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ABSTRACT

-

- : . .
, A model in which nonprice rationing has tw# effects on the number of

"medical school applicants in the U.S. is specifipd and estimated for-the
TN ’

1951 - 76 period. The results indicate that To Aacceptance rates discourage
many potential app}ic&nts and that a fairly lar .and constdnt percentage
' ¢

‘of rejected applicants can be expected to reapplyy. Four previous applicant
' s .. /-
‘studies are examined in the light of these find{ngs. The results also indicate

that the rapid growth rates of applicants in refent years can largely be
A ‘e
attributed to three factors: growth in women gpplicants, increases in

resident salaries and induced increases in repeat app]icanés. Medical school

~

- tuition, .loan availability and the attractivepess of science careers do not

_appear to have been imﬁortant'determinantb ) applicaﬂts;over the sample period.’
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| » There have been feur previous-econometric EQUdies of the demand for -
medical education: Sloan (1968, 1971), Esposxto‘ (1968), Leff]er (1577)
. ' "and Fe]&man and Séheff]er (1978) The research reported on here br1ngs the
number to f1ve. Interest in the subaect,has evolﬁéd in part from two concerns '
which have led to extensive government involvement in medxcq] education:
'perceived, 1f not actual phys{cian shortages- and the qn&errenrésentation of ‘
minorities and women 1n the phys1c1an populat1on These studies nave also
been ﬁo§1vated by a. more_general 1nterest-in demand for higher education.
:Data on medical school applicants are of good quality‘and med%ca] educatfon
has been é fairly homoéen'eou.s " commodi ty" ever time re]ati\e to other types °
of eduSptton. The assumption is that inferences about theﬂ?ffqpts of tUi%ﬁon, ‘

loan and scholarship availability, and incomes of graduates on demand for

hlgher eduébt1on can be made from studying how these same variab]es affect
"\

\

\

the demanp for medical education.

L}

* 4

St Our interest in the demand for medieal edecation %s mostIy due to a well
known characteristic of the medical School admissions procedure:. many
students who apply are not'accepted ai,eny school. In fact, only thirty-six

_percent of all applicants for entrance to U.9. medical schools in 19{5 ere
admitted:* In economie terminofogy,.the "market" for neQieal education is
characterized by extensive nonprice retionfng. Our %e;&ﬁts indicate that

- this rationing has two snbstantial~effects:on the demand for medical education.
4
.. , : ! . . - ;/

N

- \ * Association of American Medical Colleges (1976). Throughout dates refér
. to academic years uniess otherwﬁse noted. Hence applicants for 1976 are .

those hoping to matr1cu1ate in the fall of 1975
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First, many potential applicants are discouraged by rationing. App]icatﬁon
. normally réquires éxtensive prémedica] study and the\possibility,that khe
‘investment in premedical study will not payof% makes it less attréétive.**
Tﬁis effect has been recognized in the four previous studies a]though'oply
" Feldman and Scheffler make a serious ;ltempt at estimating its m;gnitude
Second, a large number of app]wcants each year are applicants who have
app]xed evious]y 0f all app]1¢ants for entrance in 19]6, 23 percent
Fad apb]ied previously. We find that a model in which a éonstant proportion
of rejected applicants reap§1y;the following year fits'the data very well,
whi]e'ignoring{the existence of repeater§ -- as has been done in the previpus.
studies -- seriously affects results. Our results should interest those \
studying deéand in other rationed @arkets,.ﬁhere comparahle effecfs may be

. \

observed. ' - _

In Sect1on 1 we present the app]1cant data and discuss features of the
data that are relevant in constructwng our emp1r1ca1 model The model is
spec1fied in Section 2 and results are discussed 1n.$ect10n 3. In Section 4

. the previous studies are recon§1dered. Remarks about fyture research on

medical school applicants conclude the paper.
Y . . ~ ‘ C,

. ] -~
* To complete a typical set of course requirements would require approximately,

A )

two years of full-time undergraduate study. While an ﬁndergraduate pre-
medical major is not required, a large number of courses in 5iolQ9y..chémistry
and other sciences are usually specified. In addition, most scpoo}s fequire
completion of a bachelor's degree. See Stapleton (1978, p. 31) for further

details.
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y I.___The Applitant Data

The Assoc1ation of American MedicaTl Co]leges (A.AM.C.) has aa%hered and
publ1shed annua] data on app11cants to U S. medical schoo1ss1nce 1927 except
for the years 1944 through ]947 Data from individual schools are cotpared
to eliminate doub1e counting of applicants who apply to more than one school.
Since ]951'the data haVe been éub]ished‘by sex. Since 1978 The A.A.M.C. has
d1stxngu1shed between first-time and repeat applicants; this distinction

v was also made in the period.from ]952 to 1961.

»
f -

We have chosen not to usé the applicant aata prior to 1951 bhth because
daﬁa by sex are not available and because other data to be used in our model
are not available. Appiicant data for 1951 and later years are presented
in the first four co]umns of Table 1. In the 14 years from 1954 to 1968
the number of applicants 1ncreased by only 32 percent wh11e in the following
seven years, ‘to 1975, the number increased by 124 percent.

.

Two sources of growth in the Tater period will be consfdered in the model
'df the next section: ihcreases in the number of male college graduates and
in the attractiveness of becoming a physician. A third source which will
not be considered is the larger rate of growth for female applicants.
Throughout the 1956‘5 fewer than seven Ppercent of applicants were women.

As late as 1969 this percentage was on]y 9.7. From that year on it grew
rapidly, rea;hing 22.6 percent by 1976. While factors ]ead1ng to growth in
the number of male appl1cants in the 1970's undoubtedly affected the number

of female app]icants,ag well, if is unlikely that they can fully account for{

the growth in the latter series. This growth may in laMge part .be due-to é

7




TABLE 1

?

Hedical:School App]icant; by Sex,
First-time and Repeat, 1951 to 1975

- . | - .
- First-time
Applicants '  Applicants¥* Repeat Applicants*
Year . Men Women Men Women Men Women .
1951 = 20,386 1,173 n.a. n.a. n.a. n.a. ro.
1952 18,245 1,040 . 12,513 - 783 5,732 257 .
¢« 1953 15,207 964 10,264 691 4,943 272
1954 12,931 908 9,709 721 3,222 187
1955°* 13,139 841 10,656 681 2,483 160 .
1956 13,301 939 10,631 789 2,670 . 150 :
1957 14,289 1,028 11,323 826 2,966 202
1958 14,290 920 11,470 745 2,820 - 175 .
1959 13,740 888 10,999 719 2,741 169 '
1960 13,504 974 10,76 805 2,735 169
. 1961 13,020 989 - 10,46 831 * 2,553 158
1962 12,930 1,126 _
1963 14,340 1,149 ‘ . ° o !
1964 15,914 1,356 o p

1965 17,095 1,677
1966 ° 16,661 1,614

1967 16,206 1,605 n.a. ° n.a. n.a. n.a.
1968 16,365 1,859 ©
| 1969 18,584 1,990 - i
- 1970 21,712 2,180 ° .

1971 21,690 2,595,

1972 - 24,551 3,548

1973 29,584 5,228 -

1974 32,060 6,913 24,134 5,670 7,926 1,243
1975 32,440 8,364 23,387 6,546 9,053 . 1,818
1976 31,658 9,265 22,791 7,231 8,867 2,034

Source: Association of American Medical Co]]eges,(1951-76);'

* The decomposition by sex for 1956-58 was estimated by assuming
that the proportion of repeaters who were male was the same as
the average proportion for 1959-61 (.94).

(




break1ng down of barriers to entry into medicine for women (e1ther real or
perce1ved) $ince it proved iMpossible to/j,nstruct a2 meaningful empirical

model to capture this change, the models pres nteq below are fitted to data

for men only.

. oy In ea:;:?of the 13 years for which'repeat applicant dataare available,

repeaters account for at least 19 percent of a]l applicants. The max1mum

percentage is 3] (in 1952) and a good deal of varﬂat1on in the number of o

I’

N
applicants is evidently due to variation in the number of repeaters. We con-

centrate out attention on determinants of the number of firgi-time applf@ﬁnts
rather than the total number. In part this is because the number of first-
 time applicants may be more re]evant for policy purposes; the most important
reason, however, is a practﬁcal one.” The decision to reapply -is fundamenta]]y '
. different than the or1gina1 decision to apply since it is conditional on the -
original decision. It is likely that much of the premedical investment is a
"sunk cost" when the decision to reapply is made. Therefore the numb;r of
repeaters is probably determined by different factors than the numben of first-
timers. Ideally separate models would be built for first-timers and repeaters,

but since only total applicant data are ayailaQIe in many years, the two must

" * Factors which ﬁay.account‘for growth in women applicants are: 1) changes -
in medical schonl recruitment policies, in pani due to federal affirmative
action programs and legal actions againsg individual schools; '2) special
loan and scholarship programs for women; 3) increased encouragement of B
women at the premediéh] level; and 4) changedoaspiretionstof women in
general. Discussion of reeruitment pro;rams can be found in recent A.A.M.C.

4 Applicant Studies. Walsh (1977,‘p. 268) discusses legal action against ,

o
'schodls and the effectsof affirmative action requirements.
’ 18
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be combined. Because of limited ‘degrees of freedom a very‘simple model for
repeaters is hypothesized and the first-time model is develdped in more detail.

)

2. _Econometric Mode]

'

" Since the model is to be estimated for males only, all references to
applicants in this section are to male applicants only. The model consists

‘of two equations, one for first-time S;ﬂew") applicanfﬁ, A", and one for

t

repeaters, A'. Fjrst-time applicants are primarily third and fourth year college

students, or students who have just completed their undergraduate education,

Id

and animportant determinant of the number of applicants is expected fghbe the

number of persons in this group -or "appticant pool"*,
» ) To measure the size of th1s pool we, use the number of.men graduating from
. coTIege in the year prig; to the year “for. which application is being made C.
.Hence the pool for applacants &Jshing to.enter in the fall of 1974 (or academic
year 1975) 1s measured by the number of men graduat1ng from co11ege in the
spr1ng of the same year. o ) ;
: \\‘L o |
. ‘ . ) An individual in the pool is assumed to apply if the 1nd1v1dua1 S
'ChpeCtEd ut1l1ty frdm app11cat1on exceeds the ut1]1ty from pursuing the best
aTternat1ve career where the on]y uncerta1nty about the outcome of the dec1s1on

’ .

*
f e .

* OF first- t1me app]icants app1y1ng‘for adm1ss1on in 1976 54.8 percent were
in the1r last undergraduate year 4.6 percent were in the1r next to last

year and §. 5 percent had been out of college for one year (A.A.M, C. 1976,

p. 880) \\J . o R
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is whether or not the individyal will be admitted to medical school.: Let Y
U(g) be the individﬁal'é utility function satisfying the axioms of Von Neumann
and Morgenstein (1947), where z is a vector of career characteristics,.and let
) _ P be the probability (as pgréeived by the student) of being admitted to medical
”//. school. The student will choose to apply iff: -
(1 P Ulgy) + (1-P)Uz) > Uz)) -
ng' where gm‘is the véctor of. characteristics associated with successful pursuit

-

of a medical career, 2z, is the vector associated with a conditional alternative
. ¥ . ‘ :
career if the student aglies and is not admitted and 2, is the vector dSsociated

wjth the best alternative careef.*)

BOth.Zm and z, will 1nc7?de characteristics

of premedical education while 2. and 2, may actually refer to the same career,
<

although the characteristics-will depend on whether the career is pursued

initially or after failure to get into medical school.

It is assumed that U(ga) 3:U(gc) and U(gm) > U(gc): A1l students can
achieve as much- utility from a career pursued initially as from the same
.cdreer pursued after failure to get into medical school. Further, all students

.

arg assumed to prefer application followed by admission over application
™ followed by rejectioh. Hence.the students will apply iff. J
(2) P> [Ulz,) - U(z ) WIU(z,) - U(z))]
. -~
For a given applicant pool, this model implies that more applicants will
apply if: 1) thets‘is an increase-in the attractiveness of a career as a

physician; 2) there is a decline in the attractiveness of alternative careers;

* A similar application of this criterion may be found in Comay, Melnik S

¢ and Pollatschek (1977).

10 ‘ : .
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and career attractiveness.

v
. _ .
- -8 -

~ 3) there is an increase in the attractiveness of conditional alternative careers;

and 4) there is an increase in the probability of acceptance*.* Note that an

increase in the attractiveness of an a]ternat1ve career which 1s a}so & gon-

' e
ditional alternative w111 have oppos1nq effects on the number of app11cants

the customary, negative "Opportun1ty cost“ effect and the p051tive c0nd1t1onaf§'

a]ternatwve effect PN
»

g ) ‘ ' v N
In ,the econometric mode],'the proportion of the\follege applicant pool

choosing to apply -is determined 11near1y by a vector of predetermined variables,
- L

. S,
X, which are presumed to affect student perceptionsof adm1ss1on probabilities

-
-

where a. denotes the proportion of college graduates applying and 8 is a

v

* To verify the first three statements, let P* stand for the right-hand-side

of (2}~ Increases in P* will reduce the number of applicants. Partial

_——""derivatives of P* with respect to utility from each of the three careers are:

aP*/al(z ) = [U(z,) - U(z )]/[U( ) - ulz, )1 S
Pr/3U(z,) = 1/[U(z,) - U(z)] > 0 , |
Worrauzg) = [Uz,) - Uz Wiz, - Uiz )T

The last derivati?e is negative for all those who would consider app]icaffon
. LY N

)

for some value of P (i.e., those with U(gm) > U(;a)); an increase in U(gc

will not affect the decision of those students for whom U(gm) < U(ga).
o
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parameter vector.* A time subscript is imp11c1t for a, and x. The first
element of x in every year is unity Remaining variables in x are defined

in detail in Table 2.

An increase in acceptance rates should increase the proport1on ‘of college

»

graduates’ app]yzng in the near future if students perceive their own chances
of admission being fhereased. From 1951 to 1976 the acceptance rate for men ,
has varied considerably, being as low as .33 in 1951 and .34 in 1975 and as

high as .60 in 1961-62. Hence if low acceptance rates,do discourage applicants

2

it should be possible to measure this effect in this period.

~

An increase in resident income relative to that of male col]ege graduates

in the same age group should encourage more applicants. There was a sharp

~

increase 1n the resident 1ncome variable in the 1ate 1960 S -- from .44 in
-~

1964 to .80 in 1971. This increase may explain part of the growthlin applicants

in this period.

Higher medical school tuitions are expected to difﬁounage applicants.

' Measured in 1967 dollars, ‘mean tuition has increased from $790 in 1956 (the

w

firsteyear for which consistent data are available) to $1,483 in 1973. Although

nearly doubling, tuition remaoned small relative to the opportunity costs

* Exp]ic1t derivat1on of an expression for a_as a funct1on of x from the ’

)

individual model is provided in Stapleton (1978 Chapter 4). A nonlinear

\
A4

empirical specification for a. is also considered, but results do not

differ in o fundamental way from the 1knear results presented here.

*

S _ 12
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"TABLE 2

)
L

PREDETERMINED VARIABLES*

P 4

o -
. {

“Name |

acceptance ra;e

). Tow -,

resident: income - -

tuition

Ioan'ingex
+ Ph. D. fellowships

JPh,’D.'unemployﬁenf .

~accepted male applicants divided by total

Deffn%tioﬁ

male applicants :
mean first-year resident (i.e., intern)

salaries relative to mean income of male
college graduates, age 25 - 34

L]

\tuition revenue per student (in thousands)**

-maximum federally supported loans available
to medical students (in thousands)**

proportion of all grédﬁate students receiving
federal fellowships.and traineeships

unemployment -rate of'new bioscience Ph. D.'s

£

. . ‘ . *
* Sources of data as well as interpolation and adjustment methods are
given in the appendix. - o
. “‘“’**fDef]ageq by the 1967 Consumer Price Index. - . ,'i-“”;
LN AR A
9 C

-
'
LS
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'and inboﬁe'benefits of a medical career. It also appears to be highly

corre]ated with a variable that has been omitted for lack of data: tuition

at graduate schools.* It is therefore unlikely that 1t wa]] capture any

efﬁect of highgf tu1t1on on the' number of app]wcants Neverthe]ess it is

o
1nc1uded as the obv1ous pr1ce var1ab7e in this market and because it is-an ¢

1mportant pol1cy lnstrument

~

The loan maximuym 1ndex is 1ntended to measure the avax]abtlity,pf loans

~ to medical students from the federal government A main reason for 1ts

inclusion is that capital markets for educat1ona1 1oans in general are

thought to be imperfect because students can't offer the1r futurép"human

. dapital” as: co]?atera] One m1ght think that this would not be a problem

for medical students who have a very high probability of becoming doctors

and seem unljkely to default.** Never\haﬂess' few medica] students -receive

)
!

* Medical and graduate schoo] tuitidh for se]ected years are compared in

‘Stapleton (192@ p. 45). Tuition ratios at public and private schoq]s
remained fairly constant in th eight years from 1963 to 1975 for which -

ta were available; med1ca tu1t1on was ‘roughly 60% higher than graduaée

tuition at public schools and 20 percent higher at private schools. ?

[
, S
. y 4 . t
** Higtorically attrition rates at medical schools have been under 10%

L

(Johnson and Hutchins, 1966, p. 1115).

|
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private bank loans and.these are usualiy-for smhf],amounts.* If the market

" - for st&degi loans is imperfect, an increase in 1oan avaq]abIIity should
encourage.app11cants Further. even if’ cap1ta1 market 1mperfect1ons are not
substantial, government loans offer more favorable terms than could be
‘expected in the private secior, again making medical educat1on more attractxve
Before 1959 the index ‘is zero, increasing to 4,700 fﬁn 1967 dollars) in 1976,

-

T with major increases occurr1ng n the early 1960's

-

The Ph.D. unemployment énd fellowship variables gké intended as measures
of the attractiveness of the alternative careers most often consjdered by
potential appficant;. Many poteﬁtia] applié&nts boﬁsider professiapal careers
in the sciences (particu1arly biomédicél_scien;eQ) as an alternative to
becoming a physician. Some gf these may actually choose(a science careér

in preference to medicine while others may view science as a Eonditional

S T

oL

* In 1975, four peréent of students received bank loans (excluding those
with government guaranteesh with an average vé]ué of $2,095; 1in 1968,
nine percent received loans with an average value of $1,400 (U.S. Public

Health Service, 1974 and 1975).
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alternative if they are unable to get into medical school.* The attfaceive—.
neSs of a spience caéeer may-therefénejheve both an opportunity costeend a
conditional a]ternative effect on the number of applicants. Both of these
ogaosing effecfs may be important' Medical‘educators in the early 1960's
‘be11eved that graduate science programs were attract1ng many potent1a1 med1ca1
school applicants’ (see the A.A.M.C. Applicant Studies in these years).
the other hand, Freeman (1977) found that the number of rejected” med1ca1
school applican;s is an imporiant determiﬁang of the numbér of enrollments in
Ph.D. Bio]ogjeel Science programs.
) . \

Nhile.the fellowship veriable 1nc1udes federal fe]lewships to all Ph.D.

students, by far the’Targest share of these were rece1ved by sc1edce students.

A negat1ve coefficient indicates that the opportunity cost effect dominates

the cond1t1ona1 alternative effect - The unemployment vandable is specifica?]y

. fbr biological.scientists and a positive coefficient 1nd1cates that the

opportunity cost effect dominates the conditional alternative effect. Both

g — o

* The céhclus1on that -biological science is the mos t 1mportant alternative
is based on an analysis of two large surveys of college students in which
students considering be ming doctors at some point fn their college
career are identified. The rst survey was conducted by the National

Opinion Research Center in 1961 and is described in Davis (1965). The

second was conducted by the American Council of Educatian in 1966, with 1970
and 1971 follow-ups, and is described in El-Khawas and Bisconti (1974). Two

studies of unsuccessful applicants indicate that the careers most frequently

actually pursued by unsuccessful applicants are in the sciences (Becker,

Kalatsky and Seidel, 1973, and Levine, Weisman, Sack and Morlock, 1974). ©

4

L
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variables. indicate major increases in the attractiveness of science careers
in the post-Sputnik years and declines in the late 1960’ s. A negat1ve
coefficzent on the fel]owsh1p variable and a positive coefficient on the employ—

'
_ ment variable would confirm the fears of medical educatdrs during the perlod

[ 4

[N

- In determiing thewleg-lengfh for each variable a two-gear decjsien~1ag
was first-assumed. Since app]icants must tompTete studies in specific subjects
requiring approximately two years of course work, one would expect most deois10ns
to be made at least two years before planned entry into medical school Severa] |
studies of medical students conf1rm that most made the decision fg)thexr first
‘or second undergraduate years, 1f not earlier (Thre;ens 1957, Rogoff 1957
5{ ' and Becker, et al.; 1961), Informat1on lags were also taken into consideration

in determining lag—lengths Published data for some var1ab1es are more current °

d = than for others and some data are readily accessible to medical students whwle
other data are not. . - ~ K . . 1
N : - ' .

- Many models with different 1ag-lengths (and some with addit1ona1 var1ab1es)
were estimated besides the one reported here. This was done to check for robust-
ness of resu]ts with respect to small changes in lag-length. In genéral results
were disturbingly unrobust as will be discussed further below. The spec1fi-

-'cat1en presented here was chosen because, of all specifications estimated, it
best ;onfOrmed with our expectations. Of‘cburse this procedure fnva]idafes the
ogse of t-statistics in testiné hypotheses about population Eoefficients.

First-time applicants from the' college graudate pool are given by the

product of a. (the proportion of . the pool which applies) and C {the size of |

N )

17
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. the 'pgoi Y. 0f course no£ all first-tfnig\ a.nicanti c.ome,_ from the co’llege' .
graduqté pool. In_1975, for 1nsfance, 32 percent of first-time applicants .
had'bgen out of college for more than one year at the time they appl%ed
(A.A.M.C., 1976, p. 880). Presumably, many of these are graduate studenté in
the sciencés who are discouraged by poor j?b prospects. Attimpts at measuring
this.pool and including this pool expliciily in'the first-tiie equation'wete
unsuccessful. In rébpgh;tion of tpi; unmeasured pool we include a constgnt in
the first-time applicant equation; hence first-time applicants are detgrmfned,
by the sum of the constant, ag» the term for first-time appljicants from the
college graduate pool, a C. and a disturbance, €":
(2), A" = a, +al ﬁﬁen =y + X + " |
The’ disturbance term is assumed to be distr1buted independently of C and x,

with zero mean and cqnstant-variance, 05. ) N
J . , :
$

Repeat app11cants come from the pool of previously unsuccessfui app11caﬁ!§.

As a measure of this pool we use the number of unsuccessfu] applicants in the |
previous year, U, under the assumption that most unsuccessful applicants reapply
. -

_in. the next'year if at all. It is assumed'thét a constant proportion of unsuccess-

ful applicants reapply. No gonstant term i§ included in the repeat equation since ’

all repeaters. by definitjon are from the unsuccessful applicant poo]

&&
(3) AT=au+ N o
where a, is thezﬂfoportion,of unsuccessful applicants reapi}ying. The disturbance,
er; is assumed ﬁp be distributed independently of U, x and”C, with zero mean
i
2

and constant variance o”. Also e is assumed to be independent of U and to have

7

constant covariance with €', o

_—"

-
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-a icants d to'tal applicants, A: R
PPl yields _app LS

=ag tETXC AU e R
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‘ For 13 years dataxﬁn first-time and repeat applicants are évai]able S0

‘that, for these years, the equations could be estimated straightforwardly.

However, since there are 8 parameters - in the first-time équation, this would .
1eave Just ?ldegrees of freedom for that equation. In fact, the situation 1;h
even worse since for the f1rst 7 of these years, 1952 - 58, data for several of
the predetermined variables in x are not availab}e (after tak1ng 1nt9 agcount
the lag-lengths). Hence onl& 6 observation§ are Ieft‘for the first-time

equation. In order to have enoggp/1nformation to- est1mate the model, the

' total applicant data for 1962 - 73 must be employed. Specification of a total

app11cant equatxon is stralghtforward since the sum of first-time and repeat

[ 4

n r
where ¢ z.¢ + ¢,

Since given any two of equations 2, 3 and 4, the third is redundant, for
estimation purﬁoses'w; cén ignore any one of the three in years where* data on
A" and A" .are-availabie. For convenience we omit ihe’firs%~tim§ equation,
equation 2, in these years. Hence the total abplicant equaiion is to be

estimated for the 18 years 1959 - 76 and the repeat equétion is to be estimated

for the 13 years 1952 - 61 and 1974 -76. ‘They are first estimated separately

by legst sdua}es and then Jointly using Zellner's "seemingiy unrelafed
regféssion#'techpiquew Modifications similar to thdse discussed by Schmidt

(1977) are necessary in the latter procedure since the sample periods for the

19
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two equations do noﬁ'coincide.*

-

3, Results g .
& 7 o .
The model is first estimated under the assumption that the proportion of
college graduates applying, a c* is fixed, rE!her than varying with x. Results
are preSented in Table 3. Results in 1ines 1 and 2 of the table are for the
total applftant equation-estimated by itself. In line 1 the coefficients of
C and U imp]y that 3 percent of col]ege graduates apply and that 68 percent
of unsuccessful applicants wii] reanpiys Both coeffiCients are 51gnificant1y

different from zero at- conventiona] confidence Jevels. In iine Z unsuccessfu]

~

* Qur procedure differs from Schmidt s only in the method used to construct ‘the
bYock diagonal variance-covariance matrix of the disturbances. This was . .
done as. foi{ows First the residuais from the separate regressions were used to
estimate the variance of e, cz, and of ¢ R cz, in the conventional way.' The
estimate of - 2-was used for.the block corresponding to the years 1952 - 58,

i - for which only the repeat equation is estimated, and the estimate of 02 was
-used for .the block corresponding to 1962 - 73, when only the total equation is
estimated. For the third bloch, corresponding to 1959 - 61 and. 1974 - 76,
u_llen' both equa_tions -are estimatgd, _d'ifferent estimates of 02 and “E were used.

+ These,as well as an estimate of the COVEVTANCE oF ¢ and o, O, were
constructed using the. 6 residuals for these years from the two separate
regressions. This procedure ensurej/)h;t_this block of the matrix was positive
definite ghi]e using as much information as possible in the other biocks
Fortunately differences in the two sets of estimates were minor. Interestingly.
Schmidt finds that statistical properties of parameter’ estimates 1n small samp]es
gre reasonab]y invariant to the choice of the four procedures for estimation

‘of variances and covariances he considers.

. . . : ) . ‘. 23()
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‘ . . TABLE 3

- A. | RESULTS WITH THE COLLEGE GRADUATE COEFFICIENT FINED !
o - N
. Predetermiqed Variables
. ~ ' ' . B
Uependent - College Unsuccessful 5
Variable . Constant graduates (-1)  applicants (-1) _ R
. Total : - 2622 <030 - .680 9767 .
. Applicants o (2.3) . (4.7) ' - (4.8) - '
'_j\T<Iota1_. -48 .057 L : .92&-:
. -Applicants - (0.0) : (14.7) . }'
3. Repeat — ' 426 . .997 |
Applicants : - - -{137)
. Repeat/ L 54.1 ' T a2 .997
Applicants (.7) (63.8)
.. Total 1812 . .Q38 - . .85
- “Applicants (.2) (8.7) | - (4.8)
) : )
~, Repeat . | 431
. Applicants ) ' , - . R (1) ¢
7. Total 1651 s, 428
Applicants = - (1.9) - (16.2) (128)-
4. Repeat - L T 428
. Applicants - ' : o {128)
" Absolute t-statistics are in parentheses. )
’5
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app]icénts are omitted, resulting in a near doubTing of the college graduate
coefficieﬁt. The implications of this result will be discussed in the next

section.

. Single equation estimétés of the repeat equation are given in Tines 3
and 4. In line 3, the coefficient of U implies that 42.6 percent of qnsucées§fu1
- applicants reapply: The convenfiona]]y constructed .05 confidence }ntervél for.
\“’ a, is very narrow -- from .420 to 7432..:Tﬁis'1’s.'not surprising siggi‘jp the
.13 years for which data are aVai1ab]g the smailest ratio of Ar to U is :46g~
“{in 1959) ﬁnd the largest is .471 (in 1953). Further no trends 1ni¢he ratio
ére observed. In 1ine 4 a constant is included- and its small value and
t-statistic ind1cate that the omission of a constant is appropriate. .The

excellent fit of tpe repeat équation to thé data suggests that this simple

. model adequately captures one of the effects of rationing on applicants. - .'\'

. In ljnes 5 through 8 Qgsu]ts from joint estimation of the applicant
‘and repeat equations are presented. For lines 5 and 6, the coefficients of
U in the two equationS were allowed to differ, although according to our model
they should be the equal. .In comparing 11ne 5 to line T an interesting result
emerges?' There is an 85 percent increase in the t- stat1st1c for the coEff1c1 nt
of C, due in part to a 27 percent increase in the value of the.coeffieiﬁﬁifzjij .
in part to a 31 percent ﬁéduction in the standard error. | While joint estimation
is expected to reducé sfahdard errors, the reduction here is. surprisingly 1§rge.

The apparent explanation is that-imp]icifly'the six years of first-time

applicant data are now Eeing used. That is, the results are'identical to
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thqse that would be obtaingd from an estimation procedure in which the total
equatipn was feplaced by the first-time equation in the six years for whicﬁ
" first-time data could be used.* "On the-other-hand, the first-time data were
ignored in estimating the equations separately. The result suggests that
” ava11abil1ty of first-time data for all years would allow substantially better-
1nferences about the behaviour of, f1rst time applicants.
The d1Fference between the coeff1cients of U in the two equations 1s .054
énd the t~st9tistic for this difference is only .6, leading us to accept the
- hypothesis that the populat1on coefficients in the two equat1ons are the same.,
th11e thlS hypnthes1s may appear unimportant, its va11d1ty implies that
_ 1gnor1ng other_deterp1nants of repeaters.will not bias the coeffictent of C,ﬁh
the applicant eqdation.**' Put another way,-inclusion of U in.the app]i&ant
.equat1on adequately controls for all factors affecting repeat applicants.

The above test indicates thqt this is the case.

wheﬁ the restriction is imﬁosed in lines 7 and 8 there is a further large

increase in the t-statistic for the coefficient of C, primarily due to an

.~ * To obtain identical results estimates of oﬁ, o . and 03 in the six-year block

must satisfy certain “"singularity" requ1rements in relation to the e§t1mated

values of 02. oi

Y

, and Oy, used in the original procedure. . ~

These require that the same estimate of 02 be used and, denoting parameter

2 A 2 I\‘ A «2
= + + 2 and = to..
% T o T %9y °. " %nr 7 %

<

estimates with "hats", that o

** See Stapleton (1978, 197 - 99) for a proof.
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additionaf 43 percent drop in its standard error. Overall there is a 61 percent"
drop in the standard error of the coefficient of C from line 1 to line 7. It
is clear that incerporation of the first-time and repeat data provides substantial

information about applicent behavior.

Results frem estimation qf the full model -- with the-coefficient of C
being determined by x -- are presented in Table 4. Each line of the table
represents.a‘different set of results; in the first nine columns are parameter
estimates for the applicant equation and the last number is the estimate of

‘f.the 'single parameter in the repeat equat1on Est1mates of the elements of 8
are in columns 2 through 9 (note that each element of g is a coefficient of
. ‘the product of C and one of the prEdeterm1ned varmab]es, inc]ud1ng unity in

‘4

column 2) C e

Results in' line 1 are from separate estimation of the apelicent and repeat
equations.* In line 2 reeu]ts are frem,joint estimation but without the
’restrictjon on the coefficient of U. The restriction is imposed in 1line 3.
Compari;ons across'the'three sets.of est1mates'are similar to comparisons made
when the coeff1c1ent‘of C was f1xed although less striking. ~Joint estimation ‘%\
' ~y1elds genera] reductions in standard errors and imposition of the restr1ct1on

+ leads to further reduct1ons The restrict1ons again can not be rejected, in

4 fact the unrestricted coefficients of U in line 2 are ‘almost equal, The

remainder of the discussion wi\] refer to the results in line 3.

wdy

* The repeat, equat1on coefficient is the same as that reported in line 3

~ of Table 2.
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REZULT: WITH THE COLLEGE GRADUATE COEFFICIENT VARYING
. ‘ ' ¢ 7
Predetermined Variables L ' .
college gradudtes (-1) times: < Unsuccessful
N accept- - - Ph. D Ph.D. un- -2pPlicants(-1) -~
ance resident loan | fellov- -~ employ - applicant repeat

. Specification constant constant rate(-2)  income(-3) tuition(-3) 1ﬁdexf5]) ships(-3) ment(-3) equation ‘equation

1. Equation-by- 7500 -.084 - .097 - .10 -.023° .0012 -.019 -.13 .523 826

eTuatfon estimates (1.5)  (1.4) .-(4.0) (2.2) (1.2) = 01.3) _ (0.1) (i.S), (2.7 -~ (137)
! ’ l . _ o | . _
2. Jdint estimates, 7862 -.041 095 10 025 .0015 * . -.020 -1 .428 .426
- ujrestricted (1.6) (1.4)  (3.8) (2.5) = (1.8) - (1.9) (0.2) ¢« (1.4) (5.9) . (127)
. / |
3. Jpint estimates, 7811 ° -.081 095 100 . -.025 0015 -.020 -1 426 426
restricted (1.7)  (1.5) . (4.4) (2.6) (1.6) (2.0)  (0.2) - (1.5) (133) (133)
v, Absolute t-statistics are in parentheses.
26,
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e Of the coefficients of the variabies in X three are significantly

®

N -
13 . ‘ .

different frOm zero if the t-statistics are interpreted in the conventional
way. . However, as mentioned preViousiy. this interpretation is inappropriate

because of the sequentia] estimation procedure used to arrive at the final“ L

specification. The robustness of.each coefficient with respect-to minor

specification changes must also be considered.

-

The'icceptance’raié_EOefficient“is reeeonably robust. In all specifications T
in which this variable was included with a two year lag, the smallest co- B
efficient was .066 -and the largest -was. 15 The smallest t-statistic was 3.2.
When either a one or two-year iag was used the coefficient was stifl positive,

although smaller and with t- statisticsless than 2. One explahation of the small

_'t-statistics at adjaceiit Iags is this: Since the denominator of the acceptance’

rate is the number of applicants, cycles in the applicant series are generated

(holding other variables constant} if the iagged acceptance rate does affect

'applicants. Suppose that an increase in the acceptance rate does generate

more applicants, with a lag. This 1owers the acceptance rate, subsequentiy |
reducing app]icants, again increasing the acceptance rate, etc. If a two-year
lag is appropriate. spec1fication of a four-year 1ag would likely yield a
negative coefficient and specification of one or sthree-year lags may yield
coefficients near zero of either.sign. Hence the result might be interpreted
as confirming that a two-year lag is appropriate

-

', The acceptance rate coefficient is .095. This value implies a very

‘large effect of a change in the acceptance rate oh applicants. To iilustrate, |

~

¢
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a reduction.of 100 in the number of places available in 1976 would have "
reduced the number of 1978 applicants by 145, other things constant.* R
In the long run, after induced changes in the acceptance rate and the number

- of repeaters had worked themselves out (holding other variables constant at

1976 va]ues) applicants would be reduced by 97 annually.** While long-run

-}esponses of other va;?ab1es have not been considered, the_discouraging.effe«

gf low acceptance rates appears to be substantial. As further illustratioen,

_the estimated coeffIC1ent 1mp11es that 1f_the accebtance rafg“héam;gcgqﬁgéﬁuh“__*_“_——

constant at the 1965 va1ge of .471 rather than droppvng to .345 by 1974.

" there would havé been 6,109 more first-time applicants in 1976 than there

actually were -- an increase of 27 percent.

-7, ) ) ‘

The coefficient of resident income was usually, but not always, more

than 2 standard errors greater than zero'in specifications where it appeared

~* In 1976 there were 3],659wma19 applicants, of whom 11,302 were successful.
A reduction of 100 places would have redggﬁd/%he acceptance rate from .357
*  to .354. There were 508,424 male college graduates in 1975; in the

calculation this same figure was used for 1977.

** Using the 1976 values for the var1ab1es. the estimated applicant equation
reduces to A, = 506 + 550,720 OOO/A _ ot .426A, ;. In the long-run
equilibrium A, = A, ;.] = At _ p and the (locally stab]e)<$olution is
31,283. Reducing the number of places by 100 and solving again yields

.
t
~
]
. -

31,186.

rd




with a three-year lag. The maximum value for this coefficient in a1l models
estimated was .13 and the minimum was .01.. With a four year fag length the

.coefficient was smaller, but still positive, although with a two-year lag

-

~

length it became negative. At either two or four-year lags the coefficient

was less than two standard errors away from zero. Hence the statistical

significance:of the ;esdlt reported here is in doubt.

-

e e e e — il e} e e

A grior it seems un11ke1y that the substant1a1 increases in res1dent
salaries in the late 1960'5 would not attract moré applicants. The point
estimate of the resident income coefficient, .10, implies that the {ncrease
in relative income from 1964 to 1971 resulted in an increase in first- time

' appIicants of over 18,000. Hence this may be the primary cause qf thefincrease
in applicants over this period. ‘ | a

&, |
Coefficients of the other variables fn x were much less robust to
' specification changeé, often gwitching s%dhs in response to changes in
specifications'of lag-lengths of ﬁthér variables. Therefore the coefficients
énd associated t-stéti;tics for the tuition variable and loan maximum index
should not be interpreted as demonsfrating‘that highek tuition discourages
applicants and greater loan availabi]it? encourages applicants. The tuition
resu}t is perhaps not surprising, for reasons previously discussed. That
loan availability was not important is more surprising since the 1ncrease‘1n
“the indéx was substantial during the sample period. While it may be that
" the indéx is not an adequate measure ofkavailabilixy, several attempts to

model the effect of loans with dummy variables yieldeq similar results.

-
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The coeff1c1ents of the Ph D fe]]owsh1p and unemployment var1ab1es were
bsual]y less than two standard errors from zero and the1r s1gns varled from
one specification to another. In the results reported, the signs are con-
tradictory: The fellowship coefficient indicates that the attractiveness of
science fields discburages_app]icants while the unemployment coefficiént '

¢

1ndJcates the oppos1tg\/,

varwables over the period, it must be concluded that the two effects of #

Swace there was cons1derab1e variatlon in these

S -Science careéer attract1veness -- -the -opportunity cost effect and the con-
d1t10na1 alternative effect -- are small and/or nearly offsetting. Medical

educators' fears of competition from\fh.n. science programs in the ear]y

1960's appear to be unjustified.

4. Earlier Studies

The results repofted on here indicate that impottant specification
errors are made in the models of Sloan, Espositf and Leffler. Similar errors
hay arise in modelling aggregate demand for any type of higher eduéatioﬁ --
as well as demand in soﬁe other markets. These errors are discussed.in the
' © f#rst part of this section. The section is.éoncluded with comments on the
model of Fe]dman and. Scheffler, which differs in a fundamentai way from models

of the other three studies as well as from this one.
”
In Sect1on 2 it was argued that the attractiveness of the alternative

careers could have oppos1ng effects on the number of applicants. If the

. acceptance rate is as important a determinant of applicants as our results .
. “ y

indicate, it seems likely that the positive conditional alternative effect

is important for some careers. S]oén and Esposito view variables representing

»
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V4
the attract1veness of several careers, ‘including science careers as opportunity

cost measures. Increases 1n their values are expected to reduce app11cants

“and the “cend1tional alternative" effect is 1gnored Given this second
possible effect, Sloan® s.marg1na11y s1gn1ficant, negative coefficients for
these variables are less convincing evidence of (net) opbortunity'gost
effects. Esposito's failure to find opportunity cost: effects may be explalned
by the mod1f1cat1on of the theory.

Leffler constructs a physician pfofitabi]ity variable, v, which is a
measure of the present value of monetary costs and benef1ts to studying

medicine and becom1ng a phys1c1an calculated at the point of entrance into

medical school In his econometric models different variant§ of this

variable and th size of the college graduate pool determine the number

of applicants. 'Our results indicate that if this approach is to be pursued,
a more,apbropriate profitability variable would be exﬁecten grofitabiligy

at the time the decision is made -- severel years before entrance. Such a
variable would take into account the probabfiity of acceptance‘and the

conditional alternative income stream as well as a basic éiternative stream,

Leffler's probability variable could be viewed as a companent of the more

appropriate variable. It is difficult to predict how this modification would

affect the results, ‘but since the acceptance rate appears to be so important .
in our model, it is likely the effect would be substantial.

A11. three authors ignore the existence of repeat applicants in their
models. Our results indicate that variation in repeatews accounts for a

good deal of the variation in total applicants. Further, failing to control

W
~
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for regeaters appearslikely to.bfas coefficients of other-variables. In
line 2 of Table 3 the unacceptedrapplfcant variable is ogitted from fhé

total applicant equation, resulting in a near doubling :i\\eé'pééfficent

%of co]]egé graduates. It iS'Iikély that omission of this variable or similar
contrgls'will bias estimates of éffecis of oiher varfaSﬁes away from zero:

If an increase in a variable actually does 1nduce more app]1cants it will
also result in more unsuccessful app11cants ceterie parebus and therefore
more repeaters and to;a] applicants in the subsequent year. This may also
explain why Sloan's "partia]yagjustment" specification, with full effecfg
occurring only after.sgyeral years, appears to bedyr%e appropriate than his

*

immediate adjustment specification.

rs
L

A1l three studies attempt to e}pléin variation in total male and female

app]icants combined For most of theiy estimated equations they choose as

. i — their single app]icant pool variable the number of male co]lege graduates in
the previous year. This is the same pool ysed herq for.. first time male

. applicants. Ignoring the femﬁ?@co]lege graduate pool would probably be
unimportant 'if the proportion of female applicants was fairly constant and
small over the spmple,period. The sample periods of Slgan'and Esposito both

/ end in the mid-1960's and jae- only period they include where the;e was obvious
variation in the percentage of women app]icahts is the early postwar years,
whgg th? percentage was ansuany low. In the years in their samples for
which data are avai]ﬁble by sex fhe percentage of applicants who were“.
;women did not ekceed 10. On the other hang, Leffler's sample ends in 1973,

including four years in which the number of women applicants was growing

&7
-
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the attractiveness of/§;;eral careers, ‘including science careers, as opportunity

cost measures. Increases in their values are.expected to reduce applicants - -

.and._the "conditional alternativef effect -is ignored. Given this second
possible effect, Sloan's margina]]yrsignificant, negative coefficients for.
these variables are less conv%ncing evidence of -(net) opportunity cost
effects, Espos1to s failure to f1nd opportunity cost effects may be explained
by the modification of the theory.

Leffler construcfs'a physician profitability varianle. 7, which is a
measure of the present value of monetary costs and benefits to studying

medicine and becoming a physician, calculated at the point of entrane\ﬁinto .

medical s;hoo]. In his econometric models different variants of this
variable and the size of.the college graduate pool determine the number

of applicants. Our results indicate that if this ;pproach is to be pursued;.
a more appropriate profitability variabﬁe would be expected nrofitability

at the time tHe decision is made -- several years before entrance. Such a
variable would take into account the probabflity of acceptance and the
condﬁtioqgl alternative income stream as well as a besic alternative- stream.

" “Leffler's probability variable could be viewed as a component of the more
appropriate variable. It is difficult to predict how this modification would
affect the resu]ts. but 51nce the acceptance rate appears to be so important

in our model, 1t is Iikely the effect would be substantial.

A]] three authors ignore the existence of repeat appllcants in their
models. Qur results indicate that variation in repeaters accounts for a

good déal of the variation in total applicants. Further, failing to control
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. for repeaters appearslikely to bias coefficienés of other variables. In

- '. ~line 2 of Table 3 the unaccepted applicant...yariable s .n;nittad from-the- - — .. _ __
total applicant equation, resu]%ing in a near doub11ng of the coefficent

of col]ege.graduates. It is Tikely that omission of this variable or similar
Eontrols will bias estimates‘of effects of. other variables away from zero:

If an increase in a Qariab]e actually does induce more applicants it will
also result in more unsuccessfuf applicanis, ceterte parebus, and therefofe
more repeaters and total applicants in the subsequent year. This ﬁay also
_e&p1a1n why Sloan's "part1al adJustment“ speC1f1cat1on with fu11 effects

,occurring onJy after several years appears to be more appropriate than his

1mmediate ads\Stment specification.
A1l three stud1es attempt to explain var1;t1on in total maie and ‘female
« apprlcants combined. ‘For most of their estimated equations. they choqgg_as
. their sing}e applicant Pool variable tpe number of male coi]eée graduates in
the prgvious year. This is the same pool uséd here for first-time male -
'applicanfs. Ignoring the femalecollege graduate -poc] would probably be
unimportant if the proportion 6f female applicants wasdfairly constant and
small over the sample perio?. The ‘sample periods of Sloan and Esposito both
end in the_mid-lQGO's and the only period they include where there was obvious
variation in the. percentage of womén applicants is the early postwar years,
. when the percentagé was unusually low. In the years in fheir samples for
which data are available - by sex the percentage of applicants who were
women did not exceed 10. On the other hand, Leffler's sample ends in 1973, °

including four years in which the number of women applicants was growing

34




. cases of a more general misspecificaﬁion: misspgcificatiqp\o(ﬁappl1cgpt_pqols.ﬁ

3

relatively rapidly (see Section‘?)ﬁ"EéffTer"ékﬁ]afh§“fﬁé,TEF§§”incﬁéa§é
-«

in applicants Tﬁ‘fﬁ¥§“§§@é'beridd by 1aﬁgé"%ncrea3es in his profitability

et = = et = e

variable. "It is likely that this effect is overstated because of the unaccounted
for 1ncreases«dn the number of women applicants( as well as in the number of
repeaters). . L

-

+ Misspecification of repeat and women dp&liéants may -be regarded as special

There are other examples as well. One is failure to recognize the impact of

World War II veterans on applicants in all three of the studies being discussed.

- Two possible causes of the post-World War II swell are: 1. GI bill benefits made

medicaschool exceptionally attractive and 2. veterans with medical experience
in the war applied directly or after an éxceptioﬁally short nEriod of preﬁedfcai
training. It is the latter effect which may be vieﬁed as due to a change in

the applicant-pool. It may well be that failure to acéount for this effect

is the sourcé of §foan's major result: the very significant negative effect

of his net pfice variable on applicants. The price variable is tuition net

of major scholarships, which during this period included GI bill benefits

(both tuition benefits and living stipends). These are so large that net

price is actually negative in 1947, 1948 and 1949; not until 1953 is it

- larger than the largest prewar value (for 1929). In Stoan's regression this

variable accounts for most of the change in applicants in this period. If

-

_the veteran effect is important, it is likely that his price coefficient

*

VL)
<
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Igreatly overstates the true effect of net price. Esposito includes séparate
.Gl bill.and tuitien ;ariéb]es. In his results the GI bill variable appears
‘ to'be.impoétant but tuifion is not, indicating ﬁhat Sloan's result may be
due to the effect of the GI bill variable alone, which  seems likely to be
a good proxy.for the veteran pool. - |

~

The last example of a misspecification of applicént pools is in the work

-

‘reported on here: failure to meéasure the pool from which first-time applicants
zuho_have been out of college for more than one year come. Over 32 percent
of‘first-time male applicants in 1976 had been out of college for more than
é_yeér. It is~1ike1y that a.large number of these are students who aré in
or _have completed scienge_gradu&te programs and are discouraged by job
'market.conditions:1n.their-fie]ds.‘ Attempts to account for this source of
applicants were unsuccessful, If g?owth in applicants from this pool was
a'major source of growth-in yhe early 1970's, it is likely that effects of
_other vériableg which grew rapidly in ﬁhe same period are.overstated. In
parficular this may be true of the resident salary variable. ~ : ~
P

Since variation in the size of major épplicant pools is likely to be a.

major source of variation in demand for any type of educatibn, the specifi- “§

cation of applicant pools deserves cqnsiderab]e'attention. Such attention

is conspicuously lacking in the higher education demand 1literature. 5$ua11y

>
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. only the most obvious pooi is considered.f How major pools. are to be

int]udee in the model also deserves careful consideration. The issue is .

orie ef functional form:- The~mbde]§-est1mateduhefe;ereuspec§fied-in«suchf-‘-
a way that the.number of applicanfs from a pool is homogeneous of degree one
in fhe size of the pool. For first-time app11cants from the college graduate
pool this means that the effect on-applicants of a change in a predetermined
va(1ab1e is proportional,to the size of the pool. Most of Sloan's specifi-
cations.and‘ali of Esposito’s are Tinear in the pool vafiab]e, so that effects

of predetermined va?iables'are 1ndependent of pool s{ze. Leffler's semi-

1ogarithm1c spec1f1cation 1mp1fEs that effects of h1s prof1tability variable

are proportional to the number of app11cants and increase at an 1ncreasing
rate with jncreases in the applicant pool. Clearly the abso]ute effects of
predetermined variables should be related to pool size: hore indiviﬁhal
decisions are affected by the change in a variable the larger is the peol.
.The proport1ona1 specification used here is appropriate if in d1fferent time

. N
.' o . -
4 -

* Campbell and Siegesl {1967), Hight (1975) and Freeman (197¢) all estimate

demand_functiens for undergraduate education in which orly high school
graduates or the "college age"_popu]ation-are used as pool measures. A
secondary';ool,-new veterans, is considered by Galper and Juar ({1989) and
found to be important. Also demand functions for particulér graduate )
fields have been embodied in the "cobweb" mode]s of Freeman (1971, 1972,
1975, 1975a) and others. Typically, undergradupte degrees granted in a
part!%u]ar field are the pools Clearly other sources of applwcants are
“important; while measurement may be difficu)t, at-least careful considera-

\ o
. tion should be given to potentialseffects of the omitted variables.

P
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¢ .
periods applicants in the same pool faced with the same information included

in the model (i.e., the variables in x) would make the same decision (except,
perhaps. for random.errorSJJ. this is discussed.further in,Stapletén_(1978,
Gﬁapter 6). While it may be that this assumption is viclated, an alter-

native which would lead to a different specification is not obvious.*

‘The model of Feldman and Scheffler (1578) has the apparently great
advantage of not requiring any specification pf the applicant p001: Théy
take a strict human capital approach to the demand for higher educatign and
assume that compet1t1on for education in different fields equalizes expetted
rates Qf return across fields. For medica] school applicants. the expected
rate of return, E(RR) in their notation, is gtven by a rate of cgturn cal-

culated for succesful applicants, RR, times the acceptance rate, defined as
. =0 ) 7 )

‘\

S 2t In the higher education demand studies cited in the previqus footnote,
proportional specificationsare used although Justification is not gngn.
Also Freeman usually uses a loglinear specificétion, wigh the log of the .
single applicant pool appearing on the f}ght-handaside of his equation.
If the coefficient of the log of the pool variable 1$'un1ty, the speci-
fication 1is homogeneous of degree one in the sizé of the pool. Usually
this constratnt is imposed, although Freeman does not provide justification.
In the four cases we have discovered (Freeman, 1971, pp. 143 and 147)
where the restriction is not imposed the coefficient estimate varies [from
1.0 to 1.5-and only in oné“chf is it significantly different from unity

. This lends some support to tﬁe proportional

using the conventional test.

specification.

38
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the r;;io of enro]lments, ENROLL, to applicants, APP : J
(5) E(RR) = RR - ENROLL/APP L |
This 1mp11es that a one percent increase in RR or ENROLL will lead to a one
" percent increase in APP in order to maintain equality of expected rates of
'_return in all markets, presum1ng expected rates of return in other markets
are unchanged. The obvious emp1rica1 specification arising from equation 5

<
is

(6) 2n APP =g + 8 zn(ENROLL) + y n(RR) + & zn[E(RR)]
Nith a = 0, 8 = y = -8 =1, Théy present least squares estinatgs‘of this
| equation, under the apparent assumption that E(ﬁﬁ) is constanf ovér fime
or varieé independently of ENROLL and RR.* Estimates of RR are obtained
from Sloan (1968) for 7 years between 1956 and 1966 and they themselves
calculated a figure for 1970 following.Sloan's procedure In the empzrica]
equations RR is lagged three years. Their estimates of B anq § are -.922 .
and .822, with standard errors of .35 and .42, resp;ctively; both are
insignificantly differenf from ﬁnfty _The implied value for E(RR) is 2 2 percent,
compared to estimates of RR ranging from 13.5 to 22. 0
The choice of a three-year lag for RR appears to‘be inconsistent with

the theoretical equilibration process being assumed. They choose a three-
year lag afterisxperimentation with alternative légs and justify 1£ by tre
decision lag previously mentioned here. If expected rates of return are
equflibrated across educatiop'fields. a three-year decision lag implies

that all potentjal applicants make individual decisions in such a way that )

- - v

* Estimates for linear and semﬂ‘ggarithmic versions 6f the equation are also ‘

presented. Results are very similar to those considered here.
| ’ : -

.. - 39
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“

.. the acceptance rate three years later w111 be Just right to equaTize expected

rates of return This seems imp]aus1b]e: It may well.be that in the Tong

“run expected rates of return are approximately equalized, but the gqurent
, . ) : A

ekistenEeiof a long decision lag suggests that ‘this is a poor short run -
assumption. * ‘
/I ‘ ' While this approach'may have some merit, more consideraiion must be

given to the'equilibrating process.- In this connection the role of repeat

1 4

app11cants?nqy be 1mportant since, for them, there may be nd gec1sion lag.
Interestingly the idea thgt the number of applicants ad%:;:s '$0 that the accept* .

ance rate obtains some equilibwium va]ue has previously b&an considered in
-the medicalleducation literature by Potthoff (1960), although no reason ‘for ‘
¢
_ equilibratwon is given :
. «ut
-3 Conc]uslon
¢

\\ . Is further study of the determinants of medical school applxcants

warranted? Clearly 1mp9rtant questions are-st111~§g,he\gn§wered. but is
there a reasonable chance that further research\will provide answers?

- (-

Given the.current avhjléb}lity of data further time-series analysis: is
perhape not warranted, The results here indicate the 1mportance of varietion
in different app]icant pools. yet measures of some pools are not’ available
“Further 1t would be desirable to have the applicant data disaggregated into.

' app11cants from reasonablyrmmogeneous pools, as our experience with the
lTimited data on first time and repeat app11cants indicates. One way to avoid

,these problems may be incorporation of an equilibrating mechanism like that

v

40
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*
—— e

of Feldman and SEheff]er (1978) but a more reQESSiiie/fpec1f1cat1on than

theirs is not obvious, . ’ : i

1Y

The lack of robustness of results with respect to fairly minor changes

“‘é ~ 1n specification is disturbing. ThIS may in part be due to poor data on
the determinants of"app]icants As discussed in the appendxx, several of
A ¢
R . these series rqu?red inte%po]at1on for some years and others required

adjustments for definitiona]'inconsisgencfes. Lack of robustness may also
be due;to insufficient vdria;ion in ‘some determinants over the sample period,
" alehough with the exception of the tuition variable this does not appear
to be the case. Perhaps the most serious problem is determination of appro-
priate lag-lengths Since ggrees of freedom are insufficient to allow
muItip]e 1ag-1engths hypotheses about effects of variables can not be
- Itested unless lags can be specified a priori. Th1s is'a vehy diff1cu1t task,

if not impossible.

»

ot . Cross45ectiona1 studies may provide a reasonable alternative. Esposito
| (1968) estimates applicant equations. in which the unit of obsefvation is
s the state. Unfortunately, he finds it difficu]t to interpret the results
' becéuse it is unclear Qhat his yariab]es measure. Pooling stete data for
several years might also be conggagred A prob]em'is that a state may
. l not be a reasonable unit of ana]yszs s1nce, especial]y among private schools,
. there is considerable movement of app]wcants across state boundaries.

Further, the merket for physicians is national in nature.

. One might also examine determinants of medicai school applicants at
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a

the individual level as Miller and Radner (1975) have dore for underéraduafe
education. Surveys of individual co]Iege Students may p;ovide appropriate-

data.* Unfartunately it may be difficult to make reasonable inferences °

about effects of natioﬁa] medical: education policies from either state or -y

A ' .
individual applicant studies. Nevertheless such studies may make a substan-

tial contribution to our general understanding of the demand for higher )
education. : o ¢ |
{
-
- _

* See, for instance, the N.Q.R.Cf and A.C.E. studies discussed in Davis (1965)

and E1-Khawas and Bisconti (1974), respectively.
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'Appendix: Data Sources and Interpolation and Adjustment Methods

Male Co]]egeIGraduates: tye source for original data is U.S. Offjce ‘TBD

of Educatior (1957-76). @For 1966-75 the series for bachelors degrees

was used. This series was also available far 1961-65, but a definitjonal

change was made in 1966. Fibures for these years were multiplied by the

ratio of new to old definiéion figures in 1966 (1. 0388) Before 1961 the

series reported is for bache]or s plus first-professional degrees This '

— ser1es was deflated by the ratio of bachelors to bachelors plus f1rst-
profe551ona1 degrees'in 1961 (. 9070)

Acceptance Rate: A.A.M.C. (1955~76).

’Residénﬁ Income} For 1955-69, except 1960 and 1962, mean intern salaries’

as reported in Medical Education Qere used for the numerator of this series;

figdres for 1960 and 1962 were obtaihed.by jinear fnterpo?aﬁion. For 1974-76 fir

year resident salaries from the Counctl of Teaching Hospita]s.(lgil 77) were used.

1970-73 both series were available; since discrepancies were minor, a s1mp1e
average was used. The denominator, mean income of mo;e college graduates

age 25 - 34, is from u.s. Bureau of the Census (1958, 1960, 1961, 1964, _

1967, 1967a, 1969, 1969a, 1970-71, 1573-76). Data for 1955, 1957, 1959,
N 1960, 1932‘and 1965 are fitted values from a regression of the variable for
years in whico data are available on mean starting salaries of college
graduates 1n~engineering, general business, accounting and'sales, reported
" by Endicott (1975).

Tuition: Tuition revenue and the_humbér of medical students are reported

separately in Medical Education. R
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Loan Index: The index was constructed by sumhing the aenual max imums

for all major national loan programs aveilable to medical students in each
years. Thenpregrams and maximums.used dre: ﬂafional Defense.EducationaT
Aseistance. $1,000 (1959-64); American Medical Association Educationa]
Research Foundation, $1,500 (1963-76); Health Professions Educational .
Aseistance Aét, $2,000 (1965-66), $2,500 (1967-71), $3,5001{1972-77);
Federal Guaranteed Student Loans, $1,500 (19?7—72), $?.500 (1973-77). -

Ph.D. Fellowships: Figures foF 1961-74 were compiled by Freeman and

Breneman (1974). For 1956-61 we were able to find data for three different -

‘fellowship programs: National Science Foundation, Nationa& Institute of |
®Health.and the Natioﬁ/f Defense Educational Assistance Act. For 1961 the total o.
these was’7;462; compared to a.totei of 11,591 for all programs (unfertunately
not listed) 1ne1uded in the Freemen—Breneman variab}e. We therefore multiplied 3
the sum of t?e figures for &he threg programs for 1956-60 by ;he rqggo of the twc
1961 figures, 1.55, before dividing by the number of graduate students.
Graduate student data are from U.S. Office of Education (1967a, 1974a).

Ph.D. *Unemployment is Freeman s (1977) SEEK variable Freeman's series

begins in 1958, when the National Research Council surveys.gp,which it 1s~
based began. For 1956-57 fitted values from a regression of this variable
on the contemporaneous values of the other variables j,/x were used. This .

is an ad hoc variation of Haitovsky 3 (1968) missing data method. i
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