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This paper asks whether statistical discrimination is a market failure. | consider the problem for a
utilitarian social planner who operates in an environment that can generate statistical discrimination as an
equilibrium phenomenon. It is found that there are potential efficiency gains from discrimination in terms
of reduced “mismatch” between workers and jobs. Whether the solution to the planning problem involves
discrimination depends on the trade-off between the informational gains of specialization and the losses
in terms of increased investment costs.

1. INTRODUCTION

Models of statistical discrimination are often used to explain group inequality. The basic insight
is that race or gender may be a useful signal of productivity, provided that productivity is
imperfectly observable and correlated with group identity. Moreover, if workers are forward
looking and improve productivity by human capital investments, then groups that are identical
in everything except some observable “irrelevant” group identity may be treated differently in
equilibrium (Arrow (1973), Coate and Loury (1993), Moro and Norman (2003 the simplest
models of statistical discrimination this is explained as a self-confirming prophesy: minority
workers are unsuccessful because firms (correctly) believe that they likely have low skills and
minority workers invest less in human capital since they (correctly) believe that they will be
disadvantaged in the labour market.

Efficiency properties of statistical discrimination have never been extensively analysed, but
it has been usually taken for granted that unequal treatment of identical groups must be a market
failure. Indeed, statistical discrimination tends to generate higher average costs of investments
than equilibria with equal treatment. To understand this, consider a worker from a statistically
discriminated group who could acquire human capital at a cost below that of a worker from a
favourably treated group who invests in human capital. As a result of the divergence in incentives,
the worker may nevertheless decide not to invest. Statistical discrimination therefore creates an
efficiency loss due to higher costs of human capital investments. What has not been noted in
the existing literature is that statistical discrimination generates more precise information about
individual workers than equal treatment. If society as a whole benefits from better information,
this creates potential efficiency gains of statistical discrimination.

The main finding of this paper is that discrimination can be welfare improving. More
specifically |1 show that a planner assigning equal welfare weights to all agents in a canonical
model of statistical discrimination may find it optimal to discriminate. In fact, discrimination can
even be a Pareto improvement for both groups compared with the best symmetric allocation.

The result is driven by the interaction between economics of specialization and a signal
extraction problem. Agents who invest in human capital, catiedlified workers, have a
comparative advantage in one job (the complex task) while agents who do not invest have
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a comparative advantage in another (the simple task). Investments in human capital are
unobservable, but a noisy signal of the investment decision is available. This set-up generates
a non-trivial matching problem, where workers are sorted to jobs on the basis of the signal and,
possibly, group identity.

To understand why the group characteristic is useful, compare a situation where the fraction
of qualified workers is the same in both groups with one where, say, grbap a higher fraction
of qualified workers than the other group, but where the total mass of qualified workers is
unchanged. If job assignments are changed so that ¢flieup is more likely and thb group is
less likely to be assigned to the complex task, fewer workers are misassigned. This is because
when discrimination is introduced, qualifiadvorkers and unqualified workers are less likely
to be misassigned. At the same time, an unqualifiedorker or a qualifiecb worker is more
likely to be misassigned, but this loss is dominated because awakers tharb workers are
gualified. Discrimination thus mitigates the matching problem.

The logic above implies that the factor frontier unambiguously expands when group
differences in investments increase for a constant total number of qualified workers. Exactly
how this affects the solution to the planning problem depends on the technology, and to clarify
the role of the production technology | consider two cases: one with a linear production function
and one where the two labour inputs are complementary in the usual neoclassical sense.

The planning problem may be formulated as a problem where the planner selects investment
behaviour in each group subject to incentive, feasibility, and participation constraints. In the case
with a linear technology, this problem separates into two identical problems if the constraints are
ignored. A necessary condition for discrimination to be efficient is therefore that the constraints
bind at the optimum. This occurs whenever the (colour-blind) unconstrained optimum cannot be
implemented, in which case there is under-investment in human capital in any feasible symmetric
allocation. By a transfer of resources between groups, investments in one group can be increased
at the expense of investments in the other. Because of the improved matching of workers to jobs
this may increase surplus relative the best incentive feasible symmetric allocation.

In the linear case, efficient discrimination always corresponds with a resource transfer from
the group that specializes as unqualified to the other group. Discrimination can therefore never
be Pareto improving in this case. This changes if tasks are complementary. There is then a
technological reason for workers to specialize. Examples can therefore be constructed where
the informational gains of specialization are exploited and, at the same time, the group that is
designated as unqualified labour is fully compensated. Discrimination based on “stereotypes”
may thus result in a Pareto improvement relative to the best symmetric allocation.

2. THE MODEL

The underlying economic environment is a simplified version of the one considered in Moro and
Norman (2003,b), which in turn is closely related to models considered by Arrow (1973) and
Coate and Loury (1993). The main difference is that wages and job assignments in this paper are
determined by a central planner instead of a decentralized labour market.

2.1 Human capital investments and the screening technology

There are two groups of workers, each consisting of a continuum. A worker is identified by her
cost of investmentg, and group identitya or b. Population size is normalized to unity, with
fractionsa? andAP = 1 — A2 in each group. Workers decide whether to invest in human capital.
Those who invest, calledualified workers, incur cost, but acquire skills that are essential

in complex jobs (see Section 2.2). Investment costs are independent of group identity and
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distributed according to densitywith support(c, €]. The corresponding cumulative distribution
is denoted byG.
Workers are risk neutral with separable utility in money incamand the cost: the utility
for a worker who becomes qualifiedis— ¢ and the utility for an unqualified worker is.
Investments are unobservable, but after the investment decision each worker draws a noisy
signalé e {6, 61} with conditional probability distributions given by

OH oL
worker qualified p 1-p Q)
worker unqualified *+ p p.

The symmetry, as well as the restriction to binary signals, is only for expositional simplicity.

2.2 The production technology and the set of feasible production plans

There are two jobs, theomplex taskand thesimple task The planner assigns workers to tasks
based on the observable signal and group identity. I let (t2,tP) denote a generitask
assignment rulewheret! : {6,604} — [0, 1] andt! (@) is the proportion of workers from
group j with signalé assigned to the complex task. | denoterby= (72, =) the fractions of
qualified workers in each group and, with some abuse of notation, the effective input of labour in
the complex and simple task as a functiort @indsz asC(x, t) and S(xr, t) respectively. These

are given by

Ct,m =3 Mt owpr! +t A - pir):
st,m) =) Ma-teapr +a-pa-r

+A-the(@ - pr! + pa -y )

The interpretation of (2) is that only qualified workers contribute to the effective input of labour

in the complex task, whereas all workers are equally productive in the simplé Tsk.can

be relaxed considerably. The qualitatively important assumption is that human capital enhances
productivity more in one job than in the other.

Output is produced from the two types of labour according to a differentiable and concave
constant returns production functign: RJZr — Ry, wherey(C, S) denotes the output given
labour inputs(C, S). To economize on notation | defing(xr) as the maximized output for any
givenr,

Y () = maxco 14 Y(C(t, ), S(t, 7). )

2.3 The planning problem

The planner seeks to maximize social surplus, the difference between aggregate earnings and
investment costs. Since investments are unobservable, the maximization is subject to incentive
compatibility constraints. The planner must also resprgiostndividual rationality constraints
and has no exogenous resources available, so the total spending can be no more than the output
produced.

Formally, the planner selects a task assignment tulfactions of qualified workers
n = (72 7P in each groupj, awage scheme = (w?, wP), wherew! : {64,6.} — Ry

1. pnj is the mass of qualifiedl workers with signaby and(1 — p)(1 — 71y is the mass of unqualified signal
Oy workers. The latter group enters 8it, ), but not inC(t, 7). Workers with signab are treated in the same way.
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describes the wage as a function of the noisy signal for ¢athsolve

. Gl
maXu,t,»} Y(C(t, ), S(t, 7)) — Zj_a b)J / cg(c)dc 4)
=a, c
subject tar! = G((2p — 1)(w! (64) — w’ (6L))) for j € {a, b} (IC)
wl@®) >0  foreachy € {64,6.}. ] € {a, b} (IR)

where the constraint that aggregate consumption cannot exceed production is already built into
the objective function in (4). Observing that any excess output is pure waste, the objective
function and the constraints in (IR) are self-explanatory. The constraints in (IC) are somewhat
less obvious. Incentive compatibility means that all qualified (unqualified) workers are weakly
better off (worse off) if investing in human capital. We note tt@p — 1)(w! (6n) — wi (L))
is the difference in expected earnings between a qualified and an unqualified worker from group
j- By incentive compatibility, a worker from groupmust invest (not invest) if this difference
is strictly larger (smaller) than. The R.H.S. of (IC) is thus the unique fraction of investors in
groupj consistent with incentive compatibility given wage schare

It is convenient to transform (4) into a more tractable form. Sihanly enters in the
objective function, task assignments must maximize output givesot may be eliminated
from the problem and/(C(t, =), S(t, 7)) replaced by the maximized outpMiz). Moreover,
by observing that the way to maximize incentives for a given amount of resources is to only
reward workers with the high signal one can combine (IC) and (IR) to eliminate wages from the
problem. After these simplifications we obtain a reduced form problem given by

. Gt
MaX:c(0,12,aea ¥ () — Zj_a oM / cg(c)dc
- c

2p — DalY ()
M(prl 4+ @1—p)d—nl))
whereA = {a € RJZr | @@ 4+ o = 1} and! may be interpreted as the share of resources spent

on groupj. Proposition 1 below summarizes the exact relationship between the programs and
how wage schemes implementing the solution to (5) can be constructed.

subjecttar! < G ( ) for j € {a, b}, 5)

Proposition 1. If (z*, w*) solves(4), then there is some* € A such that(z*, «*)
solveq5). Conversely, ifz*, a*) solveq5), then there exists some" € Ri such that(z*, w*)
solveg(4). Moreover, if(n*, a*) solveg5), one optimal choice ob* is given by

si*a)*Y (%) (1 —si®)al*Y (")

: . and wj*(HL): : —,
prl*+ (1 - pL—nl*) p(l—mi*) 4+ (1 - p)nl*(6)

wl*(On) =

for j = a, b, where0 < si* < 1is the unique solution to

. I¥Y (%)
i* _ — I* -
7 —G((Zp D (S M(prl + A= pA—nh)
—(1-s*— ot- Y . )) ™
MpA—-nl*) + A - pm!*

The idea is simple, and the proof is left to the reader (who may consult Norman, 1999).
In a solution to (4), some shateg of outputY () is spent on wages to groujp Directly by
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inspection of constraint (IC) in (4) it can be seen thatentives to investre maximized if the

M (prl + (11— p)(1—xl)) workers who draw signaly splita!Y () equally and workers who
drawf| are kept at the reservation utility, generating a fraction of qualified workers given by the
R.H.S. of the constraintin (5). If the planner does not want to maximize incentives the constraints
in (5) do not bind. It is then optimal to pay also low signal workers above the reservation wage
and (6) and (7) provide a constructive procedure to constmiebptimal wage scheme from a
solution to (5).

3. SPECIALIZATION AND THE FACTOR FRONTIER

The purpose of this section is to clarify the intuition discussed in the introduction for how
discrimination improves matching. | show how the factor frontier expands when groups are
treated asymmetrically given a constant total measure of qualified workers, and interpret this
in terms of fewer misassigned workers.

| let the scalax denote some fraction of qualified workers, common to both groupsgand
andp the fraction of agents with signély andd, respectively, that are assigned to the complex
task. The input of labour in each task may then be written as

C(o, p,X) =opx+ p(1l— p)x
S(o,p,X) =1 —=0)[pXx+ (1 —=pPL-=x)]+1-p)[A-p)Xx+ pl-x] (8)

The kinked line in the middle of the left graph in Figure 1 depictd#utor frontier. Factor inputs
are(C, S = (0,1) if all workers are in the simple task. Initially, the best way to increase the
input of complex labour is by use of workers with high signals. Eventually, the planner runs out
of workers with high signals, which accounts for the kink at pdintvhere workers are assigned

to tasks in “accordance to signals” and labour inputsGaee px andS = (1 — p)x + p(1 — x).

The slope to the right ofA is steeper because workers with low signals are less likely to be
qualified, so each unit of complex labour comes at a larger cost in terms of simple labour than to
the left of A.

Two more frontiers are depicted in the left graph in Figure 1. These are derived as the first,
but with fractions of qualified workers given lax and(2 — o)X respectively, where < 1 and
(2 — a)x < 1. If the fraction of qualified workers igx in one group(2 — «)x in the other, and
groups are of equal size, the total measure of qualified workers still exjuBHe segmented line
through pointD, A andE in the graph to the right in Figure 1 depicts the factor frontier for this
economy? The slope of the line segment between the vertical intercept and Pdsithe same
as the slope of the line between the vertical intercept@ra the left graph, and the slopes of
the other line segments can also be directly translated from the graph to the left.

The expansion of the frontier in Figure 1 may be interpreted as a reduction in the number of
misassigned workers. For example, compare ;jbi,nwhere%(l — p)(1— (2—a)x) unqualified
workers are assigned to the complex task, with p&intAt F, (1 — p)(1 — x) unqualified
workers are put in the complex task, where, to keep the input of simple labour constan%,

(since the fraction of high signal workers increases in the proportion of qualified workers). The
measure of workeremployedin each task is the same D and F, but the difference in the
measure of unqualified workers in the complex task is

cl-pAL-x-31-pl-@2-a)X)

2. The graph is drawn fat large enough for high signal workers from the group investing atorate be more
likely to be qualified than low signal workers from the other group. i$ low enough, low signal workers from the high
investment group are more likely to be qualified than high signal workers from the low investment group. The reader
may verify that the frontier expands also in this case (the frontiers then only coincide at the intercepts).
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FIGURE 1
Discrimination expands the set of feasible effective factor inputs

>3(A-pPAL-x-1L-pPl-2-wx)

=31-pA-a)x>0, ©)
sincee < 1. The matching is thus better Bt than atF, which reflects that the creation of a
group with a higher prior probability of being qualified is useful, since the posterior probability

is increasing in the prior. The only places where discrimination is useless are where the planner
does not act on the additional information provided by group identity (pdiahd the corners).

4. THE LINEAR CASE

Consider a linear production functiofC, S) = «C + 8S, wherex > g > 0. The maximized
output, Y (;r) defined in (3), can then be found by maximizing ther capitaoutput for each
group separately and be expressed explicitly as

Y =3, _ MY, (10)
whereY*(r}), theper capitaoutput in groupj, is depicted in Figure 2 and given by
Y*(rl) = max{omj,apnj + B((1— prl + pl— nj)), B}. (11)

For smallz !, the expected output of a high signal worker in the complex task is bg|ew, for

71 lower than a threshold, all workers are assigned to the simple task and oygp@ifsilarly,

for 71 sufficiently large, all workers are assigned to the complex task, while in a middle range
only workers with the high signal are assigned to the complex task (values for the thresholds in
Figure 2 are found by equalizing expected productivity in the two tasks for each signal). The
important qualitative feature of* is the convexity, which reflects that the rate at which output
increases imr ! is higher when more agents are in the complex task.

4.1 Example where the optimal solution involves discrimination

I now construct an example where there is discrimination in the optimal solution to the planner’s
problem. Rather than solving the full problem directly | first solve for the best symmetric
allocation.
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FIGURE 2
The maximizedper capitaoutput in groupj is convex

It is then showed that the planner can do better by treating groups asymmetrically, implying
that also the optimal solution to (5) must be discriminatory.

Seta = 2,8 = 1, and letG be uniform over{0, 1]. The maximizedber capitaoutput
in (11) then simplifies to¥*(x) = max2x, x + p, 1}, investment costs as a functionare

-1
fOG ) cg(c)dc = X—zz and problem (5) with the extra constraitft = 7P = x can be written

2
ma>©<x<1<max{2x, X+ p, 1} — %)

2p — D max{2x,x + p, 1} 1}
px+1-pl-x
Figure 3 depicts the objective function to (12). The three solid curves plot surplus as a function
of x for each of the potentially optimal pure task assignment rules (all in simple task, high signal
only in complex task, all in complex task). The upper envelope, the thicker line, is thus the

relevant maximand.The maximand is strictly decreasing ¢ 1 — p] and strictly increasing

on[1l— p, 1], so the solution to (12) is either to set= 0 or equal to the highest value satisfying
the constraint.

It is easy to check thax = % satisfies the constraint with equality far = \/g_ For

x € [3, p] we have that ma@x, X + p, 1} = X + p, SO
d
dx

2p— D(x + 2p — 11— 2p?
[ G a-pas }:<p§<£(l—)(p)(1—px)))254(2p_1)(1_2p2)<1’ a9

subject tox < min{ (12)

px+(1-pA-x

3. An increase inp shifts the middle line upwards, but leaves the others unchanged. Hence, the lapger is

the bigger is the range of where workers are assigned in “accordance to signals”. The dotted lines in Figure 3 are
the extreme cases, which should be intuitivep = 1 the signal is uninformative, so only the prior matters for task
assignments. Ip = 1, the signal is perfect, and worﬁe

rs are always assigned to task in accordance to signals.
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FIGURE 3
Social surplus as a function af

where the first inequality follows singex+ (1— p)(1—Xx) > % whenever > % and the second
from evaluating ap = \/g. Hence, the L.H.S. in the constraint to (12) increases slowerxhan

over[%, pl, implying that no% < X < p satisfies the constraint. Straightforward algebra also

shows that nox > p satisfies the constraint, so= % is the largest fraction of qualified workers
satisfying the constraint in (12). The associated value of the objective function is

1 3 1 1 5 1
I B T 14
2+\/; 8278 &8 (14)

We conclude thax = 0 solves (12), since this generates social surplus 1.

Next, consider the asymmetric allocation with?, 7°) = (1, 0), which generates social
surpluska% + (1 —2®) > 1. The solution to (12) can thus be improved upon if this is incentive
feasible. Wages®(64) = wP(6.) = 0 suffice to suppor? = 0, so all resources may be
devoted to provide incentives for groap From the constraint in (5) (fax® = 1) we find that
(2, 7®) = (1, 0) is incentive feasible if

1< 2p—-D@22+ (1-2?) _@2p-1Y (1+)\a).
- )\‘ap - p Aa

(15)

Fora2 < % (15) holds for allp > % and since\/g > % and group labels are arbitrary we con-

clude that discrimination is constrained optimal fordll In fact, it is almost immediate to extend
the example to alp [% \/g] by observing that a decreaseprtightens the constraint in (12).

In the example, and any other discriminatory solution to (5) with a linear technology,
resources are transferred from the group with a low fraction of qualified workers to the other
group. These distributive consequencasnotbe undone by transfers: discrimination helps the
planner because a lump sum transfer between groups helps the planner exploit a non-concavity
in the maximized production function.
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4.2 Generalizing the example

To conclude the treatment of the linear case, | show that the example is robust in the sense that
if other parameters are held fixed, there is always a non-negligible set of valugsofl p for
which any solution to the planning problem is discriminatory. Formally

Proposition 2. Suppose §C, S) = «C + 8S, ¢> 0 and that there exists < [0, 1] such
-1 — -
thatamr — fCG ) cg(c)dc > B. Then, there is a > 0 such that for any. < A there is an open

interval P C [3, 1] such that if pe P andA) = A for some group j, them? # 7 in any
solution to(5).

The assumption that > 0 ensures that free-riding is a problem if signals are sufficiently

-1
uninformative (ifc < 0 some agents like to invest). The assumptionctbra%fcG () cg(c)dc >

B for somer is necessary since otherwise the unconstrained optimum is for all workers to remain
unqualified and be all assigned to the simple task. The proof is in the Appendix.

5. EXAMPLE WITH COMPLEMENTARITIES IN PRODUCTION

I now consider an example where tasks are complementary. Unlike the linear case, marginal
productivities now depend on the factor ratio, and, since workers in both tasks are needed for
efficiency in production, the planning problem may now have a discriminatory solution even if
it coincides with the unconstrained maximum of the objective. This in turn makes it possible to
generate examples where the “discriminated” group is fully compensated.

I let the production function be given by C, S) = +/C SandG be of the form

0 forc<O
G(={3 foro<c=<c (16)
1 forc=>c*.
As in Section 4.1 | first solve the planning problem (5) with the additional constraint that
7@ = 7P = x. Using the definitions in (8), the maximized output as a functiox afn be

expressed as

Y(X) =max, , cj0.12v/C (0. p.X) - S(o. p. X). (17)

The advantage of the particular form of the cost function (16) isxhat% andx = 1 are the

only potential solutions to the planning problem, so (17) needs only to be solved for these two
cases. FOr = % one can use first-order conditions to check that the unique solution to (17) is to

set(o, p) = (1, 0).% Forx = 1 the signal is irrelevant, but any rule that assigns half the agents to

each task is optimal. The maximized values of output at the two potential solutions are thus

Y3)=3yp and Y@ =1 (18)

The associated values of the social surplusiagé and3 — 3c* respectively.

I now assume that groups are of equal size and allow the planner to discriminate. There are
many cases to consider, depending on lobuwelates top. Rather than to provide an exhaustive
list of all possibilities | only consider two cases that highlight the most interesting possibilities.
Case 1c* < 1— /pandc* < %. In this case the best symmetric allocation is when
all workers are qualified and this is incentive feasible, so the maximal social surplus with equal

4. Detailed derivations are available from the author. While calculations are non-trivial the sdlutjon =
(1, 0) is not particularly surprising given the kink in the factor frontier (see Figure 1).
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treatment is% — %c*. If either group is designated as qualified workers, output is %tiihd
investment costs are cut in half, so social surplus is increas%drtéc*. One wage scheme that
implements this outcome i82(0) = 2—1p, wq(OL) = 0 andwP (@) = wP(@L) = 3. A simple
calculation verifies that budget balance holds with equality and one can check that the suggested
solution achieves the unconstrained maximum of the planners’ objective function.

Note that the average income in each groué,iso the “discriminated” group is fully
compensated for designating themselves as unqualified workers. In féoiy@dkers are strictly
better off than in the best symmetric solution whalevorkers are indifferent. Of course, wage
schemes making all agents strictly better off can also be constructed by giving slightly more to
groupa.

Case21—-./p<c' <2(1-,/p) andc* < %.5 In this case the additional output from
making all agents qualified is not worth the cost in terms of additional investments in the planning
problem with equal treatment, so= % is the optimal investment rate and the associated surplus

is %ﬁ However, by designating one group as qualified workers, surplus is increased since

3 — %c¢* > 1./P under the assumption arf. Working out the details one can show that it is

possible to increase both the expected income and the expected utility for all agents also in this
case.

The example is highly stylized, but it shows that asymmetric treatment of the groups can,
possibly, be a Pareto improvement from the best symmetric allocation: the “discriminated” group
may be fully compensated with lump-sum transfers. Hence, even if society cares about group
equality, as Loury (1987) argues is reasonable, there may be gains from discrimination on the
basis of “stereotypes” that potentially can be enjoyed by all agents in the economy.

6. DISCUSSION
6.1 Introducing direct revelation mechanisms

The planning problem studied in this paper does not allow workers to report whether they
invested or not. If we are interested in weak implementation, this is a restriction. As long as
wages are independent of reports, workers are indifferent between truth-telling and lying. Hence,
a mechanism where wages depend on only the signal and task assignments depend on only
the report can implement first best task assignments as an equilibi@fcourse, any report

is consistent with equilibrium in such a mechanism and it is easy to show that the planning
problem (4) studied in this paper characterizes the best allocation implementable as a unique
equilibrium.

However, the strongest argument against use of direct mechanisms and in favour of the
approach taken in this paper is that a mechanism relying heavily on cooperation of indifferent
workers, which any direct mechanism must do in order to improve on the solution to (4), is
not robust to natural perturbations of the model. If workers have direct preferences over jobs
following a non-degenerate distribution, it is impossible to implement first best matching. This
generates a multidimensional screening problem (where the type of a worker is the cost of
investment and a job preference parameter). | cannot solve this problem in general, but it can
be shown that the solution to the multidimensional problem approaches the solution to (4) as the
variation in (continuously distributed) direct job preferences becomes negligible.

5. ltis easy to check that the inequalities are not inconsistent. One exangpie %/3 andc* = 1/5.
6. With participation and resource constraints, inefficiencies in investments are still possible.
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6.2 Related equilibrium analysis

The novel feature of this paper is that discrimination on the basis of payoff-irrelevant
characteristics arises in the solution topkanning problem Other papers have shown that
discrimination of identical groups may arise aseguilibrium phenomenon

The most closely related equilibrium model of discrimination is in Moro and Norman
(2003,b), who consider roughly the same economic environment as in this paper, but where
the labour market is competitiveln the case of a linear technology, Moro and Norman (2003
show that the equilibrium conditions for the different groups are separable. Discrimination is
then a pure coordination failure, and the Pareto dominant equilibrium is symmetric.

While the results for planning problem and the equilibrium model are different, they are
not difficult to reconcile. In the competitive model, agents are paid their expected productivities,
so each group is paid their contribution to output in the aggregate. As observed in Section 4,
discrimination in the optimum requires a net transfer between groups. The crucial difference is
thus that the planning problem has a single resource constraint for the whole economy, which, if
relevant for the solution, breaks the separability between groups.

Results for the equilibrium model with complementarities in production are more in line
with the planning model. For reasons similar to those in Section 5, the best equilibrium may then
be discriminatory.

Itis natural to ask whether there is more or less discrimination in a decentralized equilibrium
or in the social optimum, but the model is silent on this. On the one hand, there are always
symmetric equilibria in the equilibrium model. If the benchmark is a symmetric equilibrium,
the planner therefore trivially chooses a higher level of discrimination than the market when
the command optimum is discriminatory. On the other hand, the market may coordinate on an
asymmetric equilibrium even though the social optimum is an allocation with equal treatment of
groups.

6.3. Previous literature on discrimination and efficiency

An early discussion on discrimination and efficiency is in Cain (1985), who concludes that
neither taste based models (see Becker, 1957) nor early models of statistical discrimination
(following Phelps, 1972) provide an efficiency rationale for intervention. However, the models
discussed by Cain assumed an exogenous skill distribution and a single job, so wage setting is
purely a matter of distribution.

Lundberg and Startz (1983) added a human capital investment to an otherwise standard
model of statistical discrimination. The testing technology is more noisy for one group than the
other, implying that equilibrium wages generate weaker incentives to invest for the group with
more noisy signals. “Free-riding” in human capital investments is therefore more severe for this
group, and investments as well as average wages are lower in equilibrium. It is shown that a
policy that forbids employers to condition wages on group identity may increase social surplus.
The idea is that the free-riding problem is partially alleviated (worsened) in the disadvantaged
(dominant) group when wages are averaging the marginal products across groups, shifting human
capital investments from high to low cost units. Similar exercises can also be found in Schwab
(1986) and Haagsma (1993).

The most important difference between this paper and the previous literature is that
the planning problem allows me to better separate gains or losses from discrimination from
inefficiencies due to free-riding type problems that always occur in positive models of statistical
discrimination.

7. This model in turn is closely related to models in Arrow (1973), Coate and Loury (1993) and Fang (2001).
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7. CONCLUDING REMARKS

This paper studies the planning problem for an environment where discrimination between

identical groups can be supported as an equilibrium phenomenon. The advantage of
discrimination is that it creates additional information that helps the planner avoid mistakes in

job assignments. At the same time, workers from the discriminated group who could acquire
human capital at a lower cost than the marginal worker from the other group remain unqualified,
so discrimination leads to higher costs of human capital investments. This latter effect is well

understood (see for example Lundberg and Startz, 1983), so while the net effect of the trade-off
can go either way, the paper is focused on the possibility that discrimination may increase social
surplus and, with complementarities, even result in a Pareto improvement.

APPENDIX. PROOF OF PROPOSITION 2
To emphasize that the maximized valuepef capitaoutput depends on the paramegerwrite
Y*(x, p) = max{arn, apr + B((1 — p)w + p(l —x)), B} (A1)

for the maximizedper capitaoutput in (11). If the solution to the planning problem involves equal treatment of groups
the associated maximized social surplus is

G~ 1)
V(p) = maxp<z<1 Y*(7, p) —/ cg(c)dc
[
2p - HY*(z, p) )

subjecttar < G (—
pr+1—-pQ-m)

(A.2)

which is the problem (5) given the technolog§C, S) = «C + BSwith the additional constraint that® = AP =m.1
first show:

LemmaAl. There exists some p % such that (p) = g forall p < p.

Proof. Letz(p) = %. This (see Figure 2) is the critical value ofwhen it becomes worth the while
to assign the workers with high signals to the complex taskyser, p) = B for all # < = (p). Straightforward

differentiation shows that (p) is decreasing irp. Next consider the equation

- @p-1p
”_G(pn+<1—p><1—n>>’ *3)

where we adopt the convention tiatl) = 1 if —_@p-Dp > C. Since the argument is positive for gl> % and

pr+(1—p)(1-7)
7 € [0, 1] and the R.H.S. is strictly decreasingsnthere is a unique solution @ 7(p) < 1 for eachp. The R.H.S. is
ing i ; i 2p-1HB = ; 2p-1)B _ i i
decreasing irp (strlctly SO |fm < c) and Ilmp_)% rra—p (=) = 0 for anyr, so given that > 0 it

follows thatw(p) — 0 asp — % Sincer (p) — g > 0asp - % it follows that there is some > % so thatr (p) >

7(p) for all % < p < p. What this means is that for gl < p the maximizecper capitaoutput isY*(x, p) = g for all
7 < 7(p),i.e.under the assumption thatis the maximizeger capitaoutput (this assumption built into equation (A.3)
by replacingY*(rr, p) with B), the maximizedper capitaoutput isg for all fractions of investors that are incentive

-1
feasible. Hence the social surplusds— fCG ™)

maximum valueV (p) = Batr =0. |

cg(cydc for all incentive feasibler for p < p, which achieves its

N
Proof of Proposition. Let 7 satisfyanr — ch @ cg(c)dc > B (suchz exist by hypothesis). Suppose without

loss that® < AP and letx = 2. Also, let p* > % be some value of such thaV (p*) = B, which exists by Lemma Al
and observe thatr?, nb) = (71, 0) is incentive feasible if

. ((ZD - DAY* @, p*) + (1 - )\)/3)) ( 2p* = 1B )
7<G <G .
A(p*r 4+ (1 - p)(L—m)) A(p*r + (11— pH(L—m))
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Since the argument of the expression on the R.H.S. is monotonically decreasiagdrgoes to infinity as — O there
exists some. > 0 such that#, 0) is incentive feasible for any < A. Finally, V (p) is continuous ant¥ (p*) = 8, while

the maximized solution with discrimination allowed gives a surplus strictly greatergh@he conclusion that there is

a neighbourhood of p* such that discrimination is optimal then follows trivially since the value function to the full
problem (that allows discrimination) also is continuousgin
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