of ¥*, X* 15

iy", x*)=| for A=D
af
Yo=0 and X*=i

Thu jint density of ¥, X*, A for the case of & censored sample
is abtained by combining ([ 1) and {1.3). Thus

RI-J.* :* ﬁ] = Tu‘,:‘]}ﬁ:".!ﬂ
¥, K}, a%) dy* da*

® ”J{m]ﬁ.‘pxldzrdx}

1 =&
« [y *Uu i, unm.zmzmu] (14
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(1.4

The first term on the right-hand side of (1.4} is the conditional
densaty of ¥*, X* given A= |, The secord term is the probao-
bility that A = 1. The third term is the conditional density of
Y*, X" given A=0 This density assigns unil mass to
¥* = (x* =0 when A = (L The Fourth term is the probabality
that & =0, Motice that in the case in which oy, x) = 0 for all
v, ELA=1 and (1.4) 15 sdemixal o (1.0)

16 a candom sample ady®, 8% = | {and so w*(3*, 5% = 1). In
a selected sample, the sxmpling e weights the data dilfercatly
Valoes of (¥, X) are over-sampled or under-sampled relative to
their nccurrence in the populsbion [o the case of iruscaled
surnples, Che weight B seeo for certain values of the outcame,

In mary problems in economics, attention focuses oo f{y] ),
the conditinal deaity of ¥ given X =x. In such problems
knowledge of the population distribution of X is of no direc
interest. I samples are selected solely vm the x) variahles
("sedection on ihe exogenous variables'), oy, x) = w{x} asd
there is o problem abou using selecled sumpies (o tnke vakid
inference about the population conditional density. This 18 80
because in the case of selsction on the evogenous vanahles

L] L]
£, 1) = Fly ) )
J‘u’[!"'],l"lfl*']d-'l: H
and ' ik
. ar(x*1f (%)
Eix*) =
jmil"}f{t‘}ﬂl‘
Thias
TR L L B | e
wly*[x®) p Fiy*[x*). ‘ %

Far such problems, sample selection distegls infierence only il
selection oocurs on ¥ (or y and x). Sampling on boll ¥ amd x
in termod pemeral pratified sompling.

From o samphe of data, il |5 not possible 1o recover the true
density [y, x) without knowledge of the weighting ruke. On the
ather hamd, if the weighting rule is known (w{y®, x*)), the
density of the sampled data is keown (g(y*. x*]), the support
of {v, %} is known aml wiy, %} is nonzero, then [(y.X) can
always be recoversd because i

giyt.x  fotatt oo |

M':Il.. 1" {I:ﬁ":flu lr:'f‘l_'l"r I*:I d.!."" dx®

(1.5)

and by hypothcs both the nomerster and dencminator ol the
lefi-hand side are known, From the requirement that (y*, x*)
has o well delimsd dedainy

jHr". ) dy* dx* = |

Integrating the keft-hand sde of (1.5) it i3 pessible 10 determine
Jealy®, m")f{y*, x*) dy* dx* and hence 1o use (1.5] to recover
ihe population demsity of the data,

The requirements that (a) the support af (¥, x) 18 koown aed
(b} oy, x) B nenzere are nol innocuows, In many Emportant
problems i economics requirement (B) is nol satisfied: the
sampling rule excludes obssrvations for certain values of ¥, x
and hence i85 impassible withowt inveking fafther assamptions
to determine thi pupulaten distribution of (Y, X) at those
values. If neither the sapport nor the weight 55 known, il 1%
iipessible, withouwt invoking sronp assampiions, G delGrimmne:
whether the fact ihat data are missing at ceriain y, x values is
due 10 the saompling plan or that the poputation dessity had 6o

schpctioa bbas and selfsclection

suport at those valses, We now turn bo some specific sampling
plans o mianesl o eCOOUIMKS.

Example |, Duala are collecied on incomes of individoals
whose income ¥ excesds a cerlain value o [lor cutedl vaduc). The
rule is o cheerve ¥ il F = ¢ Thus a(y)=1 i ¥ = ¢ und
raf ¥l = b iF y & . Because the weight s sero lor someo values
all y, we know that knowledpe of the sampling rule does not
suffice to recover the populativn disinibulion. From a8 random
aample of the eatire popalntion, the social scentist knows or
can consistenily eslimate {a) the sample distribution of ¥ above
¢ oand {b) ke peoportion of the anginal rundom symple with
income below ¢ (Fle) where Fis the distribution fusctson of ¥).
The sxzal scentizl does not ehserve vadues of ¥ beow .

In this example, charved income i3 2 rruncared ramdom
varighle. The poant of truncation is c. The sampile ol oheerved
income & sudd io be consoredd. T the proportion of the original
random sample with income below ¢ is nod Known atd cannot
he consistenily eslimatel, (e somipls is runcaded. Ina iruncahsd
gammpde. nothing is knewn abowtl the proporien of the under-
lving population that can appear in the ample. A samphe =
iruncated cnly if eiy) =0 Fr some intervals of y (for y
continoous) or f wiy) =0 al values of ¥ 2t which there = liaute
probability mass. [n a censored sample, the proportion of the
underlying population that can appear in the sample = known,
gl kst to an achitrarily high degres of approximation, s
snmple size increases.

Lot ¥*r=F if V= e Define ¥* =0 odlscrwise (the choice of
the value for ¥* when ¥ is not observed is messential and any
value can be used in place of O proveded 1hat the true distribu-
tion places no mass at the scectsd value). Define an ndicator
variable & — 1 if ¥ = 2. A = 0 otheraise, Then the distribution
al ¥* =

F(p*| ¥ =0 =Fr*|Y cl=Fp*ld=1)
Fip*)
1 - Fic)’
Giy*| ¥ =0p=1 for F*=0(a=00. (L&b)

O¥bserve thal [1.-5&} i oblamed from (1.1} by selling w{ %) = |
if ¥ =>e and wi{p®) =0 otherwise, and inlegrating up with
respect o p*. The distribulsn of 4 is

peiA) = [0 - FlePFe’ %
The joint distribution of (7%, A) =

Fip* &)= F3*|5)Pr(d)

'—{%}*n — Pl TN -

=[Fip" I 1Fiel' ~ (.7

Mote that (1,70 = oblaiesd from (1.4) by setling
wiF)=0,p <ol ph= 1 otherwise, by sttiog i(y)=a{yk
and by integrating up with respect 10 p*, For normally distrib-
uted ¥, (1.7} is the “Tobdt® disimbution.

The difference between the inlomation in a truncated sample
amd 8o inlocmation in a censored sample i encapsulated 1o the
comtrast between (1.6a) and (1.7) Cleardy these 8 more infor-
mation in 4 censored sample than in a truneated sample because
one can ohéain {1 6a) from {1.7) (by conditioniag on & < 1) bul
nol vios versa,

Inferences aboul the pepalation distibation based on 33-
suming that F{p*| ¥ = ¢) closely approximates ﬁ'i_p_]na-r-l: poten-
tially very misbeading. A descripbion of population ineome
imequality based on o subsample of high income [!.ﬂ'np'h: Ty
convey na information about the true popalation distribudiom,

| Tl 8 [l.ha)
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