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ABSTRACT , > i
.. This paper’ develops and estimates a model of college
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when unlimited borrowing is possible. Section 2 handles a more
‘ \Eealistic;situation. Section 3 applies this theory to the Selection
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_ in¥luences model specification and the selection of variables.
_Section 5 derives the functionmal form for estimation and &esZribes
how—the estimated parameters will be used to test the hypotheses’
discussed in sections 1 and 2. Section 6 describes the data and |
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ABSTRACT

”

" This paper develops and estimatés a model of colleée attendance
that focuses on the influences of public policy and of the economic
environment. The policy instruments examined are tuition, admissions
requirgments, college location, breadth of curriculum, draft deferments,
and class integrati;n of neighborhoods. The aspects of the economic
environment examined are the opportunity ccst of the students’ study
time and the §ize of the anticipatéd earnings payoff to college éraduation. .
The qodel is separately estimated for twenty groups of male‘high school
juniors stratified by ability quartiles and for five family incore
categories. We report Aere only reduced-form estimates of total impacts.
Defining the paths by which each of these variable; influences decisions
about college and the process of preparing for college is part of a\
larger project of which this is a part, but it is not attemp;éd here.

'Also left for another paper are the impacts of public policy and the

economic environment on the proportion of college entrants who complete

one, two, or four years.’
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This paper déVelops and estimates a model of college attendance

that focuses on the influences of public policy and of the economic
environment. The policy instruments examined are tuition, admissions
requirements, college location, bréadth of curriculum, draft deferments,
and class integration of neighborhoods. The aspects of the economic
environment examined are the opportunity cost of the students' stuéy

time and the size of the anticipated earnings payoff to college graduation.
_The modelyis separately estimated for twenty groups of male high school

v

Jjuniors stratified by ability quartiles and for five family income

' categories. We report. here only reduced-form estimates of total impacts.,
' <

Defining the paths by which each of these variables influences decisions
/

about college and the process of preparing for college 1s part of a-

.larger project of which this 1s a part, but it is not attemﬁted here.

Also left for another paper are the impacts of public policy and the

economic environment on the proportion of college entrants who complete

»

one, two, or four years.

'The first five sections of the paper develop a theory qf college
attendance and then apply it to‘tﬁe choice and definition of variables
and the selection of functional form for the estimating equation.

Sectio; 1 examines the coliégé entrance decision when inimited borrewing
is possible at a given interest rate. Section 2 handles the more
realistic situation of imperfect capital markets. Section 3 applies

this theorxy to the selection of the college whose characteristics will

L -,
be used in the estimation (that is, the college that is most attractive

A

o




o v

to

— . A s .
to those unsure about whether they can or should go to college). Section
It
‘4 examines how planning for college influences model specification and

[

the selection of variables. Section 5 derives the functional fotm for

estimation and describes how the estimated parameters will be used to

test the hypothesis discussed/in sections 1 and 2. Section 6 describes
LY

A L

the data and section 7 presents the resultsr Section 8 analyzes" the -
L

effectiveness of public subsidies of undeféraduate education by calculat-

ing the subsidy cost of an extra student from each of the twenty
ability-by-income strata and discusses the policy implications of

the results.

- 1. Perfect Capital Markets

It is'assume that an individual will enter college if the utility

°

of any of the fedsible college alternatives i1s greater than the utility
t . -

”
—

of the noncollege alternative. Let Gj = 1 be an indicator that the

.

"j"th individual attends college.

i=1...n

Y ! of LI XN} >
Gj = %:if for some "i", Uij Uoj

\ v
whére 1 indexes the set of relevant colleges 1 through n
and Uoj = the-utility of the best.noncollege alternative.

The human capital model of schooling emphasizes the investment
character.of this decision. The private costs of going to school are
tuition, fees, and current foregone earnings opportunities. The

3 .
benefits are primarily the higher earnings that can be obtained in the

future. An interesting special case of the human capital approach

.

occurs when

J
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a. capital markets are perfect, that 1s, unlimited borrowing and

4

lending aré éossible at interest rate r, and
b. there 1s no risk ;r degg*;;;;;;;;:***
Under these circumstances, investment decisions are separable from
consumption decisions. The future céagumption benefits of‘college may
- be valued and discounted in the same manner that earnings effects are.

The decision rule Ui > Uo may be rewritten in a more specific manner.

For a four-year college program, Ui > Uo becomes

’ - [
B, =0 Miget e 23 Tge Y Ruge * Uge 7 Suye :
1] t=0 t T t=0 t >0
(1+r) @)

1

‘ 4 - ] - + S
2) B, = 90 Mg FCse 3 Mage T Cge T Tage T Ruge T Yge T Puge
S e L =0" .. @m®

AYijt = the expected ad@itional earnings received or lost relative
7
to the best noncollege alternative as a consequence of
attending and completing the "i"th college.

C8, = the anticipated dollar value of the increment to non-

=
e
Cn 4

pecuriiary benefits and the "i"th college relative to the

.6
best noncollege alternative. Among other things this .

includes the student's taste for attending classee, living
on a college campus, and the status of being a college man.

is their maximum willingness
ijt »

to pay for the satisfaction they derive from having college~

p *
1jt

/ 7

The parental component of C

educated children. It is C

|




1jt

[ -

]
T = tuition and fees at the "i"th college. %

Rijt = the price of the travel, room, and board cests of

attending college including the opportunity cost of

H

travel time.

= sacrificed leisure time valued at the wage rate (positive

%jt ) :
if college’incfeases leisure).
Sijt = gcholarships, grants, and loan subsidié%.

Assuming that part-time jobs of varying time commitment are avail-

able and that the full-time and part-time wage rates are equal, then
.i\‘ ) \-.
s
2 = - .
u) AYi k th Xijt . ;
N °

P

ge A0,
where'wjt is the wage rate of the "j"th.potential student and

X3 . is the time required at the "i"th college by the’

13

"{"th student to study for and to attend classes.

The model implies that higher tuition, room and board charges, and
travel distances and higher high school graduate wage rates should dis-
courage college attendance. Greater parental willingness to pay and
scholarship availability should encourage college attendance. Furthen-
more, cost and benefit elements that are scaled in dollars, measured
with‘equal "reliability," and uncorrelated with omitted variables ) ‘ ]
'should have the same coefficient'in the behavioral model.l The impact
of a dollar of tuition on the decision to attend should be equal to the
impact of a dollar of foregone earnings or a‘dollar of travel costg.

This hypothesis will be called the perfect capital market hypothesis.
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2. Imperfect Capital Markets

The hypothesis of a perfect capital market, however, seems un-

SN
realistic. In 1961 only a few states had their oén guaranteed ;oan

programs and the National Defense Student Loan program was new, made

¥

only small awards: éﬁa generally requiried a financial need analysis

for eligibility.

Fisher;anAqonsumption-investment theory implies that when markets

. . » \
are perfect the decision to undertake a profitable investment (such as
-

college) increases one's permanent income, and thus shouli/EQSUIt in

higher consumption in every period. Iﬁ fac;, howavef, most students

accept a reduction in current consumption (imputing no current consump-

v

tion value to the schooling itself) when they atgs?d college. This

means that either capital markets are imperfect or the current consumption
A

benéfits of college are so large that they outweigh';he reductions in ) L

spending on other items.
The. institutional and informational constraints on lgnding insti- .

o

stutions mean that beyond some minimal amount loans are either unavail- |
able or carry precipitously higher marginal rates of interest. \One‘_

solution to- the cash flow problem-this creates would be to finance the .

investment concurrently by attending part-time or intermittently. This, .

» a

however, has the disadvantage of shortening the paycff period and

- M 4 t ~
sacrificing the greater efficiency of continuous full-time study. Our
model, therefore, assumes continuous full-time study. oo

When large discrete.investments are beiﬁg compared and capital
L]

1

g

markets a#e imperfect, there is no observable market interest rate that
. ‘ )\

3

/
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¢

expresses theé individual's tradeoff between present and future con-
=] ! @

sumption. In (2), we must thergfore substitute rjé, the ipdividual's e

own rate of time preference, for r. Making the additional substi-

tutions implied by (3), the "j"th individual will attend college only if

B,, > 0 for some i, where

ij . ~
. &Y, +aC,, - - ac,, - w, XS, - - .14
4y Bij = 150 it i.jt + 53 ijt ~ Yie xijt Tijt Rijt * Siit
-, t )
t=4 (}ﬁjt) t=0 — - (1+rjt) \

The second change.ﬁhat capital market imperfections produce in the
model is'tgwiéquifé thag each college option pass a second test: namely,
th;t it can be financed. If a "preference" in the sense of (4) for the
"i{"th Eéilege over the best noncollege option is to result in attendance,
a second ineqﬁality—-a cash flow constraint--must also bL patisfied.

*? The resources available must be at least as great as thJ incremental
\9ut—of-pocket costs of four years of college, T + R,. an& some minimum

! ™~

. .~ standard qf living ( jt)' In other words F 13° resources minus costs,

o . must be positive. ' um\\\g

L -~

5 F =z3 w\x +12 @t +5, 4ok T -RL -H )20
13 -3 jt L LRI [ £ [ 13t T T3 T Tage T tyel =7
N N
whe;é
‘ sjt'=‘prop5rtioﬁ of youth's‘eatnings that are set aside for college

ey ~\g;pen§e8.\ Duringtthe/investment périod itself t = 0, 1, 2,

1. N
Sjt 1

X" = the time available. to a full;tim@ student for market work.

Since full-time attendance and study take 1300 hours per

. - ) year, the upper limit for x;t is approximately 1000 hours.

o 0. .
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=

qujt = the maximdm willingness of parents to contribute toward

[ ,
‘ their.child's expenses at fbg/“i“th college. 1

. .

- /

g; ™

‘ 7

¢ - * ') -

l Lﬂt = uypper limit on yearly loan.

i |
| i
M, = the minimum standard’bf'liéing that a student can or is . %

LI

it
R willing to accept while attending collegg. .
Student earnings are summed over a seven-year period, ~3 to +3, because ) .
: significant student ssavings are assumed to begin three years prior to
s the prospective date of collége entrance, .

!

. |
' 3, Minimum Cost: The Price of College Atitendance

Our theory now states that collegé attendance occurs only whenr two
conditions are simultanecusly met. Student "j" will attend if,

relative to the best noncollege alternative, there is at least one

. collegé that is both preferred (Bij > 9? and that can be financed \. ﬂ;
(Fij'z 0). One college is alllthat 18 necéssary. It is not, therefore,
[ the average tuition,\selgctivity, and proximity of the colleges in , -~
t some jurisdiction that should ehter ou ﬁodel, but rather the

L] /
characteristics of the most attractive (meaning the one that comes

-

closest to meeting both tests). Determining which college is most
3
attractive, hoaéugsf is no easy matter. While for each individual

. it is possible to rank colleges unambiguously on any one criterionm,

both preferences and colleges are multjifaceted and it is not clear

. .

\ what relative weight should be given each facet.

One approach would be to estimate a college choice model within

o sample of those attending college and use it to predict the

. . oﬁﬂ\> . .
. 131 ,

\




. consider qualitative differences among colleges to be small relative

-
]

preferred college of those not attending college.2 This .requires,

however, the unrealistic assumption that students near tHe margin;

-

between attending and not attending college place the same relative

—

value on different aspects of a college environment as do those who

+

attend college. - ) {//)‘

The theory sketched earlier provides an alternative approach, for

it can be used to select among collegas as well as to decide whether
1 ¥ ’ .
to attend one at all. The college that is least likely to be rejected

by the cash flow constraint ié the cheapest one: the college with -

-

minimum Tij +.Rij - Sij'3 For‘studentg on the margin between college

!
entrance and the army or a full-time job, the cheapest college is also
likely to rank high on the utildity maximizing.critérion, Bij' While
lower expected pecuniary and nonpecuniary benefits can in epecific

»

instances outweigh advantages of low cost, this population is assumed to

to whether they Qill be admitted and whether they can afford (finance)
it. When 2 ggudent is admissible at the low-cost public colleges of i- . .
state, a rise in tuition ét higher-cos£ private colleges is not likely:
to dissuade him altogether from attending college, even 1f he has .
planned to go t; a private college.

e - N

As long as a few minimum requirements are met, colleges are con- _ ? !

sidered close substitutes. Besides admissibility, only an unspecialized />’/f .
curriculum and a comﬁatible racial and religious atmosphere are required. »
A computer program was written that ‘chose each student's cheapest &ay
of attending each major t&pe of college--public four-year, private four-

year, and junior colleges. Teachers' colleges, art schools,:Bible

12 '

hd =
’ 1 .
i
- -
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schools, semlnaries, business colleges, and engineering colleges were,

i . .
excluded from‘consideration. Almost al% southern colleges were

A L3 t Yo

segregatedﬂiﬁ 1961. Whites were assumed to consider all predominantly

‘v P .

ﬁlack colleges irrelevant and white colleges were similarly assumed to

~
A

be irrelevant to black southerners.q Catholics were assumed to

exclude Protestant derminational colleges from consideration, and
vice Versa.5 (Une final reatriction on the set of relevant colleges
was that the admissions policy be liberal enough to admit at least the
top 20 percent of the local high school graduating class, |

The orimary de erminants of the cost 'of each individual's T\\\\ﬁ
ninimum~-cost meansvof college attendance were his gtate's in-state
tuition level, whether he iived in a political jurisdiction (county,
town, or city) with access to a low~tuition junior c'vllege,6 and the
digtance from his home to the nearest public institution. Finding the
minimum-cost college involves comparing modes of attendance——tommutiné
versus living ongcampus-—as well as colleges: The marginal cost of
commuting is the sém’nf the out-of-pocket transportation Costa (3 1/3¢
per one~way mile or $9.60 per mile per year) plus time costs, which .
rluctuate with the local wage level around a mean of ?7.20 per mile
per year (based upon & national average “glue of time of 75¢ per
hour and a mean spéed of thirty miles per heur). Valued this way,

Y

commuting was always cheaper when a public college was within twenty

)

miles. In .states with high room and board charges the cutoff point

often went as high as thirty-five miles. The premiums for out-of-state

tuition and the rise of travel cost with greater distance mean\that

~

i3 ST
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- . - “\ . ~\ )
the minimum~cost collegé\is typically a public college in one's own
- ..
&

state and more often than not a local 6ne. The ;hi{}on at this college

(which will be entered as a separate variable) is geperelly the same

. Y
throughout "the state. . -

°

-

-~

4. The Implications of the Planned Nature of bollege

-

In most families college plans are made many ygafs in advance of
[ @ Py R
high school graduation. In 1960 only 20 perce t/bf ninth~grade boys

answered that they "did not know" when abked whether they were going to

-\
college and what type of college they expected to attend. Plans are

N »

made because attending college requires preparation. ﬁducating’one's
children 18 a iérge once—in-a—lifetime expense, 80 saving in anticipa—
t;on of this expense is very common.

College'qust also be prepared for academically. "Admission is

~

contingent upon having studied academic sgbjects %n high }chool and

L 4

H .
having achieved some minimum standard of performance. Second, the more
prepared a student is the better his grades will be. Grades in coLleggi

’ |
measure performance relative to a standard. They do not measure value

added. Consequently, the institution's willingness to let the student

7

. remain and the impressiveness of the transcript that results depend

upon how hard he worked in high school. Third, except for the most
- : L 'S .

brilliant students, studying in high s¢hool and studying in c;}lege*are
SR
complementary. College professors expect students to arrive in their

courses with certain basic sk%i}g already under their belt. 'A sink-or-
> s

[

swim philosophy prevails and students without gPese skills sink.

- - /
.
-
T
~ :\ o
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' The fact that college must be prepared for has importapt.sub-
stantive policy implications. For a public policy to have its *
maximum impact, students and thei; parents must know about it wh;ﬁ the
hhildren are young. The full impact of govef#ment policies will lag ‘
a few years behiné‘their implementation. Sinﬁe publ%p policies like
the tuition level influence the early plans gf parenﬁs and children,
they can be expected to influence concreée actions like whether an
academic éurriculum is chosen, how much time is devoted to studying,
and paréntal encouragement of college as a goal. These dn %urn affect
grades in.hiéh school and performance on achigvement ﬁes;s.

The necessity of preparation for collegé also affects the

A

empirical specification of our model of college attendance. The
A . B T

" families' financial capaciiy should be measured by permanent income,

not current income, and college availability variables should reflect_, -

e | . ; - e - . .
the environment prior to as well as at the time of high school graduation.
Sedénd, méasures of student academic ability should be purged of

the effects of student effort in high school. We w%uld prefer to

control for ability by a very eariy IQ measure. However, since the

only test scores available are for the eleventh grade, the ability

control used'in_this study is an academic aptitude composite purged

as much aé possible of subtests«that reflect a college preparatory

t

curriculum.

* The endugeneity of one's h;gh school credentials has further )
implications. The set of feasible colieges becomes endogenous. The
gset of pficns for college that a student will face when he graduates

depends upon his performance in high school. Better credentials mean
« & .

19
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a student can get into more schools and is more likely to by awarded

scholarships. While the choice of college may cause expenditures to
rise, better credentials lower éhe pricé (the cost of‘%he cheapest -
method of\attending).of college. Since, howgyer, hisvpeiéormance in
high school if influenced by expected collége‘availability, making the .
set of relevant colleges a function of the stgdent's ?redentials

makes tuition éimultaneouély a cause of én&’;'donseqéencg of college

plans. We choose to finesse this problem. The set of feasible :

colleges is not a function of the student's ability, .and no attempt

T is ﬁade to measure schplarship availability. Instead, college admission

standards (pe;cent’BY/fhe region's hiéh school graduates Lble to
1,//meet’izs admission criteria) are entered as a separate variable in the

o . -

- analysis.

oH

We will, therefore, be estimating a’reduced~form model that

A

encdmpasses‘both the student's behavior--choice of curriculuﬁ, effort |
]

in high school, applications to and choice of colleges--and the

college'& admission decision.

!
-

-

5. Ewmpirical Specification

The theory proposed is deterministic: ' o

G=l‘ifB.>l0a’dF >0 .
3 i Sl T -

«=04if B, <O or F, <0
G3 i 5 < or f

where Bj and Fj are the Bij and Fij of the '"most preferred" college. .

-~

The "most preferred" college is the college with maximum Bﬁ subject to

16
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the constrgint that Fi > 0. When all colleges have Fij < 0, it is the

school wiuh maximum Fij' However, many of its elements AYijt’ Cj , Cp

-

!

sit’ LJt"th’ are gither endogenous or unmeasurable. Imperfectly

correlateﬂ indicators like 1Q, family income, and parents' education
must subsfitute for some of the dollar values that appear in (4) and

(5). Coﬁsequently empirical implementation must be probabilistic.
! ‘ .

Letfus £2writev3j and Fj in terms of the variables that wi}l be

used in estimation, 2 - ”
) ) P o

- ' -
6) B = B+ =sglz—<14[wm-xs-;-rj+1Lj]+<1*¢AY“‘+u

j f’ j j
7). F, ? Fm + 4
). 575 v, 2,2 d [Tj+R] + tz:_-z jt:w"‘x +vj : -
where

) \\B? and F; = our best estimates of Bj and FB using .the measurable

variables'and proxies. ' ) . s

Z = a vector of proxles for the cost and benefit elements not
/

measured in dollars (that isg, for Cjt’ jt’ Ath, and so

!

forth). Z includes ability,‘family income, education, and

w

/ high school and commuﬁity characteristics.
1. and a2 = a vector of coefficients for these proxies'in predicting

the unmeasured elements of Bj and FB.

4 e

———

d4 = ratio of discounted four-year sum to beginning-year value
/ when the yearly amount is the same in each year.

23 (l+rj)~t = d4
VY =0

. . )
%2 = the average time a4 full-time student spends attending classgs/

i
4
)
f
/ ) ’
. ,” ¢

! - and studying.
17
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.Xy = the mayimum time available ‘for matket work in a year in

which one is a full-time .students—"

|
|
|
S

* —_ .

d = ratio of the present-value of benefits in the payoff
period to their yearly value. If the yearly value were
constant,

o .
- 330

L d (1+r )7 .

=y ' .

¢ = thé regression coefficient of the local earnings differential,
AYm, prédicting tﬁé\pnobse:vabléjexpected'éarnings diffefential,
AYj. ¢ shogld be less gﬁah one because the expected

differential is an\average of local and natipnal differences.

~—

Ry

. ) \
u, and v, are errors in ﬁiésurement that are not uncorrelated

h| h|
with egch other (Cov(u,v) > 0) but that are assumed

«

" uncorrelated with Z2,, T., R
S R R

We expect uj and vj to have 'a unimodel distribution not unlike

s and wj.

<

— the normal dxétribution. Another way of stating this is that.the -

‘ density funct%ons for BjIB? and for FjIF? are unimodal. The conditional
probability that the "j"th individual will attend college, given BT and F? is the
probabiliﬁy that Bj and Fj are jointly greater than zéro. We appfégimate

this.by a logistic function that 1is linear in B? and F?. “ .
’ . o+pBT+ V¥ ¢ .

' o = 0 = ‘ o F ):' : P
8) By = P, 1|3j‘, ) ff £(8;, F, |8, F) a8, oF, N '
0 o 1+e




e

: , s
F : 3
10) log —1{3,-5 = 0+ (BoprayZ - d, (BH) (T 4R) = v (BYX —Y£—§l+r) ¢
* m N
+ Bd MY+ €
!
. P -~
11) log 1%;; =0+ 0,2 + 8,(T,#R,) + eBK\w + 64AY +e .

A
The assumption in (8) that the log of %he odds 18 an additive linear

function of Bj and F& produces this very ec$nomical specification. Two

interesting hypotheses may be conveniently tested'in the context of this
specification. If there is a perfect capital market, y=0, both.ez,and 93

should betnegative, and 33 < 6 If the cash flow constraint were to

tofally predominate, =0 and 6 should be positive. Furthermore, 63

=W . ] .
: g 3 -t
should equal 925§§; z Bst(l'r) . The expression behind 02 is the
t=- ‘
- o 4 ’ : -
AY

&iseounted ratio, hours availeB}e to work fg; pay for college over the hod¥s”

required by college attendance. Tﬁe fact that seven years of work are avail-

'

able to help pay for college while only four years of stedy are required sug-

gests that this ratioﬂis greater than one. However, wage rates are'sqbétan-

-

iV)

tially lower during high school, only part of the money earned at that time

will be saved, and the time required by school during a year of full-time
LA &!: * J . . B

attendanee (1300 hours) is greater than the time available for market work in

that year. Consequently we believe that 23
t=-3

dominating cash fiow constraint hypothesis a further implication,
63_3 lezl. Not only is the effect of the local wage rate positive but
the coefficient on W (1300 hours) should be equal in absolute size

to the coefficient onltuition. . 3.53

s X" (1475 = 4,%°. \mis gives the

. u "
N O T . TP VLV

I T
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In the likely event that neither of these extreme cases characterizes

the college attendance decision, we may use the sign of 63 and the relative

T S

sizes of B, and 6, to provide information on how imperfect capital markets
2 3

are. 92 is d4 times the sum of B+Y, the sum of the preference and cash

. =8 . 3 —w( -t
flow parameters. Since d4x - & ij };+r) ’ 93 provides a good

t=-3

P T T YU

approximation of their difference, d4(B*Y).
These results may also be derived by a verbal argument. Imperfect

capital markets make the student and his family's ability to self-finance

3 N
. Vi " i
x g

- -
*

éﬁsteducational investmeét an important determinant of college attendance.
The student's own ability to contribute ggward the expenses of college
depends upon the wage rates he canhobtain for summer and part-time work
and the free time left him by the class attendance and étudy require~-
ments of higﬁ school and gollege. The student's opportunity cosf}—the
wage r;te of jobs that can be obta;ned in his community by recenthhigh
school graduates--is both a cost of and é’financingfﬁechanism of college.
Highe; local wage levels thus simultaneously discourage and encoqtage
coliege attendance. We, therefore, expect an extra dollar of foregone
earnings to have a smgller negative influence on attehdance than an
extra dollar of tuitiéb, and higher 19cal wage rates.might even have
a positivé impact on aé@endance. The size of the difference between

s \ .
62 and 63 gives us a mevsure of{the relative importance of the cash
flow constraint.

According to (11), o incremental dollar of travel, room, and
board costs sbould have the same impact as a doll;r of tuition. However,

e !

. \ )
the difficulty of accurately measuring travel costs and the additional

A

costs 0f living on campus suggest that the travel, room, and board

o . 20
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coefficient will be biased downward. Furthermore, while public

tuition levels are constant throughout a state, distance refers

¢

to a particular college. If this college is not the preferred*one

there will be errors in measurement of R. Finally, it is possible
ts

that bécause of its high visibility tuition has a uﬁiquely powerful

. o -

psychological impdct. A hundred dollars of tuition is therefore
likely to be a more powerful disincentive than a hundred dollars of

travel, room, and board costs. Tuition in 1959 is therefore entered dJy

A S AT

in competition with minimum total cost in 1961, and it is expected to
" . . . Y

be significantly negative.
The coefficient of 64 also tells an interesting story, It ‘
allows us. to place an upper bound on the discount rate by which high

A s .
school students and their parents jointly value the hrigher incomes that

start four years in the future. Since Bd4 can be determined by ’ oy

& e 9 ' '

yor o = < < »,

comparing 92 and 63, we may 801‘e’for~13}_jL¢;EP . S%EE? 0.<¢ 1 Y

'\; >

. : *
and higher discount rates lower the ratio d /d4' we may calculate ,
” . * e
an upper bound for Ty from d/d, = 4/8. )
" 6. Data

The data base for this study is 27,046 males who were high- school

juniors {n 1960 and for whom information was obtained in one of the
%

two Project Talent follow-up efforts. Over 95 percent of our

population are in the Project Talent 5 percent etratified random
/ < . ‘

21




sample of the nation's high schools, so the juniors originélly con-
tacted in 1960 are broadly representative. The proportion of these
juniors who responded to one of the questionnaires sent in 1962 and

1966 was only 53 percent, however.

7

For a 5 percent sample of the male qbestionnqire nonrespendents,
efforts were made by Project Talent regicnal coordinators, principals'

of the TALENT high schools, and Retail Credit to obtain the required

-

information on jobs and schooling expefience, and a 90 percent response

K -

rate was obtained. . ) .

3

A comparison of the two samples reveals that responding to a mailled

questionnaire is positively related to one'g percepiions of one's own
. > 4
success. Contiolling for family background, the college attendance

rate of the mail nonrespondent sample waé two-thirds that of the
respondents. Probability of responding to the méiled questionnaires
is not solely a function of college attendance, however. Consequently,

an unweighted logit model will yield blased estimates of many of the
Y

crucial parameters. The solution to this statistical problem'is_

to treat nonrespondent samples as a one-in-twenty random sample of

-

those who did not respond to the mailed questionnaireé and to use a

maximum likelihood logit program that accommodates, weighting. The
computer program used was a modified version of "Maximum Likelihood
Estimators for the Logistic Model with Dichotomous Dependent Variables"

\ .
written by Paul Schultz and Kenneth Maurer.

-~
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7. Results S s i

- ;

We present separate results for each of twenty income-by-ability
. %

N :
with college preparatory course content. The income index measures

permapent, not current, income. It is based on questions on the age

of the familly car,'the home's value and number of rooms, aﬁg the number
. ( Y

of household durables and appliances. An estimate of current family

income was only one of the ten questions. Background characteristics

.

were controlied both by the stratification and by engering in each \

{ . v

groups. Academic'ability is the TALENT IQ composite purgsg of subtests
' model an index of frequency and recency of school Ehahges, the TALENT

socioeconomic status scale, academic ability test score, and the number
§

of siblings. .

10 - - : -
! Tables 2 throughj9 present the logit coefficients for each of the

H

policy variables that appear in the estimating model. }f every
income-by-ability group had the same B, Y, éqd rj and variance of

measurement error V(ei), we would expect these coefficients to be the v

same. RZ, entroples, and entropy reductions were calculated. The,R2

-

for models run'on particular strata ranges between .38 and .067.
Entropy reduct&ons range betgeén .éll and .034. The entropy of the

distribution béfore stratification was .6687. The average conditional

»

entropy of our models is .4737.

|
Table 1 presents a simple means of translating logit coefficients

into more familiar eiasticitieé and impacts on probability. The

elasticity is given by Giii(l—P). The left-hand side of Table 1

<y

tabulates 1-P, the probability of not entering college. Note that for

7 s ¢

a given logit coefficient elasticities are larger when the group is

23
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less likely to attend. The change in probability per unit of change . \ |
‘ L34 op™ ~ v A ‘ ~ ~ ' - . \
of x_, 5;-i€ given by Gin(l-Pj). The Pj(17Pj) multiplier for each -

ability—biiingome group ig tabulated on the right-hand side. Note . . B
§ ' - !
that this multiplier is largest for groups with approximately one-half '

|

|

|

1

:

|

, ¥

attending. . - . N i

'Tables 2, 3, ‘and 4 present estimates of éhe impact'of different .
\ types of out—gf—pqcket costs on college entrance. Except £or a few. .
grou;s in the lowes£ ability quartile anq the high-incomé, high-abilitys
group, higher costs consistently and significantly lower the
‘*;robaé}lity of college entrance. An extra $100 of ;raQel, room, gnd
board costs lowers college attendance by almost é whole percentage .
point, .59 percent. Tuition is even more powerfui; significantly

s

; mére so in 13 strata. Adding the coefficients on Tables 2 and 3, we
, see that a $106 higher tuition lowers the college entraﬁce prpggftion
by .029. The lo?er middle ability quértilé,'the most responsfyé of

all, has its p;?bability of college gntrance lowered by .056.

The total effect of tuition is positive in only four of the.twenty
gtrata and never significantly so.‘ The pattern is revealing, h;wever,
for the model breaks down exactly where it might be expected‘to.

Many stﬁdents in Lhe lowest ability quartile project themselvfs té -
be irreconcilably ineligible for admission to the minimum~co't
college. For them the cost at this college is irrelevag;,/;Ihe three
strata with positive tuiéion effects aré highly responsivé to ) . N
admissions policy (an elasticity of ;85 with respect the per?entage

édmissable). The other group unaffected by tuition }é the high—qpility,

= high-income stratum. These students can both afford and be admitted
/ .

na
Q - pl{ &

- | 4
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1
to better colleges than the ilocal inexpensive college that eneers i
the model. Their high social status and abil%}y have most likely - ' i
givan them a taste for a more distinctive type of colle;e. , §
Even costs at four-year.colleges that are not the cheapest J
affect college entrance. NIf the Carnegie Commission'sArecommendation j
of higher tuition in the junior and senior year had been-in effect in 1
. ' 1961, each $i00 would have lowereé entrance into freshman year by
at least six tenths of a percentaée point_over,ell and'ny 1.2 N y
percentage points in the highest ability quartile. .
aExcept for students from poverty backgrounﬁs, é@mgssions requiye—
L ments also have substantial effects on attendance_(Tenle‘S). if a S,
state were to go from aecepting hal% to accepting all of its high school
graduates, the proportion of juniors attending would rise by .038. As
. one would cxpect, the less able ane quite sensitive to admissions policy; e

y

the proportion entering fron the bottom ability quartilefQOuld rise by ) ! ]
.067. The breadth of curriculum at the cheapest college aleo.has an
importent impact on college entrance. When the cheapest college is
a two~year extension campus without vocational programe, the ,
proportion entering college is reduced by .057 1

In the early sixties the selective service system/was contending
that "many young men would not have pursued higher edncation had there
- not been a Seiective’Serniee program of student deferment." The

®

effectiveness of "channelling" as this policy objective was called,, -
- is supported‘bf our results (Table 9). Significant positive coefficients
are obtained in nine of twenty'strata. A one standard deviation change

in our draft pressure measure lowers overall college entrance by

.015. Extrapolated to zero draft pressure, these crﬁss-éectional

Q : f‘ " .




reéults imply that the nation's adoption of a volunteer army lowered~ ., .
i »
\ S

coliege entrance by 7.6 percentage points. No doubt the estimate is
too large. Extrapdigting outside the. range of variation of the T

independent variable is risky. However, the size of the effect was

‘ quite rocbust in linear probability models when multltudes of other

control variables were added. . "

Another unexpectedly powerful variable was the social status of *:"ﬂ\ A
. . —_— ) ' i ;
the neighborhood (Table 6). Nine significant positiv: and three signifi- .
cant negative coefficients were obtained. A standard deQiation improve-

ment in neighborhood status raises the overall proportion entering college

by .0z3. This is a large effect; per $1000 of real .income it is mearly

.

~
-,
* *
LS N
-
.
e
=
: . »
T T O T L T S T e T T

as large as the effect of the income of one's own family. Comparing

the college nonattendance rates in the columms of Table 1, we obtain,

s o N

o
e,
v

per $1G00 of feal income, .025 change in probability as the
‘appro;imate total offect of Tamily income holding ability constant.
Competirg with: many additional variabies; the point estimate for
neighborhood effects is .016 per $i000. Part of thé néighborhood effect
is caused by!the fact that parénps with higher aspiratiops for their
children choége hi her?étatus neighborhoods. Linear probability

models run on juni9rs living outside of SMSAs in towns with only one

high school have smaller neighborhood effects. !

The impac£ of the local college--high school earﬁings diffgrgntial -

did not comsistently follow a priori expectations (Table 7). Five ' >

ic?egficienfé were significantly négative and eight cogfficienés were -
siénifiéantly positive. The groups with negative coefficients are

' - “ Mol k]
. the bottom ability ghartile and the strata that combine high ability

and high income. Beégusg}they are often excluded by admissions

F

R
~
«
#
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" pate for valuing economy-wide changes in future returns is lower. A J

o I
D

'.heevily discount local experience (that is, ¢ is even closetr to 0),

we cannot expect a large supply reduction to eccur in response to the

policies, costs and returns seem to have only 2 small effect on the — ¢
r v . ~ . .

bottom sbility quartile. ¥For them the most important determinants

are admissions policy, neighborhood status, and draft pressure. The
{ .
absence of a posicivé effect for those who combine high' ability and

.

high income may reflect their greater tendency to judge retirns

\
A
\
’
- . N . - o

on the basis of p&tiopa;,ras cpposed’te‘lbcal, evidence.

If the differential were to fall by.a third (31000), the overall
drop in college entrance would only be .021. These very sﬁall impacts
suggest that future raturns are heavily discounted. ‘?able 10 presents
the discount rates extracted by solving the estimated quE;ions for
the underlying theoretical parameters B, Y, and‘rj. The upper bound
discount rate (for ¢ = 1) can be interpreted as the imp;icie risk
adjusted discount.rate for valuing local.earnings differentials
when the cash flowﬁfonstreint is not bineing. The implicit discount
If only one quarter of the geographic variation in earﬁings differ—
entials are translated into shifts of the projections of individual
students and their parents, ée obtain the discount races presented in

¥ .
the lower :igh* of Table 10. Even “rese discount rates ars high. '

Unless judgments about expected earninge differentials even more

)

recent declines in the payoff to college.
Theory makee no prediction about the sign of the coefficent on
the opportunity cost of attending college, the wage rate for recent

high school graduates (Table 8). The theory gketched in sections 2

27
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and 5 suggests that the sign of the forgone wage variable reveals
whether the net bengfita test or the cash flow cénatraint is more
important.f/Coefficients are ﬁore negative forhthe higher~income

groups, indicating that a cash flow constraint is less binding on s
them. Relative to the tuition coefficients (sum‘of Table532 and 3),
forgone earniﬁgs coefficients are small, however. If the effect of
t:uit:lo'n 18 taken to be the best e8t:imlét:e of d4(B+ﬂ, int:erpret:ing'

8, as d, (B~Y) implies that in 1961 cash flow problems were .a serious
3 2l B . ’ Y & e

~ - s

impediment to college attendance (Table 10).
The ;vailability of:mnéubsidized loans shifts out the cash flow
constraint and therefore’Y can be interpreted as a p;ediction of ghelr
impact. Using the impact ofdtuition (rather than other costs) as thg
estiﬁate of d‘(B+Y) provides an uﬁpeg;bound'eseimate of ¥/B+y. This
ratio averagao 47, implyiﬁg that 47¢ of grant aid.has at least as
great an incentive effect as the availability of $l 00 of loans.

Thus loan aid (and possibly job aid as we&i? will be cost effective

if their net costs are less than 47¢ on the dollar. On the other_@and, -

loans failed a direct test in the linear érobability models. ' Borrowing

» x

insured by state guarantee agencies divided by the numbor of the
staté';’citizens_attending college had a negati&e coefficient more
frequently than a‘positlve one. This study, therefore, cannot provide
definitivefeyidence on the cost effectiveness of loan and’job aid.

+

8. Conclusions

)

k]

Our model of college entrance seems to work quite well. As measured
by entropy, the uncertainty of a particular individual's choice is reduced

hl

by almost a third. If other backgrdund characteristics hgd been added,

T T

T T
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. o

uncertainty §6ﬁialﬁa§e been reduced even more. Policy variables generally
! have the sign predicted a priori and are statistically significant in

i
|
%
|
y |
:
|
i

about half the strata.

~

Tuition's impact is leige. If in 1961 full-cost tuition ($1100) .
had prevailed in all colleges without compensating increases in grant l
aid, ihese equations predict that the college entrance rate would
have been about 17 percent rather than 40 percent. .

State governments are monopoly suppliers of low-cost educational
opportunity to the citizens of theéir state. The budgetary cost to . N
the state of increasing the rumber of college attenders by maintaining
low tuition, the marginal subsidy cost, is equal to the per-student
’sg?sidy of instructional cost plus the differenee between fhe price
paid and the marginal revenue. The lower the tuition elasticity,

- /

the higher the m;xginal subsidy cost. Thﬁfefore, students from

different backgrounds have quite different marginal subsidy costs

(Table 10)9 The bottom and top ability quartiles have the highest and

the lower middle quartile has the lowest. TFor middle-income students
the marginai subsidy cost declines with ability from $12,000 to
$1725 to $1122." Social policy has typically been to subsidize the

N e v ’
smagtest the most. Unless the education of an upﬁ?r-quartile student

produces substantially greater externalities than the education of

lower-middle-quartile students, this pattern of marginal subsidy costs
suggests that the patggrnAof price discrimination should be reversed.
{ Smartex_students should be charged higher prices.
Within ability quartiles higher—iecome atudents typically have
gsomewhat higher marginal subsidy costs. The effect is weak, However,

80 lower prices for low-income students must be justified on equality

of opport:unitfy, not efficiency, grounds. - 29
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FOOTNOTES

{

P /
1One‘wair this can happen is for the true variable XT to be related
XM T M -
to the measure by X* = a + X, + u, where a is a constant and u a

£
random error independent of X%. \\en the error-generating process is
L 4

is uncorrelated with other vériaﬁ@es n the mbdel, the coefficilent

on'XM is an unbiased estimate of the zkue coefficient. Too high a

level of aggregation for 2n independent variable is one way in which
measurement errors of this kind are caused. While.coefficients are

pnbiaseg, the‘variance explained and the statistical significance of the

~

variable decline.

In a recent paper, Kohn, Manski and Mundel have used this approach.

|
:
i
|
J
i
of this type we will call it BergsoQizn. If in a multivariate model u ' .
For those attending college in their sample thcj estimated a con- l

ditional logit model of college choice separately in two states-—-

Illinois and-North Carolina--and for three social status groups.

— «

The indebendent variables employed were tujtion, room and boérd
charges,.distaqcé, average abiliéy of students, college revenue

ﬁer stuéent, type of college, and the student's ability relative to
the average for the college. Except for the college actually‘atéended,

the ten colleges that were compared were randomly chosen from among

>

a set nf feasible colleges that could ie as large as 100. The
coefficients of the choice model may be intenpreted as generating

a2 utility index for each school for each peréon. ¢

[N

+

The variation across individuals in the maximum value of this
ufility index wes sdlely a functicn of the parts of the choice model
* >

E

|
bt r‘ 40{\

t -
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that iﬁteract student and college characteristics:’phyeical proximity,
the congruence of one's own ability with the average for all students
at the school, and admissibility. Because the éollegé going model was
estimated separately foy“_ach state, none of the variation in the maximum
of the utility indgx/é::’;ue to tuition. | ‘

3Here : gre assuming that when choosing among colleges parents
gencrally expect their chilareg to share the extra costs of more

. ., 3 cP - <1
esxpensive options: 3 (T+3§$) .

APreddbinantly vhite southern colleges were considered biracial,
_actually in a black’s choice set, if the numper of black students
was dither greater than fifteen or at least a percentage of the student _
body equa§ to one tenth of the black percentage of that state's population. -
By this criterion in 1961 no white colleges were biracial in Alabama,

Georgia, Hississippi, and South Carolina. There were one each in

=

Arkansas and Florida, seven or eight in Touisiana and.North Carolinsz,
tep out of thirty-eight in Tennegsee, and thirty-nine out of nrinety in
'i'exas .

SIn 1961 Catholic and Protestant denominational cdlleges

.

° typlcally required some Form of religious education. At Catholic

—

colleses Catholics were required to tgke~etgﬁi’€3’;13hteen hours of
theology. Non-Catholics were generally allowed to substitute "religion"
courses. - Protestant denominational colleges typically had compulsor% ‘
chapel. -In 1967 only 2.9 percent of the fresﬁmén at Ctholic foqr— -

year célleges were Protestant and only 6.7 percent of'éreahmen at

Protestant cclleges were Catholic.

i
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6In 1961 many éublicly supported institutions charged lowes Zaes
to students who applied from within the district that provided
‘financial support. In 1961 schools of this type weré the municipal

¥
‘.

universities of Kansas, Kentucky, Ohio,'Nebgaska, and New York and .
‘public junior colleges in Arizona, Colorado, Floriéa, Idahé, Illinois,ﬁ
Iowa, Maryland, Massachusetts, Michigan, Mipnesota, His?ouri, Nebraska,
Oregon, Texas, and Wyoming. "In some states tne in-out district_prfce
differential was smaller-~-$40 or so in Iowa--but in others, Illinois

-

‘and Maryland for instance,. it was between $200.and3$300. T
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