
New Physicians: A Natural Experiment in 
Market Organization 

The National Resident Matching Program is a centralized 
clearinghouse through which new medical graduates in 
the United States obtain their fist  positions. The history 
of this market, from the market failures that the central- 
ized system was designed to address, to the present, is 
discussed, and a hypothesis about the behavior of such 
markets is presented. New evidence is then presented 
from a set of similar centralized markets in the United 
Kingdom. Because some of these latter markets have 
failed, while others have succeeded, they provide a natural 
experiment that permits the hypothesis to be tested. The 
new evidence also suggests directions in which modifica- 
tions of existing procedures might be considered. 

M EDICAL SCHOOL GRADUATES IN THE UNITED STATES 
seek their first employment through a centralized labor 
market called the National Resident Matching Program 

(NRMP). This centralized market was established in the 1950s in 
response to persistent failures to organize the market in a timely and 
orderly way by decentralized means. Similar centralized labor mar- 
kets, inspired by similar market failures, have been used in some 
regions of the National Health Service in the United Kingdom, 
where new medical graduates seek pre-registration positions com- 
parable to U . S .  residencies. Because different regions have used 
different procedures for organizing the market, the British system 
presents a natural experiment that allows these procedures to be 
compared with each other and with the U . S .  market (1). Because 
some of the centralized procedures used in Britain have failed and 
been abandoned, whereas others have succeeded, this natural exper- 
iment also presents an opportunity to test the hypothesis put 
forward to explain the success and longevity of the U . S .  market (2). 

The centralized markets discussed here have the same ounvard 
form: each student submits a list of positions whose order is 
intended to reflect his preferences, and the person responsible for 
filling each set of positions likewise submits a ranked list of students. 
The markets differ in the algorithms then used to match students to 
positions-that is, they differ in what matching will be produced for 
a given set of submitted preference lists. The evidence suggests that 
these differences have a profound effect on the incentives that agents 
may have to try to circumvent the centralized market (and on what 
kinds of preference lists they submit). The differences between the 
kinds of matchings produced by centralized markets that have 
succeeded and those that have failed suggest constraints that must be 
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faced in the design of algorithms to perform this kind of market 
function. (In this respect, this work is on the relatively unexplored 
interface of economics and operations research.) These differences 
also permit us to draw inferences about the nature of the matchings 
achieved in decentralized markets that experience similar success or 
failure. 

The body of theory to which this evidence applies most directly 
concerns "nvo-sided matching markets," in which agents of one 
kind (for instance, workers) are matched with agents of another kind 
(employers) (3, 4).  Another two-sided matching market briefly 
discussed is the process by which sororities recn~it members on U . S .  
college campuses (5'). 

The U.S. Market 
From around 1900 to 1945, competition among hospitals for 

new interns and residents forced the date of appointment ever 
earlier, until medical students and hospitals were concluding agree- 
ments for post-graduation employment up to 2 years before grad- 
uation. This was costly in a variety of ways for both students and 
hospitals, and the date of appointment was finally brought under 
control in 1945 through intervention by the medical schools. There 
followed a period in which the market was very disorderly, with 
students being called upon to make increasingly prompt decisions 
whether to accept offers. (By 1949, a grace period of 12 hours had 
been rejected as too long.) The market was characterized by chaotic, 
last-minute recontracting, with students seeking to improve on the 
positions they had been firmly offered (and had sometimes accepted) 
by contacting the hospitals they preferred, and with hospitals 
sometimes pressuring students into premature decisions in order to 
be able to contact promptly students on their waiting lists. A 
centralized clearinghouse was proposed only when other attempts to 
organize the market had been exhausted. 

This centralized market is still in operation ( 6 ) .  From 1952, 
following the introduction of the centralized matching procedure, 
there was a high degree of voluntary, orderly participation, with 
about 95% of U.S. medical school graduates entering the match and 
ultimately being offered and accepting the position with which they 
were matched. However, beginning in the mid-1970s, with a 
growing number of married couples in need of two positions in the 
same vicinity, high percentages of these obtained them outside of 
the centralized match; thus, the overall rate of participation, while 
still high, began to drop. 

Previously, I proposed a hypothesis (2) to account for the 
transition from chaotic recontracting to orderly voluntary participa- 
tion that took place in 1952, and the transition from uniformly high 
rates of participation among medical school graduates prior to the 
1970s, to the defection of married couples in the late 1970s and 
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early 1980s. To describe the hypothesis, it is first necessary to briefly 
describe a model phrased in terms of the preferences of each student 
for positions and of each hospital program for students (7).  

Because a hospital program typically employs more than one 
student, a description of a hospital's preferences must include how it 
evaluates alternative groups of students. For the purposes of this 
article, it is sufficient to suppose merely that if nvo groups of 
students differ only by a single individual, the hospital prefers the 
group containing the higher ranked individual. A student will be 
called "unacceptable" to a hospital if the hospital would prefer to 
keep a position vacant rather than fill it with that student, and a 
hospital is unacceptable to a student if, rather than accept one of its 
positions, the student would prefer to remain unmatched (and seek 
employment in a secondary market). 

An outcome of the market is a matching of students and hospitals, 
such that no hospital is assigned more students than it has positions, 
and no student is assigned more than one position. A matching is 
called "unstable" if some student is matched to an unacceptable 
hospital, some hospital is matched to an unacceptable student, or if 
some student and hospital who are not matched to one another 
would both prefer to be matched together ( 8 ) .  Notice that an 
unstable matching gives some agent or pair of agents an incentive to 
find a different match. A matching that is not unstable in this way is 
called "stable" (or pairwise stable) (9) .  At a stable matching, each 
student finds that any hospitals he prefers to the one he is matched 
with do not return the favor. 

The hypothesis proposed previously (2) is based on the demon- 
stration that the 1952 matching algorithm produced a stable 
matching (in terms of any preferences that were submitted), and that 
the procedure used to assign married couples two jobs in the same 
vicinity was particularly prone to produce unstable matchings (10). 
Thus, the "stability hypothesis" applied to this market is that the 
chaotic conditions prior to 1952 reflected the instabilities then 
present in the market, that the success of the centralized procedure 
was due to the stability of the matching it produced, and that the 
decline in participation among married couples in the 1970s was 
because they once again found instabilities. Note that a student who 
has been offered or had proposed to him a specific job (or a couple 
who was matched with a pair of jobs) has only to make a few phone 
calls to determine if any preferred hospitals would be willing to offer 
a position, so the problem of determining if there are any exploitable 
instabilities is not a difficult one. 

Of course, even though the stability hypothesis seems to account 
for the major developments in this market, the real explanations 
might lie elsewhere; for example, maybe any centralized market 
organization would have solved the problems experienced prior to 
1951, and perhaps the experience of married couples has less to do 
with instabilities than with the difficulties young couples have in 
making decisions. Another kind of question about the stability 
hypothesis concerns the incentives that agents may have to submit 
rank-orderings that differ from their true preferences. The algo- 
rithm used in the U.S. market has the property that opportunities 
may arise both for students and hospitals to obtain a more 
preferred matching by submitting a preference list different from 
their true preferences rather than by submitting their true prefer- 
ences (3, 11). If agents may have reason not to submit their true 
preferences, the fact that the algorithm produces a matching stable 
with respect to the submitted preferences does not ensure that the 
matching is stable with respect to the true preferences (that is, the 
preferences according to which agents search for and accept 
alternative opportunities). 

One approach to addressing this question is to consider whether 
the agents in the market have the lund of information about one 
another's preferences needed to profitably submit rank orderings 

different from their true preferences. If not, submitted preferences 
might approximate tnle preferences sufficiently to produce stable 
outcomes. And if agents were sufficiently well informed so that they 
could submit the preference lists that would achieve their best 
available matches, given the lists submitted by everyone else, then 
under some circumstances it is possible to demonstrate that the 
resulting matching would be stable with respect to the true prefer- 
ences (even though these would differ from the submitted prefer- 
ences) (3). My point in raising these matters here is to indicate that, 
despite the (mathematical) demonstration of the stability properties 
of the U.S. system algorithm, and the degree to which stability and 
its absence seem to explain the major changes in the history of the 
market, there is room to doubt the stability hypothesis as an 
explanation of the behavior of the U.S. market. The question 
remains largely an empirical one, which gives further reason to make 
additional observations of the kind considered next. 

The British Markets 
A medical school graduate in Britain is eligible only for provi- 

sional registration with the General Medical Council. For full 
registration a doctor must complete separate medical and surgical 
pre-registration positions. An outcome of this market is thus a 
matching of students and consultants (supervising physicians and 
surgeons) such that no consultant is assigned more students than he 
has positions, and no student is assigned more than two positions, 
one medical and one surgical. 

Most positions are filled on a regional basis, with graduates of a 
medical school going to a hospital in the same region (12). These 
regional markets are two orders of magnitude smaller than the U.S. 
market, ranging from approximately 100 to 300 positions. 

That students seek two positions, rather than one as in the United 
States, makes for some important differences between the U.K. 
markets and the U.S. market. Both sides of the market must have 
preferences not just over individuals but over sets; that is, consult- 
ants have preferences over groups of students, and students have 
preferences over pairs of jobs. Thus, agents' preferences cannot be 
modeled as simple rank orderings, even though, as in the United 
States, students and consultants are asked to submit rank orderings 
of one another in these markets. (For example, because of the 
registration requirements, students prefer one medical and one 
surgical position to any other combination, regardless of their 
preferences for individual positions.) Therefore, the mathematical 
models used to develop the theory of these markets make weaker 
assumptions about preferences than were appropriate for the U.S. 
market. The main assumption is that consultants regard students 
and students regard positions more as substitutes than as comple- 
ments, in that a consultant who is willing to hire a given student as 
part of some group of students should remain willing to hire him 
even if some other member of that group becomes unavailable (13). 
Under this assumption it can be shown (1) that the set of stable 
matchings is nonempty for any preferences, where, as before, a 
matching is stable if no matches are unacceptable and if no student 
or consultant who are not matched to one another would both 
prefer to be matched together (14). 

The centralized pre-registration markets in Britain arose in reac- 
tion to problems that emerged in the 1960s. The markets in the 
various regions of the National Health Service were previously run 
in a decentralized way, with students responsible for finding posi- 
tions on their own, and consultants responsible for filling the 
positions under their supemision. Competition among students for 
desirable positions and among consultants for desirable house 
officers eventually led to these positions being filled earlier and 
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earlier in the students' education, just as had happened in the United 
States. When a Royal Commission on Medical Education (1965- 
1968) investigated the problems confronting the pre-registration 
market, the organization of the U.S. market presented an obvious 
alternative. Following the Royal Commission's recommendations, 
many regions introduced centralized matching procedures, but 
different regions used different algorithms to determine the match 
from the submitted preferences. (Some, but by no means all, of these 
centralized schemes were implemented by computer.) It appears that 
over a dozen regional matching procedures were introduced, but, in 
contrast to the U.S. experience, only a few survived to the present. 
Most failed to solve the problems that motivated their introduction 
and were abandoned. 

There are eight matching algorithms for which I have been able to 
obtain sufficiently precise descriptions to determine whether they 
produce stable matchings. [All but one (15) was computerized.] 
Two of these always produce stable matchings ( I ) ,  and both of these 
have controlled the unraveling of appointment dates and suwived to 
the present. The six remaining schemes are based on algorithms that 
may frequently produce instabilities. Only two of these have sur- 
vived (and these are in the two smallest markets); the other four 
have been abandoned. Table 1 summarizes these results and also 
includes the U.S. market and the "preferential bidding system" used 
by U.S. sororities (5), which are the other two centralized matching 
procedures whose rules I have so far been able to learn in sufficient 
detail to determine whether they produce stable matchings (16). Of 
ten matching schemes so far observed, four produce stable match- 
ings, and all four of these are still in use. Six produced unstable 
matchings, and four of these are no longer in use (17). 

~ e c a u i e  ten is a relatively small sample, and because Table 1 
groups together markets that are vastly different in size, and 
procedures that differ in more ways than the stability of their 
outcomes, it may be illuminating to briefly describe one of the failed 
procedures and h o ~ v  it failed. 

The scheme introduced in Newcastle in 1967 (18) used the 
product of the student's ranking of the consultant and the consult- 
ant's ranking of the student as the basis for a "priorit)?' for that 
student to be employed by that consultant. The first step of the 
algorithm was to make all the first priority matches, after which 
consultants with unfilled positions and students still needing jobs 
were scamled to identifir any second priority matches, and so on. If 
a consultant and student each ranked one another first [a "(1, 1) 
match"], they had a priority of 1. If the consultant ranked the 
student first but the student ranked the consultant second [a "(1, 2) 
match"], they had a priority of 2, as did a consultant who ranked a 
student second but was ranked first by the student [a "(2, 1) 
match"]. Ties were broken in the student's favor (19). 

For example, consider SLY consultants, each of whom has only one 
position to fill, and six students, each of whom needs only one 
position. (The example does not depend on this simplification.) The 
rank orderings of the agents are as follows: 

c,: s,, . . . sl :  c l ,  . . . 
C2: S1, s3, s2, s4, S ~ ,  S6 '2, '1, '3, '4, '5, '6 

c3:  s,, s4, . . . s3: C4, C,, . . . 
C4: S4, S,, . . . s4: C,, C,, . . . 
C5: S1, s2, s5, S3, s4, s6 s ~ :  C1, C2, C5, C3, C4, C6 

cb: sL, ss, . . . sb: c s ,  c 2 ,  . . . 
The Newcastle algorithm makes the matches: C,s, (1, 1); C,s4 

and C4s, (2, 1);  C,s, (3, 1);  C,s, (6, 1);  C,s, (2,6). This outcome 
is unstable because C5 and s, are one another's third choices, but are 
each matched to their sixth choice. 

So far, the example has been analyzed as if the agents all state their 
true preferences. Before examining the incentives that agents may 
have to do otherwise, consider the way in whlch this matching 

Table 1. Stable and unstable algorithms. 

 market Stable StlU in use 

United States 
Edinburgh (1969) 
Cardiff 
Sororities 
Cambridge 
London Hospital 
Birmingham 
Edinburgh (1967) 
Newcastle 
Shefield 

Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
No 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 

procedure failed and was abandoned. The following description, for 
example, is from John Anderson, the Postgraduate Dean at New- 
castle (20): "Shortly before the scheme was discarded we found that 
in up to 80% of cases students and consultants only used the 
computer to indicate a first preference. . . . The main reason for the 
abandonment of the scheme, therefore, was that there were prob- 
lems in getting students and consultants to participate in an orderly 
way, and this led to those who rigidly observed the requirements of 
the scheme to be penalised." 

To understand this phenomenon, consider now the incentives 
which this procedure gives to the agents. To make the above 
example clear, suppose consultants C, through C, are in the most 
desirable teaching hospital, and C, is in a much less desirable 
hospital. Similarly, suppose students s, through s, are all top 
graduates, while s, has a much less distinguished record. 

Then in the example, C, is disappointed to learn that his new 
junior house officer will be s,, all the more when he learns that s5, 
whom he liked better, is unhappy with his own appointment and 
would have preferred to work for C,. In a market in which positions 
could be formally filled by private arrangement (as in the U.S. 
market), this situation might have led C, to decline to hire s, and to 
offer his position instead to s,. If, in addition, the market were as 
large and impersonal as the U.S. market, then s, might be tempted 
to accept the offer even if he had already made some sort of 
preliminary cornnlitnlent to C,. This would generally not have been 
an option in Great Britain, where authority was (and is) more 
centralized, so that consultants and students would have to abide by 
the outcome of the matching algorithm once it was completed (21). 

But suppose C, resolves not to suffer the same fate the next year. 
He, therefore, approaches one of the good students in the next year's 
class, before the formal match, and suggests that they agree to be 
matched, which they will accomplish by ranking one another first in 
the formal match (22). The student, mindful of the experience of s, 
the previous year, is receptive, Now consider the situation in the 
formal match, when a number of positions have been prearranged to 
be (1, 1) matches. Suppose students t,, t,, and t, have made such 
arrangements with consultants C,, C,, and C,, but consultant C,, 
not knowing this, submits his true rank ordering, t,, t,, t,, t4, t5, 
. . ., and t, submits his true rank ordering C,, C4, C,, C,, . . . . 
Although C, does not know it, t, is his highest ranking student who 
is actually available, and C, is t,'s most preferred available consult- 
ant. But since the product of their ranlungs is 16, C, could well end 
up with his 15th choice student. 

Thus, when some matches have been arranged beforehand, other 
students and consultants stand to do poorly if they do not also 
prearrange their matches. And matches can be prearranged, even 
when the rules of employment require students and consultants to 
participate in the centralized procedure, because a student and 
consultant who rank one another first will be matched regardless of 
what anyone else does. This goes a long way toward explaining both 
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why a high percentage of appointments were soon arranged in 
advance under this system, and why this worked to the disadvantage 
of those who tried to arrange employment through the formal 
match procedure. 

The Newcastle market is representative in this respect of the four 
unstable procedures in Table 1 that are no longer in use. Because it 
produced unstable matchings, some students and consultants had 
mutual interests in circumventing the formal procedure. And the 
market environment and matching procedure allowed them to 
convnunicate these interests to one another and effectively prear- 
range matches privately. Furthermore, as more agents went outside 
the system, the greater was the incentive for other agents to do so, 
so that the market quickly began to unravel. 

If the sample consisted only of the four stable procedures that are 
still in use and the four unstable procedures that are no longer in use, 
it would have provided very strong support for the simplest form of 
stability hypothesis, along the lines of "stable procedures work and 
unstable ones do not." The two unstable matching procedures that 
are still in use (Cambridge and London Hospital) are therefore 
worth special notice, because they suggest that the situation may be 
more complex. These are the two smallest of the U.K. markets in the 
sample, and each involve the graduates of a single medical school 
and the teaching hospital associated with that school. The partici- 
pants in these two markets may be effectively compelled by social 
pressure of various sorts ( I )  to comply with the match procedures, 
and this may be a sufficient explanation for their continued use (23). 
But it is worth noting that of the ten stable and unstable procedures 
in this sample, these two are the only procedures in which a student 
and consultant who each rank one another as first choice will not 
necessarily be matched together. This makes it more difficult for a 
student and consultant to prearrange a match, and together with the 
social pressures that can be brought to bear in a small market in 
which participants know each other, this may be a factor in 
preventing these unstable procedures from unraveling. 

Concluding Remarks 
There is now considerable evidence that stable centralized proce- 

dures allow markets to  be organized more successfully than do 
unstable procedures. Unstable matchings give some market partici- 
pants incentives to circumvent the formal procedures. Open ques- 
tions remain concerning the extent to which there may be unstable 
procedures that in some environments nevertheless prevent the 
interested parties from acting on these incentives and whether there 
may be environments in which even stable procedures are prone to 
unravel. 

Note that the centralized markets studied here do not involve 
central planning as it is most usually understood, because these 
markets have been designed to be sensitive to the preferences 
expressed by the participants, rather than to achieve the independent 
objectives of a planner. What is centralized is not the objective, but 
the market mechanism itself. This kind of centralization is some- 
thing that occurs more often than is generally recognized: for 
exanlple, the stock market contains institutions like the New York 
Stock Exchange, governed by explicit rules about how and when 
trades may be transacted. How such centralized market institutions 
arise, and the functions they serve, are subjects that deserve more 
attention than they have so far received in the economics literature, 
which often treats markets as arising spontaneously. 

Another natural question is, what practical lessons about the 
design of centralized matching markets can we draw from this 
evidence? It seems clear that a designer of a centralized procedure to 
replace a decentralized market that has failed for reasons sympto- 

matic of instability would be well-advised to choose a stable 
procedure. In fact, different stable procedures have different strate- 
gic properties (3), so more specific advice may be possible. But what, 
if anything, can we say about modifjiing existing centralized proce- 
dures? This is probably the question that I am asked second most 
of-ten by participants in the NRMP. (The most often asked question 
concerns how to approach the existing system strategically.) 

Let me state right away that I think that modifications of 
procedures that are working fairly well should be contemplated with 
caution, because a procedure like the NRMP is a vast improvement 
over the chaotic conditions that preceded it, and because we have 
seen that unstable centralized procedures are themselves prone to 
unravel. So the first priority should be preserving the stability of the 
system. [This puts serious constraints on certain kinds of "fine- 
tuning" that might orhenvise seem desirable, for example, to 
attempt to change the distribution of residents to rural hospitals 
(3).] And modifications that increase stability may become impor- 
tant as instabilities develop (as in the case of married couples). 

But beyond this (and here I venture cautiously), one of the 
features of these markets that is burdensome to many participants is 
the fact that there are strategic decisions to make in deciding what 
preference list to submit. Although there are aspects of this that are 
inevitable consequences of stability (3), one issue that arises is that 
any stable procedure makes it important for hospital programs to be 
highly ranked by the students they desire (and vice versa). There is 
thus an incentive for program directors to engage in various 
activities designed to influence the rank orderings submitted by 
students. One possibility, regarded as unethical, is for a director to 
ask a student whether he will rank the program first, and to say that 
if the student agrees to do so the director will in turn rank the 
student in his first group of choices (24). This is a problem for two 
reasons. First, although it is arguably justifiable for students to 
respond to such a breach of conduct by coolly asserting that they will 
rank the program first (and then proceeding to rank programs as 
they wish), many students will be understandably reluctant to begin 
their professional careers with an act of duplicity. And the misin- 
formation introduced in the market when students do change their 
preference lists causes avoidable distortions. A possible solution is 
for hospitals' preference lists to be made available to students before 
they must submit their own. This practice has developed for other 
reasons at Cardiff, where it does not interfere with the operation of 
the market (25). 

In closing, modern economic theory is increasingly game-theo- 
retic in nature, which is to say that it focuses on the rules by which 
markets are organized. Centralized markets present a natural place to 
begin an empirical investigation concerned with rules, because 
important parts of the rules are formally codified, and can therefore 
be observed with precision. But a natural direction in which to 
extend this research is to decentralized entry-level labor markets, 
some of which exhibit the kinds of failures that can now be 
interpreted as symptoms of instabilities, and others that do not. 

It is noteworthy that the simple idea of painvise stability formu- 
lated by Gale and Shapley (4)  has turned out to have so much 
empirical pourer. It is the kind of theoretical work that merits high 
scientific recognition. 
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,tnd \\hose second choice 1s t o  h,nc nvo palticular lobs in N c a  York. Under the 
couplcs algorithrn. the Icadlng mcmbcr rniglit be matclicd to  hls or hcr first cliolce 
job In Boston. ahcrcLts the other member might be rnatclied to some undcslr,tblc 
job In Boston. If thcir prcfcrrcd New York jobs rankcd this couple higher than 
snldcnts rnatclied to  thosc jobs. ~ t n  inst,tbilin would now cslst. Rccent clianges In 
the way married couplcs arc h,tndlcd rnay somewhat reduce this problem, but when 
thcrc arc married couplcs In the rnarket, the sct of  stLtblc m,ttcliings may bc cmpnr 
( 2 ,  31. 

11. In 1951. an algorithm for the U.S. market w,ts proposed that gave studcnts clcLtr 
inccntmcs t o  state rmk orderings di%crcnt from their true prcfcrcnccs. It was 
rcplaccd for this rwson by the 1952 algorithrn. \ \ l i~ch was clalmcd In thc Iltcrature 
dlstr~butcd to  participants nmcr to  glvc such incenti\cs to  elthcr studcnts or 
hospitals In fact, this property 1s ~ncompatlblc with stability ( 3 )  

12. But In London, nhcrc thcrc arc many rnorc graduates oflocal mcdical schools tli,tn 
local prc-registration posiuons, mcdlcal schools conlinonly lia\ e arrangements wlth 
hospitals clscnhcrc. 

13. Even this ,tssumption is sometimes too strong to  fit the facts ,tnd must be rclaxcd. 
For cx'~niple, ,tt some polnt In the h is ton  of  the rnarket operated in Cardiff, 
snldcnts couid liold no more than onc of thclr posltlons ,tt the teachlng liospital. So 
the first clioicc of some student m g h t  bc to ha\c his rncdical posltlon at thc 
t~~tc l i ing  hospital .md 111s surgical posltlon clscnhcrc. but if that medlcal posiuon 
ncrc  ~~n,tv,ulablc hls sccond cho~cc rnlght be to  havc his surglcal pos~tion at the 
teachlng hospital. That is, hc would become un\\llling to  acccpt the surgical 
positlon that was palt of hls first cholcc p,tck,tgc. even thougli it was st111 avallablc, 
bcwuse the medical position nhich a e n t  n l t h  it a,ts n o  longer ,t\allablc. The role 
of this kind of asyumptlon \\,IS first explored by A. Kclso ,tnd V. Cr,t\\ford 
[ E l o t i o i i i p t r i l n  50, 6 (198211 

14. One Impolt,tnt dfi'crence between thc U.K. and hntcric,ui rn,trkcts is tliat in the 
U.K.  markets, even when a m,ttcliing is (palnvlsc) stablc, so that no studcnt ,tnd 
consultant can together arrallgc to  do  better than a givcn matchlng. thcrc might be 
a larger co,&tion, consisting of many consultants ,tnd snldents, who by rearranging 

job asslgnmcnts could obtaln prcfcrrcd .issignmcnts for ,111 rncrnbcrs [C. Bl.iir, 
. \ ln t / i .  Opo. Kei .  13.619 (1988): (3)). Needless to say, ~dcnt i f i~ng a i d  org,tnizlng 
largc conl~tlons may bc rnorc ditiicuit than rnak~ng priv.itc arr'uigernents bcnveen 
nvo partlcs, and lt will become clear tli,tt the set of stable matclilngs 1s stlll of 
prlman concern. 

15. Included hcrc is a matchlng schcmc t h ~ t  \vns t r ~ c d  ,tnd subsequently ,tb,tndoncd at 
Shcficld; ~t 1s not included among thosc formallv ,tn,tly/.cd In ( 1) bcc~usc  tlie match 
a a s  done b!. a conunittee, xvhosc esact proccdurcs c.innot tlicrcforc be dctcrmincd. 
But A. D. Clayden ,tnd J .  P,trkhousc [ B r i r  J .\.f~ri L d .  5 ,  5 (1971)l  r c p o ~ t  a 
compltcr program designed, In t h c ~ r  nords,  "to mimic the maiiual allocation," and 
for 11iv purposes hcrc, I takc that to  bc tlic system used. 

16 The nvo Edinburgh proccdurcs were adopted sequcntl,tIly: the unst<~blc proccdurcs 
a c r e  adopted In 1967 ,tnd rcpLccd by the stable procedures In 1969 Thc 
preferential biddlng system used b\r sororit~es docs not produce a ~uatchlng for 
some posslblc Inputs, but o n  thc four campuses sn ld~cd (5), In \\lilcIi the nulubcr 
of ~ntcrestcd ne\\ members docs not cscccd the a\.ailablc posltlons. snldents It.ive 
an incent~ve to  submit preference llsts containing only thclr first cho~cc sororin. 
When students d o  so (and high perccntagcs of the prcfcrcncc l~sts in t h ~ t  d~t.1 d o  
cont,tin only ,I slngle cliolce), the resulting matchlng 1s stablc. 

17. More precisely. the four procedures I havc c,tllcd st.tblc can all be shown to  havc the 
p r o p c m  that thc matchlngs thcy produce .trc stablc \vltli respect to ahatever 
preference hsts may be ~lscd as thc input Thc six procedures I have callcd unstable 
do  not liavc tliis property; altliougli thcv may somctlmcs produce stablc matchlngs. 
thcrc arc prcfcrcnccs for ahicli t l i e ~  w ~ l l  not. 

18. A G.  TAclshman and R P. Ry.m, L<r , r i r t  ii, 459 (1970).  
19. At least ~nltlally-a later modification was to  reverse this mctliod of tic~breaklng 

(D.  A. Shaa,  personal conmunicat~on) 
20. J .  Anderson, personal conul~unlcation. 
21. But notice th.it ~f C, 1i.id submitted a prcfcrcncc llst on n h ~ c h  s, a a s  111s first cho~ce, 

thcy \ \ o d d  li,t\e bccn m,ttclicd, as \vould also havc bccn the case if s, h,td submmcd 
a preference list on wliich C5 ~ 3 s  his first cholcc So there ~trc I I I C C I I ~ L ~ C S  for both 
studcnts and consultants to  ~ ~ t r c f i ~ l l y  conslder what prcfcrcncc lists to  subm~t.  
bccausc submitting t h c ~ r  true preferences does not alwavs vlrld the tilost prcfcrrcd 
OLltcOIIle. 

22. In thesc rcl,ttivcly srnall m,trkcts both partlrs to  such an agrccmcnt c.in be confident 
~t all1 bc wrrlcd out, bcc,ulse '1 c~~isu l ta l l t  n l t h  a rcputatlon for not dcl~vcrlng on 
hls ponuscs will soon find ~t dliiicuit to  attract good lunlor housc oiiiccrs. and a 
ju111or pliyslcl.in is reluctant to Incur the enmln  of a scnior p l iys~c~~tn  In the reglon 
In wliicli lie hopes t o  practice. The sltuatlon may dlti'cr In I.irgcr. rnorc ~mpcrsonal 
markets. 

23. St,tblllty as iorrnuLtcd liere plays llttlc role 111 proccdurcs In \vh~cli the p,tltlclp.tnts 
can be compelled to  ,tcccpt the resulting match. 4 famll~nr cuamplc is the procedure 
by whicli U.S. football teams cisaft collcgr playcrs. T h ~ t  proccdurc is not stable in 
the sense d~scusscd licre, but does not need to bc. bccausc playcrs must pLy for the 
tcanl t h ~ t  drafts them. 

24. There is anecdotal cvidcncc tli,tt directors do thls and. filrthermorc, tliat they d o  
not al\v,tys livc up to  t l ic~r part o f t h c  barg.un. Although I h.ivc not trlrd to  gathcr 
systcmatlc c\~dcncc on thls point, the ~ncenti\es for just thls lund of bch.lv~or are 
large. 

25. One \v,ty to  cscrclsc cautlon In modlfilng an cslstlng procedure 1s to ha\e evidence 
from .inothcr markct that the modlficatlon docs not introduce ne\\ problems. In 
this respect. the cmcrglng tools of  cspcr~mcntal cconomlcs may bc of use in 
nlloaing some lunds of  modlficatlons to  bc explored on a small scale under 
laboratoy conditions [A E Roth, Ed , L a h o ~ o r o ~ y  E p t ~ r r i i i i ~ , r r a r r o i i  itr E c o i r o ~ i r r u  
S r x  Por i i rs  1 i r i i ,  (C,tmbridgc Uni\ers~ty Press, C.irnbr~dgc. 198711 

26. Supported by tlie Alfred P. Slo,tn Found,ttion and NSF I arn also lndcbtcd to 
nurnerous British physicians. surgeons. ,tnd ~ncdic~il  ,tdmlnistrators who ha\c taken 
the time to  corrcspond with me on thcsc matters, and sometimes to uncartli old 
records. I a o u l d  be remiss not to  mention J ,  hiderson. T .  J .  Baylcy, P G. Bcvan, 
K. C. Ca1m.m. S. C Farrow. J Frascr, F J .  Goodnln. T .  M. IIaycs. K. Johns. J 
H.  TAaz,trus, D. M c I ~ u ~ c s ,  G.  A, Mogey, R Mulllgan. K. M. Pary ,  R. P Rydn, D. 
A. Shaa,  D. M. Taylor, H R .  4 .  Townsend, and N. D. Wr~ght .  And I liave 
r c c c ~ c d  hclpful col1mlents from S. Mongell, J Ochs, and J .  Prasnikar. 
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