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I N T R O D U C TI O N

W h e n I w as a g r a d u at e st u d e nt i n e c o n o mi cs at H a r v a r d, I h a d t h e p ri vil e g e

of  s e r vi n g  as  r a p p o rt e u r  f o r  a  f a c ult y  s e mi n a r  i n  t h e  t h e n- n e w  K e n n e d y

S c h o ol of G o v e r n m e nt. A m o n g ot h e r disti n g uis h e d s c h ol a rs, it i n cl u d e d all of

m y  t h esis  a d vis e rs,  K e n n et h  A r r o w,  T h o m as  S c h elli n g,  a n d  Ri c h a r d  Z e c k-

h a us e r. I n t h e c o u rs e of t h at s e mi n a r t h e r e w e r e dis c ussi o ns of st atisti c al dis-

c ri mi n ati o n a n d m a n y ot h e r s u bj e cts t h at r el at e t o t h e i n c o m pl et e n ess of i n-

f o r m ati o n i n m a r k ets. O n e of m y a d vis e rs c a m e i n o n e d a y wit h t h e st r o n g

s u g g esti o n  t h at  I  r e a d  a  p a p e r  h e  h a d  j ust  r e a d  c all e d  “ T h e  M a r k et  f o r

L e m o ns ” b y G e o r g e A k e rl of. 2 I al w a ys di d w h at m y a d vis e rs t ol d m e t o d o a n d

h e n c e f oll o w e d u p i m m e di at el y. It w as q uit e el e ct rif yi n g. T h e r e w e all f o u n d

a w o n d e rf ull y cl e a r a n d pl a usi bl e a n al ysis of t h e p e rf o r m a n c e c h a r a ct e risti cs

of a m a r k et wit h i n c o m pl et e a n d as y m m et ri c all y l o c at e d i nf o r m ati o n. T h at,

c o m bi n e d wit h m y p u z zl e m e nt a b o ut s e v e r al as p e cts of t h e dis c ussi o n of t h e

c o ns e q u e n c es  of  i n c o m pl et e  i nf o r m ati o n  i n  j o b  m a r k ets,  p r ett y  m u c h

l a u n c h e d m e o n a s e a r c h f o r t hi n gs t h at I c a m e t o c all si g n als, t h at w o ul d 

c a r r y i nf o r m ati o n p e rsist e ntl y i n e q uili b ri u m f r o m s ell e rs t o b u y e rs, o r m o r e

g e n e r all y f r o m t h os e wit h m o r e t o t h os e wit h l ess i nf o r m ati o n. 3 T h e iss u e, of

c o u rs e, w as t h at si g n als a r e n ot t e r ri bl y c o m pli c at e d t hi n gs i n g a m es w h e r e

t h e p a rti es h a v e t h e s a m e i n c e nti v es, i. e. w h e r e t h e r e is a c o m m o nl y u n d e r-
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1 T his p a p e r is b as e d o n a l e ct u r e d eli v e r e d b y t h e a ut h o r i n St o c k h ol m o n t h e o c c asi o n of t h e
1 0 0 t h a n ni v e rs a r y of t h e f o u n di n g of t h e N o b el P ri z e. I w o ul d li k e t o t h a n k m y f ell o w r e ci pi e nts
of t h e N o b el P ri z e i n E c o n o mi cs t his y e a r, P r of ess o r G e o r g e A k e rl of a n d P r of ess o r J os e p h Sti glit z,
f o r t h ei r w o r k a n d t h ei r i ns pi r ati o n, a n d m y t h esis a d vis e rs, P r of ess o rs K e n n et h A r r o w, T h o m as
S c h elli n g a n d Ri c h a r d Z e c k h a us e r w h os e i d e as a n d g ui d a n c e g ot m e l a u n c h e d o n t h e st u d y of
m a r k et st r u ct u r e ( p a rti c ul a rl y i nf o r m ati o n al st r u ct u r e ) a n d p e rf o r m a n c e. M y c oll e a g u es P r of es-
s o rs E d w a r d L a z e a r a n d M a r k W olfs o n g a v e m e a g r e at d e al of c o nst r u cti v e i n p ut. I als o o w e a
g r e at d e bt t o P r of ess o rs J a m es R oss e a n d B r u c e O w e n, wit h w h o m I l e a r n e d a n d t a u g ht i n d ust ri al
o r g a ni z ati o n  a n d  a p pli e d  mi c r o e c o n o mi c  t h e o r y  at  St a nf o r d.  It  w as  a  g r e at  g r o u p  of  y o u n g  
p e o pl e a n d a w o n d e rf ul ti m e t o b e i n t h at p a rt of t h e fi el d. 
2 G e o r g e A k e rl of, “ T h e M a r k et f o r L e m o ns: Q u alit ati v e U n c e rt ai nt y a n d t h e M a r k et M e c h a nis m,
Q u arterly J o ur n al of Ec o n o mics .
3 I b eli e v e is w as R o b e rt J e r vis w h o i nt r o d u c e d t h e t e r ms “i n di c es ” a n d “si g n als. ” I n di c es a r e att ri-
b ut es o v e r w hi c h o n e h as n o c o nt r ol, li k e g e n d e r, r a c e, et c. T hi n k of t h e m as u n alt e r a bl e att ri-
b ut es of s o m et hi n g, n ot n e c ess a ril y a p e rs o n. Si g n als a r e t hi n gs o n e d o es t h at a r e visi bl e a n d t h at
a r e i n p a rt d esi g n e d t o c o m m u ni c at e. I n a s e ns e t h e y a r e alt e r a bl e att ri b ut es. I t h o u g ht it w as a
us ef ul s et of disti n cti o ns a n d t e r mi n ol o g y a n d I still d o.



st o o d  d esi r e  t o  c o m m u ni c at e  a c c u r at e  i nf o r m ati o n  t o  e a c h  ot h e r.  E v e n  i n

t h at c as e (s o m eti m es c all e d t h e p u r e c o o r di n ati o n c as e ) h o w e v e r, t h e r e a r e

p ot e nti al p r o bl e ms of c h o osi n g a m o n g e q uili b ri a as ill ust r at e d i n S c h elli n g’s

b rilli a nt a n al ysis of t h e us e of f o c al p oi nts a n d c o nt e xt u al i nf o r m ati o n t o s ol v e

c o m m u ni c ati o n / c o o r di n ati o n  p r o bl e ms  w h e n  t h e  p a rti es  h a v e  b e e n  d e-

p ri v e d of t h e a bilit y t o c o m m u ni c at e di r e ctl y. 4 I n m a r k ets w h e r e t h e iss u e is of-

t e n  u n d et e ct a bl e  o r  i m p e rf e ctl y  d et e ct a bl e  q u alit y  diff e r e nti als,  t h e  ali g n-

m e nt of i n c e nti v es is t y pi c all y i m p e rf e ct a n d t h e i n c e nti v e of t h e hi g h- q u alit y

p r o d u ct o w n e rs t o disti n g uis h t h e ms el v es a n d t h e i n c e nti v e of t h e l o w- q u alit y

o w n e rs t o i mit at e t h e si g n al s o as t o o bs c u r e t h e disti n cti o n is f ai rl y cl e a r. Of

c o u rs e t h e r e is m o r e t o it, as o n e n e e ds t o k n o w s u c h t hi n gs as w h o is i n t h e

m a r k et p e rsist e ntl y a n d h e n c e w h o h as a n i n c e nti v e t o est a blis h a r e p ut ati o n

t h r o u g h r e p e at e d pl a ys of t h e g a m e. I a m g oi n g t o d e v ot e a g o o d p o rti o n of

t his l e ct u r e t o t h es e iss u es, i n a s e ns e t o r e visit si g n ali n g, a n d t h e n t u r n t o

s o m e ot h e r as p e cts of t h e i nf o r m ati o n al st r u ct u r e of m a r k ets t h at a r e r ais e d

b y t h e p a r a m et e r s hifts c a us e d b y t h e p r olif e r ati o n of t h e i nt e r n et as a c o m-

m u ni c ati o n m e di u m i n t h e p ast f e w y e a rs. 5

I w as as k e d r e c e ntl y b y a s o m e w h at i n c r e d ul o us q u esti o n e r ( a ct u all y a j o u r-

n alist )  w h et h e r  it  w as  t r u e  t h at  y o u  c o ul d  b e  a w a r d e d  t h e  N o b el  P ri z e  i n

E c o n o mi cs f o r si m pl y n oti ci n g t h at t h e r e a r e m a r k ets i n w hi c h c e rt ai n p a rti-

ci p a nts  d o n’t  k n o w  c e rt ai n  t hi n gs  t h at  ot h e rs  i n  t h e  m a r k et  d o  k n o w.  I

t h o u g ht it w as p r ett y f u n n y. It w as as if t his h a d s o m e h o w b e e n a cl os el y g u a r d-

e d s e c r et u p u ntil a b o ut 1 9 7 0, at l e ast i n e c o n o mi cs. I cl e a rl y c a n n ot s p e a k f o r

t h os e w h o m a k e t h e d e cisi o ns a b o ut t h e N o b el P ri z e, b ut I s us p e ct t h at t h e

c o r r e ct a ns w e r t o t h at q u esti o n is n o. W h at di d bl oss o m at t h at ti m e w as a s e-

ri o us att e m pt b y m a n y t al e nt e d e c o n o mists t o c a pt u r e i n a p pli e d mi c r o e c o-

n o mi c t h e o r y a w h ol e v a ri et y of as p e cts of m a r k et st r u ct u r e a n d p e rf o r m a n c e.

T h at w o r k p r o d u c e d a p a rti al m el di n g of t h e o r y, i n d ust ri al o r g a ni z ati o n, l a-

b o r e c o n o mi cs, fi n a n c e a n d ot h e r fi el ds. A n i m p o rt a nt e a rl y p a rt of t h at ef-

f o rt w as t h e att e m pt t o c a pt u r e i nf or m ati o n al as p e cts of m a r k et st r u ct u r e t o

st u d y  t h e  w a ys  i n  w hi c h  m a r k ets  a d a pt,  a n d  t h e  c o ns e q u e n c es  of  i nf o r m a-

ti o n al g a ps f o r m a r k et p e rf o r m a n c e.

T h e r ef o r e, i n a ns w e r t o t h e q u esti o n, w e n oti c e d t h at t h e r e a r e m a n y m a r-

k ets wit h i nf o r m ati o n al g a ps. T h es e i n cl u d e m ost c o ns u m e r d u r a bl es, vi rt u al-

l y all j o b m a r k ets, m a n y fi n a n ci al m a r k ets, m a r k ets f o r v a ri o us t y p es of f o o d

a n d p h a r m a c e uti c als, a n d m a n y m o r e. T h es e i nf o r m ati o n al g a ps w e r e wi d el y

a c k n o wl e d g e d  a n d  t h os e  of  us  w h o  t a u g ht  a p pli e d  mi c r o e c o n o mi c  t h e o r y,

f r e el y a d mitt e d t h at t h es e g a ps mi g ht c h a n g e s o m e of t h e p e rf o r m a n c e c h a-

r a ct e risti cs,  n ot  t o  m e nti o n  t h e  i nstit uti o n al  st r u ct u r e,  of  m a r k ets  i n  w hi c h
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4 T h o m as S c h elli n g, T he Str ate gy of C o n flict .
5 I n e c o n o mi cs a n d ot h e r s o ci al s ci e n c es, m o d els a bst r a ct f r o m r e alit y a n d f o c us o n st r u ct u r al f e a-
t u r es of o r g a ni z ati o ns o r m a r k ets t h at d ri v e o ut c o m es. T h e r e a r e e m b e d d e d a n d us u all y u nst at e d
p ar a m et ers t h at ar e n ot t h e f o c us of att e nti o n, as t h e y d o n ot n or m all y c h a n g e. W h e n I r ef er t o p a-
r a m et e r s hifts c a us e d b y t h e i nt e r n et, I m e a n c h a n g es i n st r u ct u r al el e m e nts t h at f o r m e rl y di d n ot
c h a n g e. F o r e x a m pl e, m ost m a r k ets h a v e g e o g r a p hi c di m e nsi o ns a n d b o u n d a ri es t h at a r e i m pli-
citl y u n d erst o o d a n d ar e n ot t h e f o c us of att e nti o n. T h e i nt er n et h o w e v er, h as m o v e d t h os e b o u n d-
a ri es b y c oll a psi n g ti m e a n d dist a n c e i n t h e i nf o r m ati o n / c o m m u ni c ati o n di m e nsi o ns of m a r k ets.



t h e y a p p e a r. B ut I t hi n k it is f ai r t o s a y t h at w e di d n ot h a v e m u c h s yst e m ati c

k n o wl e d g e  b as e d  o n  t h e o r y  of  w h at  t h os e  c h a n g es  mi g ht  b e.  A n d  s o  w e

t h o u g ht  t h at  a p pli e d  mi c r o e c o n o mi c  t h e o r y  d es e r v e d  a n  att e m pt  t o  b uil d

t h es e i nf o r m ati o n al c h a r a ct e risti cs i nt o m o d els t h at c a pt u r e t h e st r u ct u r e a n d

p e rf o r m a n c e of t h es e m a r k ets wit h r e as o n a bl y a c c u r at e ass u m pti o ns a b o ut t h e

e x a nt e i nf o r m ati o n al c o n diti o ns. It w as a v e r y e x citi n g ti m e f o r all of us w h o

w e r e i n v ol v e d. O n e of t h e w o n d e rf ul as p e cts of r e c ei vi n g t his a w a r d is t h at it

h as t ri g g e r e d i n m e, a n d I t hi n k ot h e rs, f o n d m e m o ri es of t h e s e ns e of dis c o-

v e r y a n d e x cit e m e nt. A n d i n t h at c o nt e xt, I w o ul d li k e t o t a k e t his o p p o rt u ni-

t y t o e x p r ess m y a d mi r ati o n a n d d e e p g r atit u d e t o t h e m a n y e xt a nt y o u n g c ol-

l e a g u es  wit h  w h o m  I  w o r k e d  a n d  s h a r e d  t h es e  i d e as.  T h e y  s h o ul d,  a n d

c e rt ai nl y i n m y mi n d, d o s h a r e i n t h e r e c o g niti o n t ri g g e r e d b y a w a r di n g of t h e

disti n g uis h e d N o b el P ri z e f o r w h at w as a c c o m plis h e d d u ri n g t h os e y e a rs.

T h e pl a n f o r t his l e ct u r e is as f oll o ws. T h e o v e r ri di n g g o al is n ot t o l o o k t o o

st u pi d t o t h e n e xt g e n e r ati o n of st u d e nts a n d s c h ol a rs. M o r e s e ri o usl y, f ol-

l o wi n g  t h e  a d vi c e  t h at  m y  a d vis e rs  o n c e  g a v e  m e,  I  will  fi rst  dis c uss  t h e  

si m pl est m o d el t h at I c a n d e vis e t h at ill ust r at es i n r e as o n a bl y g e n e r al f o r m

t h e d e fi niti o ns a n d p r o p e rti es of si g n ali n g e q uili b ri a.6 N e xt, w e will all o w t h e

si g n al  (i n  t his  c as e  e d u c ati o n  i n  t h e  j o b  m a r k et  c o nt e xt ),  t o  c o nt ri b ut e  

di r e ctl y t o t h e p r o d u cti vit y of t h e i n di vi d u al as w ell as f u n cti o ni n g as a si g n al.

F oll o wi n g t h at, t h e p a p e r e x a mi n es a m a r k et i n w hi c h t h e r e is si g n ali n g a n d

b ot h s e p a r ati n g a n d p o oli n g i n t h e e q uili b ri u m.

T h e s e cti o n aft er t h at e x a mi n es a f airl y g e n er al p arti al e q uili bri u m m o d el of

si g n ali n g a n d dis c uss es c o m p etiti v e e q uili bri a a n d c ert ai n ki n ds of “ o pti m al” r e-

s p o ns es t o si g n als.7 T h os e w h o ar e m or e i nt er est e d i n t h e g e n er al i d e a a n d l ess

i n t h e g e n er al c as e c a n s ki p o v er t his s e cti o n wit h o ut ris k of missi n g a n y i m p or-
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6 J o h n v o n N e u m a n n, w h o d es e r v es t o b e o n a s h o rt list of t h e g r e at est mi n ds of t h e 2 0 t h c e nt u r y,
is r e p o rt e d t o h a v e s ai d t h at y o u d o n’t u n d e rst a n d a t h e o r y o r a n a bst r a ct st r u ct u r e u ntil y o u h a v e
s e e n a n d w o r k e d t h r o u g h h u n d r e ds of e x a m pl es of it. E v e n if h e di d n’t s a y t h at ( a n d I t hi n k h e
di d ),  I  a g r e e  wit h  it.  F e w  p e o pl e  c a n  s a y  t h at  t h e y  h a d  t h e  i d e a  t h at  c al c ul ati n g  m a c hi n es  
di d n’t h a v e t o b e h a r d- wi r e d, t h at y o u c o ul d st o r e i nst r u cti o ns i n m e m o r y a n d t h e n e x e c ut e t h e m
i n o r d e r: t h at is, y o u c o ul d b uil d a p r o g r a m m a bl e c o m p ut e r.
7 T h es e o pti m al r es p o ns es p r o bl e ms a r e s el e cti o n p r o bl e ms. I n i ns u r a n c e m a r k ets, t h e y c a n b e
m o r al h a z a r d o r a d v e rs e s el e cti o n p r o bl e ms, a n d i n ot h e r c o nt e xts t h e y a r e a g e n c y p r o bl e ms o r
o pti m al t a x ati o n p r o bl e ms. Y o u w a nt t o c o nf r o nt p e o pl e wit h s c h e d ul es t h at c a us e t h e m t o m a k e
a p p r o p ri at e c h oi c es a n d i n s o d oi n g t o r e v e al t h e ms el v es a n d t h e i nf o r m ati o n t h at t h e y p ri v at el y
h ol d e x a nt e. G e n e r all y t h e r es ults a r e b el o w w h at is a c hi e v a bl e wit h p e rf e ct i nf o r m ati o n, b e c a us e
wit h p e rf e ct i nf o r m ati o n, y o u d o n’t h a v e t o w o r r y a b o ut t h e r e v el ati o n p r o bl e m. T h es e p r o bl e ms
h a v e t h e e c o n o mi c a n d m at h e m ati c al p r o p e rti es of s e c o n d- b est t a x ati o n p r o bl e ms, of w hi c h p e r-
h a ps t h e fi rst t o b e a n al y z e d w as t h e “ o pti m al ” i n c o m e t a x p r o bl e m, b y t h e R e v e r e n d R a ms e y,
t h o u g h t h e a n al ysis s e e m e d t o h a v e l a r g el y es c a p e d n oti c e u ntil Ji m Mi r rl e es, T o n y At ki ns o n, a n d
t h e n ot h e rs r e dis c o v e r e d it. T h e i d e a is t h at t h e t a xi n g a ut h o rit y c a n n ot di r e ctl y o bs e r v e a n i n di-
vi d u al’s e a r ni n g p o w e r (t hi n k of it as m a xi m u m p ot e nti al h o u rl y w a g e ) s o t h e y t a x w h at t h e y c a n
s e e a n d m o nit o r, w hi c h is i n c o m e. T his p r o d u c es a disi n c e nti v e wit h r es p e ct t o w o r k t h at c o ul d
h a v e b e e n a v oi d e d if t h e t a x w e r e b as e d o n e a r ni n g p ot e nti al r at h e r t h a n a ct u al e a r ni n gs. T h e s e-
c o n d b est o pti mi zi n g c al c ul ati o n t h e n t r a d es off i n t h e m ost ef fi ci e nt w a y disi n c e nti v es f o r w o r k
a n d t h e n e e d t o m e et a r e v e n u e g o al f o r t h e t a xi n g a ut h o rit y. T h e m at h e m ati cs of t h es e p r o bl e ms
a r e s o m eti m es r ef e r r e d t o as o pti m al c o nt r ol p r o bl e ms a n d s o m eti m es t h e c al c ul us of v a ri ati o ns.
I n l at e r w o r k, H ol mst r ö m a p pli es t h es e m o d els t o a l a b o r s etti n g, i n c o r p o r ati n g Wils o n’s w o r k o n
s y n di c at es ( o pti m al ris k-s h a ri n g ). H e r e t h e s e c o n d- b est o pti mi zi n g c al c ul ati o n s a c ri fi c es o pti m al
ris k- s h a ri n g e m pl o y e es a n d o w n e rs t o p r o vi d e i n c e nti v es f o r e m pl o y e es t o w o r k dili g e ntl y.



t a nt pr o p erti es. H o w e v er, t his is t h e s e cti o n i n w hi c h t h e f or m al r el ati o ns hi p b e-

t w e e n si g n ali n g m o d els a n d m o d els of s elf-s el e cti o n a n d o pti m al t a x ati o n wit h

i m p erf e ct i nf or m ati o n is e x a mi n e d, a n d t h at m a y b e of i nt er est t o s o m e r e a d ers.

I als o w a nt t o i ntr o d u c e i n t h at c o nt e xt a n e w p ossi bilit y t h at I dis c o v er e d o nl y r e-

c e ntl y a n d t h at is t h at o n e c a n h a v e a si g n ali n g e q uili bri u m i n w hi c h t h e c osts of

t h e si g n al a p p e ar t o v ar y wit h t h e u ns e e n a bilit y c h ar a ct eristi cs i n t h e wr o n g w a y.

T h at is t o s a y t h e c osts of e d u c ati o n ( a bs ol ut el y a n d at t h e m ar gi n ) ris e wit h a bi-

lit y, or m or e g e n er all y, wit h t h e u n o bs er v e d attri b ut e t h at c o ntri b ut es p ositi v el y

t o pr o d u cti vit y. F or t h e m ost p art, I will us e t h e j o b m ar k et c as e f or e x p ositi o n al

p ur p os es a n d c o m m e nt o n s o m e ot h er si g n ali n g sit u ati o ns m or e bri e fl y l at er i n

t h e ess a y. T h er e is a ris k i n usi n g j o b m ar k ets t o ill ustr at e si g n ali n g. I n or d er t o

ill ustr at e t h e f u n d a m e nt al pr o p erti es of si g n ali n g m o d els, I h a v e stri p p e d a w a y

ot h er f e at ur es of t h e m ar k et, p arti c ul arl y i n t h e si m pl er m o d els. B ut I h a v e n o-

ti c e d i n t h e p ast t h at t h er e is a t e n d e n c y f or t h e si m pl er m o d els s et i n t h e j o b

m ar k et c o nt e xt, t o c o n v e y u ni nt e n d e d m ess a g es s u c h as ( 1 ) e d u c ati o n d o es n ot

c o ntri b ut e t o pr o d u cti vit y, or ( 2 ) t h e i nf or m ati o n c o nt ai n e d i n t h e si g n al d o es

n ot i n cr e as e ef fi ci e n c y. T his ess a y is m ai nl y a b o ut t h e t h e or y of si g n ali n g a n d i n-

f or m ati o n tr a nsf er i n m ar k ets, a n d n ot m ai nl y a b o ut h u m a n c a pit al a n d l a b or

m ar k ets. T h er e ar e m a n y w h o ar e m or e k n o wl e d g e a bl e a b o ut t h e l att er t h a n I. 

T h e  p a p e r  c o n cl u d es  wit h  t w o  s e cti o ns.  T h e  fi rst  of  t h es e  dis c uss es  t h e

u bi q uit o us us e of ti m e a n d t h e all o c ati o n of ti m e as a si g n al a n d as a s c r e e n-

i n g d e vi c e. T h e s e c o n d f o c us es o n t h e p ot e nti all y r at h e r l a r g e i nf o r m ati o n p a-

r a m et e r s hifts t h at t h e i nt e r n et m a y h a v e c a us e d a n d s p e c ul at es a littl e o n

h o w a p pli e d m o d els of m a r k ets, o r g a ni z ati o ns, a n d b o u n d a ri es b et w e e n t h e m

m a y h a v e c h a n g e d a n d o n w h at is n e e d e d t o c a pt u r e t h e eff e cts of t h es e p a-

r a m et e r s hifts i n m o d els of m a r k ets a n d t h e e c o n o m y.

T H E SI M P L E S T J O B M A R K E T SI G N A LI N G M O D E L

T h e i d e a b e hi n d t h e j o b m a r k et si g n ali n g m o d el is t h at is t h e r e a r e att ri b ut es

of p ot e nti al e m pl o y e es t h at t h e e m pl o y e r c a n n ot o bs e r v e a n d t h at aff e ct t h e

i n di vi d u al’s s u bs e q u e nt p r o d u cti vit y a n d h e n c e v al u e t o t h e e m pl o y e r o n t h e

j o b. L et us s u p p os e t h at t h e r e a r e j ust t w o g r o u ps of p e o pl e. G r o u p 1 h as p r o-

d u cti vit y o r v al u e t o a n y e m pl o y e r of 1, a n d G r o u p 2 h as p r o d u cti vit y of 2. I n

t his e x a m pl e, t h es e p r o d u cti vit y v al u es d o n ot d e p e n d o n t h e l e v el of i n v est-

m e nt i n t h e si g n al. If t h e r e w e r e n o w a y t o disti n g uis h b et w e e n p e o pl e i n

t h es e t w o g r o u ps t h e n if b ot h g r o u ps st a y i n t h e m a r k et, t h e a v e r a g e w a g e

w o ul d b e 2 – α , w h e r e α is t h e f r a cti o n of t h e p o p ul ati o n i n g r o u p 1, a n d

e v e r y o n e w o ul d g et t h at w a g e. If t h e hi g h e r p r o d u cti vit y g r o u p t h r o u g h dis-

s atisf a cti o n o r f o r a n y ot h e r r e as o n, e xits t his l a b o r m a r k et, t h e a v e r a g e p r o-

d u cti vit y a n d t h e w a g e d r o p t o 1. T his p h e n o m e n o n w h e n it o c c u rs is s o m e-

ti m es c all e d t h e a d v e rs e s el e cti o n p r o bl e m, a l a b el m ost c o m m o nl y a p pli e d t o

i ns u r a n c e m a r k ets. It is st r u ct u r all y t h e s a m e p r o bl e m t h at A k e rl of d es c ri b e d

i n his f a m o us p a p e r o n us e d c a rs (l e m o ns ).8
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N o w s u p p os e t h at t h e r e is s o m et hi n g c all e d e d u c ati o n, w hi c h w e will d e-

n ot e b y E, t h at c a n b e a c q ui r e d o r i n v est e d i n. It is ass u m e d t o b e visi bl e, a n d

its a c q uisiti o n c osts diff e r f o r t h e t w o t y p es. L et us s u p p os e t h at t h e c ost of E

y e a rs of e d u c ati o n f o r g r o u p 1 is E, a n d t h e c ost f o r g r o u p 2 i n di vi d u als is

E / 2. F o r t his e x a m pl e I a m g oi n g t o ass u m e t h at e d u c ati o n d o es n ot aff e ct

t h e i n di vi d u al’s p r o d u cti vit y. I d o t his p u r el y t o k e e p it si m pl e a n d n ot t o s u g-

g est t h at h u m a n c a pit al, i n cl u di n g t h at a c q ui r e d t h r o u g h e d u c ati o n, is s o m e-

h o w n ot r el e v a nt. I n l at e r s e cti o ns, t h e ass u m pti o n will b e r el a x e d.

E q uili b ri u m i n a sit u ati o n li k e t his, a n d i n g e n e r al, h as t w o c o m p o n e nts.

Fi rst, gi v e n t h e r et u r ns t o a n d t h e c osts of i n v esti n g i n e d u c ati o n, i n di vi d u als

m a k e r ati o n al i n v est m e nt c h oi c es wit h r es p e ct t o e d u c ati o n. S e c o n d, e m pl o y-

e rs h a v e b eli efs a b o ut t h e r el ati o n b et w e e n t h e si g n al a n d t h e i n di vi d u al’s u n-

d e rl yi n g p r o d u cti vit y. T h es e b eli efs a r e b as e d o n i n c o mi n g d at a f r o m t h e m a r-

k et pl a c e. I n e q uili b ri u m, t h e b eli efs m ust b e c o nsist e nt, t h at is, t h e y m ust n ot

be disc o n fir me d b y t h e i n c o mi n g d at a a n d t h e s u bs e q u e nt e x p e ri e n c e. T h e r e-

f o r e, o n e c o ul d s a y t h at t h e b eli efs m ust b e acc ur ate . B ut o n e s h o ul d als o n o-

ti c e t h at e m pl o y e rs’ b eli efs / e x p e ct ati o ns d et e r mi n e t h e w a g e off e rs t h at a r e

m a d e at v a ri o us l e v els of e d u c ati o n. T h es e w a g e off e rs i n t u r n d et e r mi n e t h e

r et u r ns t o i n di vi d u als f r o m i n v est m e nts i n e d u c ati o n, a n d fi n all y, t h os e r e-

t u r ns d et e r mi n e t h e i n v est m e nt d e cisi o ns t h at i n di vi d u als m a k e wit h r es p e ct

t o  e d u c ati o n,  a n d  h e n c e  t h e  a ct u al  r el ati o ns hi p  b et w e e n  p r o d u cti vit y  a n d

e d u c ati o n t h at is o bs e r v e d b y e m pl o y e rs i n t h e m a r k et pl a c e. T his is a c o m-

pl et e ci r cl e. T h e r ef o r e it is p r o b a bl y m o r e a c c u r at e t o a s a y t h at i n e q uili-

b ri u m, t h e e m pl o y e rs’ b eli efs a r e self-c o n fir mi n g. T his m a y s o u n d li k e a mi n o r

r est at e m e nt b ut it is i m p o rt a nt. It is t h e s elf- c o n fi r mi n g n at u r e of t h e b eli efs

t h at gi v es ris e t o t h e p ot e nti al p r es e n c e of m ulti ple e q uili bri a i n t h e m a r k et.

I n t h e e x a m pl e at h a n d, s u p p os e t h at g r o u p 1 i n di vi d u als s et E 1 = 0 a n d i n-

di vi d u als i n g r o u p 2 s et E 2 =  E *. S u p p os e f u rt h e r t h at e m pl o y e rs, n o n e of

w h o m i n di vi d u all y i n fl u e n c e i n v est m e nt d e cisi o ns b y i n di vi d u als 9 , b eli e v e t h at

if E < E * t h e n p r o d u cti vit y is 1 a n d if E ≥ E *, t h e n p r o d u cti vit y is 2. Wit h t h es e

ass u m pti o ns, i n di vi d u als i n g r o u p 1 will r ati o n all y s et E = 0 p r o vi d e d t h at

2 – E * < 1

M e m b e rs of g r o u p 2 will r ati o n all y s et E = E * p r o vi d e d t h at

T h e r ef o r e t h e c h oi c es will b e r ati o n al a n d t h e e x p e ct ati o ns c o n fi r m e d i n t h e

m a r k et if 

1 < E * < 2.

T h o u g h it is a hi g hl y st yli z e d e x a m pl e it h as m a n y of t h e g e n e r al p r o p e rti es of
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si g n ali n g  e q uili b ri a.  T h e r e  is  a  c o nti n u u m  of  e q uili b ri a,  i n  e a c h  of  w hi c h

t h e r e is m o r e i n v est m e nt i n t h e si g n al t h a n t h e r e w o ul d b e i n a w o rl d of f ull

i nf o r m ati o n. B e c a us e i n v est m e nt i n t h e si g n al dissi p at es r es o u r c es wit h o ut

i m p r o vi n g p r o d u cti vit y, t h e r es ult is i n ef fi ci e nt. M o r e o v e r t h e e q uili b ri a a r e

o r d e r a bl e b y t h e P a r et o c rit e ri o n, t h at is, as y o u m o v e f r o m o n e e q uili b ri u m

t o a n ot h e r, e v e r y o n e is eit h e r w o rs e off o r n o b ett e r off. T h e si g n al a ct u all y

d o es disti n g uis h l o w- a n d hi g h- p r o d u cti vit y p e o pl e a n d t h e r e as o n it is a bl e t o

d o s o is t h at t h e c ost of t h e si g n al is n e g ati v el y c o r r el at e d wit h t h e u ns e e n

c h a r a ct e risti c t h at is v al u a bl e t o e m pl o y e rs, i n t his c as e p r o d u cti vit y its elf. T h e

e q uili b ri u m is c h a r a ct e ri z e d b y a s c h e d ul e t h at gi v es t h e r et u r ns t o e d u c ati o n,

t h at is a w a g e f o r e a c h l e v el of e d u c ati o n, a n d o pti mi zi n g c h oi c es gi v e n t h at

s c h e d ul e b y i n di vi d u als i n t h e t w o g r o u ps. 

T h e e q uili b ri u m is d e pi ct e d i n Fi g u r e 1. T h e w a g e s c h e d ul e is t h e d a r k li n e

a n d j u m ps f r o m a w a g e l e v el of 1 t o a w a g e l e v el of 2 at e *. E * is b et w e e n 1

a n d 2 s o t h at g r o u p 1 c h o os es t h e e d u c ati o n l e v el 0 a n d g r o u p 2 c h o os es E *.

It is n ot ess e nti al t h at n et i n c o m e f o r g r o u p 1 at e * is n e g ati v e as it is i n t his

e x a m pl e. W e c o ul d m a k e t h e p r o d u cti vit y l e v els f o r t h e t w o g r o u ps 3 a n d 4.

T h e s a m e si g n ali n g r es ult w o ul d o c c u r wit h s uit a bl e a dj ust m e nts i n t h e l e v el

of t h e w a g e s c h e d ul e.

T h e r e a r e i n f a ct ot h e r si g n ali n g e q uili b ri a. F o r e x a m pl e, t h e r e c o ul d b e a

mi ni m al l e v el of e d u c ati o n t h at g r o u p 1 i n v ests i n. B ut u nl ess it is a p r o d u c-

ti v e i n v est m e nt, t h e r e is n o r e as o n t o t hi n k t h at o v e r ti m e t h e m a r k et w o ul d

n ot dis c o v e r t his a n d eli mi n at e it as a n i n ef fi ci e n c y t h at c a n b e r e m o v e d c ost-

l essl y. I n t h e s p e ct r u m of e q uili b ri a d es c ri b e d a b o v e, p r o b a bl y t h e m ost i nt e-

r esti n g  is  t h e  m ost  ef fi ci e nt  o n e.  T h at  e q uili b ri u m  is  t h e  o n e  i n  w hi c h  

E * = 1 + δ , w h e r e δ  is t o b e t h o u g ht of as a s m all p ositi v e n u m b e r. I n t his e q ui-

li b ri u m, 
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w 1 = Ν 1 = 1 , a n d

w 2 = 2, a n d N 2 = 1. 5 – δ / 2,

w h e r e N i is i n c o m e n et of si g n ali n g c osts f o r g r o u p i. 

O n t h e ass u m pti o n t h at t h e m a r k et will fi n d e q uili b ri a t h at a r e P a r et o- ef fi-

ci e nt, o n e c a n as k w h et h e r t h e r e is a b ett e r e q uili b ri u m i n t h e P a r et o s e ns e

( e v e r y o n e is b ett e r off ) t h a n t h e o n e d es c ri b e d a b o v e. T h e a ns w e r is s o m e-

ti m es y es. It i n v ol v es p o oli n g a n d it d e p e n ds o n t h e r el ati v e si z es of t h e t w o

g r o u ps. W h at is r e all y g oi n g o n h e r e is t h at t h e m a r k et is, i n a s e ns e, a cti n g as

if it is t r yi n g t o m a xi mi z e t h e n et i n c o m e of t h e hi g h e r p r o d u cti vit y g r o u p. I n

s o m e c as es t h at is a c c o m plis h e d b y r e c o g ni zi n g t h at it is t o o e x p e nsi v e f o r

t h at g r o u p t o disti n g uis h its elf. T h e alt e r n ati v e is t o a p p e a r u n diff e r e nti at e d

i n a p o ol. T h at cl e a rl y b e n e fits g r o u p 1 as t h e y a r e mist a k e n f o r t h e a v e r a g e

p r o d u cti vit y, w hi c h is a b o v e 1. As a r e mi n d e r, α is t h e f r a cti o n of t h e p o p ul a-

ti o n i n g r o u p 1. I n a p o oli n g sit u ati o n t h e a v e r a g e p r o d u cti vit y is 2 – α  > 1.

G r o u p 1 w o ul d cl e a rl y p r ef e r it. G r o u p 2 p r ef e rs it as w ell if

2 – α  > 1. 5 – δ / 2, o r

α  < . 5 ( 1 –  δ )

Si n c e δ  c a n b e m a d e as s m all as w e w a nt, t h e r e is a p r ef e r r e d p o oli n g e q uili b-

ri u m (i n t h e P a r et o s e ns e ) if i n t his e x a m pl e, g r o u p 1 is l ess t h a n h alf t h e

p o p ul ati o n. I n g e n e r al wit h dis c r et e g r o u ps, p o oli n g wit h l o w e r l e v el g r o u ps

b e c o m es att r a cti v e if t h e y a r e r el ati v el y s m all, b e c a us e t h e hi g h e r l e v el g r o u ps

d o n’t gi v e u p t o o m u c h b y b ei n g mist a k e n f o r t h e a v e r a g e a n d t h e y a v oi d t h e

si g n ali n g c osts. I n a l at e r s e cti o n I will d es c ri b e b ri e fl y a c as e i n w hi c h o n e c a n

o bs e r v e p o oli n g a n d s e p a r ati n g i n t h e s a m e e q uili b ri u m.

If y o u w a nt e d t o m a k e t h e r es ult i n t his m a r k et m o r e ef fi ci e nt t h a n t h e

e q uili b ri a d es c ri b e d a b o v e, y o u w o ul d t a x e d u c ati o n ( ass u mi n g t h at s u c h a

t a x is n ot c ostl y t o i m p os e a n d a d mi nist e r ), m a ki n g it m o r e e x p e nsi v e f o r

g r o u p 2, a n d t h e r e b y m a k e it p ossi bl e t o l o w e r t h e l e v el of e d u c ati o n wit h o ut

l osi n g t h e i nf o r m ati o n al c o nt e nt of t h e si g n al. T h e r e v e n u es g e n e r at e d c o ul d

b e dist ri b ut e d e q u all y t o all p a rti ci p a nts i n b ot h g r o u ps i n d e p e n d e nt of t h ei r

e d u c ati o n c h oi c e. T h e l u m p-s u m c o m p o n e nt of t h e t a x will t h e r ef o r e n ot af-

f e ct t h ei r si g n ali n g b e h a vi o r.

L et t b e t h e t a x r at e o n i n v est m e nt i n e d u c ati o n a n d l et k b e t h e l u m p-s u m

dist ri b uti o n f r o m t h e t a x r e v e n u es. T his dist ri b uti o n g o es t o e v e r y o n e. L et t h e

si g n ali n g  l e v el  of  e d u c ati o n  b e  E *.  G r o u p  o n e  i n di vi d u als  will  r ati o n all y

c h o os e n ot t o s e n d t h e si g n al if 

2 – ( 1 + t) E * + k < 1 + k

a n d g r o u p 2 will r ati o n all y s e n d t h e si g n al if 

2 – (. 5 + t) E * + k > 1 + k .

W e h a v e a n e q uili b ri u m t h e n if
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W e will pi c k t h e ef fi ci e nt e n d of t h e si g nli n g s p e ct r u m b y s etti n g 

T h e l u m p s u m dist ri b uti o n is e q u al t o t h e t a x r e v e n u es s o t h at

T h us t h e e q uili b ri u m n et i n c o m es a r e

As δ b e c o m es  s m all  a n d  t  b e c o m es  v e r y  l a r g e,  k  a p p r o a c h es  ( 1  –  α ),  a n d

h e n c e b ot h n et i n c o m es a p p r o a c h ( 2 – α ). T his, t h e r e a d e r will r e c all, is t h e

p o oli n g e q uili b ri u m o ut c o m e i n t e r ms of n et i n c o m e. H e r e h o w e v e r, t h e r e is

n o u p p e r li mit o n t h e si z e of g r o u p 1, n a m el y α . Si g n ali n g c osts (s o ci all y ) a r e

n e gli gi bl e as E * a p p r o a c h es z e r o, t h o u g h t h e p ri v at e m a r gi n al c osts of si g n al-

i n g (i n cl u di n g t h e t a x ) a p p r o a c h 1.

T o s u m m a ri z e, o n e c a n g et ri d of t h e i n ef fi ci e n c y a n d k e e p t h e si g n ali n g

a n d t h e i nf o r m ati o n al c o nt e nt of t h e si g n als wit h a n a p p r o p ri at e t a x o n t h e

si g n ali n g a cti vit y. T h e eff e ct is t o r e dist ri b ut e i n c o m e i n s u c h a w a y as t o r e-

p r o d u c e t h e r es ults of t h e p o oli n g e q uili b ri u m. It c o ul d b e t h at t h e i nf o r m a-

ti o n t h e si g n al c a r ri es is its elf p r o d u cti v e. I n t h at c as e it is i m p o rt a nt t h at t h e

e q uili b ri u m a ct u all y b e a s e p a r ati n g o n e. 1 0 T h at is t h e c as e h e r e. S e p a r ati n g is

r et ai n e d i n t his e q uili b ri u m. G r o u ps a r e c o r r e ctl y i d e nti fi e d. T h e us e of a t a x

o n t h e si g n ali n g a cti vit y r e d u c es t h e l e v el of t h e si g n al r e q ui r e d t o disti n g uis h

t h e g r o u ps, a n d h e n c e r e d u c es t h e i n ef fi ci e n c y of t h e u nt a x e d si g n ali n g e q ui-

li b ri u m.

T H E T W O- G R O U P M O D E L W H E N E D U C A TI O N E N H A N C E S H U M A N

C A PI T A L A N D A L S O S E R V E S A S A P O T E N TI A L SI G N A L

It will n at u r all y o c c u r t o t h e r e a d e r t o as k w h at is t h e eff e ct o n t h e m a r k et si g-

n ali n g t h at w e h a v e j ust e x a mi n e d, at l e ast i n t h e c o nt e xt of l a b o r m a r k ets,

w h e n  t h e  si g n al  als o  c o nt ri b ut es  di r e ctl y  t o  p r o d u cti vit y  f o r  t h e  i n di vi d u al

w o r k e r. 1 1 T his s e cti o n a d d r ess es t h e s u bj e ct b y m o dif yi n g t h e t w o- g r o u p m o-

d el of t h e p r e c e di n g s e cti o n t o all o w e d u c ati o n t o b e p r o d u cti v e. I will m a k e
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1 0 I nf o r m ati o n is di r e ctl y p r o d u cti v e, f o r e x a m pl e, if t h e r e is a j o b all o c ati o n o r t r ai ni n g d e cisi o n
t h at is m a d e m o r e ef fi ci e ntl y wit h a c c u r at e k n o wl e d g e of t h e t y p e. I n t h at c as e t h e p o oli n g e q uili-
b ri u m w o ul d b e i n ef fi ci e nt.
1 1 A ct u all y t his iss u e d o es n ot j ust a ris e i n l a b o r m a r k ets. G e n e r all y si g n als c a n c h a n g e t h e v al u e of
t h e p r o d u ct. F o r e x a m pl e, i n t h e us e d c a r c as e, a w a r r a nt e e c h a n g es t h e v al u e of t h e b u n dl e, t h e
c a r a n d t h e w a r r a nt e e i n a d diti o n t o c a r r yi n g i nf o r m ati o n a b o ut t h e p r o d u ct its elf.

a n d

.



t h e m o d el sli g htl y m o r e g e n e r al i n t e r ms of f u n cti o n al f o r ms. L et si( E ) b e t h e

v al u e of a w o r k e r of t y p e I wit h e d u c ati o n E t o a n e m pl o y e r. H e r e I = 1, 2 a n d

w e ass u m e t h at s2 ( E ) > s1 ( E ), a n d s2 ( E ) > s1 ( E ). L et c i( E ) b e t h e c ost of i n-

v esti n g i n E u nits of e d u c ati o n f o r g r o u p I a n d ass u m e t h at c1 ( e) > c2 ( e), a n d

t h at c1 ( E ) > c2 ( E ). T h es e ass u m pti o ns si m pl y c a pt u r e t h e i d e a t h at t h e g r o u p

wit h t h e hi g h e r p r o d u cti vit y als o h as t h e l o w e r c osts of si g n ali n g. As b ef o r e,

t h e i n di vi d u al’s t y p e is n ot di r e ctl y o bs e r v a bl e. W e will als o ass u m e t h at S i( E )

is c o n c a v e, t h at C i( E ) is c o n v e x a n d h e n c e t h at t h e n et i n c o m e f u n cti o n N i( E )

= S i( E ) – C i( E) is c o n c a v e.

T h e r e a r e t h r e e q u alit ati v el y diff e r e nt ki n ds of e q uili b ri a i n t his m a r k et.

T h e fi rst is a f ull y ef fi ci e nt s e p a r ati n g e q uili b ri u m. It is e asi est t o s e e t h e t y p es

of e q uili b ri u m pi ct o ri all y. I n Fi g u r e 2, w e h a v e v a ri o us f o r ms of n et i n c o m e

pl ott e d as a f u n cti o n of E. L et V 1 ( E ) = S 2 ( E ) – C 1 ( E ). O u r i nt e r est i n t h e f u n c-

ti o n V cl e a rl y r el at es t o t h e q u esti o n of w h et h e r g r o u p 1 will a d o pt t h e g r o u p

2 si g n al a n d h e n c e c r e at e a p r o bl e m wit h t h e s e p a r ati n g e q uili b ri u m.

I n Fi g u r e 2, y o u will s e e t h e f u n cti o ns N 1 , N2 , a n d V. T h e p oi nts E1 * a n d E 2 *

a r e t h e p oi nts t h at m a xi mi z e N 1 a n d N 2 . T h e p oi nt E
–

is t h e l a r g est v al u e of E

s u c h t h at V is l a r g e r t h a n N1 *, t h e m a xi m u m v al u e of N 1 . I n Fi g u r e 1, y o u c a n

s e e t h at E2 * is t o t h e ri g ht of E
–
. T his m e a ns t h at as l o n g as t h e w a g e off e r

s c h e d ul e j u m ps u p f r o m s1 ( E ) t o s 2 ( E ) t o t h e ri g ht of E
–
, i n di vi d u als i n g r o u p

1 will h a v e n o i n c e nti v e t o i mit at e t h e si g n ali n g b e h a vi o r of g r o u p 2. 

T his is t h e f ull y ef fi ci e nt s e p a r ati n g e q uili b ri u m. T h e si g n al c a r ri es a c c u r at e
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i nf o r m ati o n, a n d t h e i n v est m e nts i n e d u c ati o n a r e t h e ef fi ci e nt o n es. T h e

o ut c o m e  is  as  if  t h e r e  w as  p e rf e ct  i nf o r m ati o n  i n  t h e  m a r k et  pl a c e.  I n

ess e n c e, t h e t w o g r o u ps a r e s uf fi ci e ntl y diff e r e nt i n t e r ms of s o m e c o m bi n a-

ti o n of t h e p r o d u cti vit y of e d u c ati o n as h u m a n c a pit al a n d t h e c osts of e d u-

c ati o n t h at t h e f ull y ef fi ci e nt o ut c o m e s u r vi v es as a n e q uili b ri u m. N ot e h o w-

e v e r, t h at t h e n e g ati v e r el ati o n b et w e e n p r o d u cti vit y a n d c osts r e all y m att e rs.

If si g n ali n g c osts w e r e t h e s a m e, t h e n t h e f u n cti o ns N 2 a n d V w o ul d b e t h e

s a m e a n d w e c o ul d n ot h a v e t his m a r k et o ut c o m e. W h e n si g n ali n g c osts a r e

t h e s a m e o n e c a n n e v e r p r e v e nt g r o u p 1 f r o m i mit ati n g g r o u p 2 b e h a vi o r

w h e n it is t o t h ei r a d v a nt a g e t o d o s o.

N o w t u r n t o Fi g u r e 3. It is ess e nti all y t h e s a m e pi ct u r e as Fi g u r e 2 e x c e pt

t h at E2 * is t o t h e l eft of E
–
. T his m e a ns t h at if t h e w a g e s c h e d ul e j u m ps t o s2 ( E )

b ef o r e E 2 *, t h e g r o u p 1 will i mit at e g r o u p 2 b e h a vi o r a n d dis m a ntl e t h e s e-

p a r ati n g e q uili b ri u m. T o p r e v e nt t his w e will s p e cif y t h at t h e w a g e s c h e d ul e

j u m ps u p t o s2 ( E ) at E
–

+ δ . S u bj e ct t o a q u ali fi c ati o n t h at I will c o m e t o i n a

mi n ut e, t his is a s e p a r ati n g e q uili b ri u m. T o a c hi e v e t h e s e p a r ati o n, t h e g r o u p

2 i n v est m e nt i n e d u c ati o n is p us h e d u p a b o v e t h e ef fi ci e nt l e v el, i n o r d e r f o r

t h e i n di vi d u als i n t h at g r o u p t o a c hi e v e t h e si g n ali n g eff e ct a n d a v oi d i mit a-

ti o n b y g r o u p 1. S o h e r e w e h a v e t h e s a m e ki n d of r es ult t h at w e h a d i n t h e

n o- h u m a n- c a pit al c as e. H e r e t h e r et u r n t o i n v esti n g i n e d u c ati o n h as a si g-

n ali n g c o m p o n e nt a n d a h u m a n c a pit al c o m p o n e nt. T h e f o r m e r c a n p us h

t h e l e v els of i n v est m e nt a b o v e t h e f ull i nf o r m ati o n o pti m u m. I n t h e fi rst m o-

d el t h e h u m a n- c a pit al eff e ct w as z e r o, l e a vi n g o nl y t h e si g n ali n g eff e ct, a n as-
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s u m pti o n t h at e ns u r es t h at o v e ri n v est m e nt will o c c u r i n a n y s e p a r ati n g e q ui-

li b ri u m i n w hi c h si g n ali n g o c c u rs.

T h e r e r e m ai n t w o iss u es. O n e is w h et h e r a n d u n d e r w h at ci r c u mst a n c es,

p o oli n g will d est r o y t h e h y p ot h esi z e d s e p a r ati n g e q uili b ri u m a n d t h e s e c o n d

is, “ C a n o n e t a x t h e si g n al i n s u c h a w a y as t o i m p r o v e m a r k et p e rf o r m a n c e ? ”

P o oli n g fi rst. L et α b e t h e f r a cti o n of t h e t ot al p o p ul ati o n i n g r o u p 1. I n a

p o oli n g e q uili b ri u m, t h e w a g e f o r all will b e α s1 ( E ) + ( 1 – α ) s2 ( E ) f o r a n y l e-

v el of E t h at e m e r g es. T his c a n n ot b r e a k a f ull y ef fi ci e nt s e p a r ati n g e q uili-

b ri u m b e c a us e g r o u p 2 c a n n ot b e b ett e r off. T h us if p o oli n g b r e a ks a s e p a-

r ati n g  e q uili b ri u m  it  c a n  o nl y  b e  i n  t h e  c as e  w h e r e  t h e  m o r e  p r o d u cti v e

g r o u p h as b e e n f o r c e d, f o r si g n ali n g p u r p os es, a b o v e its o pti m al l e v el of E

f r o m t h e st a n d p oi nt of i n v est m e nt i n h u m a n c a pit al. L et W ( E ) = α s1 ( E ) + ( 1 –

α ) s2 ( E ). B y m a ki n g α a r bit r a ril y s m all w e c a n m a k e W as cl os e t o s 2 ( E ) as w e

w a nt. N o w l et us l o o k a g ai n at Fi g u r e 2. If y o u st a rt at E
–

a n d r e d u c e E a n d

m o v e t o t h e l eft a n d u p t h e c u r v es N 2 a n d V, it is cl e a r t h at b ot h g r o u ps a r e

b ett e r off. F o r s m all α , t h e n et i n c o m e f u n cti o ns W- c1 a n d W- c 2 a r e cl os e t o V

a n d N 2 . H e n c e f o r a r a n g e of α  at t h e l o w e n d, p o oli n g will b r e a k t h e s e p a-

r ati n g o ut c o m e. F o r t h es e c as es, t h e n at u r al c h oi c es of e q uili b ri u m l e v els of E

a r e t h os e t h at li e b et w e e n t h e e d u c ati o n l e v els t h at m a xi mi z e W- c 1 a n d W- c 2 .

As α  ris es, e v e nt u all y t h e f u n cti o n W- c 2 will f all b el o w t h e l e v el of g r o u p 2

n et i n c o m e at t h e s e p a r ati n g p oi nt E
–

, at w hi c h p oi nt t h e p o oli n g o ut c o m e is

n ot c a p a bl e of b r e a ki n g t h e s e p a r ati n g e q uili b ri u m. T o s u m m a ri z e, i n t h e

c as e of a n i n ef fi ci e nt s e p a r ati n g e q uili b ri u m, t h e r e e xist p o oli n g e q uili b ri a

t h at a r e P a r et o-s u p e ri o r t o t h e s e p a r ati n g e q uili b ri u m p r o vi d e d t h e si z e of t h e

l o w e r p r o d u cti vit y g r o u p is b el o w s o m e t h r es h ol d l e v el. If t h e m a r k et h as a

w a y of fi n di n g t h e p o oli n g e q uili b ri a, t h e y will b r e a k t h e s e p a r ati n g o n e.

W e t u r n n o w t o t h e p r o bl e m of i m p r o vi n g t h e ef fi ci e n c y of t h e m a r k et. W e

s a w i n t h e p r e c e di n g s e cti o n t h at i n t h e c as e w h e r e t h e r e is n o h u m a n c a pit al

c o m p o n e nt of p r o d u cti vit y, o n e c a n i n p ri n ci p al c o m e a r bit r a ril y cl os e t o t h e

ef fi ci e nt o ut c o m e t h r o u g h a p p r o p ri at e t a x es. T h e s a m e is t r u e w h e n t h e si g-

n al a d ds t o t h e i n di vi d u al’s p r o d u cti vit y as w ell as f u n cti o ni n g as a si g n al. W e

h a v e al r e a d y s e e n t h at i n s o m e c as es t h e m a r k et e q uili b ri u m its elf is ef fi ci e nt

i n t h e s e ns e of m a xi mi zi n g t ot al n et i n c o m e as p a rt of a s e p a r ati n g e q uili b ri-

u m. W e n o w w a nt t o s h o w t h at o n e c a n a c hi e v e t h e s a m e r es ult i n t h e c as e

w h e r e t h e hi g h e r p r o d u cti vit y g r o u p h as b e e n f o r c e d b y si g n ali n g c o nsi d e r a-

ti o ns t o m o v e a b o v e its ef fi ci e nt l e v el of i n v est m e nt i n h u m a n c a pit al.

T o a c hi e v e a n ef fi ci e nt o ut c o m e, w e w a nt t o m a xi mi z e t ot al n et i n c o m e. T o

d o t h at w e n e e d t o h a v e si = ci f o r i = 1, 2. T o a c c o m plis h t h at if it is p ossi bl e,

w e n e e d a w a g e f u n cti o n t h at i n d u c es t h es e c h oi c es. T h e w a g e f u n cti o n c a n

b e t h o u g ht of as a s c h e d ul e of t a x es o n e d u c ati o n s u p e ri m p os e d o n a w a g e

f u n cti o n t h at s ets w a g es e q u al t o p r o d u cti vit y. Si n c e e a c h i n di vi d u al i n e a c h

g r o u p c o nsi d e rs all p ossi bl e l e v els of E i n m a ki n g its e d u c ati o n i n v est m e nt d e-

cisi o n, it t u r ns o ut t o b e e asi e r t o s ol v e t his p r o bl e m i n di r e ctl y r at h e r t h a n di-

r e ctl y. L et us s u p p os e t h e r ef o r e t h at c o u nt e r t o f a ct, t h e r e is a c o nti n u u m of

t y p es s p e ci fi e d b y t h e p a r a m et e r z, w h e r e p r o d u cti vit y f o r t y p e z is zs1 + ( 1- z )s 2

a n d c osts f o r t y p e z a r e z c 1 + ( 1- z ) c 2 . L et E ( z ) m a xi mi z e
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z( s1 – c1 ) + ( 1 – z) ( s2 – c 2 ).

N ot e t h at E ( z ) d e cli n es as a f u n cti o n of z. I n v e rt E ( z ) t o g et Z ( E ). If t h e w a g e

s c h e d ul e w e a r e l o o ki n g f o r is w ( e ), t h e n i n di vi d u als will h a v e m a xi mi z e d b y

s etti n g 

w  = zc1 + ( 1 – z) c2 .

S u bstit ut e Z ( E ) i nt o t h e diff e r e nti al e q u ati o n a b o v e a n d i nt e g r at e wit h r e-

s p e ct t o E, s etti n g t h e c o nst a nt s o t h at t ot al w a g es e q u al t ot al o ut p ut. T his

w a g e  s c h e d ul e  a n d / o r  t h e  i m pli e d  t a x  s c h e d ul e  will  i n d u c e  t h e  ef fi ci e nt

c h oi c es of E. 1 2

T h e r e a d e r n oti c es t h at t h e o pti m al w a g e s c h e d ul e a b o v e d o es n ot d e p e n d

o n t h e dist ri b uti o n of z i n t h e p o p ul ati o n. 1 3 T h e r ef o r e l et us ass u m e t h at al-

m ost all t h e w ei g ht i n t h e dist ri b uti o n is at eit h e r z = 0 o r z = 1. T his is t h e t w o

g r o u p c as e w e a r e st u d yi n g. 

T o s u m m a ri z e, wit h t w o g r o u ps a n d e d u c ati o n as p r o d u cti v e h u m a n c a pi-

t al, o n e c a n h a v e a si g n ali n g e q uili b ri u m wit h f ull ef fi ci e n c y o r o v e ri n v est-

m e nt i n e d u c ati o n b y t h e m o r e p r o d u cti v e g r o u p. Y o u c a n als o h a v e a p o oli n g

e q uili b ri u m t h at d o mi n at es t h e s e p a r ati n g e q uili b ri u m p r o vi d e d t h at t h e l ess-

p r o d u cti v e  g r o u p  is  n ot  t o o  l a r g e.  A n d  fi n all y  t h e r e  e xists  a  t a x /s u bsi d y

s c h e m e t h at p r o d u c es a f ull y ef fi ci e nt s e p a r ati n g o ut c o m e as a n e q uili b ri u m.

A M O D E L WI T H SI G N A LI N G, S E L E C TI O N A N D P O O LI N G 1 4

T h e m o d el w e a r e g oi n g t o l o o k at b ri e fl y i n t his s e cti o n is of i nt e r est f o r t w o

r e as o ns. Fi rst it ill ust r at es a c as e i n w hi c h t h e r e is b ot h p o oli n g a n d s e p a r ati n g

c o m p o n e nts of t h e e q uili b ri u m, a n d s e c o n d, it s h o ws t h at t h e c riti c al c rit e ri-

o n f o r h a vi n g a s e p a r ati n g c o m p o n e nt i n a n e q uili b ri u m is t h at t h e n et b e n e-

fits of iss ui n g t h e si g n al a r e p ositi v el y c o r r el at e d wit h a n u ns e e n att ri b ut e t h at

c o nt ri b ut es p ositi v el y t o p r o d u cti vit y. T his p ositi v e c o r r el ati o n c a n r es ult as i n

p r e c e di n g e x a m pl es, f r o m si g n ali n g c osts t h at a r e n e g ati v el y c o r r el at e d wit h

t h e v al u e d att ri b ut e. T h at is a s uf fi ci e nt b ut n ot a n e c ess a r y c o n diti o n f o r a

s e p a r ati n g e q uili b ri u m. I n t his v e r y ni c e e x a m pl e t h e i nf o r m ati o n is a c q ui r e d

at a fi x e d c ost a n d t h e p ositi v e c o r r el ati o n c o m es f r o m s u bs e q u e nt dis c o v e r y

of t h e att ri b ut e p ost- e m pl o y m e nt.

T h e i d e a b e hi n d t h e m o d el is t h at t h e v al u e of i n di vi d u als t o fi r ms is n ot di-

r e ctl y o bs e r v e d, at l e ast at t h e ti m e of hi ri n g. T h e v al u e w hi c h w e will d e n ot e

b y q is dist ri b ut e d o n t h e i nt e r v al [ q mi n , qm a x ]. L et t h e dist ri b uti o n of q i n t h e
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1 2 N ot e t h at w – [ zc1 + ( 1 – z) c2 ] = z ( E ) [ c1 – c2 ) < 0, s o t h at t h e s e c o n d o r d e r c o n diti o n f o r a
m a xi m u m is s atis fi e d. T h e o pti m al t a x s c h e d ul e will a ct u all y c o nsist of a risi n g t a x o n e d u c ati o n
at all l e v els of e d u c ati o n c o m bi n e d wit h a l u m p s u m dist ri b uti o n t o e v e r y o n e s o t h at n et t a x r e-
v e n u es a r e z e r o. I n t his e x a m pl e, g r o u p 1 will r e c ei v e a n et s u bsi d y a n d g r o u p 2 will p a y a n et t a x.
1 3 T his is a g e n e r al p r o p e rt y of t h e c o nti n u o us c as e, w h e n t h e o bj e cti v e is, as it is h e r e, t o m a xi-
mi z e n et i n c o m e b y i n d u ci n g t h e ef fi ci e nt l e v els of i n v est m e nt i n h u m a n c a pit al.
1 4 T his e x a m pl e w as d e v el o p e d b y P r of ess o r E d w a r d L a z e a r. It ill ust r at es ni c el y t h e c o e xist e n c e of
p o oli n g a n d s e p a r ati n g i n e q uili b ri u m a n d als o a diff e r e nt st r u ct u r al c o n diti o n t h at p e r mits t h e
si g n ali n g a n d s el e cti o n t o o c c u r. It c a n b e f o u n d i n his b o o k, E d w a r d L a z e a r, Pers o n nel Ec o n o mics .



p o p ul ati o n b e f ( q ). I n di vi d u als h a v e a c h oi c e. T h e y c a n w o r k f o r fi r ms t h at d o

n ot disti n g uis h a m o n g t h e m a n d h e n c e p a y e v e r y o n e t h e s a m e a m o u nt. O r

t h e y c a n w o r k f o r fi r ms t h at i n c u r a n e x p e ns e, d e n ot e d b y e, as a r es ult of

w hi c h, t h e fi r m e v e nt u all y l e a r ns t h e v al u e of q f o r t h e i n di vi d u al a n d p a ys t h e

p e rs o n a c c o r di n gl y. I n e q uili b ri u m t his c ost, w hi c h is t h e s a m e f o r e v e r y o n e,

is p ass e d o n t o t h e i n di vi d u al i n t h e f o r m of a r e d u cti o n i n c o m p e ns ati o n.

L a b o r  m a r k ets  a r e  ass u m e d  t o  b e  c o m p etiti v e.  F o r  t h os e  i n di vi d u als  w h o

c h o os e t h e fi r ms w h e r e t h e y a r e disti n g uis h e d, t h e w a g e is q- e. If t h e i n di-

vi d u al c h o os es a fi r m t h at d o es n ot i n c u r t h e c ost a n d d o es n ot disti n g uis h

a m o n g w o r k e rs, t h e n t h e c o m p e ns ati o n is t h e a v e r a g e v al u e of t h e i n di vi d u als

w h o w o r k f o r t h at fi r m.

L et us s u p p os e t h at t h e a v e r a g e v al u e of t h e w o r k e rs i n t h e p o oli n g fi r ms is

q– . If w e c o nsi d e r t h e o pti mi zi n g d e cisi o ns of i n di vi d u als, it is cl e a r t h at if 

q – e > q–

t h e n t h e i n di vi d u al will c h o os e t o w o r k f o r t h e s e p a r ati n g fi r m a n d c o n v e rs e-

l y. L et q * = q– + e. I n e q uili b ri u m, q– is t h e a ct u al a v e r a g e v al u e of t h os e w h o

w o r k i n t h e p o oli n g fi r ms, s o t h at

w h e r e F ( q ) is t h e c u m ul ati v e dist ri b uti o n f u n cti o n f o r t h e att ri b ut e q. T h e

e q uili b ri u m is ill ust r at e d i n Fi g u r e 4.
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T h os e wit h q ≤ q * r e c ei v e q– a n d a r e p o ol e d, w hil e t h os e wit h q > q * r e c ei v e

q - e a n d a r e i d e nti fi e d a n d a r e i n t h e s e p a r ati n g p a rt of t h e e q uili b ri u m. It is

p ossi bl e t h at e v e r y o n e will b e p o ol e d. T his o c c u rs w h e n e, t h e c ost of dis c o-

v e r y, is l a r g e e n o u g h t h at q m a x – e is l ess t h a n t h e u n c o n diti o n al m e a n of t h e

w h ol e dist ri b uti o n. A n ot h e r vi e w of t h e e q uili b ri u m is p r o vi d e d i n Fi g u r e 5.

H e r e w e pl ot t h e f u n cti o ns q *, a n d E ( q |q ≤ q * ) + e, as a f u n cti o n of q *. T h e

s e c o n d f u n cti o n is u p w a r d-sl o pi n g a n d will c r oss t h e 4 5- d e g r e e li n e, u nl ess e

is l a r g e e n o u g h t o k e e p t h e s e c o n d f u n cti o n a b o v e t h e 4 5- d e g r e e li n e f o r all

q *. T h e c r oss o v e r p oi nt is t h e e q uili b ri u m l e v el of q *. 1 5

T h e si g n al is t h e c h oi c e of w hi c h t y p e of fi r m t o g o t o a n d it is p a rti all y, b ut

n ot c o m pl et el y, i nf o r m ati v e a b o ut t h e i n di vi d u al’s v al u e t o t h e fi r m. I n ot e d

i n t h e fi rst m o d el t h at t h e si g n al r et ai ns its i nf o r m ati o n al c o nt e nt i n e q uili b-

ri u m if t h e c ost of t h e si g n al is n e g ati v el y c o r r el at e d wit h t h e ( h a r d-t o- o b-

s e r v e ) v al u e d att ri b ut e. I n t his c as e, t h e c ost of t h e si g n al is a c o nst a nt a c r oss

p e o pl e b ut b e c a us e of t h e s u bs e q u e nt dis c o v e r y a n d a dj ust m e nt, t h e n et b e-

n e fit t o t h e i n di vi d u al of iss ui n g t h e si g n al is p ositi v el y c o r r el at e d wit h t h e 

v al u e d att ri b ut e.

It is p ossi bl e t h at t h e i nf o r m ati o n c a r ri e d b y t h e si g n al i n c r e as es ef fi ci e n c y.

T h at ci r c u mst a n c e i n c r e as es t h e r et u r n t o g oi n g i nt o t h e s e p a r ati n g si d e of
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1 5 W hil e t h e c o n diti o n al e x p e ct e d v al u e f u n cti o n is u p w a r d-sl o pi n g, its sl o p e is n ot n e c ess a ril y l ess
t h a n o n e, a n d d e p e n ds o n f ( q ). It is t h e r ef o r e i n p ri n ci p al p ossi bl e t o h a v e a n o d d n u m b e r of
m ulti pl e c r oss o v e rs. If t h e r e a r e t h r e e, t h e mi d dl e o n e will b e u nst a bl e a n d t h e o n es at t h e o ut-
si d e will c r oss o v e r wit h a sl o p e of l ess t h a n o n e a n d b e st a bl e. T o s e e t his, n ot e t h at if at s o m e
p oi nt of ti m e, q * – e > q– , t h e n q * will ris e, a n d c o n v e rs el y.
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t h e m a r k et a n d h as t h e o v e r all eff e ct of i n c r e asi n g t h e si z e of t h e g r o u p t h at

s e n ds t h e si g n al. I s h o ul d als o n ot e t h at it h as b e e n i m pli citl y ass u m e d h e r e

t h at t h e i nf o r m ati o n a b o ut p r o d u cti vit y, o n c e it is a c q ui r e d, is p u bli c. T h at

w o ul d f o r c e t h e e m pl o y e r t o p a y t h e e m pl o y e e his o r h e r p r o d u cti vit y mi n us

t h e dis c o v e r y c ost. If, o n t h e ot h e r h a n d, t h e dis c o v e r y is p ri v at e, t h e r e will b e

a n e g oti ati o n b et w e e n t h e e m pl o y e r a n d t h e e m pl o y e e o v e r t h e n et i n c o m e,

a n d t h at will h a v e t h e eff e ct of l o w e ri n g t h e n et i n c o m e of t h e e m pl o y e e r e-

l ati v e t o t h e c as e i n w hi c h t h e i nf o r m ati o n is p u bli c. T h us o n e s h o ul d e x p e ct

t h e si z e of t h e p o oli n g c o m p o n e nt of t h e m a r k et e q uili b ri u m t o ris e w h e n t h e

dis c o v e r y is p ri v at e.

T H E G E N E R A L C O N TI N U O U S M O D E L 1 6

I w o ul d n o w li k e t o est a blis h s o m e r e as o n a bl y g e n e r al p r o p e rti es of si g n ali n g

m o d els. 1 7 F oll o wi n g t h at w e will l o o k at i m p r o vi n g t h e e q uili b ri u m p e rf o r-

m a n c e of t h e m a r k et t h r o u g h t a x es a n d s u bsi di es, usi n g t h e a p p r o a c h of o p-

ti m al t a x ati o n wit h i m p e rf e ct i nf o r m ati o n. T h e v a ri a bl es a r e n, st a n di n g f o r

s o m e  att ri b ut e  t h at  is  ( a )  n ot  di r e ctl y  o bs e r v a bl e,  a n d  ( b )  v al u a bl e  t o  e m-

pl o y e rs, a n d y, w hi c h is y e a rs of e d u c ati o n. T h e l att e r is o bs e r v a bl e a n d m a y

b e v al u a bl e t o e m pl o y e rs. T h e f u n cti o ns wit h n e e d a r e S ( n, y ) w hi c h s p e ci fi es

a n i n di vi d u al’s p r o d u cti vit y o r v al u e t o a n e m pl o y e r as a f u n cti o n of e d u c a-

ti o n a n d n, w hi c h I will h e n c e f o rt h r ef e r t o as a bilit y. T h e r e m ai ni n g f u n c-

ti o ns a r e c ( y, n ) w hi c h s p e ci fi es t h e c ost of e d u c ati o n as a f u n cti o n of t h e s a m e

t w o v a ri a bl es a n d w ( y ) w hi c h is t h e w a g e off e r e d t o a n i n di vi d u al w h o p r e-

s e nts hi m o r h e rs elf i n t h e m a r k et wit h e d u c ati o n of y. Si n c e t his is q uit e f a-

mili a r t e r rit o r y, I will p r o c e e d f ai rl y q ui c kl y. T h e e q uili b ri u m is d e fi n e d b y t w o

c o n diti o ns. Fi rst, gi v e n w ( y ), i n di vi d u als m a xi mi z e i n c o m e n et of e d u c ati o n

c osts wit h r es p e ct t o y. T h us t h e y m a xi mi z e w ( y ) – c ( y, n ) b y s etti n g 

w  ( y) = cy( y, n).

T his h ol ds f o r all n. T h e s e c o n d o r d e r c o n diti o n, w  ( y) – cyy( y, n) < 0 m ust

h ol d.

T h e  s e c o n d  c o n diti o n  is  t h at  e m pl o y e rs’  e x p e ri e n c e  i n  t h e  m a r k et  o v e r

ti m e m ust b e c o nsist e nt wit h t h e off e rs t h e y a r e m a ki n g, s o t h at f o r all n

( y) = s( y, n).

I g n o r e  t h e  s e c o n d- o r d e r  c o n diti o ns  f o r  t h e  m o m e nt.  Si n c e  b y  ass u m pti o n  
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1 6 T his s e cti o n is s o m e w h at t e c h ni c al. It is n ot dif fi c ult m at h e m ati cs b ut d o es r e q ui r e a g e n e r al
k n o wl e d g e of diff e r e nti al e q u ati o ns a n d t h e c al c ul us of v a ri ati o ns. It is n ot ess e nti al f o r t h os e i n-
t e r est e d i n l e a r ni n g t h e b asi c p r o p e rti es of si g n ali n g e q uili b ri a a n d c a n b e s ki p p e d b y r e a d e rs
w h o a r e willi n g t o a c c e pt t h at t h e p r o p e rti es cit e d i n t h e e a rli e r e x a m pl es s u r vi v e i n t h e g e n e r al
c as e. T h e s e c o n d b est o pti mi zi n g c al c ul ati o ns a r e of s o m e i nt e r est i n i nt e r p r eti n g w h at is g oi n g
o n i n t h e m a r k et.
1 7 M u c h of t h e m at e ri al i n t his s e cti o n is t a k e n f r o m p a rts of t h e t h e p a p e r, “ C o m p etiti v e a n d
O pti m al R es p o ns es t o Si g n als: A n A n al ysis of Ef fi ci e n c y a n d Dist ri b uti o n, ” b y Mi c h a el S p e n c e,
J o ur n al of Ec o n o mic T he or y, 1 9 7 4.



sn > 0, o n e c a n i n p ri n ci pl e s ol v e t h e e q u ati o n a b o v e f o r n i n t e r ms of w a n d

y, s a y n = N ( w, y ). S u bstit uti n g i n t h e fi rst o r d e r c o n diti o ns, w e h a v e 

( 1 )  ( y) = cy( y, N( , y) ).

T his  is  a  fi rst- o r d e r,  o r di n a r y  diff e r e nti al  e q u ati o n.  It  h as  a  o n e- p a r a m et e r

f a mil y of s ol uti o ns t h at d o n ot c r oss e a c h ot h e r. I n p ri n ci pl e e a c h m e m b e r of

t his o n e- p a r a m et e r f a mil y c a n b e p a rt of a m a r k et-si g n ali n g e q uili b ri u m.1 8

If c ( 0, n ) = 0 f o r all n a n d if cy n < 0, t h e n ass u mi n g c y > 0, c ( y, n ) will b e d e-

cli ni n g i n n a n d t h at c o m bi n e d wit h a n u p w a r d sl o pi n g w ( y ) ( wit h o ut w hi c h

n o o n e w o ul d i n v est i n e d u c ati o n ), e ns u r es t h at y is a n i n c r e asi n g o r at l e ast a

n o n- d e c r e asi n g f u n cti o n of n. L et t h e n et i n c o m e f u n cti o n b e 

N ( y, n) = w ( y) – c( y, n).

T his f u n cti o n h as t h e p r o p e rt y t h at N y is a n i n c r e asi n g f u n cti o n of n, w hi c h

e ns u r es t h at if N y = 0 f o r a p a rti c ul a r v al u e of n, t h e n if y o u r ais e n, N y will b e

g r e at e r t h a n z e r o a n d t h e m a xi m u m will o c c u r at a hi g h e r v al u e of y.

Diff e r e nti ati n g ( 1 ) wit h r es p e ct t o y w e h a v e

w hi c h m e a ns t h at t h e s e c o n d o r d e r c o n diti o n is i n f a ct s atis fi e d. 

Wit h o ut b ei n g t o o f o r m al a b o ut it, e d u c ati o n o r a n y p ot e nti al si g n al t r a ns-

mits i nf o r m ati o n i n e q uili b ri u m if its c osts a bs ol ut el y a n d at t h e m a r gi n d e-

cli n e as t h e u ns e e n v al u e d att ri b ut e i n c r e as es. T his is a s uf fi ci e nt c o n diti o n.

I n a l at e r s e cti o n I will s h o w b y e x a m pl e t h at it is n ot a n e c ess a r y c o n diti o n.

Si n c e f o r e v e r y l e v el of n, i n e q uili b ri u m w ( y) s( n , y), diff e r e nti ati n g w e

h a v e

b e c a us e s n > 0 a n d     > 0. T his i m pli es t h at i n e q uili b ri u m, t h e p ri v at e r et u r n

t o e d u c ati o n is hi g h e r t h a n its di r e ct c o nt ri b uti o n t o p r o d u cti vit y, b e c a us e of

t h e s e c o n d t e r m i n t h e e q u ati o n a b o v e. T his s e c o n d t e r m is t h e si g n ali n g ef-

f e ct. It is t h e p a rt of t h e p ri v at e r et u r n t o t h e i n v est m e nt i n e d u c ati o n t h at is

ti e d t o t h e u n o bs e r v e d l e v el of n. Si n c e w = c y , t h e a b o v e i n e q u alit y i m pli es

t h at sy – cy < 0, s o t h at i n e q uili b ri u m f o r all n, t h e i n v est m e nt i n e d u c ati o n is

hi g h e r t h a n it w o ul d b e wit h p e rf e ct i nf o r m ati o n. If n w e r e o bs e r v a bl e, t h e n

i n di vi d u als w o ul d b e p ai d s ( n, y ), a n d t h e y w o ul d s el e ct e d u c ati o n t o m a xi-

mi z e s – c b y s etti n g sy = cy. N ot e t h at if sn 0 f o r all n, t h e n t h e si g n ali n g ef-

f e ct g o es a w a y. T h e att ri b ut e n is still u n o bs e r v a bl e t o e m pl o y e rs b ut i n di vi-

d u als m a k e ef fi ci e nt e d u c ati o n i n v est m e nt d e cisi o ns as t h e y h a v e t h e i nf o r-
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1 8 T h e s ol uti o ns c a n n ot c r oss b e c a us e if t h e y di d, t h e n t h e d e ri v ati v e at a gi v e n p oi nt i n ( w, y )
s p a c e w o ul d h a v e t w o v al u es, w hi c h c o nt r a di cts t h e st at e m e nt t h at w h as a w ell- d e fi n e d v al u e
F ( w, y ) at e v e r y p oi nt. As a c o ns e q u e n c e, l et us ass u m e t h at t h e f a mil y of s ol uti o ns is w ( y, K ) w h e r e
K is a p a r a m et e r. If w K > 0 a n y w h e r e, t h e n it is t r u e e v e r y w h e r e, si n c e t o ass u m e t h e o p p osit e
w o ul d m e a n t h at t h e s ol uti o ns c r oss.

,



m ati o n t h e y n e e d t o m a k e t h e i n v est m e nt d e cisi o n o pti m all y, a n d t h e y a r e t h e

o nl y o n es w h o n e e d t h at i nf o r m ati o n.

As  n ot e d  e a rli e r,  t h e r e  is  a  o n e- p a r a m et e r  f a mil y  of  e q uili b ri u m  w a g e

s c h e d ul es t h at d o n ot c r oss. L et t h e p a r a m et e r b e k a n d d e n ot e t h e s c h e d ul es

b y w ( y, k ). As t h e s ol uti o ns d o n ot c r oss, wit h o ut l oss of g e n e r alit y w e c a n as-

s u m e t h at w k > 0. N et i n c o m e t o t h e i n di vi d u al is N = w – c. Diff e r e nti ati n g

p a rti all y wit h r es p e ct t o k, wit h n h el d c o nst a nt, w e h a v e 

( 2 ) N k = w k + ( w y – cy) ( ∂ y |∂ k ) = w k > 0.

T h us a s hift f r o m o n e e q uili b ri u m t o a n ot h e r m a k es e v e r y o n e b ett e r o r w o rs e

off t o g et h e r. T h e e q uili b ri a a r e o r d e r a bl e b y t h e P a r et o c rit e ri o n. W h at h a p-

p e ns as o n e m o v es f r o m o n e e q uili b ri u m t o a n ot h e r is t h at t h e e xt e nt of o v e r-

i n v est m e nt i n t h e si g n al is i n c r e asi n g o r d e cli ni n g f o r e v e r y o n e. I h a v e t o c o n-

f ess  t h at  at  t h e  ti m e,  e v e n  aft e r  dis c o v e ri n g  t h at  t h e r e  mi g ht  b e  m ulti pl e

e q uili b ri a, I di d n ot e x p e ct t h at t h e r e w o ul d b e s u c h a si m pl e r el ati o ns hi p

a m o n g t h e m i n t e r ms of m a r k et p e rf o r m a n c e.

W e c a n us e ( 2 ) a b o v e a n d t h e f a ct t h at w  s t o d e ri v e t h e eff e ct of a s hift i n

t h e e q uili b ri u m o n t h e l e v els of i n v est m e nt i n e d u c ati o n. N = w – c = s – c.

Diff e r e nti ati n g wit h r es p e ct t o k, h ol di n g n c o nst a nt a n d usi n g ( 2 ) w e h a v e

Fi n all y, f r o m t h e e q uili b ri u m c o n diti o n w = cy, diff e r e nti ati n g wit h r es p e ct t o

k wit h n fi x e d, w e h a v e

T his gi v es us a p r ett y c o m pl et e pi ct u r e of w h at h a p p e ns w h e n t h e e q uili b ri u m

w a g e s c h e d ul e s hifts u p. It b e c o m es fl att e r, i n d u ci n g l o w e r l e v els of i n v est-

m e nt i n e d u c ati o n. A v e r a g e w a g es d e cli n e a n d a v e r a g e e d u c ati o n c osts d e-

cli n e m o r e, s o t h at n et i n c o m es ris e a n d e v e r y o n e is b ett e r off. Fi g u r e 6 r e-

p r es e nts t h e f a mil y of e q uili b ri u m w a g e s c h e d ul es. As t h e y ris e t h e y b e c o m e

fl att e r a n d t h e r a n g e of i n v est m e nt i n e d u c ati o n s hifts t o t h e l eft. Fi g u r e 6

s h o ws t h e r a n g e of i n v est m e nt i n e d u c ati o n f o r e a c h of t h e s c h e d ul es. 

As t h e s c h e d ul es ris e a n d b e c o m e fl att e r, t h e r a n g es of i n v est m e nt i n e d u-

c ati o n m o v e t o t h e l eft, t h at is t h e y f all.

W hil e it is p e r h a ps i nt e r esti n g t o n ot e t h at t h e si g n ali n g eff e ct c a us es o v e r-

i n v est m e nt i n t h e si g n al b y t h e st a n d a r d of a w o rl d i n w hi c h t h e r e is p e rf e ct

i nf o r m ati o n, t h at is n’t t h e w o rl d w e li v e i n. T h us it m a y b e m o r e i nt e r esti n g t o

e x a mi n e t h e e q uili b ri u m o ut c o m es i n c o m p a ris o n t o v a ri o us s e c o n d- b est o ut-

c o m es t h at a c k n o wl e d g e t h at t h e r e is a n i nf o r m ati o n al g a p a n d as y m m et r y

t h at c a n n ot si m pl y b e r e m o v e d b y a w a v e of t h e p e n.

I will b e gi n b y l o o ki n g at t h e m a xi mi z ati o n of t ot al n et i n c o m e. H e r e as w e

s h all s e e, o n e c a n a c hi e v e t h e ef fi ci e nt l e v els of i n v est m e nt i n e d u c ati o n f o r

all n. T h e r e q ui r e d t a x i n eff e ct u n d o es t h e si g n ali n g eff e ct. T h e r e as o n t h at

t his is a cl e a n c as e is b e c a us e a d oll a r of n et i n c o m e is of e q u al v al u e r e g a r d-
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l ess of t h e r e ci pi e nt, w e d o n ot g et i nt o t h e b usi n ess of t r a di n g off i n c o m e di-

st ri b uti o n a g ai nst t h e o bj e cti v e of ef fi ci e n c y. F oll o wi n g t his b ri ef a n al ysis, w e

will l o o k at s o ci al w elf a r e f u n cti o ns t h at a r e n ot li n e a r i n n et i n c o m e. F o r

t h es e, t h e r e will b e a t r a d e off b et w e e n ef fi ci e n c y a n d dist ri b uti o n. I will s h o w

t h at t h e m a r k et o ut c o m e is m o r e a ki n t o t h e o ut c o m e of m a xi mi zi n g a c o n-

v e x (t h at is t o s a y a nti- e g alit a ri a n ) s o ci al w elf a r e f u n cti o n. T his is n ot a s u r-

p risi n g  r es ult  si n c e  t h e  f u n cti o n  of  si g n ali n g  is  t o  disti n g uis h  l o w-  f r o m  

hi g h e r- p r o d u cti vit y i n di vi d u als, w hi c h r es ults i n a m o v e a w a y f r o m e g alit a ri a n

o ut c o m es. I d o als o w a nt t o e m p h asi z e at t h e o uts et t h at t h e p u r p os e of t his

a n al ysis is n ot t o p r o p os e o r p r o m ot e t a xi n g o r s u bsi di zi n g si g n als b ut r at h e r

t o  h el p  s h e d  a d diti o n al  li g ht  o n  t h e  p r o p e rti es  of  t h e  c o m p etiti v e  e q uili-

b ri u m. 

M A XI MI ZI N G T O T A L N E T I N C O M E

W e will ass u m e t h at t h e u n o bs e r v a bl e att ri b ut e n is dist ri b ut e d i n t h e p o p ul a-

ti o n a c c o r di n g t o t h e d e nsit y f u n cti o n f ( n ), a n d t h e c u m ul ati v e dist ri b uti o n

will b e r e p r es e nt e d b y F ( n ). T h e t ot al n et i n c o m e t h e n is 

H e r e N ( y, n) = w ( y) – c( y, n) as b ef o r e. T h e c o nst r ai nts a r e t w o. I n di vi d u als

c h o os e r ati o n all y s o t h at w = cy a n d t ot al g r oss w a g es h a v e t o e q u al t ot al p r o-

d u cti vit y o r v al u e g e n e r at e d t o e m pl o y e rs:
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O u r g o al h e r e is t o s el e ct a s c h e d ul e w ( y ) t h at c a us es e d u c ati o n c h oi c es y ( n )

f o r e a c h n, t h at m a xi mi z e t ot al n et i n c o m e, n et t h at is of e d u c ati o n c osts. T his

is a ct u all y p r ett y st r ai g htf o r w a r d. Usi n g ( 4 ), w e c a n r e pl a c e w ( y ) i n ( 3 ) a n d

c h o os e y ( n ) t o m a xi mi z e

T his is t h e si m pl est f o r m of a c al c ul us of v a ri ati o ns p r o bl e m. 1 9 T h e s ol uti o n is

a s c h e d ul e y ( n ) t h at c a us es sy = cy , f o r all l e v els of n. T h e r e a d e r will n ot e t h at

t h e i m pli e d l e v els of i n v est m e nt i n e d u c ati o n a r e t h os e w hi c h w o ul d o c c u r if

n w e r e o bs e r v a bl e, t h at is i n t h e h y p ot h eti c al w o rl d of p e rf e ct i nf o r m ati o n.

T h e y a r e t h e r ef o r e als o as a r es ult t h e ef fi ci e nt l e v els of i n v est m e nt i n e d u c a-

ti o n f o r e a c h n: e d u c ati o n is i n v est e d i n u p t o t h e p oi nt w h e r e at t h e m a r gi n

its di r e ct c o nt ri b uti o n t o p r o d u cti vit y (t h e h u m a n c a pit al eff e ct ) is e q u al t o

t h e m a r gi n al c ost. T h at is t o s a y, t o m a xi mi z e n et i n c o m e, t h e w a g e s c h e d ul e

is s et s o as t o r e m o v e t h e si g n ali n g eff e ct, t h o u g h e d u c ati o n still c a r ri es t h e i n-

f o r m ati o n a n d a cts as a si g n ali n g. T h e p ri v at e p a rt of t h e r et u r n t o t h e si g n al

( w hi c h h as t o d o wit h disti n g uis hi n g o n e i n di vi d u al f r o m a n ot h e r a n d h e n c e

f alls  i nt o  t h e  z e r o-s u m / r e dist ri b uti o n  as p e ct  of  t h e  m a r k et  m e c h a nis m )  is

si m pl y r e m o v e d b y t h e o pti m al t a x o r w a g e s c h e d ul e. T o fi n d t h e r e q ui r e d

w a g e s c h e d ul e, y o u i n v e rt t h e o pti m al s c h e d ul e y ( n ) t o r ( y ), s u bstit ut e t h at i n

t h e o pti mi zi n g c o n diti o n w ( y) = cy( y, r( y) ), a n d i nt e g r at e t o g et

T h e p a r a m et e r w ( 0 ) is t h e n s et t o c a us e t h e b r e a k e v e n c o n diti o n ( 4 ) t o b e

m et. I n di vi d u als a r e li k el y b ei n g p ai d t h ei r p r o d u cti vit y i n t h e m a r k et pl a c e,

s ( y, r ( y ) ). T h e r ef o r e o n e c a n g et t o t h e d esi r e d r es ult b y i m p osi n g a t a x /s u b-

si d y o n e d u c ati o n of t ( y ) = s ( y, r ( y ) ) - w ( y ) w h e r e w ( y ) is d e fi n e d b y ( 5 ) a b o v e.

If y o u diff e r e nti at e t ( y ) wit h r es p e ct t o y y o u h a v e 

t ( y) = sy + sn r – w = sy – cy + sn r = sn r .

T h e l ast t e r m i n t h e e q u ati o n is t h e si g n ali n g eff e ct at t h e m a r gi n of a c h a n g e

i n e d u c ati o n. T his t h e n s a ys t h at t h e o pti m al t a x at t h e m a r gi n is e q u al t o t h e

si g n ali n g eff e ct. It t a k es t h at p a rt of t h e p ri v at e r et u r n t o e d u c ati o n a w a y, l e a v-

i n g o nl y t h e h u m a n c a pit al eff e ct o r t h e di r e ct c o nt ri b uti o n t o p r o d u cti vit y.

O n e c a n als o a c hi e v e t h e s a m e r es ult wit h a n i n c o m e t a x. L et i n c o m e b e I.

Its r el ati o n t o e d u c ati o n is gi v e n b y I = s ( y, r ( y ) ). I n v e rt t h at f u n cti o n t o g et
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( 4 )

( 5 )

1 9 A g o o d t r e at m e nt of t h e c al c ul us of v a ri ati o ns c a n b e f o u n d i n C o u r a nt. Y o u dis pl a c e y b y δ θ ( n),
diff e r e nti at e  wit h  r es p e ct  t o  δ a n d  i nsist  t h at  t h e  r es ult  b e  e q u al  t o  z e r o  f o r  all  θ ( n).  T his

gi v es us                                             T h at i n t u r n i m pli es t h at sy = cy f o r all n.
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y = Y (I ) a n d t h e n s et t h e i n c o m e t a x T (I ) e q u al t o I – w ( Y (I ) ), w h e r e a g ai n

w ( y ) is d e fi n e d b y ( 5 ). I n di vi d u als will s el e ct i n c o m e s o as t o m a xi mi z e I – T (I )

– c ( Y (I ), n ) = w ( Y (I ) – c ( Y (I ), n ), b y s etti n g w = cy w hi c h is t h e d esi r e d r es ult. 2 0

It is i nt e r esti n g f o r t h os e of us w h o li v e i n t h e U nit e d St at es t h at t o a fi rst

c r u d e a p p r o xi m ati o n, o u r e d u c ati o n c osts a r e r o u g hl y si mil a r i n f o r m t o t h e

ef fi ci e n c y-i n d u ci n g  t a x  s c h e d ul e.  L o w e r  l e v els  of  e d u c ati o n  a r e  s u bsi di z e d

a n d t h es e s u bsi di es d e cli n e at c oll e g e a n d u ni v e rsit y l e v els b e c a us e of t h e e x-

ist e n c e of a l a r g e p ri v at e s e ct o r i n hi g h e r e d u c ati o n. 

S E C O N D- B E S T O P TI M A WI T H A S Y M M E T RI C I N F O R M A TI O N

W e t u r n n o w t o a b ri ef e x a mi n ati o n of t h e eff e cts of i n v est m e nt i n e d u c ati o n

a n d o n n et i n c o m es of m a xi mi zi n g s o m e s o ci al w elf a r e f u n cti o n. As b ef o r e, 

N = w ( y ) – c ( y, n ) is n et i n c o m e a n d n is dist ri b ut e d i n t h e p o p ul ati o n a c c o r d-

i n g t o f ( n ). L et V ( N ) b e t h e s o ci al v al u e of n et i n c o m e of N t o a n y i n di vi d u al.

F o r t h e m o m e nt, w e will pl a c e n o r est ri cti o ns o n V ( N ) ot h e r t h a n t h at it is u p-

w a r d-sl o pi n g – m o r e n et i n c o m e is b ett e r. W e will a d o pt a n a d diti v e s o ci al w el-

f a r e f u n cti o n 

F o r t h e m o m e nt, w e will m a k e n o ass u m pti o ns a b o ut t h e s h a p e of V ( N ) e x-

c e pt t h at it is u p w a r d-sl o pi n g. T h e o bj e cti v e is t o m a xi mi z e Z s u bj e ct t o t w o

c o nst r ai nts. O n e is t h at i n di vi d u als m a k e a r ati o n al c h oi c e of e d u c ati o n

w ( y) = cy( y, n).

T h e s e c o n d c o nst r ai nt is t h at g r oss w a g es a d d u p t o t ot al o ut p ut o r p r o d u c-

ti vit y.

L et  us  s u p p os e  t h at  t h e  p a rti c ul a r  f u n cti o n  w ( y )  t h at  is  c h os e n  i n d u c es  a

c h oi c e of y = r ( n ) f o r e a c h l e v el of t h e u n o bs e r v e d c h a r a ct e risti c. Diff e r e n-

ti ati n g N ( y, n ) t ot all y wit h r es p e ct t o n gi v es

L et N ( n ) = K . I nt e g r ati n g ( 7 ) wit h r es p e ct t o n w e h a v e

N oti n g t h at w = N + c, a n d s u bstit uti n g i n ( 6 ), t h e c o n diti o n t h at t ot al w a g es

e q u al t ot al p r o d u cti vit y a c r oss t h e w h ol e p o p ul ati o n, w e h a v e 
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2 0 T his a n al ysis ass u m es t h at t h e r e a r e n o a d v e rs e i n c e nti v e eff e cts of a n i n c o m e t a x i n t e r ms of
t h e c h oi c e b et w e e n w o r k a n d l eis u r e. If t h e r e a r e s u c h eff e cts, t h e n t a xi n g i n c o m e a n d t a xi n g t h e
si g n al a r e n ot e q ui v al e nt i n t e r ms of t h e o ut c o m e.

( 6 )

( 7 )

( 8 )
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T h e p oi nt of all t his is si m pl y t o g et ri d of t h e f u n cti o n w ( y ). T h us w e i m a gi n e

s el e cti n g a n u p w a r d-sl o pi n g f u n cti o n y = r ( n ) t o m a xi mi z e Z. B y usi n g ( 8 ) a n d

( 9 ) w e a r e ass u r e d t h at b ot h c o nst r ai nts i n t h e p r o bl e m a r e s atis fi e d, a n d t h e

w a g e o r t a x s c h e d ul e is n o w h e r e i n si g ht. W e c a n c al c ul at e it l at e r usi n g t h e

o pti m al s c h e d ul e r ( n ) b y i n v e rti n g t h at s c h e d ul e t o n = h ( y ), s u bstit uti n g f o r

n i n w = cy a n d i nt e g r ati n g t o g et t h e w ( y ) t h at i n d u c e t h e si g n al c h oi c es t h at

s ol v e t h e o pti mi zi n g p r o bl e m.

T h e s ol uti o n t o t h e p r o bl e m is 2 1

If V ( N ) is a c o nst a nt s o t h at V ( N ) is li n e a r, t h e n t h e ri g ht si d e of ( 1 0 ) is z e r o.

T his is t h e c as e w e h a v e j ust l o o k e d at, w h e r e t ot al n et i n c o m e is m a xi mi z e d

b y i n d u ci n g t h e ef fi ci e nt c h oi c es of i n v est m e nt i n e d u c ati o n. It is j ust a s p e ci al

c as e of t h e m o r e g e n e r al p r o bl e m a n d i n t h at c as e, t h e o pti m al s c h e d ul e is

d e fi n e d b y sy = cy, f o r all n.

If V ( N ) is v e r y c o n c a v e s o t h at t h e fi rst d e ri v ati v e f alls r a pi dl y, t h e n at t h e

li mit t h e o nl y t hi n g t h at m att e rs is t h e n et i n c o m e of t h e p e o pl e wit h t h e l o w-

est n et i n c o m e. T his c as e is n o r m all y c all e d t h e m a xi mi n c as e. I n t his c as e

( 1 0 ) b e c o m es

( 1 1 ) ( sy – cy) f = – cy n( 1 – F ).

T h e ri g ht si d e of ( 1 1 ) is p ositi v e, w hi c h m e a ns t h at i n v est m e nt i n e d u c ati o n is

b el o w t h e ef fi ci e nt a n d f ull i nf o r m ati o n l e v el. At t h e t o p of t h e r a n g e of n,

( 1 – F ) /f a p p r o a c h es z e r o a n d t h e i n v est m e nt i n e d u c ati o n is ef fi ci e nt. 2 2

T h e m a xi mi n o ut c o m e i n t e r ms of i n v est m e nt i n t h e si g n al is als o t h e r es ult

t h at w o ul d o bt ai n if t h e r e w e r e a m o n o ps o nist p u r c h as e r of l a b o r s e r vi c es.

T h e  r e as o n  is  t h at  t h e  m o n o ps o nist  w a nts  t o  m a xi mi z e  t h e  diff e r e n c e  b e-

t w e e n p r o d u cti vit y a n d g r oss w a g es, s u bj e ct t o t h e c o nst r ai nt t h at t h e n et i n-

c o m e of t h e i n di vi d u als wit h t h e l o w est n et i n c o m e n ot f all b el o w s o m e p r e-

s p e ci fi e d l e v el. T h us t h e s ol uti o n t o t h e m o n o ps o nist’s p r o bl e m is t o m a xi-

mi z e t h e n et i n c o m e of t h e l o w est l e v el a n d t h e n t a k e it all a w a y b y l o w e ri n g

w ( y ) u nif o r ml y a c r oss all e d u c ati o n l e v els. M at h e m ati c all y y o u a r e j ust r e v e r-

si n g t h e o bj e cti v e f u n cti o n a n d o n e of t h e c o nst r ai nts.
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( 9 )

( 1 0 )

2 1 T h e d e ri v ati o n of t his is a a n ot h e r a p pli c ati o n of t h e c al c ul us of v a ri ati o ns. Y o u dis pl a c e t h e
f u n cti o n r ( n ) b y δ θ ( n ), diff e r e nti at e t h e w h ol e t hi n g wit h r es p e ct t o δ , a n d s et t h e r es ult e q u al t o
z e r o. Aft e r s o m e r e v e rsi n g of o r d e rs of i nt e g r ati o n, y o u e n d u p wit h a n e q u ati o n of  t h e f o r m

Si n c e t his m ust h ol d f o r all f u n cti o ns α ( n ), t h e o pti mi zi n g c o n diti o n is

Q ( r ( n ), n ) = 0. T h e a p pli c ati o n of all t h at t o t his c as e yi el ds c o n diti o n ( 1 0 ).
2 2 T his f oll o ws f r o m t h e f a ct t h at ( 1- F ) /f is t h e r e ci p r o c al of t h e d e ri v ati v e of -l o g ( 1- F ).
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T h e o p p osit e e xt r e m e o c c u rs w h e n t h e w elf a r e f u n cti o n is e xt r e m el y c o n-

v e x s o t h at its sl o p e ris es r a pi dl y. I n t h e li mit t h at w o ul d m e a n v al ui n g o nl y t h e

n et i n c o m es of t h os e wit h t h e hi g h est n et i n c o m es, t h e m a xi m a x c as e. I n t his

c as e, t h e o pti mi zi n g c o n diti o n ( 1 0 ) b e c o m es

( 1 2 ) ( sy – cy) f = cy nF .

I n t his c as e, t h e ri g ht si d e of ( 1 2 ) is n e g ati v e, i m pl yi n g t h at li k e t h e m a r k et

e q uili b ri u m wit h i m p e rf e ct i nf o r m ati o n, t h e i n v est m e nt i n e d u c ati o n g o es b e-

y o n d t h e p oi nt at w hi c h t h e di r e cti o n c o nt ri b uti o n t o p r o d u cti vit y is r e a c h e d.

At t h e b ott o m e n d of t h e r a n g e of n, F /f a p p r o a c h es 0 a n d t h us at t h e l o w est

l e v els t h e i n v est m e nt i n e d u c ati o n is ef fi ci e nt.2 3

F o r t h e c as es w h e r e v ( N ) is n ot a p p r o a c hi n g a n e xt r e m e ( v e r y c o n v e x o r

c o n c a v e ), o n e c a n s e e f r o m ( 1 0 ) t h at t h e ri g ht si d e a p p r o a c h es z e r o w h e n n

a p p r o a c h es its mi ni m u m a n d its m a xi m u m v al u es. P r o vi d e d t h at f ( n ) d o es

n ot g o t o z e r o at t h e e xt r e m es, t his w o ul d m e a n t h at at t h e e n d v al u es of n, i n-

v est m e nt i n e d u c ati o n is ef fi ci e nt, t h at is sy – cy = 0. T his is g e n e r all y n ot a f e a-

t u r e of t h e c o m p etiti v e e q uili b ri u m, a n d t h us w e m a y c o n cl u d e t h at t h e c o m-

p etiti v e e q uili b ri u m is g e n e r all y n ot t h e s ol uti o n t o s o m e o pti mi zi n g p r o bl e m

wit h t his f o r m of s o ci al w elf a r e f u n cti o n. It is p ossi bl e t o r e w rit e t h e o pti mi z-

i n g c o n diti o n ( 1 0 ) i n t h e f oll o wi n g f o r m.

w h e r e E ( *| – ) is t h e c o n diti o n al e x p e ct e d v al u e. F o r c o n c a v e f u n cti o ns t h e

t e r m i n t h e l a r g e s q u a r e b r a c k ets o n t h e ri g ht is al w a ys p ositi v e a n d t h us i n-

v est m e nt i n e d u c ati o n is b el o w t h e ef fi ci e nt l e v el f o r all n e x c e pt p ossi bl y at

t h e e n d p oi nts. F o r c o n v e x w elf a r e f u n cti o ns, t h e d e ri v ati v e is risi n g a n d t h us

t h e t e r m i n s q u a r e b r a c k ets is n e g ati v e. T h e l e v els of i n v est m e nt i n e d u c ati o n

e x c e e d t h e ef fi ci e nt o n es. 2 4

If y o u st a n d b a c k f r o m all t his, t h e g e n e r al p att e r n is f ai rl y cl e a r. T h e m a r-

k et e q uili b ri u m p r o d u c es o v e ri n v est m e nt i n t h e si g n al b e c a us e of t h e si g n al-

i n g eff e ct, w hi c h is a p ri v at e b e n e fit t o t h e i n v est o r, b ut yi el ds n o s o ci al b e n e-

fit  as  its  f u n cti o n  is  p u r el y  r e dist ri b uti v e.  T h e  r e dist ri b uti o n  o c c u rs  i n  t h e
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2 3 T his f oll o ws f r o m t h e f a ct t h at F /f is t h e r e ci p r o c al of t h e d e ri v ati v e of l o g ( F ).
2 4 T h os e f a mili a r wit h o pti m al t a x p r o bl e ms will r e c o g ni z e t h e f o r m of t his o pti mi zi n g c o n diti o n.
I n t h e i n c o m e t a x p r o bl e m, i n di vi d u al w elf a r e m e as u r e d i n d oll a rs is u ( w,l ) = wl – t( wl ) – h ( l

-
– l),

w h e r e w is i n c o m e p e r h o u r w o r k e d, l is w o r ki n g h o u rs a n d t ( wl ) is a t a x o n i n c o m e, a n d l
-

is a
c o nst a nt- o n e c a n t hi n k of it as t h e t ot al ti m e a v ail a bl e. I n di vi d u als m a xi mi z e u wit h r es p e ct t o l

b y s etti n g w – t w – h = 0. T h e g o v e r n m e nt h as a r e v e n u e c o nst r ai nt s o t h at                       If v ( u )

is t h e w elf a r e f u n cti o n t h e n w e w a nt t o m a xi mi z e                  H e r e y o u c h a n g e t h e o pti mi zi n g

s c h e d ul e t o y ( w ), g et ri d of t a x f u n cti o n t ( y ) b y n oti n g t h at                i m p os e t h e r e v e n u e c o n-

st r ai nt t o d et e r mi n e u ( 0 ), a n d t h e dis pl a c e t h e f u n cti o n y ( w ) t o fi n d t h e o pti m u m. T h e o pti m u m

is a c hi e v e d w h e n                                                                             N ot e t h at if v ( u ) is li n e a r, t h e n

t h e ri g ht si d e of t his e q u ati o n is z e r o. W o r k l eis u r e c h oi c es a r e ef fi ci e nt a n d t h e g o v e r n m e nt r e v-
e n u e is r ais e d b y a l u m p s u m t a x, w hi c h d o es n ot dist o rt t h e w o r k-l eis u r e c h oi c e.



di r e cti o n of i n c r e asi n g t h e g r oss a n d n et i n c o m es of t h os e wit h hi g h e r l e v els

of e d u c ati o n a n d p r o d u cti vit y a n d h e n c e i n c o m e, t h e m a r k et e q uili b ri a t e n d

t o l o o k m o r e li k e t h e s ol uti o ns t o a s e c o n d- b est o pti mi zi n g p r o bl e m wit h a

c o n v e x s o ci al w elf a r e f u n cti o n. T h es e, n ot s u r p risi n gl y, a r e t h e w elf a r e f u n c-

ti o ns t h at w ei g ht hi g h e r n et i n c o m es m o r e hi g hl y t h a n l o w e r n et i n c o m es. 

T H E C A S E O F E D U C A TI O N C O S T S RI SI N G WI T H T H E U N S E E N 

A T T RI B U T E: SI G N A LI N G C O S T S V A R Y T H E W R O N G W A Y WI T H 

R E S P E C T T O P R O D U C TI VI T Y

T h e st a n d a r d c as e of si g n ali n g i n w hi c h t h e si g n al h as t h e c a p a cit y t o s u r vi v e

a n d r et ai n its i nf o r m ati o n al c o nt e nt o c c u rs w h e n t h e r e is a n u n o bs e r v a bl e at-

t ri b ut e  t h at  is  v al u a bl e  t o  b u y e rs  (i n  t h e  e x a m pl es  w e  a r e  l o o ki n g  at,  e m-

pl o y e rs ), a n d t h e c osts of u n d e rt a ki n g s o m e a cti vit y t h at is o bs e r v a bl e a r e n e-

g ati v el y  c o r r el at e d  wit h  t h e  v al u e d  att ri b ut e.  T h e  l a b o r  m a r k et  e x a m pl es,

h o w e v e r,  a r e  sli g htl y  m o r e  c o m pli c at e d  i n  t h at  i n  t h at  t h e  u n o bs e r v e d  at-

t ri b ut e  c o nt ri b ut es  t o  t h e  i n di vi d u al’s  p r o d u cti vit y  a n d  s o  d o es  t h e  si g n al.

T h us, w h at e v e r t h e u n o bs e r v a bl e att ri b ut e is, it h as t w o s o u r c es of v al u e. O n e

is t h e di r e ct eff e ct o n p r o d u cti vit y a n d t h e ot h e r is t h at l o w e ri n g t h e c osts of

a c q ui ri n g h u m a n c a pit al als o h as v al u e. U p t o t his p oi nt w e h a v e ass u m e d t h at

all of t his w o r ks i n t h e s a m e di r e cti o n. B ut it is p ossi bl e t h at att ri b ut es t h at

l o w e r t h e c ost of a c q ui ri n g e d u c ati o n mi g ht n ot b e t h os e t h at e n h a n c e p r o-

d u cti vit y o r mi g ht e v e n b e att ri b ut es t h at h a v e a n e g ati v e eff e ct o n p r o d u cti-

vit y. W e k n o w t h at if S n = 0, t h e n y o u c a n g et a si g n ali n g e q uili b ri u m, t h o u g h

i n  t h at  c as e  t h e  si g n al  is n’t  n e e d e d:  it  si m pl y  i d e nti fi es  e x  p ost  t h os e  wit h  

l o w e r e d u c ati o n c osts a n d h e n c e hi g h e r l e v els of e d u c ati o n. 

T h e q u esti o n I p os e n o w is, c a n y o u g et a si g n ali n g e q uili b ri u m w h e n cy n > 0,

ass u mi n g t h at sn > 0 ? F r o m t h e a n al ysis of e q uili b ri a, w e k n o w t h at t h e s e c o n d

o r d e r  c o n diti o n  f o r  t h e  i n di vi d u al’s  c h oi c e  of  e d u c ati o n  is  s atis fi e d  o nl y  if

T his m e a ns t h at if cy n > 0 o n e c a n h a v e a n e q uili b ri u m

wit h si g n ali n g o nl y if                 S o t h e q u esti o n is, c a n t h at h a p p e n ? T h e o nl y

w a y it c o ul d h a p p e n is if t h e h u m a n c a pit al eff e ct is l a r g e i n t h e s e ns e t h at it

o v e r ri d es t h e n e g ati v e si g n ali n g eff e ct. T h us if sy 0, it c e rt ai nl y c a n n ot h a p-

p e n. T h e si g n al m a k es n o di r e ct c o nt ri b uti o n t o p r o d u cti vit y a n d s e n ds t h e

w r o n g m ess a g e a b o ut t h e u n o bs e r v e d att ri b ut e. E v e r y o n e will s et y = 0. B ut

t h e a ns w e r t o t h e q u esti o n p os e d a b o v e is y es, p r o vi d e d t h at t h e h u m a n c a pi-

t al eff e ct is l a r g e e n o u g h t o o v e r ri d e t h e n e g ati v e si g n ali n g eff e ct. T h e r e c a n

b e si g n ali n g e q uili b ri a i n w hi c h si g n ali n g c osts ris e wit h t h e l e v el of t h e u n-

o bs e r v e d att ri b ut e t h at c o nt ri b ut es t o p r o d u cti vit y. I will d e m o nst r at e t his b y

e x a m pl e i n a m o m e nt. I nt uiti v el y t his s h o ul d m a k e s e ns e if t h e h u m a n c a pit al

eff e ct is bi g e n o u g h, b e c a us e t h e n t h e att ri b ut e t h at is of r e al v al u e t o t h e i n-

di vi d u al a n d t o t h e e m pl o y e r is t h e o n e t h at d ri v es e d u c ati o n c osts d o w n. T h e

k e y is t h at t h e w a g e s c h e d ul e h as t o b e u p w a r d-sl o pi n g i n t h e si g n al, a n d t his

c a n h a p p e n if sy is bi g e n o u g h e v e n if sn > 0. I n t his c o nt e xt, t h e c o r r e ct st at e-

m e nt a b o ut t h e c o n diti o n t h at all o ws f o r a si g n ali n g e q uili b ri u m is t h at t h e
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n et b e n e fit of a c q ui ri n g t h e si g n al h as t o b e p ositi v el y c o r r el at e d wit h t h e

g r oss eff e ct o n p r o d u cti vit y. T his c o ul d h a p p e n i n s e g m e nts of t h e p o p ul ati o n

if v e r y t al e nt e d p e o pl e f a c e hi g h o p p o rt u nit y c osts ass o ci at e d wit h s p e n di n g

ti m e o n e d u c ati o n. 

T his c as e m a y o r m a y n ot b e i nt e r esti n g f r o m a n e m pi ri c al p oi nt of vi e w,

b ut it d o es ill ust r at e t h at t h e m o r e g e n e r al f o r m ul ati o n of t h e c o n diti o ns f o r

si g n ali n g a r e i n t e r ms of g r oss a n d n et b e n e fits a n d n ot j ust si g n ali n g c osts. I

di d n ot r e ali z e t his w h e n I fi rst w o r k e d o n si g n ali n g e q uili b ri a. I t h o u g ht t h e n

t h at t h e a bs e n c e of t h e i nt uiti v el y pl a usi bl e n e g ati v e c ost c o r r el ati o n c o n di-

ti o n w o ul d d est r o y a si g n ali n g e q uili b ri u m. It is als o of p ot e nti al i nt e r est b e-

c a us e t h e si g n ali n g eff e ct is r e v e rs e d. If cy n > 0, t h e n i n e q uili b ri u m if t h e r e is

si g n ali n g, d n / d y < 0, a n d t h us

T h e r ef o r e t h e n e g ati v e si g n ali n g eff e ct c a us es t h e p ri v at e r et u r n t o e d u c ati o n

t o f all s h o rt of t h e s o ci al r et u r n a n d h e n c e c a us es u n d e r-i n v est m e nt i n e d u-

c ati o n. 2 5 It r e m ai ns t o s h o w b y a c o nst r u cti v e e x a m pl e t h at t his c a n h a p p e n at

l e ast i n t h e t h e o r y, a n d p e r h a ps als o i n t h e w o rl d.

W e will s h o w t h at t his c a n h a p p e n wit h a n e x a m pl e. L et s( n, y ) = ny θ , a n d l et

c( n, y ) = n α y β , w h e r e α < 1. F oll o wi n g t h e st a n d a r d e q uili b ri u m a n al ysis, w e

h a v e

( 1 3 ) w = cy = β n α y β – 1 .

I n a d diti o n w = ny θ , o r n = wy θ . S u bstit uti n g i n ( 1 3 ), w e h a v e t h e diff e r e nti al

e q u ati o n i n w ( y ) t h at d e fi n es t h e e q uili b ri u m w a g e s c h e d ul es

w – α w = β y ( β – 1 – α θ ).

O n e of t h e s ol uti o ns t o t his diff e r e nti al e q u ati o n is 2 6

w h e r e K is a c o nst a nt. If y o u t h e n p r o c e e d t o d et e r mi n e e q uili b ri u m c h oi c es

of e d u c ati o n, t h e y a r e gi v e n b y

w h e r e T is a n ot h e r c o nst a nt. T h e s e c o n d o r d e r c o n diti o n is s atis fi e d a n d t his

all w o r ks if d y / d n < 0 a n d t his will i n f a ct b e t h e c as e p r o vi d e d t h at α < 1, a n d

β < θ . T h at is t o s a y, si g n ali n g o c c u rs a n d t h e r e is a s e p a r ati n g e q uili b ri u m, if

t h e el asti cit y of p r o d u cti vit y wit h r es p e ct t o e d u c ati o n is l a r g e r t h a n t h e el asti-

cit y of e d u c ati o n c osts wit h r es p e ct t o e d u c ati o n. O r i n si m pl e o r di n a r y l a n-
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2 5 I t h o u g ht P r of ess o r G a r y B e c k e r w h os e pi o n e e ri n g w o r k i n h u m a n c a pit al, h o us e h ol d p r o d u c-
ti o n f u n cti o ns a n d m u c h m o r e, mi g ht a p p r e ci at e t his r es ult.
2 6 As t his is si m pl y a n ill ust r ati v e e x a m pl e, t h e r e is n ot m u c h p oi nt i n st u d yi n g all t h e e q uili b ri a i n
t h e e x a m pl e.

.



g u a g e, e d u c ati o n is p r o d u cti v e e n o u g h t o j ustif y its c osts a n d o v e r ri d e t h e

n e g ati v e si g n ali n g eff e ct.

A n ot h e r w a y t o t hi n k a b o ut t h es e r el ati o ns hi ps a n d t his c as e is t o c h a n g e

t h e u n o bs e r v e d v a ri a bl e f r o m n t o t = n– – n , w h e r e n– is t h e hi g h est l e v el of n.

I n eff e ct t his d e fi n es t h e u n o bs e r v e d c h a r a ct e risti c t o b e t h at w hi c h l o w e rs 

e d u c ati o n c osts. N o w i n v est m e nt i n e d u c ati o n will ris e wit h t, p r o vi d e d t h e r e

is a s e p a r ati n g e q uili b ri u m, b e c a us e cyt < 0. B ut t h e eff e ct of t o n p r o d u cti vit y

is n o w n e g ati v e, a n d if t h at eff e ct is st r o n g e n o u g h r el ati v e t o t h e h u m a n c a-

pit al eff e ct, t h e n t h at will p r e v e nt a s e p a r ati n g v e rsi o n of t h e si g n ali n g e q ui-

li b ri u m. T h e r e as o n is t h at u nl ess t h e h u m a n c a pit al eff e ct is l a r g e e n o u g h,

t h e si g n ali n g eff e ct will c a us e t h e w a g e f u n cti o n t o b e d o w n w a r d-sl o pi n g i n y.

T h e r e will b e a p o oli n g e q uili b ri u m at y = 0 a n d t h at of c o u rs e e nt ails i n t h e

h y p ot h eti c al e x a m pl e, r e as o n a bl y d r a m ati c u n d e r-i n v est m e nt i n t h e p ot e nti al

si g n al e v e n t h o u g h it is p r o d u cti v e h u m a n c a pit al.

T H E I N F O R M A TI O N C O N T AI N E D I N T H E SI G N A L C A N I M P R O V E

P R O D U C TI VI T Y

It s h o ul d b e n ot e d t h at t h e i nf o r m ati o n c a r ri e d b y t h e si g n al c a n b e p r o d u c-

ti v e its elf. T his will o c c u r if t h e r e is a d e cisi o n t h at is m a d e b ett e r o r wit h

g r e at e r ef fi ci e n c y, wit h b ett e r i nf o r m ati o n. I n t h e j o b m a r k et c o nt e xt, o n e

c o ul d b uil d t his i n as f oll o ws. L et p r o d u cti vit y b e v ( n, y, d ) w h e r e d is a d e cisi o n

t h at t h e e m pl o y e r m a k es. It c o ul d b e a d e cisi o n a b o ut w h at t y p e of j o b t o as-

si g n t o s o m e o n e o r a d e cisi o n a b o ut r e q ui r e d t r ai ni n g. O n e c a n i nt e r p r et t h e

p r e c e di n g a n al ysis t h e n, at l e ast f o r e q uili b ri a i n w hi c h t h e si g n al c a r ri es i n-

f o r m ati o n i n e q uili b ri u m, as s ( n, y ) b ei n g t h e m a xi m u m of v ( n, y, d ) wit h r e-

s p e ct t o d f o r e a c h l e v el of n a n d y. N ot e t h at t his c o m p o n e nt of v al u e is dif-

f e r e nt f r o m t h e h u m a n c a pit al eff e ct. U nli k e t h e h u m a n c a pit al eff e ct, t his

el e m e nt  of  v al u e  o nl y  e xists  if  t h e  si g n al  is  c a r r yi n g  i nf o r m ati o n  i n  e q uili-

b ri u m. Y o u w o ul d l os e it i n a p a rti al o r c o m pl et e p o oli n g e q uili b ri u m e v e n if

t h at e q uili b ri u m i n cl u d e d i n v est m e nt i n e d u c ati o n.

I n  sit u ati o ns  li k e  t h e  L a z e a r  m o d el  t h at  w e  e x a mi n e d  e a rli e r,  i n  w hi c h

t h e r e is b ot h p o oli n g a n d s e p a r ati n g c o m p o n e nts of t h e e q uili b ri u m, t h e a d-

diti o n of a d e cisi o n t h at is m a d e b ett e r wit h i nf o r m ati o n will c a us e t h e v al u e

of t h e si g n al t o ris e, o r m o r e a c c u r at el y t h e n et b e n e fits t o ris e. T h os e n et

b e n e fits a r e p ass e d o n t o i n di vi d u als b y vi rt u e of c o m p etiti o n o n t h e e m pl o y-

e r si d e. T h us t h e r el ati v e si z es of t h e s e p a r ati n g a n d p o oli n g c o m p o n e nts of

t h e e q uili b ri u m will s hift i n f a v o r of t h e s e p a r ati n g p a rt. M o r e p e o pl e will o pt

t o g o t o t h e fi r ms t h at i n c u r t h e e x p e ns e of m o nit o ri n g a n d l e a r ni n g p r o d u c-

ti vit y o v e r ti m e.
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T h e p ri n ci pl es t h at g o v e r n t h e s u r vi v al of si g n als i n m a r k ets c a n b e a p pli e d t o

ot h e r c o nt e xts. T h e ki n d of mi x e d o r i m p e rf e ctl y ali g n e d i n c e nti v e st r u ct u r e

t h at c h a r a ct e ri z es m a r k ets is c o m m o n i n m a n y sit u ati o ns. I n p a rti c ul a r, sit u a-

ti o ns i n w hi c h i n di vi d u als h a v e a n u n k n o w n o r i m p e rf e ctl y p e r c ei v e d l e v el of

i nt e r est  i n  s o m e o n e  o r  s o m et hi n g  a r e  u bi q uit o us.  I n  t h es e  sit u ati o ns,  o n e

f r e q u e ntl y o bs e r v es t h at ti m e s p e nt b y t h e i n di vi d u al is t a k e n as a si g n al of i n-

t e r est. Lit e r at u r e a n d e v e r y d a y e x p e ri e n c e s u g g est t h at t h e all o c ati o n of ti m e

is a u bi q uit o us a n d p e rsist e nt si g n al s o m eti m es us e d d eli b e r at el y as a s c r e e n-

i n g d e vi c e. 

T h e p e rsist e n c e of s p e n di n g ti m e as a si g n al of i nt e r est i n s o m et hi n g is a r e-

fl e cti o n of t h e f a ct t h at ti m e is i n s h o rt s u p pl y a n d e v e r y o n e k n o ws it. T h e r e is

a n o n- z e r o s h a d o w p ri c e o n ti m e, a n d h e n c e t h e us e of it i n p u rs uit of s o m e

p e rs o n, g o al o r i nt e r est m ust m e a n t h at s o m e i m pli cit n et b e n e fit t est h as

b e e n p ass e d f o r t h os e w h o s p e nt t h e ti m e a n d f ail e d f o r ot h e rs w h o di d n ot. 

T h e us e a n d i nt e r p r et ati o n of ti m e as a si g n al is c o m pli c at e d a n d e n ri c h e d

b y t h e a c c u r at e o bs e r v ati o n t h at t h e r e a r e b ot h p e r c ei v e d a n d a ct u al diff e r-

e n c es a c r oss p e o pl e i n t h e s h a d o w p ri c e o n ti m e. T h es e diff e r e n c es a r e us e d

t o i nt e r p r et t h e si g n al. T h e all o c ati o n of a s m all a m o u nt of ti m e b y a n i n di-

vi d u al wit h a hi g h p e r c ei v e d s h a d o w p ri c e o n ti m e h as t h e s a m e w ei g ht as a

l a r g e r all o c ati o n of ti m e b y a n i n di vi d u al wit h a l o w e r p e r c ei v e d s h a d o w p ri c e.

As a n e x a m pl e, t h os e w h o h a v e h a d visi bl e l e a d e rs hi p p ositi o ns i n vi rt u all y

a n y o r g a ni z ati o n k n o w t h at t h e e v e nts t h e y att e n d a r e t a k e n as si g n als of i n-

t e r est a n d s u p p o rt, a n d c o n v e rs el y, w h e n t h e y d o n ot s h o w u p, t h e y d eli b e-

r at el y a n d s o m eti m es i n a d v e rt e ntl y si g n al a l a c k of i nt e r est, s u p p o rt o r e n-

t h usi as m. It is n ot e w o rt h y t h at t h e i nf o r m ati o n al c o nt e nt of t h es e c o m m o n

si g n als is n ot n e c ess a ril y r el at e d t o w h et h e r t h e i n di vi d u al (t h e si g n al e r ) is a c-

t u all y n e e d e d o r h as a r ol e at t h e e v e nt. I n f a ct, h a vi n g a r ol e at t h e e v e nt c a n

dil ut e t h e si g n al b e c a us e it c o m pli c at es t h e i nt e r p r et ati o n of t h e r e as o n f o r

t h e l e a d e r’s p r es e n c e.

Ti m e is als o r o uti n el y us e d as a s c r e e ni n g d e vi c e o r as p a rt of t h e p ri c e of

a d missi o n t o e v e nts at w hi c h t h e n u m b e r of pl a c es is i n s h o rt s u p pl y. F o r e n-

t e rt ai n m e nt a n d s p o rti n g e v e nts it is c o m m o n t o fi n d t h at a mi x e d s yst e m t h at

i n v ol v es b ot h p ri c e a n d ti m e is us e d t o all o c at e t h e li mit e d n u m b e r of pl a c es

at  t h e  e v e nt.  T h e  q u esti o n  t h at  I  a d d r ess  b ri e fl y  i n  t his  s e cti o n  is  w h y  t h e

mi x e d s yst e m w o ul d b e us e d i n p r ef e r e n c e t o t h e p u r e p ri c e s yst e m. T h e i n-

t uiti v e a ns w e r is t h at willi n g n ess o r a bilit y t o p a y m a y b e a p o o r si g n al of r e al

i nt e r est i n t h e e v e nt, n ot wit hst a n di n g t h e f a ct t h at f ail u r e t o us e t h e p ri c e s ys-

t e m is i n ef fi ci e nt f o r t w o r e as o ns.2 8 T h e mi x e d s yst e m all o c at es pl a c es o r a c-
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2 7 P a rt of t his s e cti o n is b as e d o n a n e a rl y u n k n o w n ( p r o b a bl y f o r g o o d r e as o n ) p a p e r b y t h e 
a ut h o r,  “ Ti m e  a n d  C o m m u ni c ati o n  i n  E c o n o mi c  a n d  S o ci al  I nt e r a cti o n, ”  Q u arterly  J o ur n al  of
Ec o n o mics.
2 8 T h e r e a r e p e rf o r m e rs w h o w a nt p e o pl e wit h a g e n ui n e i nt e r est, a n d n ot j ust t h os e wit h a n i n-
t e r est a n d hi g h i n c o m es at t h e e v e nts, a n d w h o f e el t h at t h e q u alit y of t h e e v e nt is aff e ct e d b y i n-
t e r a cti o n b et w e e n t h e p e rf o r m e r a n d a m o n g m e m b e rs of t h e a u di e n c e.



c ess t o t h os e w h o w o ul d ( a n d oft e n d o if t h e r e is a s e c o n d a r y m a r k et ) s ell t h e

pl a c e t o s o m e o n e wit h a hi g h e r willi n g n ess t o p a y – w h e n t h at h a p p e ns b ot h

p a rti es a r e b ett e r off. S e c o n d, t h e ti m e t h at is us e d t o a c q ui r e t h e pl a c es is a

d e a d- w ei g ht l oss u n d e r m ost ci r c u mst a n c es. N ot wit hst a n di n g t h e cl e a r p r o b-

l e ms wit h t h e f ail u r e t o us e t h e p ri c e s yst e m, t h e us e of t h e mi x e d s yst e m is

v e r y c o m m o n, a n d m ust m e a n t h at s o m e o bj e cti v e is b ei n g p u rs u e d t h at is

n ot r es p e ctf ul of t h e c u r r e nt dist ri b uti o n of i n c o m e. F o r if t h e dist ri b uti o n of

i n c o m e is vi e w e d as o pti m al, it is h a r d t o c o nj u r e u p a r ati o n al e f o r i n c u r ri n g

t h e c osts of t h e mi x e d s yst e m m e nti o n e d a b o v e.

I a m g oi n g t o us e a si m pl e e x a m pl e t o l o o k at t h e eff e cts of usi n g a mi x e d

s yst e m f o r t his cl ass of r es o u r c e all o c ati o n p r o bl e ms. It is n ot m e a nt t o b e a

g e n e r al m o d el, b ut r at h e r t o s u g g est w h at p a r a m et e rs a r e i m p o rt a nt i n d e-

t e r mi ni n g t h e p e rf o r m a n c e c h a r a ct e risti cs of t h e o ut c o m e. 

L et t h e v al u e att a c h e d t o a n e v e nt b y a n i n di vi d u al b e θ . O n e c a n t hi n k of

t his as a d oll a r v al u ati o n b as e d o n a r o u g hl y e q u al dist ri b uti o n of i n c o m e, o r

y o u c a n t hi n k of it as a m e as u r e of v al u e i n a p u r e ti m e s yst e m. W h at it is n ot

is a c u r r e nt willi n g n ess t o p a y f o r a c c ess t o t h e e v e nt. It is u nif o r ml y dist ri-

b ut e d i n t h e p o p ul ati o n, o n t h e i nt e r v al [ 0, 1 ]. T h e v al u e of m o n e y is λ . It 

als o is dist ri b ut e d u nif o r ml y i n t h e p o p ul ati o n o n t h e i nt e r v al [ 0, 1 ]. T h e as-

s u m pti o n a b o ut t h e v al u e of ti m e at t h e m a r gi n is t h at it is e q u al t o G – α λ . If

t h e p a r a m et e r a is z e r o, t h e n it is a c o nst a nt, if a > 0, t h e n t h e m a r gi n al v al u e

of ti m e is n e g ati v el y c o r r el at e d wit h t h e m a r gi n al v al u e of i n c o m e, a n d t h e

c o n v e rs e is als o t r u e. T h e f r a cti o n of t h e p o p ul ati o n t h at c a n h a v e a c c ess t o

t h e e v e n is N, a n d w e will ass u m e t h at N < 0. 5. Fi n all y l et p b e t h e m o n et a r y

p ri c e f o r a c c ess t o t h e e v e nt a n d l et T b e t h e ti m e p ri c e. 

T h e s et of p e o pl e w h o att e n d t h e e v e nt is t h e p e o pl e wit h c o m bi n ati o ns

of ( θ , λ ) t h at s atisf y t h e i n e q u alit y

θ – λ p – ( G – α λ ) T = θ – ( p – α T ) λ – G T ≥  0.

L et S = G T a n d R = p – a T . T h e n t h e i n e q u alit y a b o v e b e c o m es 

θ – R λ – S ≥  0.

L et A = { ( θ ,λ ) ): θ – R λ – S ≥ 0}. T h e n b e c a us e of t h e fi x e d s u p pl y, t h e a r e a of

t h e r e gi o n ass o ci at e d wit h A h as t o b e N.

Fi g u r e 7 is us ef ul i n a n al y zi n g t h e c h oi c es. E a c h of t h e li n es i nsi d e t h e u nit

s q u a r e r e p r es e nt c o m bi n ati o ns of R a n d S, s o t h at t h e a r e a a b o v e t h e li n e is

N. T h e li n e t h r o u g h t h e o ri gi n r e p r es e nts t h e p u r e p ri c e s yst e m. As t h e ti m e

p ri c e T is r ais e d, S ris es a n d R f alls. It is e as y t o s e e wit h o ut a c o m pli c at e d

p r o of t h at as T ris es, t h e a v e r a g e v al u e of θ  is risi n g w hil e t h e t ot al n u m b e rs

st a y t h e s a m e, s o t h at t h e t ot al g r oss v al u e t o c o ns u m e rs is risi n g. T his c o nti-

n u es u ntil t h e li n e g o es fl at, at w hi c h p oi nt R = 0. It is als o cl e a r t h at t h e i n-

c r e as es a r e l a r g est f o r l o w l e v els of T o r S, b e c a us e i niti all y o n e is t r a di n g l o w

l e v els of θ  f o r m u c h hi g h e r l e v els.

It is p ossi bl e t h at t h e mi x e d ti m e a n d p ri c e s yst e m is c o m m o nl y us e d si m pl y

t o  a c hi e v e  t his  r es ult,  n a m el y  all o c ati n g  t h e  s p ots  t o  t h os e  w h o  att a c h  t h e

hi g h est v al u e t o t h e m, a n d t h at w h o e v e r m a k es t h es e d e cisi o ns d o es n’t t hi n k
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a b o ut o r c a r e a b o ut t h e d e a d w ei g ht c ost of t h e ti m e c o m p o n e nt of t h e p ri c e.

B ut p e r h a ps a m o r e i nt e r esti n g q u esti o n is w h et h e r t h e us e of t h e mi x e d s ys-

t e m e v e r i n c r e as es t h e n et b e n e fits. W e will ass u m e t h at t h e d oll a r r e v e n u e is

dist ri b ut e d i n a n e ut r al w a y s o t h at p ri c e c o m p o n e nt of t h e a c c ess c h a r g e g e-

n e r at es  n eit h e r  n et  b e n e fits  o r  c osts.  T h e  ti m e  c o m p o n e nt  of  t h e  a c c ess

c h a r g e h o w e v e r g e n e r at es a d e a d w ei g ht c ost. 

T h e n et b e n e fits a r e

T h e s e c o n d t w o t e r ms a r e t h e d e a d- w ei g ht c ost of t h e ti m e c o m p o n e nt of t h e

a c c ess c h a r g e. W e h a v e al r e a d y o bs e r v e d t h at t h e fi rst t e r m, t h e g r oss b e n e fits,

a r e a risi n g f u n cti o n of S = G T, r e fl e cti n g t h e us e of ti m e as p a rt of t h e all o-

c ati o n m e c h a nis m. T his is t r u e i n d e p e n d e nt of t h e si g n o r si z e of t h e p a r a-

m et e r “ a ”. M o r e o v e r, o n e c a n s e e f r o m Fi g u r e 7 t h at st a rti n g at S = 0, t h e

g ai ns f r o m i n c r e asi n g S, o r T, a r e l a r g est at t h e st a rt (t h at is n e a r S = 0 ) b e-

c a us e as t h e li n es ris e a n d r ot at e ri g ht, l o w a v e r a g e l e v els of t h e v al u ati o n p a-

r a m et e r θ a r e b ei n g k n o c k e d o ut a n d hi g h o n es a r e b ei n g b r o u g ht i n. T h e

diff e r e n c e b et w e e n t h e e xits a n d t h e e nt ri es st e a dil y d e cli n es as S i n c r e as es,

a n d t h e li n es b e c o m e fl att e r.

T his b ri n gs us t o t h e q u esti o n of w h et h e r t h e n et b e n e fits als o i n c r e as e at

l e ast o v e r s o m e r a n g e as s i n c r e as es. It is s o m e w h at t e di o us b ut n ot dif fi c ult t o

s h o w t h at i n t his e x a m pl e t h at t h e sl o p e of g r oss b e n e fits at S = 0 is 
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T h e d e ri v ati v e of n et b e n e fits at S = 0 is 2 9

If t h e p a r a m et e r a is z e r o, t h e n o n e c a n s e e t h at i n t his e x a m pl e, t h e d e a d-

w ei g ht c osts o ut w ei g h t h e g ai n i n g r oss b e n e fits. H o w e v e r if “ a ” is p ositi v e a n d

l a r g e e n o u g h, t h e n t h e n et b e n e fits ris e at l e ast o v e r s o m e r a n g e. W h y s h o ul d

t his o c c u r i nt uiti v el y ? H e r e p ri c e is a b a dl y fl a w e d si g n al of v al u e. Ti m e, if its

m a r gi n al c ost is u n c o r r el at e d wit h p ri c e, is a b ett e r si g n al of v al u e, b ut n ot

g o o d e n o u g h t o o v e r c o m e t h e d e a d- w ei g ht c ost. B ut if t h e m a r gi n al c ost of

ti m e is n e g ati v el y r el at e d t o t h e m a r gi n al v al u e of i n c o m e, t h e n t h e c o m bi n a-

ti o n of p ri c e a n d ti m e is a m u c h b ett e r si g n al of v al u e. A n d if m a r gi n al ti m e

c osts f all q uit e r a pi dl y as t h e m a r gi n al v al u e of i n c o m e i n c r e as es, t h e n t h e

c ost of t h e ti m e t h at is n e e d t o scree n o ut t h e hi g h i n c o m e-l o w v al u e p u r c h as e rs

is r el ati v el y l o w.

T o ill ust r at e, Fi g u r e 8 s h o ws t h e v al u e of n et b e n e fits as a f u n cti o n of S, f o r

a c as e i n w hi c h G = 2, N = . 2 5 a n d a = 1 4. H e r e t h e r e a d e r s h o ul d i g n o r e t h e

hi g h e r l e v els of S, as t h e y a r e ass o ci at e d wit h n e g ati v e p ri c es. A b o v e a c e rt ai n

l e v el  of  S,  o r  ti m e  c ost,  t h e  m o d el  st a rts  r e dist ri b uti n g  i n c o m e,  w hi c h  is

c o u nt e r t o t h e s pi rit of t h e a n al ysis. 3 0

T o s u m m a ri z e, w hil e t his si m pl e e x a m pl e h a r dl y dis p os es of t h e iss u e of

h o w m a r k ets g o a b o ut t r yi n g t o s ol v e c o m pl e x all o c ati o n p r o bl e ms i n a w o rl d

of i m p e rf e ct i nf o r m ati o n, it d o es, I h o p e, s u g g est t h at t h e ki n ds of mi x e d s ys-

t e ms  t h at  w e  o bs e r v e  i n  r e alit y  m a y  b e  q uit e  i n n o v ati v e  s ol uti o ns  t o  t h es e

p r o bl e ms a n d p r o b a bl y s h o ul d n ot b e dis miss e d i n all c as es as mist a k es m a d e

b y p e o pl e w h o d o n’t u n d e rst a n d t h e vi rt u es of t h e p ri c e s yst e m. T h e r e m a y

e v e n  b e  m o r e  i nt e r esti n g  a n d  l ess  w ast ef ul  alt e r n ati v e  c u r r e n ci es,  s u c h  as

h o u rs s p e nt i n p u bli c s e r vi c e w o r k, t h at c o ul d b e us e d i n c o nj u n cti o n wit h t h e

p ri c e s yst e m t o all o c at e hi g hl y v al u e d a c c ess t o i m p o rt a nt e v e nts. W hil e s u c h

alt e r n ati v es mi g ht n ot b e as eff e cti v e as ti m e i n u n d oi n g t h e eff e ct of t h e p ri c e

s yst e m, t h e y m a y als o h a v e c o nsi d e r a bl y l ess d e a d w ei g ht c ost ass o ci at e d wit h

t h e m.
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2 9 T h es e r es ults f oll o w f r o m t h e f oll o wi n g f a cts. F o r R + S > 1,                  g r oss b e n e fits a r e

a n d t h e d e a d w ei g ht ti m e c ost is                              Si mil a rl y,

w h e n R + S < 1, w hi c h o c c u rs as S b e c o m es l a r g e r, R = 2 ( 1 – S – N ), g r oss b e n e fits a r e ( 1 / 2 ) [ ( 1 –

S 2 ) – R S – ( R 2 / 3 ], a n d t h e d e a d w ei g ht c ost of t h e us e of ti m e is                      W h e n R + S = 1, t h e

li n e t h at s e p a r at es t h os e w h o a r e a d mitt e d f r o m t h os e w h o a r e n ot g o es t h r o u g h t h e p oi nt ( 1, 1 )
w hi c h is w h y t h e f o r m ul a e s hift at t h at p oi nt.
3 0 T h e e xist e n c e of s e c o n d a r y m a r k et will t o s o m e e xt e nt r e d u c e t h e b e n e fit of t h e mi x e d s yst e m
b e c a us e it will d r a w i nt o t o p ri m a r y all o c ati o n s yst e m e nt r e p r e n e u rs w h o a r e t h e r e t o us e t h ei r
r el ati v el y l o w v al u ati o n o n ti m e t o m a k e a n a r bit r a g e p r o fit. T h e y will bi d u p t h e p ri c e r e q ui r e d
t o cl e a r t h e p ri m a r y m a r k et a n d h e n c e d ri v e s o m e of t h os e wit h hi g h g r oss v al u ati o ns of t h e
e v e nt f r o m t h at m a r k et.

.



T H E I N T E R N E T A N D T H E C H A N GI N G I N F O R M A TI O N A L S T R U C T U R E

O F M A R K E T S

T h e p r o p ositi o n t h at t h e i nt e r n et, o r m o r e a c c u r at el y its r el ati v el y r e c e nt a c-

c essi bilit y t o a b r o a d s p e ct r u m of us e rs, h as c h a n g e d t h e i nf o r m ati o n al st r u c-

t u r e of m a n y m a r k ets, i n d ust ri es a n d e c o n o mi es, is p r o b a bl y n ot c o nt r o v e r-

si al.  O n e  c o ul d  a r g u e  a b o ut  h o w  r a pi d  t h e  c h a n g e  h as  b e e n  f r o m  q uit e

s u d d e n o n t h e o n e h a n d t o a g r a d u al e v ol uti o n f r o m t h e t el e g r a p h ( w hi c h

w as t h e fi rst ti m e t h at c o m m u ni c ati o n o v e r dist a n c e di d n ot r e q ui r e t h e p h y-

si c al m o v e m e nt of s o m et hi n g a n d h e n c e b e c a m e i n a c e rt ai n s e ns e n e a rl y i n-

st a nt a n e o us ) t h r o u g h r a di o, t h e t el e p h o n e, t el e visi o n, f a x et c. o n t h e ot h e r. It

h as als o b e e n e as y f o r s o m e t o dis miss all of t his as a f a d, r el yi n g o n t h e b o o m-

a n d- b ust c y cl e t h at w e h a v e j ust o bs e r v e d. B ut i n m y j u d g m e nt t h at w o ul d b e

a mist a k e. W e k n o w f r o m t h e e c o n o mi cs of i nf o r m ati o n t h at t h e r e a r e p e ri o ds

i n w hi c h e n o u g h h as c h a n g e d s o t h at w e o p e r at e i n a d at a-f r e e e n vi r o n m e nt,

t h at is, o n e i n w hi c h t h e r e is t e m p o r a ril y littl e o r n o r el e v a nt d at a t o c o nst r ai n

e x p e ct ati o n. T h e d at a t ri c kl e i n a n d t h e b eli efs a n d e x p e ct ati o ns st a rt t o li n e

u p wit h r e alit y a g ai n. 

T h e m o r e f u n d a m e nt al p oi nt is t h at i n v est o rs a n d ot h e rs w e r e p r o b a bl y n ot

w r o n g a b o ut t h e ulti m at e eff e ct of t his t e c h n ol o g y o n m a r k ets a n d t h e e c o-

n o m y, b ut al m ost e v e r y o n e o v e r esti m at e d t h e s p e e d wit h w hi c h i n di vi d u als

a n d  o r g a ni z ati o ns  c h a n g e  t h ei r  b e h a vi o r,  a n d  w e  als o  u n d e r esti m at e d  t h e

a m o u nt of dif fi c ult t e c h ni c al i nf r ast r u ct u r e t h at n e e d e d t o b e b uilt i n o r d e r

t o h a v e t h e f o r es e e n o ut c o m es b e c o m e a r e alit y. W e w o ul d u n d o u bt e dl y h a v e

b e e n b ett e r off if w e h a d r e mi n d e d o u rs el v es of t h e i m p o rt a nt w o r k of t h e

l at e Z vi G rili c h es o n t h e diff usi o n of i n n o v ati o n, as t h at w o ul d h a v e c a us e d

s o m e  q u esti o ni n g  of  t h e  ass u m pti o n  t h at  w h at  v e r y  i nt elli g e nt  p e o pl e  c a n
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f o r es e e will c o m e a b o ut q ui c kl y. I w a nt e d als o t o r e c o g ni z e Z vi’s w o r k as a n

e a rl y a n d v e r y i m p o rt a nt e x a m pl e of b e h a vi o r al e c o n o mi cs.

N e v e rt h el ess t h e r e a r e p o w e rf ul f o r c es d ri vi n g t h e o ut c o m es a n d c h a n gi n g

t h e  i nf o r m ati o n al  st r u ct u r e  of  m a r k ets.  T h r e e  of  t h e  m ost  i m p o rt a nt  a r e

M o o r e’s l a w, M et c alf e’s l a w a n d t h e d r a m ati c r e d u cti o n of t h e n ois e t o si g n al

r ati o n i n fi b e r o pti c c a bl e r es ulti n g i n v e r y l a r g e e x p a nsi o ns i n t h e t h r o u g h-

p ut c a p a cit y of t h es e pi p es m e as u r e d i n si g n al p r o c essi n g t e r ms. M o o r e’s l a w

is w ell- k n o w n. It is a n e m pi ri c al o bs e r v ati o n t h at t h e n u m b e r of t r a nsist o rs o n

a c hi p d o u bl es e v e r y ei g ht e e n m o nt hs t o t w e nt y-f o u r m o nt hs. T o a fi rst a p-

p r o xi m ati o n t his h as p r o d u c e d r o u g hl y a 1 0- billi o n-ti m es c ost r e d u cti o n i n

t h e fi rst fift y y e a rs of t h e c o m p ut e r a g e, d at e d f r o m a b o ut 1 9 5 0. O r t o p ut it

a n ot h e r w a y, t hi n gs t h at w e r e i m a gi n a bl e b ut u ni m a gi n a bl y e x p e nsi v e i n 1 9 5 0

a r e ess e nti all y c ostl ess t o d a y. E c o n o mi c hist o ri a ns will b e b ett e r a bl e t h a n I t o

s a y w h et h e r t h e r e w e r e c o m p a r a bl e p e ri o ds of c h a n g e i n t h e p ast wit h r es p e ct

t o c osts of d oi n g s o m et hi n g i m p o rt a nt.

M et c alf e’s l a w st at es t h at t h e v al u e of a n et w o r k t o t h e e ntiti es att a c h e d t o it

is p r o p o rti o n al t o t h e s q u a r e of t h e n u m b e r of c o n n e ct e d e ntiti es.3 1 I n e c o-

n o mi c t e r ms t his p r o b a bl y m e a ns t h at t h e v al u e a n d h e n c e t h e s p e e d of c o n-

n e cti n g a c c el e r at es as t h e n u m b e rs i n c r e as e. T his is s o m eti m es r ef e r r e d t o as

t h e n et w o r k eff e ct. 

F r o m si g n al p r o c essi n g t h e o r y w e k n o w t h at t h e c a p a cit y of a c h a n n el is

p r o p o rti o n al  t o  t h e  l o g  of  o n e  pl us  t h e  r ati o  of  si g n al  t o  n ois e.  T h r o u g h  

s ci e nti fi c a n d t e c h ni c al a d v a n c es (i n a d diti o n t o b ei n g a bl e t o us e l as e rs wit h

m ulti pl e w a v el e n gt hs ), t h e n ois e g e n e r at e d w h e n t h e li g ht r e fl e cts off t h e si d e

of t h e fi b e r o pti c c a bl e is b ei n g r e d u c e d d r a m ati c all y, c a usi n g v e r y l a r g e i n-

c r e as es i n d at a r at es o n e xisti n g fi b e r. I n e c o n o mi c t e r ms t his t r a nsl at es i nt o

l a r g e c ost r e d u cti o ns i n p r o vi di n g b a n d wi dt h.

T h es e t h r e e eff e cts i nt e r a ct wit h e a c h ot h e r o v e r ti m e t o p r o d u c e a c c el e-

r ati n g e c o n o mi c eff e cts. M u c h of t h e r e c e nt e c o n o mi c i m p a ct of t h e i nt e r n et

is ass o ci at e d wit h r e d u ci n g t r a ns a cti o n c osts of a v a ri et y of ki n ds. I will r et u r n

t o t his s u bj e ct i n a m o m e nt. F o r m ost of t h es e eff e cts, o n e n e e ds n ot j ust c o m-

p uti n g p o w e r, b ut als o a r e as o n a bl y u bi q uit o us r eli a bl e n et w o r k t h at h as st a n-

d a r di z e d p r ot o c ols, is m o r e o r l ess al w a ys o n. Aft e r all, t r a ns a cti o ns i n v ol v e,

al m ost b y d e fi niti o n, m o r e t h a n o n e p a rt y, t h o u g h i n c r e asi n gl y o n e o r m o r e

of t h e p a rti es a r e m a c hi n es. It is i nt e r esti n g a n d n ot s u r p risi n g t h e r ef o r e, t h at

f o r t h e fi rst f o rt y y e a rs of t h e p r olif e r ati o n of c o m p ut e rs, n ot m u c h m e as u r-

a bl e p r o d u cti vit y i n c r e as e w as d et e cti bl e i n m a c r o e c o n o mi c d at a. I n t h e p ast

t e n y e a rs, t h e p e ri o d i n w hi c h t h e e x p a nsi o n of t h e n et w o r k o c c u r r e d, t h e r e

a r e n oti c e a bl e m e as u r a bl e p r o d u cti vit y g ai ns. It s e e ms v e r y li k el y t h at t h e p r o-
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3 1 T his  s h o ul d  b e  t h o u g ht  of  as  a n  e m pi ri c al  r e g ul a rit y  as  w ell.  It  c a n  b e  d e ri v e d  as  f oll o ws.
S u p p os e t h at t h e v al u e a p e rs o n t o e a c h ot h e r p e rs o n o n a n et w o r k is x. If t h e r e a r e n p e o pl e o n
t h e n et w o r k a n d w e a d d a n ot h e r p e rs o n, t h e n p e o pl e e x p e ri e n c e a d d e d v al u e of n x a n d t h e n e w
p e rs o n e x p e ri e n c es v al u e of n x. If V ( n ) is t h e v al u e of a n et w o r k, b ei n g t h e s u m of its v al u e t o all
c o n n e ct e d p e o pl e, t h e n V ( n + 1 ) = V ( n ) + 2 n x. T h e r ef o r e V ( n ) = 2 x [ 1 + 2 + ... + ( n- 1 ) ]. Usi n g
G a uss’s f o r m ul a f o r t h e s u m of t h e i nt e g e rs f r o m o n e t o n, w e h a v e V ( n ) = 2 x n ( n- 1 ), w hi c h is t h e
q u a d r ati c r el ati o ns hi p t h at M et c alf e’s l a w ass e rts.



d u cti vit y g ai ns (t h e o n es w e c a n d et e ct ) a r e ass o ci at e d wit h r e d u c e d t r a ns a c-

ti o n c osts, i m p r o v e d p e rf o r m a n c e of m a r k ets, t h e a bilit y t o c r e at e n e w m a r-

k ets t h at w e r e t o o e x p e nsi v e t o c r e at e wit h o ut t h e t e c h n ol o g y, a n d t h e i m-

p o rt a nt  a bilit y  t o  t a k e  ti m e  a n d  c ost  o ut  of  t h e  c o o r di n ati o n  of  e c o n o mi c

a cti vit y, i nsi d e t h e fi r m a n d i n t h e s u p pl y o r v al u e- a d d e d c h ai n. T h at is w h at

t h e n et w o r k, wit h hi g h a n d r eli a bl e c a p a cit y, wit h g r o wi n g n u m b e rs c o n n e c-

t e d t o it a n d wit h e n o u g h c o m p uti n g p o w e r t o r u n t h e e n d p oi nts a n d t h e

n o d es h as p e r mitt e d. It is a c u m ul ati v e eff e ct t h at w e a r e j ust b e gi n ni n g t o

s e e.

B uil di n g m o d els i n e c o n o mi cs is a n a rt a n d a s ci e n c e. T h e s ci e n c e p a rt c o n-

sists of d et e r mi ni n g a n al yti c all y t h e c o ns e q u e n c es of t h e ass u m pti o n t h at c r e-

at e t h e st r u ct u r e of t h e m o d el. T h e a rt c o nsists i n d e ci di n g w h at t o p ut i nt o

t h e st r u ct u r e a n d w h at t o l e a v e o ut. P utti n g i n t o o m u c h m a k es t h e m o d els i n-

t r a ct a bl e a n d of littl e us e i n ill u mi n ati n g t h e d et e r mi n a nts of m a r k et p e rf o r-

m a n c e. P utti n g i n eit h e r t o o littl e o r t h e w r o n g st r u ct u r al f e at u r es m a k es t h e

r es ults, t h o u g h t r a ct a bl e, u ni nt e r esti n g. A n at u r al c o ns e q u e n c e of t his is t h at

p a r a m et e rs t h at d o n’t c h a n g e m u c h f r o m m a r k et t o m a r k et o r o v e r ti m e t e n d

t o b e s u p p r ess e d, as a m att e r of g o o d p r a cti c e i n a p pli e d mi c r o e c o n o mi c t h e-

o r y. I m e nti o n all of t his b e c a us e it is p ossi bl e a n d e v e n li k el y t h at s o m e p a r a-

m et e rs r el at e d t o s e a r c h c osts, t r a ns a cti o n c osts, a c q ui ri n g i nf o r m ati o n, a n d

g e o g r a p h y h a v e s hift e d r e as o n a bl y r a pi dl y i n t h e p ast f e w y e a rs ( o r a r e i n t h e

p r o c ess of s hifti n g ), as a r es ult of t h e i n c r e asi n g s p e e d, u bi q uit y a n d c o n n e c-

ti vit y of t h e i nt e r n et. T his p ot e nti al s hift i n p a r a m et e rs c r e at es t h e o p p o rt u-

nit y t o r e visit as p e cts of t h e i nf o r m ati o n al st r u ct u r e of m a r k ets a n d o r g a ni z a-

ti o ns, a n d i n a s e ns e, r ei nt r o d u c e t h e s u p p r ess e d p a r a m et e rs as t h e y h a v e

b e c o m e i nt e r esti n g a g ai n. I w o ul d li k e t o c o n cl u d e t his ess a y b y s u g g esti n g a

f e w a r e as i n w hi c h s u c h a n i n q ui r y mi g ht yi el d s o m e i nt e r esti n g r es ults. 

O n e mi g ht h a v e t h e i m p r essi o n f r o m a fi rst c o u rs e i n e c o n o mi c t h e o r y t h at

m a r k ets c o m bi n e s u p pl y a n d d e m a n d c u r v es t o p r o d u c e p ri c es, q u a ntiti es

a n d t o d et e r mi n e w h o b u ys t h e g o o d. T h e r e is n ot hi n g w r o n g wit h t h at vi e w.

B ut i n a d diti o n, a m a r k et e c o n o m y p e rf o r ms l ots of ot h e r f u n cti o ns. P ot e nti al

b u y e rs a n d s ell e rs n e e d t o fi n d e a c h ot h e r. Oft e n b u y e rs a n d s ell e rs n e e d t o

a c q ui r e i nf o r m ati o n a b o ut e a c h ot h e r a n d a b o ut t h e p r o d u ct. If t h e b u y e rs,

s ell e rs, a n d p r o d u cts a r e diff e r e nti at e d, t h e n t h e r e is a m at c hi n g p r o bl e m

t h at i n o n e f o r m o r a n ot h e r n e e ds t o b e r es ol v e d i n t h e m a r k et pl a c e. If s ell e rs

a r e c h a r gi n g diff e r e nt p ri c es, t h e n b u y e rs n e e d t o c o nsi d e r e n g a gi n g i n s o m e

s o rt of r e as o n a bl e s e a r c h f o r t h e l o w e r p ri c es. T h es e f u n cti o ns a r e n ot p e r-

f o r m e d c ostl essl y, a n d t h e c osts of p e rf o r mi n g t h e m a r e f r e q u e ntl y l u m p e d

t o g et h e r u n d e r t h e h e a di n g of t r a ns a cti o n c osts. B r o a dl y t h es e c osts a r e b ei n g

c h a n g e d a n d l o w e r e d b y t h e i nt e r n et. 

B U Y E R S A N D S E L L E R S FI N DI N G E A C H O T H E R

P r o b a bl y t h e m ost o b vi o us e x a m pl e of r e d u c e d t r a ns a cti o n c osts is t h at ass o-

ci at e d wit h t h e r a pi d e x p a nsi o n of t h e m a r k ets f o r c oll e cti bl es a n d us e d p r o-

d u cts of all ki n ds. I n t his a r e n a t h e o v e r w h el mi n gl y l a r g est m a r k et m a ki n g e n-
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tit y is e B a y. T h e r e a r e o n a v e r a g e 7 5 0, 0 0 0 t r a ns a cti o ns o r e a c h d a y wit h a n a v-

e r a g e t ot al d ail y d oll a r v ol u m e of 3 0 milli o n. 3 2 M ost of t h es e m a r k ets si m pl y

di d n ot e xist p r e vi o usl y, a n d t h os e t h at di d e xist w e r e m o r e c ostl y t o c r e at e,

l ess ef fi ci e nt, a n d l ess li q ui d. It is w o rt h n oti n g t h at t h e d r o p i n t h e c ost of

b u y e rs a n d s ell e rs fi n di n g e a c h ot h e r is l a r g el y i n d e p e n d e nt of p h ysi c al g e o-

g r a p h y ( r e c all t h at b ot h dist a n c e a n d ti m e a r e si m ult a n e o usl y c o m p r ess e d

wit h t h e i nt e r n et t e c h n ol o g y ). T his p a rti al r e m o v al of t h e g e o g r a p hi c b o u n ds

of m a r k ets m a k es t h e m m o r e li q ui d a n d i n a c e rt ai n s e ns e m o r e c o m p etiti v e.

H o w e v e r, t h e r e a r e el e m e nts of n at u r al m o n o p ol y i n t h e m a r k et- m a ki n g f u n c-

ti o n. As t h e n u m b e r of bi d d e rs i n c r e as es t h e e x p e ct e d wi n ni n g bi d ris es i n

t h es e a u cti o ns. H e n c e t h e m a r k et pl a c e t h at is i n t h e l e a d will att r a ct t h e s ell-

e rs, a n d t h e v a ri et y of p r o d u cts will att r a ct t h e b u y e rs. 3 3 Fi g u r e 9 s h o ws t h e r e-

l ati o ns hi p b et w e e n t h e n u m b e r of bi d d e rs a n d t h e e x p e ct e d s elli n g p ri c e i n

a n o r di n a r y a u cti o n.
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3 2 Fi g u r es f r o m J eff S k oll, c of o u n d e r of e B a y. T h e r e a r e of c o u rs e m o r e m a r k ets o p e n i n a n y gi v-
e n d a y t h a n t h e r e a r e t r a ns a cti o ns.
3 3 T h e r e is a p ot e nti al q u ali fi c ati o n t o t his t e n d e n c y. I nt elli g e nt s oft w a r e a g e nts a r e i n p ri n ci pl e
c a p a bl e of s e a r c hi n g f o r l o w p ri c es a c r oss m a r k et pl a c es. If i n di vi d u als w e r e p r e p a r e d t o us e t h es e
a g e nts, t h at w o ul d eli mi n at e t h e li q ui dit y a d v a nt a g e of t h e l a r g e r m a r k et- m a k e rs. H o w e v e r, t his
d o es n ot a p p e a r t o h a v e h a p p e n e d, at l e ast n ot t o t h e e xt e nt t h at it si g ni fi c a ntl y di mi nis h es e B a y’s
a d v a nt a g e. T h e m a ki n g of o nli n e m a r k ets is p r ett y cl e a rl y a p ot e nti al a r e a f o r r es e a r c h.
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S E A R C HI N G F O R T H E L O W E S T P RI C E

T h e l at e G e o r g e Sti gl e r r e c o g ni z e d t h at fi n di n g t h e l o w est p ri c e w as a n a cti-

vit y t h at r e q ui r e d r es o u r c es a n d t h at t h e r e w as a t r a d e off b et w e e n i n c u r ri n g

c osts of f u rt h e r s e a r c h a n d t h e e x p e ct e d b e n e fits of fi n di n g e v e n l o w e r p ri c es.

F o r p ri c es t h at a r e p ost e d i n a n i nt e r n et e n vi r o n m e nt, t h e c ost of fi n di n g t h e

l o w est p ri c e is p r ett y cl os e t o z e r o. I n p ri n ci pl e, t his s h o ul d eli mi n at e p ri c e

dis p e rsi o n b y eli mi n ati n g o n e si d e of t h e t r a d e off. T h e r e w as a ki n d of n at u-

r al p a rti al p r ot e cti o n f r o m p ri c e c o m p etiti o n, t h e m a g nit u d e of w hi c h is a

f u n cti o n of t h e s e a r c h c osts. T h e r e d u cti o n o r eli mi n ati o n of t h es e s e a r c h

c osts i n t h e fi rst i nst a n c e i n c r e as es c o m p etiti o n. H o w e v e r t h e r e is p r o b a bl y

m o r e t o t his st o r y. T h e d e cisi o n t o p ost a p ri c e is a st r at e gi c d e cisi o n a n d i n

t h e f a c e of n e gli gi bl e s e a r c h c osts, it is p ossi bl e t h at s ell e rs’ willi n g n ess t o p ost

p ri c es will d e cli n e a n d t h at t h e r e will b e m o r e n e g oti at e d p ri c es o r p ri c es t h at

a r e t ail o r e d t o t h e i n di vi d u al b u y e r.

T H E B O U N D A RI E S O F T H E FI R M

T h e r e is a w ell- k n o w n a n d i m p o rt a nt lit e r at u r e i n e c o n o mi cs ass o ci at e d wit h

R o n al d C o as e a n d Oli v e r Willi a ms o n a n d ot h e rs. It d e als i n p a rt wit h t h e f u n-

d a m e nt al q u esti o n of t h e q u esti o n of w h at e c o n o mi c p r o c ess es a r e c o nt ai n e d

wit hi n a fi r m a n d w hi c h a r e m e di at e d b y m a r k ets, t h at is, t r a ns a cti o n b et w e e n

fi r ms. O n e as p e ct of t his g e n e r al s et of q u esti o ns h as t o d o wit h o uts o u r ci n g:

t h e d e cisi o n t o c o n d u ct a c e rt ai n s et of a cti viti es i n- h o us e o r t o c o nt r a ct wit h

a n ot h e r e ntit y t o h a v e t h e m c o n d u ct e d f o r t h e fi r m. G e n e r all y o n t h e si d e of

o uts o u r ci n g is t h e li k eli h o o d t h at c e rt ai n f u n cti o ns c a n b e p e rf o r m e d b ett e r

b y  s p e ci alists  w h o  h a v e  t h e  a d v a nt a g es  of  e c o n o mi es  of  f o c us  a n d  s c al e.

C o u nt e ri n g t h at a r e t h e c o nt r a cti n g, m o nit o ri n g a n d i m pl e m e nt ati o n c osts of

h a vi n g a s e c o n d p a rt y p r o vi d e t h e s e r vi c e. S o m e of t h es e c o u nt e r v aili n g c osts

a r e j ust t r a ns a cti o n c osts ass o ci at e d wit h c o m pl e xit y i n c o m m u ni c ati o n. It is

b e c o mi n g  r e as o n a bl y  cl e a r  t h at  t h e  i nt e r n et  pl atf o r m  is  r e d u ci n g  s o m e  of

t h es e t r a ns a cti o n c osts a n d h e n c e ti p pi n g t h e b al a n c e i n a n u m b e r of a r e as i n

t h e di r e cti o n of o uts o u r ci n g. M a n y, if n ot m ost, i nf o r m ati o n all y b as e d s e r-

vi c es a r e ef fi ci e ntl y d eli v e r a bl e a n d m o nit o r a bl e o n t h e pl atf o r m. 

W e  h a v e  i n  a  s e ns e,  f o r  t h e  p e ri o d  of  t r a nsiti o n,  a  n at u r al  l a b o r at o r y  i n

w hi c h t r a ns a cti o n c ost p a r a m et e rs a r e b ei n g s hift e d, r es ulti n g i n n e w e x p e ri-

m e nt al b e h a vi o r o n t h e p a rt of fi r ms. I n g e n e r al, t h e r a n g e of e c o n o mi c a cti-

vit y  t h at  c a n  b e  eff e cti v el y  c o o r di n at e d  a c r oss  a  c o m pl e x  m ulti fi r m  s u p pl y

c h ai n is j ust st a rti n g t o b e e x pl o r e d b y c o m p a ni es a n d t h os e w h o d o r es e a r c h

o n t h es e s u bj e cts. T h e b o u n d a ri es of t h e fi r m, t r a ns a cti o n c osts, s u p pl y c h ai n

a r c hit e ct u r e a n d c o o r di n ati o n, a n d o uts o u r ci n g a r e all f a c ets of a l a r g e m os ai c

i n w hi c h i n c e nti v es, c o m m u ni c ati o n a n d c o o r di n ati o n, a n d t h e b o u n d a ri es of

t h e fi r m a r e w o r k e d o ut. T h e o uts o u r ci n g e xt e n ds t o t h e e m pl o y m e nt r el a-

ti o ns hi p,  w h e r e  a g ai n  t h e  r el ati v e  c osts  of  i n- h o us e  a n d  t h e  o uts o u r c e d  r e-

s o u r c es m a y h a v e s hift e d. I h ast e n t o a d d t h at t h es e iss u es a r e f a r f r o m b ei n g

s ettl e d i n t h e w o rl d of p r a cti c e a n d i n t h e w o rl d of e c o n o mi c r es e a r c h.
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