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ABSTRACT

A new variant of the contingent-repayment loan is proposed for
higher education., The new variant, which we call "the Partially
Contingent Educational Opportunity Bank plan," is designed to be
very stable (i.e., relatively insensitive in overall operating
characteristics to assumptions about basic parameters) and to
economize on administrative costs, especially when applied at the
institutional level rather than as a program of the federal government.

Under the Partially Contingent EOB plean, a student borrower would
agree to repay his debt over a fixed period after graduation. The
method of repayment would be somewhat like that of a conventional home
mortgage except that coupon repayments would increase each year in
accordance with expected ability to repay rather than remaining level
for the entire period. There would also be low-income protection for
borrowers: In each year, the PCEOB borrower would be given the option
of coupon repayment (described above) or payment contingent upon his
income, whichever is to his advantage. For stability and ease of
administration, the well-designed PCEOB plan sets the contingency-
repayment-tax rate sufficiently high so that this option is selected
only by those participants with the lowest incomes. In this way, the
PCEOB offers mutualization of the most salient borrower risks while
minimizing administrative costs and risks to lending institutions:

The borrower is given protection from full repayment when his income
turns out to be very much less than could be anticipated, probably
the student's greatest worry about the "albatross" of repayment

commitment. Because most borrowers will elect the noncontingent
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coupon method of repayment, the lending institutions can very accurately
predict the stream of annuel repayments from any graduating class. Also,
because few borrowers will elect the contingency option, the administra-
tive costs to the lending institution of verification of individual
borrowers' incomes would be substantially less than in a program where
all incomes had to be verified.

In this report we develop PCEOB operating parameters to be
applied to US Medical Schools. Given the required rate-of-return, r,
(or break-even interest rate) and the low-income-contingency-repayment-
tax rate, 1, we solve for the required coupon interest rate, s which
determines repayments for borrowers not electing the contingency
option. (Study, for example, Figure 11, pageh3 .) For the well-designed
plan the coupon rate of interest, L is only slightly greater than the
overall rate of return, r. E.g., in Figure II, if the overall rate of
return, r = 6% and the income-contingent-repayment-tax rate is .2% per
$1,000 borrowed, then the coupon interest rate, T should be set at
6.17%, only .17 percentage points higher than r. This means that the
borrower who turns out to have had high incomes in each repayment
year, and therefore has never elected the contingency option, pays an
additional .1T% in interest rate in order to offset "losses" from the
low-income borrowers. If we like, the additional .17 percentage points
in interest rate could be thought of as the borrower's insurance
premium - insurance against his having income substantially below the
average expected income of his graduating class. (The only difference
between the terms of this insurance and more conventional insurance
policies is that in this case the "premium" is paid by those who have
avoided the risk and to some extent only after the insurance period is

over,)
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A widespread worry about the.stability of any contingent repsasyment
loan scheme centers on the question of adverse-self selection by
borrowers: The problem that students with poor income prospects might
participate in the program with greater frequency than students with
good income prospects. We do not see this as a problem for the PCEOB
with a coupon rate of interest which is attractive compared to other
interest rates facing the borrower. Nonetheless, we have tested the
effect of various (rather extreme) adverse self-selection scenarios on
the PCEOB. (See, e.g., Figures III and IV, pages L5 and 46.) If
adverse self selection is anticipated by the lending institution then
the coupon rate, rc, must be higher than without adverse selection in
order to achieve the same overall rate of retwrn, r. r, is relatively
insensitive to adverse selection scenario, see Figure III where at
expected income growth rate of 4% even the most extreme anticipated
adverse selection (no participants with above median income!) does not
increase Tq by as much as a percentage point. From Figure IV we see
that the plan is also relatively insensitive to unanticipated adverse
selection. If the lender is expecting a return of 6% (at income growth
rate of 4%) then even the most extreme adverse selection scenario will
yield an overall rate of return, r, greater than 5 1/2%. The PCEOB is
also stable with respect to assumptions about income growth rates
(Figures III and IV) but when poor income growth rate forecasting is
combined with a very extreme adverse selection scenario, the unanticipated
shortfall in overall rate of return could nearly reach two percentage

points.



The partially contingent (PCEOB) is compared to two other EOB
variants: (1) The "fully contingent” variant (essentially the
Shell-Zacharias version) and (2) the "semi-conventional" variant (the
PCEOB without the contingency option). The fully contingent plan offers
the greatest mutualization of risk to the borrower while imposing the
most administrative cost on the lender since all borrower incomes are
subject to verification. In practice, the fully contingent plan seems
to be only slightly less stable in the face of adverse selection than
the partially contingent plan. The semi-conventional plaq is studied
as a benchmark, It is the easiest program to administer, the most stable
and offers no mutualization of borrower risk, all because there is no
provision for income-contingent repayment.

A brief theoretical section relates the particular applied problem
to the pure theory of optimal adverse risk selection, a problem in
control and decision-meking under uncertainty. Also included is
reference to administrative and transactions costs in the theory of
equilibrium,

Our basic computer programs are catalogued in several appendices.
One appendix attempts to survey the recent (and very rapidly unfolding)
experience with pilot-project contingent repayment loan schemes in

American higher education.
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INTRODUCTION

We have designed a new variant of the education loan in which repay-
ments are contingent on the borrower's lifetime income stream. We call
this variant "the partially contingent Educational Opportunity Bank plan."
It has three important properties: (1) relative stability (or insensi-
tivity) of the rate-of-return to assumptions about underlying parameters,
(2) relative ease and economy of administration on a smaller-scale or
pilot-project basis, while (3) offering much of the income insurance
and psychological protection for borrowers provided by earlier EOB
proposals. Most noteworthy is the strong stability of the partially
contingent program to assumptions about adverse self-selection by EOB
participants. We compare the partially contingent variant to two other
variants: (1) the "semi-conventional variant," which economizes most
on administration costs and is most stable but provides the least insur-
ance for participants, and (2) the "fully contingent variant," which
provides the most insurance for participants, but is least economical
to administer and is the least stable, (i.e., the most sensitive to
assumptions about underlying parameters.)

The Educational Opportunity Bank proposal has been a subjJect of
intensive debate within American higher education ever since the 1967

release of the Report of the Panel on Educational Innovation [3]. Two

National Tax Journal articles, Shell et. al. [11] in 1968 and Shell [10]
in 1970, attempted to sharpen the basis for debate over fundemental
issues in higher education finance by providing detailed ecénomic analyses
of and "hard numbers" for the Ed Op Bank proposal.

The general Ed Op Bank concept, that students have the opportunity
to contract for educational loans which may be repaid over relatively

long periods, contingent upon the borrower's lifetime income stream, has
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by now become a reality on some university campuses.l Financial
pressure has forced educational institutions to set up their own pilot-
project Ed Op Banks.

By contrast, the original proposals had envisioned a federally
operated Ed Op Bank which would coordinate its activities with the
Tnternal Revenue Service. Coordination with the IRS would meke the
contingent-repayment feature relatively easy to enforce since the IRS
would have income tax returns at its disposal for crosschecking. Indeed,
it was suggested that2 Ed Op repayments be collected by the IRS in con-
junction with the collection of personal income taxes.3 It was argued,

therefore, that economic transactions costs - including costs of collec-

tion and enforcement - would be relatively small for the nationally

oEerated Ed Op Bank.,

On the other hand, there is no reason to expect transactions costs
necessarily to be small for independently operated or pilot-project
contingent-repayment loan schemes. In these cases, "true copies" of
IRS Form 1040 are not available for confirmations of the incomes on
which repayments will be baused.)4 If the borrower's statement of income
is not to be taken on face value, costly investigation and perhaps legal

fees must be incurred by the scheme. Furthermore, independent mailings

1

See Appendix D for a brief survey and history of implementations and
attempted implementations of income contingent loan repeyment plans for
higher education.

D

-

See, Shell et. al. [11].

3 .
The thought was that Form 1040 could accomodate the collection of Ed Op

repayments after adding a few extra lines.

It has come to our attention that participants in Yale's Deferred Tuition Plan
give Yale the right of receiving true 1040 copies from the IRS. The IRSwuld .
charge Yale for each investigation. This is obviously a costly procedure but is
perhaps less costly then we seem to imply in the text.
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and record-keeping are costly to the lending institution. If the rela-
tively small scale contingent loan scheme is looked upon as a test or
pilot project pointing toward the possibility of ultimately adopting

the principle on national scale, then a strong case can be made for
"outside" support of administrative, research, and those transactions
costs expected to disappear when the schemes "go national and coordinate
with the Internal Revenue Service. It seems to us that support of

administrative, research, and transactions (collection and enforcement)

costs in pilot-project contingent-repayment loan schemes is a proper

r8le for the federal government and private philanthropy.

The federal government and private philanthropy have so far been

reluctant to provide such support. It is essential, therefore, that

the Ed Op Bank be redesigned for smaller-scale application with a view

to substantially reducing transactions costs.

We present in this paper a variant of the Ed Op Bank which we call
the "partially contingent" scheme.l If the operating parameters of this
variant are chosen correctly, only a small percentage (between, say,

10% and 30%) of participants are expected to elect repayment contingent
upon income. For this reason, enforcement costs and risk to the smaller-
scale lending institution can be substantially reduced. In designing the
"partially contingent" program, we retain attractive features of the

original (or "fully contingent") EOB scheme: (1) The long repayment

period (of, say, 20 or 30 or more years) is an essential part. (We

even consider the new feature of an after-graduation grace period.2)

1After completing this study, it has come to our attention that the Ford Founda-
tion PAYE group has proposed a somewhat similar plan which they call their
"hybrid" plan. See Pay-As-You-Earn, Ford Foundation Studies in Income Contingent
Loans for Higher Education: Summary Report and Recommendations, New York, 1972.
Also the forthcoming New Patterns for College Lending: Income Contingent Loans by
D. Bruce Johnstone assisted by S. P. Dresch, Columbia University Press.

2

We understand that Duke University offers a repayment grace period in the terms
of their current tuition postponement plan.
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(2) Expected repayment increases through time for each borrowing cohort.

(3) Insurance against low future income for any participant is retained,

but in a simpler form. Only those participants who fall into what is
expected to be the lowest few income deciles of their borrowing cohort
will base their repayments on income. All others pay a prearranged
"coupon rate" per $1,000 borrowed. Unlike the conventional mortgage
repayment, coupon repayments are not equal over the life of the loan

" but instead increase at an exponential rate to accomodate the typical
borrower's "ability to pay."

Our "partially contingent” variant is precisely defined in what
follows. Its operating characteristics are studied and compared to
those of the "fully contingent'" variant - essentially the schemes
studied by Shell et. al. [11] and Shell [10] and what we call a "semi-
conventional™ variant - essentially the "partially contingent" variant
without the income contingent provision but with the long repayment
period and exponenﬁially increasing repayments geared to expected
ability to repay.

The "stability" properties of an EOB scheme are of great importance.
Any lender, including the federal government, must be concerned with the
robustness of expected rate-of-return to assumptions about growth-of-
incomes, adverse selection of participants}'and so forth. For a variety
of reasons, "stability" considerations seem to be more important for the
smeller-scale EOB than for the federal EOB: (1) The smaller-scale EOB
must be more adverse to financial risk than would a federal EOB because
of its relatively small financial base. (2) Because it must support

relatively greater administrative and transaction costs and because it

1
There is said to be adverse selection of participants when the average income

prospects of participants is poorer than that of the college class as awole.
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must borrow money at higher interest rates than the federal government,
the smaller-scale EOB will probably seek a higher gross rate-of-return
than is envisioned for the national EOB. This, in turn, accentuates
the problem of adverse self-selection by participants in the smaller-
scale EOB.

Our partially-contingent variant is very robust to assumptions

about underlying parameters, especially to assumptions about adverse

self-selection by participants. This is another reason why the partially

contingent variant should be especially attractive to the smaller-scale
EOB. Since stability is also important for the national EOB (but not
as vital as it is for the smaller-scale EOB), the partially-contingent
variant may also prove to be attractive for any federally-sponsored
program.l

Our calculations are based on United States medical school data.
At the time we began this study, it seemed to us that we might find our
first practical EOB applications in this area..2 In retrospect, this
choice appears less than ideal since medical schools as a group now seem

to be more resistant to EOB proposals than the other professional schools

1

Shell [10] shows that the fully contingent EOB has a stable rate-of-
return with respect to what seems to us to be quite extreme assumptions
about adverse self-selection of participants. Nonetheless, Hartman [5]
and Nerlove [8] express nervousness about the adverse-self-selection
problem. Perhaps they will find our partially-contingent variant so
stable that adverse self-selection will no longer be considered an issue.
In what follows, we clarify aspects of the adverse self-selection problem
for it, per se, does not entail problems, but coupled with poor income
forecasting, it could. ’

2
See Shell [9] and Shell [10].



-1k~

and even some undergraduate colleges. This study stands as a possible
guide to medical schools should they turn to this option. More impor-
tantly, we hope this study will be of general use in higher education
fina.nce;l only the data are specific to the medical school case.2

We conclude our analysis by relating our underlying and basic
problem, the design of an optimal Educational Opportunity Bank, to the
recent theoretical literature on optimal adverse risk selection; see,
e.g., Akerlof [1] and Arrow (2], optimal income taxation; see, e.g.
James Mirrlees [7] and Eytan Sheshinski [12], and economic equilibrium
with transactions costs, see, e.g., Foley [4] and Heller [6]., It turns
out that the concepts needed for our purposes are Just those touched
upon by Kenneth Arrow [2] in his remarks on the new theory of optimal

adverse-risk selection.

I. The Three EOB Variants

We consider and compare three related loan repayment schemes: a
"semi-conventional” plan, a "fully contingent" plan, and a "partially
contingent" plan. In all cases, loans are made in the same way; only

the way in which loans are repaid distinguishes one plan from the others.

1

This study is part of a larger report being prepared for the U.S.
Department of Health, Education, and Welfare. The larger report will
tebulate all our basic computer programs. Users can test their own
date on these programs. When available, the larger report can be
obtained by writing to Professor Karl %iell, Department of Economics,
University of Pennsylvania, Philadelphia, Pa. 1910k,

2
However, recent developments among medical schools such as that of

the University of Pennsylvania suggest that state legislatures are
increasingly unwilling to finance the education of MD's who do not
practice in the state in which the university is located. Hence, the
proposal seems to have as much a priori appeal as ever. See also
Appendix D for a summary of proposals.



Loans are extended to all participants at the beginning of each medical
school year., Graduates borrow in each of the four years of medical
education, while those who drop out only borrow during their actual
enrollment years. (Assumed to equal 2 years) For all participants, interest
accrual begins immediately and continues throughout medical school and the
ensuing repayment period.

We distinguish borrowers by three classifications in each "cohort,"
or entering class: income decile, educational achievement (medical-
school graduate or dropout), and age (25-64 years). This is the DEA
nomenclature of the undergraduate program (see Shell et. al. [11]).

Thus, marital status and sex are not elements considered in the present
study even though the incomes of female physicians are relatively low.
However, we examine the returns of all physicians, in the aggregate,
since at least at present female medical students are few in number and,
most importantly, since female MD's can be assumed to pursue more or
less full-time careers.

Since the medical student's income is likely to be low for a few
years after graduation, when he is in the military or in internship, we
vary the year in which the repayment period begins. In our computations,
we considered at least three alternatives:

(a) repayment begins one year after graduation (at the end

of the first year out of medical school; this adds one year's
accumulated interest ~ no grace period);

(b) repayment begins three years after graduation (two-year grace

period);
and (c) repayment begins five years after graduation (four-year

grace period).
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The required parameters for a program utilizing the two-~year grace period
iie midway between those of programs with no grace period and those with

a four year grace period, and thus simulation results for that alternative
are presented below only to illustrate aspects of the partially contingent

variant.

A. The Semi-Conventional Variant

In this variant there is no income contingency provision. Thus,
while no insurance is provided the student borrower, the lender is only
exposed to risks from default and - if the lender has borrowed short-term
to finance the loan portfolio -~ risk of increases in the short-term
interest rate.l The borrower is required to repay his loan plus interest
over a given period of time. The semi-conventional loan is thus likea
conventional home mortgage, but the repayments stream is not necessarily
level during the repayment period. Indeed, in the examples studied here
repayments grow at an exponential rate roughly equal to the expected
average rate of growth of income for the borrower's cohort, or medical
school class.

Our major purpose in examining the semi-conventional repayment
scheme is to compare and contrast its terms with those of the other two
plans. Notice, however, that its repayment terms are in some ways more
favorable to the borrower than existing loan opportunities. Its terms

differ from a commercial bank loan in the following ways:

1
Yale is currently borrowing on a very short term basis - semiannually -
to finance its "Postponed-Tuition" loan program.
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- the borrower gets a longer repayment period (twenty to thirty
years after graduation) than currently available from commercial
sources (five to ten years after graduation);

- the borrower has the option of a "grace period," i.e., delay
after graduation before beginning repayments;

- the borrower's repayments will grow over time roughly in accord
with his expected income growth rather than being maintained at

a constant amount.

The first feature makes this repayment scheme closer to that of a nome

mortgage loan than to a normal bank loan, while the third feature allows
repayments to grow roughly with average cohort incomes, reflecting

expected ability to pay.

B. The Fully Contingent Programs

Under the "fully contingent plen," the borrower agrees to pay in
each of the years of the stated repayment periodva fixed fraction of
his income in that year. To lessen the impact of adverse self-selection,
an opt-out provision is included in the fully contingent plan: no
borrower will ever repay more than principal plus interest calculated
at the annusl rate R, the opt-out interest rate:.L’2 The plan analyzed
here and applied to medical education is the same as that described in
detail and applied to undergraduate education by Shell et. al. [11]
save for: (1) inclusion in this study of a grace period in which
repayment-taxes are not collected, and (2) equal treatment in this study

regardless of sex or martial status, while the undergraduate study

1
Meking "fully contingent" something of a misnomer.
2
Adverse self-selection occurs when those with poorer income prospects change
to participate more frequently than the members of the class with higher
income prospects.
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provided for special tax-repayment treatment for married women, It has
been shown in Shell [10] and replicated in this study's results that
the fully contingent plan, with the opt-out provision, generates a rate
of return which is quite insensitive to unanticipated adverse self-

selection.

. The Partially Contingent Program

The partially contingent program, which can be thought of as the
result of merging features of the semi-conventional plan with features
of the fully contingent plan, will be the focus of much of our analytic
and empirical investigation. The partially contingent scheme allows
each borrower, at the end of each (annual) repayment period, to elect
one of two alternative repayments: T multiplied by his current income
Y., (rYt),or the "coupon" from a semi-conventional loen repayment
schedule. (Both T and the "coupon" are set for a $1,000 loan; larger
loans increase T and the "coupon" proportionately.) We expect that
low—income earners will choose the former, and that those in higher
deciles will opt for the coupon, so that the 1ih physician's repayment

(per thousand dollars borrowed) in period t, Pi, may be represented by

i 1,2
Pt t

this program, T must be set substantially higher than that of a fully

= min (tYl, C, ), where Ct is the coupon repayment in period t. In

1
This is a conservative assumption, Documentation would be required
for contingent repayment. To avoid the effort of documentation, an MD

close to the margin (where TYi = Ct) could be expected to choose coupon

repayment even though TY% < Ct‘

2

To protect against possible ambiguities, we will follow the convention
that year of repayment, t , will always be relative to the beginning of
the repayment period itself (after the borrowing period and grace period.)
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contingent scheme earning a comparable rate of return to guarantee that
the income-contingent repayment option will be elected only by those
participants falling in the lowest few income deciles.

Why is "low contingency" desirable? The coupon program is very
simple to administer, whereas tax repayments require both verification
of income tax returns and individualized computation of tax. Hence, the fwer
participants who elect the income contingency option, the lower the
resultant administrative costs will be. Among partially contingent
plans yielding the same overall rate of return r, the required rate of
interest T, of the coupon schedule is inversely related to the repayment
tax rate t. Decreasing 1 decreases the dollar repayments for individuals
electing the income contingency option and thus increases the frequency

of election of this option. Therefore, if T is decreased, ceteris paribus,

then rc must be increased sufficiently to offset the loss of revenue from
lower individual repayments under the contingency option and from increased
frequency of election of this contingency option which allows the par-
ticipant to make a smaller payment than is required by the coupon option,
As r, approaches r (from above), T must become very large to choke off
election of the contingency option., It isinfeasible to set the coupon
rate of return below the overall rate of return (rc <r).

On the other hand, if T is relatively large, then T, will be rela-
tively insensitive to a change in 1 because of the low frequency of
election of the contingency option. In designing the "optimal" partially
contingent scheme, the overall required rate of return, r, can be thought
of as exogenously given by, say, the lending institution's cost of

capital. There is a set of t and r, that are compatible with the given r.
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Among these feasible (7, rc) pairs, the policy-maker will choose T to

o o afficiently large so as to limit expected frequency of election of

the contingency option to a manageable level from the point of view of

the lender's costs of administration. Since when t is high fewer elect
the contingency option, high t's tend to meke the program relatively
jnsensitive to unanticipated changes in structure, e.g., changes in the
rate of growth of incomes or changes in the pattern of adverse self-
selection. However, the higher t, other things being equal, the less

income insurance is afforded participants. This then is the trade-off

for the policy-maker: the higher t,the greater the stability and ease

of administration,but the lower the income insurance protection afforded

to participants.

It is our feeling that a well-designed program has the following
approximate characteristics: (1) t is sufficiently high so that only
the lowest few deciles (say the lowest two or three deciles) elect the
income contingency option on anything like a regular basis and thus (2)
the coupon rate is not very much greater than the overall rate of return.
In practice, we focus on programs in which the difference, r.~T, is

roughly between 1/10% and 1%. Such programs, it seems to us, provide

much of the most desirable income insurance protection provided by the

less stable and more costly-to-administer fully contingent plan.

In judging whether or not a repayment commitment can be an "albatross
around his neck," the potential borrower is most likely to focus on what
would happen to him in very low income situations. This may be especially
the case for the borrower from a low-income family. Such a borrower may
be unfamiliar with the high incomes available to members of his professiqn

and may be particularly naive about financial arithmetic and the "miracle
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of compound interest" as it applies to expected income growth. It seems

te us that irsarance of the form "you need never pay more than T per

cent of your income for each thousand dollars borrowed" should provide

very strong psychological assurance to potential borrowers.l

II. Calculations

L. Semi-conventional loans

The most important single parameter for the semi-conventional
prcgram is the interest rate or rate of return, r. Since this program
allows no income contingency, r can be also thought of as the coupon
rate of interest, the overall rate of return, and the opt-out interest
rate, since all these rates are the same in this simple program. The
semi-conventional loan is fully described by specification of the
parameters: r, T, t, and y. T is the length of the repayment period,

t is the length of the grace period after graduation in which repayments
are not made, and y is the prespecified constant annual rate of increase
in repayments.

For example, when T = 25 years, t = 0, v = 10%, and r = 6%, the
starting repayment per $1,000 borrowed would be $31.56. The effects
of the grace period are substantial, since interest accumulates con-
tinually. When t = L years, the initial payment rises to $40.57T. 1In
both cases, this starting payment and the remainder of the repayment

stream are like coupons in a booklet for a mortgage loan -~ except each

1

We are aware that important questions of psychological fact are involved
here. We urge study of these questions. At this time we put forward our
strong a priori beliefs about the role of risk aversion in the student-
loan participation decision.
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sayment is larger than the one preceding, To illusirate the effects
. owosth in repayments, we drop Y to zero - all payments are thus equal,

For the above two grace period variants, ceteris paribus, when y = 0%,

the respective starting (and all succeeding) repayments are $92.73 and
$118.54. Over 25 years, the MD would pay over $600 extra in interest
for the privilege of a four year grace period, per $1,000 vorrowed, when
211 payments are egual (y = 0). To compare these repayment schedules
with repayment terms more generally available today, if the repayment
re=iod (T) were shortened to ten years, with y = 0, t = 0, and r = 6%,
repnyments would be $158.96 per year per $1,000 borrowed.
Tables I(a) through I(d) present the cash flows resulting from these
four parameter combinations in the semi-conventional repayment plan.
The parameters which are operative in each plan are outlined above the
cash flow table, all parameters being held constant except the starting
payment, which is solved for by an iterative process. These cash flows
also illustrate our basic experimental design:
a. 100 borrowers (91 graduates and 9 dropouts)
b. $250 loan per year for each borrower
¢. Graduates borrow U years, dropouts borrow 2 years
d. Mortality considerations - see Appendix B (note slight decrease
in dropouts' repayments from 1976 to 1977 and continual
decrease in repayments for grads and dropouts from 1978
on - in the equal repayments design, y = 0%)
e. Repayment period (if no grace period) begins immediately after
year of graduation or of dropping out (thus drop-outs start and

end repayments two years before graduates)
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It is instructive to note the starting payment and maximum outstand-

ing debt in each of these four programs for the above group of 100 borrowers

entering medical school in the year 19TL:

Max Outs Debt (Year)

t T Y Starting Payment In Thousands of Dollars
0 25 0% 92.73 110 (1977)
N 25 0% 118,54 136 (1982)
0 25  10% 31,56 138  (1988)
I 25  10% 40,57 17 (1992)

Of course, equal repayments (and thus high starting payment) with no
grace period require the least outstanding debt, as bank receipts begin
reduction of principal immediately after graduation (1977). It must be
stressed that all four programs yield a 6% return over the 25-year
repayment period, only the timing of repayments (and thus the interest

charges) differ.

B. Fully Contingent Program

The results of our tax and interest rate calculations for the fuily
contingent scheme are presented in Tables III and IV. The fully con~
tingent program is precisely described by the parameters T, g, R,

r, T and t, where T is the repayment tax rate per $1,000 borrowed, g is
the growth rate of incomes assumed for the borrowing cohort, R is the
opt-out rate of interest at which a borrower may exit from the program
before T years have elapsed, and the other parameters are the seme as

in the semi-conventional variant. Given a desired (r, R) pair, t is

the single most important decision parameter, and it is the one for
which we solve, given the others (Naturally g is not a policy parameter,

but it is nonetheless an exogenous parameter of the program).
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The annual payment made prior to opting out in year X of the repay-

ment period for a borrower in the ith income decile (per $1,000 borrowed

at the end of medical school), Pi ,l will be TYi . Hence, outstanding

debt of such an individual in year T in thousand dollars calculated at

J
the opt-out rate R is equal to

~. e=T 3 -~ . . .
Bo T3 (1) TRyl = gM(ny)
6=1

where ‘I‘j < Ti < T, Ti is the opt-out year, and Bi in the graduation debt

in thousands of dollars of individual i . In the opt-out year, Ti ,

B*L (1;) < 0 , while B'1 (T,) > 0 for Ty <T; . Inyear T; payments

are reduced so that the equality B*i(Ti) = 0 holds. If T, < T, this
individual opts out, and if Ti > T , he does not. Actually, interest must

be paid on the first year's loan during the four years in medical school,

on the second year's loan for the next three years, and so on, it being
assumed that the loan is evenly distributed over four years of medical school,

~

so that
. . b 3
Bl =250 B[ )] (1+R)"],
J=1
where B' is the number of thousands of dollars actually borrowed exclusive
of interest accumulated during medical sshool.

Medical school drop-outs (assumed to leave school after their second

year and enter repayment period immedia‘bely)2 must "solve for" T; , their

opt-out year, such that

. 2 J 1 iTi -(8+t) i
250 B*[ | (1#R)7] < 5 = B" | [(14R) Yy 1.
J=1 o=1
1
See Page 11 for explanation of Px notation.
2

This differs from the undergraduate proposal in Shell, et. al., Op. cit.
in which all members of the cohort pay back over the same period. Here d&op-
outs begin and end their loan repayment period two years before the graduates.
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Then if Ti < T the payment required from ith the decile borrowers

in their opt-out year, T; , is:

. T 4t (73-1)
pl o (14r) T (i . ] pl (#R)-(6+t)] |
and obviously P; = 0 when x > Ti (or x> T), since the loan is paid off.

\See Appendix C for the cash-flow algorithm actually used in solving for

the desired variables.)

In our computations, the breakeven interest rate (r) is set at 67%,
the opt-out rate (R) is stipulated to be 8%, and we vary the length
of the grace period (t), the expected growth rate of incomes after
1974 (g), and the possibilities of adverse self-selection under several
scenarios, Table II enumerates seven possible participation scenarios,
ranging from 100% in all deciles, to partial participation by only the
lower five deciles, We do not expect much adverse selection, but
anything can happen, as critics of such plans suggest (ef. Nerlove [8]
and Hartman [5]). Further, adverse selection may be "unanticipated,"
We recognize this possibility and test the strength of the programs to
these very extreme scenarios, using the rate of return as a criterion.
Testing for "unanticipated" adverse self-selection is done only for
the partially contingent progrem. We may infer, however, from our
exercises with "anticipated" adverse selection with the fully contingent
plan, that the rate of return will behave analogously to that in the

exercises in Shell [10]; the two plans are not dissimilar,



Sceznario No.

O\ W

Adverse Self-Selection Scenarios

Table II

% Decile participating in the program

Decile

1 2 3 L 5 6 7 8 9 10
100 100 100 100 100 100 100 100 100 100
100 95 90 85 80 75 TO 65 60 55
100 90 8 T0 60 S50 4 30 20 10
100 90 80 70 55 45 30 15 0 0
100 90 80 T0 45 30 15 0 0 0
100 90 80 60 Lo 20 0 0 0 0
100 80 60 40 10 0 0 0 0 0

-30~-
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Our income data are more limited in scope than we would like (see
hppendix A for derivation of income data). They do not indicate pre-
cisely at what age the largest Jump in income occurs; however, in 1959,
for MD's thirteen years after graduation, mean income was of the order
2.6 times that of those physicians out of school three years. (See
Appendix Table A-1l)., Thus, allowing repayment to begin five years after
zraduation yields about a 20% drop in the magnitude of the tax rates re-

auired to enable the Bank to break even, cet.par.

The computational results in Table III for the fully contingent
program emphasize the high returns to medical education as well as the
relative stability to adverse selection of this variant. A physician
entering medical school in 1974 would, if required to pay his loan
back over twenty years starting one year from graduation day, pay Ed-Op
repayment taxes at the rate of T = .17% per $1,000 borrowed. (See
Part 3, Table III,) If T = 30 years, t drops to .10%, as compared with
a .59% rate for the same undergraduate cohort, with similar assumptions
(Shell, et. al., Table IV.15, p. 25). As mentioned above, the post-
ponement of the repayment period's initial year substantially reduces
the tax rate. For example, for T = 20, boosting t to 4 drops 1 by
20% (.167% versus .132%), and when T = 30, 1 drops by 11% (.100%
versus .089%).

Given these parameters, the program is so attractive that only
the top three deciles opt-out prior to the normal terminal year, T.
Table IV presents the opt-out years (relative to T) for each of the
four scenarios above, plus those for T = 25 years. The opt-out year
for the 10th decile for t = 0, T = 20, occurs half-way through the

repayment period, a fact which depends explicitly on the high average



-32-

income we assume for that decile relative to the others, since given
the assumed Pareto distribution, the top five percent of physicians
earn nearly 50% more than the top 15 percent on the average (see Table A—A
in Appendix A). Hence, we expect that these physicians would be break-
ing even on their investment in medical education, even at 8%, in a
short time period.

As can be seen from Part 4 of Table III, boosting the required rate
of return to the bank to 8% and the opt-out rate commensurately to 10%
raises the repayment tax rate, Tt , by slightly more than the same percent-
age amount; i.e., the elasticity of T with respect to the r , setting R
by R-r = 2%, is greater than one and positive. Using the midpoint ARC

elasticity:

ET (I‘ +r2)/2 _A_‘_l‘_ - rl+r2 Tz_Tl
Er| R-r=2% Zrl+12)/ Ar T1+T,[| TomTq

This is because, with the higher opt-out rate, R , rich MD's cannot opt-
out so quickly, thus accruing more interest to pay off in the form of a
higher per-year (higher 1) payment, while delay of the opt-out dates
through increasing pre-opt-out mortality shifts a greater burden of re-
payment onto the survivors.
Figure I depicts the relationship between r and Tt , when R = 8%.
The opt-out rate is an asymptote for r = f(t), and of course, as 10, r>-=,
The cash flow outlined in Table V (D) shows the total repayment stream
( %O %5 P’) for all borrowers participating in a fully contingent
i=1 X=1
program with parameters similar to those of the semi-conventional
plan represented in Teble I (d): t =4, T =25, r = 6%. The total re-
peyments in this fully contingent program are larger than those of the

comparable semi-conventional scheme in years 1984L-1996, but drop off

* See Page 11 for explanation of Pi notation.



RATE OF
RETURN

(r)

€% |

-33-
Figure I

Fully Contingent Program: Rate of Return, r, as a Function
Tax Rate, t, for the Fully Contingent Program with:

Opt-out Rate, R, = 8%
Grace Period, t = 0 years
Repayment Period, T = 25 years
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TABLE III
Fully Contingent Program:

Repayment tax rate, per thousand dollars borrowed, when the rate of
return (r) = 6%, the opt-out rate (R) = 8%, repayments begin t years
(varied) after graduation, and the repayment period (T) = 25 years,
and g is the assumed rate of growth of physicians' incomes after
1974, for a class entering in 197k,

1. t = 0 (no grace period): 1 (per cent/$1,000 borrowed)

Adverse self-selection

Scenario No. g = 5% g =4y g = 3% e = 2%
1% .1223% L1461%  .1TL1% .2041%

2 .1269 .1513 .1803 .21k

3 .13hT .160L .1905 .2258

L .1388 .1650 <1957 L2317

5 L1422 .1690 .2003 .2368

6 L1443 L7k .2031 .2399

T .146k 1735 .2051 .2k16

5, t =L (4 year grace period)

Scenario No, ° g = 5% g = 4% g = 3% e = 2%
1* .1045% .1276%  .1552% .1884%

2 .1093 .1331 L1617 .1958

3 1167 L1k1T7 LAT1T7 .2073

I .1208 .1L66 LTTh .2139

5 .1240 .1504 .1818 .2190

6 .1259 .1525 .18k42 L2217

T .1270 .1545 .1862 .223h

¥ geenario #1 represents full participation - no adverse self-selection.
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3. T for varying (t,T) with no adverse self-selection and g=5% - (r=6%, R=8%)

T t X
20 0 .1673%
20 L .1323
30 0 .1000
30 L .0889

4. 1 for varying (t,T) with no adverse self-selection and g=5% (r=8%, R=10%)

I t X
20 0 .2259%
20 N .186L
25 0 .1723
25 N L1537
30 0 L1457
30 L .1357



Fully Contingent Program:

TABLE IV
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Opt-out years by income decile, expressed as years after the repayment

period begins.

Program

t=0, T=20
t=4, T=20
t=0, T=25
t=b, T=25
t=0, T=30
t=h, T=30

*Eighth decile does not repay principal plus eight per cent interest

in less than T years.

Parameters correspond to those in Table III, Part 3 (r=6%, R=87%,

g=5%, no adverse selection).

-t 8th

1

%k %k % k *¥\O

Decile

9th

17
18
21
18
26
29

th

10

11
12
1k
15
22
18
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sharply in 1997 and then again in 2005, This may be explained by noting
the exercise of the opt-out feature by deciles nine and ten (decile

ten opts-out in 1996, 15 years after his initial payment; decile five opts-
out in 2004, 23 years after his initial payment.) Looking to Tables II
(v), (c) and (d), one sees how the incidence of the repayment burden

is distributed over three representative deciles:

one, five and ten. The largest difference, of course, is between

deciles five and ten, as the highest-income graduates make relatively large.
repayments until their opt-out year, 1996, The last four payments made

by this decile ten borrower represent his subsidization of deciles

one through nine (note that he had almost repaid his loan, at 6%,

in 1992.) This pattern holds over all of our sample fully-contingent
repayment schemes: High payments by the upper two or three deciles

serve to reduce the debt rapidly in the early years of the cohort

repayment period and thus lessen interest accrual and the repayment

burden of the lower income deciles,

C. Partially Contingent Plan

To describe the partially contingent variant we add a new
parameter to and delete an old one from the parameters of the fully
contingent scheme, The coupon rate (the new parameter), T is the
interest rate implied by the coupon repayment schedule which consti-
tutes one of the two options available to the MD each year. To
determine rc, and thus the payments schedule, (which grows aty per cent per
annum, as in the semi-conventional variant), we must set T, the length
of time over which all borrowers are obligated to make repsyments, T,

the repayment tax rate per $1,000 borrowed, and t, the grace period,




~L2-

and we must meke an assumption about g, the rate of growth of MD's
incomes. The coupon payment option replaces the opt-out feature,
end R is therefore not included in the parameter list of the partially
contingent scheme. If we specify a rate of return, r, and all other
parameters except T and rc, we may solve equally well for either 7
or r., given the other. In practice, we set t and solve for T, so
that we may retain t's which are comparable to those tested in the
fully contingent variant.

Perhaps the borrowing MD's repayment choice may best be illustrated
by presentation of the following specimen form letter, Figure II,

which might be sent as his annual bill.

As mentioned above, Pt,

the payment mede by a doctor in the ith
income decile in year t following graduation, is min (TY%, Ct)’ per
thousand dollars borrowed. Borrowings, Bl , inclusive of accumulated

interest during medical school remain the same as above; i.e.

- . b
Bl =250B" [ ] (1 + r)d]

=1
Note that here, T, is used to compute interest accumulated, whereas

under the fully contingent scheme, the opt-out rate, R, is used to
determine B*' and thus T, Given a feasible (t, r.) combination it will
always be true that the present value of the coupon schedules repayment
stream at the time of graduation will be greater than or equal to the
outstanding debt at that time:

. T -
e 1 e T 0l
1 =1 - °© 0

where C0 is the payment in the initial year, Now, Cy = Co(l + Y)t. Note
also that this inequality becomes an equality if, and only if, T is suffi-

ciently high so that the contingency option is never exercised and there

is no mortality during the period.



FIGURE II

UPSTATE UNIVERSITY
Medical Education Opportunity Bank

College Town California 94302

April 15, 1979

Dr. John Q. Borrower
Smalltown Hospital
Smelltown, New York 10708

Deaxr Dr. Borrower:

In 1974 you borrowed $x thousand for your medical education to be
repaid over a 30-year period. As you know, each year you are given
the choice of meeting your repsayment obligation with & coupon, which
this year is $Y, or with a tax repayment, for which the tax rate is
0.Z% (0.00Z) from your current adjusted gross income, whichever is
less. The coupon payment is Y% higher than last year, reflecting
your increased ability to pay as your income grows.

Your payment is due within thirty (30) days of the date on this
letter. Please transfer funds electronically if possible, to our
account number xxxyyy-zzz. If you choose the tax payment, code your
social security number with the payment and attach a certified "true
copy" of the form 1040 you submitted with your Federal Income tax.

Sincerely,

Joseph H. President
Medical Educational
Opportunity Bank

JHP/ecc

=43~
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Similarly, a feasible (t, rc) combination will insure the validity
of the following inequality, where P% represents the repayments by all
individuals belonging to the set K in year 6 of their repayment period.

G (ORI ] ket o} ] ke

e~

L :
[ 7 L, {In* (Q+x)d}]c<
=1 9 i1 0

where LJ is the loan extended in year j , i€G, D¥ if J < 2, i€G othervise
and n§ is the number of persons in the ith decile in year ? . Now, since
Pg = TYg , if we hold 1 fixed, we may determine C0 from the above, and

hence re . This constitutes the relationship between r, and t: given

i

r and T, the payments min (1’Yt R

Ct) must be sufficient to reduce outstand-
ing debt to zero in T years.

Results from the partially contingent program are presented in
Tables VI - IX and Figures III and IV. In Table VI, we explore r = 6%
with T = .26%. This yields a "coupon rate," r, s which becomes increasing-
ly close to the rate of return, r, as the grace period, t, is extended.
This is because MDs' incomes grow very quickly in the first four years;
so fewer chose the 1Y, option when the grace period was available. In
general, for both r = 6% and r = 8%, it was felt that the t¥, option
was elected too frequently (to realize air goal of minimizing administrative
costs) in schemes with a short or no grace period, since even the higher
income MD's exercise the option. A T of .33% seems to give a somewhat
"attractive" pattern in the r = 8% program; except for low or zero t, there
is not much change.

(Attractive has the meaning of the above discussion with reference to

*
G means graduates, and D means dropouts.
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Partially Contingent Program with: ISO - r LOCI

Grace Period, t = k
Repayment Period, T = 25
Income Growth, g = 5%

No Adverse Selection
(scenario = 1)
Growth of Coupon Payments
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Figure IV L6~

Partially Contingent Program: Anticipated Adverse Selection
Coupon Rate, r,, required to maintain rate of return,r, at 6%
When Income Growth is Anticipated to be g, with:
Tex Rate, v = .0020
Repayment Period, T = 25 Years
Growth of Coupon Payments, y, = 10%
For Various Anticipated Adverse Selection Scenarios
and Differing Lengths, t, of grace period

COUPON ADVERSE SELECTION
RATE SCENARIO
(r~) A\
[ 7/ Y
? ] 2 3  as567
9
8
7 =
(t=0)
ADVERSE SELECTION
®SCENARIO #¢ 2 (1=4)
6 --—————--—-————————--————————————(
(f=6°/o)
1 1 GROWTH OF
- ! . ' INCOMES (g)

| Y% 2 3 4 5 6



"Coupon rate," r,, given T, the repayment tax rate per thousand
dollars borrowed; r, the rate of return; t, the grace period after
which the repayment period begins; T, the repayment period = 25
years; g, income growth after 1974 = 5%; and A\, rate of growth of
10%.

TABLE VI

repayments for the coupon option

t (grace period)

wmH O

2, 1= .26%, r = 8%

t (grace period)

whnh ko

3, t = .33%, r = 8%

t (grace period)

FWwW MO O

r

C

N O\NO\NON
L] L] L] L]
=1\

RS

HEFEMDW

8.60%
8.L48
8.3k
8.30

8.LL%
8.3k
8.23
8.18
8.16

Partially Contingent Program:

Contingency by Decile®
6 7 8

=b7-

1 2 3 > 10
5 5 4 4 3 3 2 1 -
¥ 3 3 3 2 2 1 -~ -
2 2 2 1 1 1 - - -
1 1 1 - - - - - -
Contingency by Decile¥
1 2 3 L 5 6 71 8 10
7-1 6 6 6 5 4 4 2 -
6-1 51 5 L4 4 3 2 1 -
b2 b1 41 3 3 2 1 - -
3-3 3-2 2-1 2-1 2 1l - - -
Contingency by Decile¥®"
1 2 3 L4 5 6 1 8 10
5 5 5 4 kb 3 3 2 -
¥ 4» 3 3 3 2 1 - -
3 3 2 2 2 1 - - -
2 2 1 1 - - - - -
1 - = e = = == -



b, Tt = .40%, r = 8%

Contingency by Decile*

-48-

t (grace period) Te 1 2 3 4 5 6 T 8 10
0 8,354 4 4 4 3 3 3 2 1 -
1 8,26 3 3 3 2 2 1 1 - -
2 8.16 2 2 2 1 1 - = - -

*¥The notation used here indicates the number of years for which
physicians in each decile exercise the tY;, or contingency, option,
A single number, e.g., 6, indicates that the option was exercised
during the first six years of the repayment period. Two numbers
separated by a dash, say 5-1, denote exercising of the option in
both the beginning five (5) years and the ending (1) years of the

repayment period.
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TABLE VIII

Partially Contingent Program:

"Anticipated" adverse self-selectiont: Solve for r_, the coupon rate,
given T, the repayment tax rate = ,20%; r, the rate of return = 6%;

T, the repayment period = 25 years; A, the rate of growth of coupon
repayments = 10%; and varying t, the grace period, and g, the rate of
growth of incomes after 197L.

1. t (grace period) = O years

Adverse selection

Scenario No. g = 5% g = u% g = 3% g = 2%
1 6.51% 6.60% 7.02% 8.50%
2 6.55 6.67 7.23 10.02
3 6.64 6.82 7.86 infeasible
4 6.69 6.92 9.47
5 6.72 7.00 infeasible
6 6.7k 7.07
7 6.78 7.20

2. t =L years

Scenario No. g = 5% g = 4% g = 3% g = 2%
1 6.17% 6.27% 6.63% T.56%
2 6.17 6.29 6.72 8.0L
3 6.17 6.34 6.95 infeasible
N 6.17 6.37 7.11
5 6.18 6.40 7.26
6 6.18 6,42 7.38
7 6.18 6,47 T.67
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Table IX

Partially Contingent Program:

"Unanticipated" adverse self-selection: solve for r, rate of return,
given 1, repayment tax rate = ,20%; T, repayment period = 25 years;
vy, rate of growth of coupon repayments = 10%; r., coupon rate, from
Scenario 1, Teble V, and varying g, rate of growth of incomes, and t,
the grace period.

1, t = 0 years

g = 5% g = 4% g = 3% g=%
Scenario No. (r. = 6.51%) (r; = 6.6%) (r, = 7.02%) (r, = 8.5%)
1 6.00% 6.00% 6.00% 6.,00%
2 5.96 5.95 5.89 5.Th
3 5.90 5.85 5.69 5.26
L 5.86 5.80 5.57 4,96
5 5.83 5.T5 5.48 L.78
6 5.81 5.73 5.42 L.67
T 5.79 5.68 5.32 4. k4o
2, t = L4 years
g = 5% = L7 g = 3% g = 2%
Scenario No. (re = 6.17%) (r, = 6.27%) (r, = 6.63%) (r, = 7.56%)
1 6.00% 6.00% 6.00% 6.00%
2 6.00 5.98 5.94 5.85
3 6.00 5.95 5.82 5.56
L 5.99 5.92 5.75 5.39
5 5.99 5.90 5.69 5.28
6 5.99 5.89 5.66 5,21
T 5.99 5.86 5.59 5.01
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the bank and administrative costs.) The sensitivity to changes in the
grace period naturally reflects the low income of those early intern
years in our data, as shown in Table A-5 of the Appendix. We conjecture,
however, that interns are nowhere near as poor (relative to physicians'
lifetime incomes) today as in 1960, and that therefore our t = b might
yield a more realistic approximation to the same program run with, say,
1970 census data and a lower t. Most of the 1970 census data was publish-
ed before this writing, but the publication presenting incomes by pro-

fession was not available to us.

Figure IIIpresents iso - r loci in (rc, T) ~ space: for a given
rate of return, the tv - r, trade-off is illustrated. Each of these
loci has two asymptotes - the coupon rate can never fall below r N
and there exist positive t1's for each r such that r, approaches
infinity. Thus, the iso -~ r loci are convex to the origin in the
positive quadrant of (r, rc) space. Infeasible r.'s occur at t's
somewhat below the break-even t's from the fully contingent program,
(ef. Table III) or southwest of each locus, which thus defines a
feasibility frontier for the program, given r.

This frontier may be described more precisely by noting that, by
design of the fully contingent and partially contingent variants, it

will always be true that:

ri-ime Tpc (I‘, rC) = Rl-J-imao TfC (I' s R)
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This is so because for an equal rate-of-return in the two variants, the
above limits imply that the income-contingent repayment will be made by
all borrowers in each year of the repayment period (i.e., there will be
no coupon payments in the partially contingent scheme and no opting-out

in the fully contingent scheme). It will also be true that:

rii The (F, ro) < Tpo(Fy R) for F <R < =,
the inequality holding only for R sufficiently small that some opting-
out occurs, thus requiring & larger 1 than that of the comparable

partially contingent scheme, where no opting-out is possible, and the

coupon option is never exercised with r, very large.

Tables VII (a)-(e) present the cash flow for a partially-
contingent program which mey be considered attractive for both the
borrower and lender (relatively low tax rate and very little contingency
exercise,) This may be verified by noting in Figure II the 1 = ,0020
point on the r = 6% locus. Higher tax rates do not significantly
improve the low rate of contingency exercise, lower tax rates boost
the required coupon rate rather quickly., For this reason, we have
chosen this particular parameter combination to test the stability of
the program to extreme adverse selection and income growth assumptions

(see Tables VIII and IX, Figures IV and V).
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If one compares these cash flows with those given to illustrate
the semi-conventional and fully-contingent plans (see Table I (d) and
Tables V (a)-(d)), it is very apparent tat the partially-contingent
plan's repayments are very close to those of the semi~conventional
plan. This is consistent, of course, with the extremely low contingency
exercise implied by this particular parameter combination. Looking to
the decile cash flows, one sees that only in decile one do graduates
take advantage of the contingency option (t = .0020), in the first and
last years of his repayment period.

This partially contingent plan thus illustrates a loan contract
which guarantees the borrower that he will pay no more than 6,17%
interest (the coupon rate corresponding to the required starting payment
of $41.94 in the optimal fixed-repayment schedule - see Table VII (e))
over the twenty-five year repayment period. Indeed, he will pay less
if in any year .20% of his income is less than the required coupon pay-
ment in that year ($41.94 in year 1, ($41.94) (1.10) 24 = $454.63 in
year 25). This gives income protection to potential low-earners, yet
does not burden high-earners with the 8% opt-out interest rate of the
fully contingent program. The cost of this compromise solution (between

semi-conventional and fully-contingent plans) is two fold:

(1) slightly higher coupon payments than comparable semi-
conventional plan (coupon rate = 6,17% rather than 6.00%)
(2) higher tax rate than comparable fully-contingent program
(t = .0020 rather than 1 = .00105),
The low-earner's income insurance and the high-earner's payment insurance
must then be compared by each group to see if the above "costs" are

Justified,
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"Anticipated" adverse self-selection (i.e., what would r, have to
ve to maintain the same r, given adverse selection) is explored in
Table VIII and Figure IV. As expected, the coupon rate rises, but
not substantially, as a result of the adverse selection. However,
the variation of t and g exert & much more significant influence on T,.
This is illustrated by the family of curves in Figure IV (compare t = O, k4
loci for adverse selection scenario = 2), As Table VIII corroborates,
the sensitivity of the program to anticipated adverse selection increases
dramatically when g, the growth rate of incomes, drops. In Figure IV
we see that when g = 5%, increasing the severity of the adverse selection
scenario has a negligible effect on the r, required by the program. When
g = 3%, however, adverse selection can make the program infeasible with
the given 1. A grace period reduces this sensitivity by shifting these
loci to the southwest, but the program with such a 1 is still sensitive
to low g's. Policy conclusion: higher t's are needed if such adverse
selection scenarios are anticipated.

The reverse exercise involves unanticipated adverse selection, or,
given r, and t, what r would result under the same adverse selection

scenarios as above, r_ and T being chosen from the (r = 6%, g = 5%, no

c
adverse selection) simulations. The results are set out in Table IX,

and depictéd in Figure V. The same pattern which emerged with anticipated
adverse selection with low income growth can drop r substantially. A grace
period of four years will guard against effects of unanticipated

adverse selection by flattening out and raising the iso = r. loci in

(r,g) space, but dropping g still has significant effects with severe

adverse self-selection. (See Figure V and Table IX.) Note that when
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Figure V

Partially Contingent Program - Unanticipated Adverse Selection
Coupon rate, r, (=6.17% for t=0, 6.51% for t=k) set to Yield
Rate of Return r—6% with expected income growth rate, g=5%,
and with no expected adverse selection when tax rate 1=.2%.
Figure shows actual rate of return, r, as a function of the
actual (not anticipated) growth of incomes, g, for various
unanticipated adverse selection scenarios.

RATE OF
RETURN
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one combines scenario 7 (severe adverse self-selection) with g = 5%,
the rate of return is higher than it is when g = 2% and only a little
adverse selection occurs (scenario 2)., Hence, the rate of return is
more sensitive to poor (too high) income forecasting than to unanticipated
adverse self-selection with good income forecasting. Note, too, that
scenario 1 (no adverse selection) always produces a 6% return
here since coupon rate has been chosen to "anticipate" lower income
growth; i.e., it has been chosen as the r, from the partially contingent
scheme with the same parameters, including g, but with no adverse
selection.

In summary, adverse self-selection per se does not hurt the
program. Poor forecasting of income growth and low T's will damage
its financial viability. This can be mitigated somewhat by allowing
for a grace period. The caveat regarding our income data for these
interpretations is as applicable here as above; interns are now earning
much more relative to their expected lifetime earnings than they did
during the 1960 census period. The best policy can be inferred immediate-
ly from Figure III - set T high enough to ensure viability. Even 1 = .40%

is not unattractive from the "insurance" point of view.

ITI. Evaluation of the Three Programs:

We cannot offer any simple evidence that one program is to be pre-
ferred over another., A semi conventional loan scheme such as we have
outlined is preferable to a normal mortgage loan because its payments gow
with the borrowers' ability to pay. We know from the simple arithmetic
of compound interest, however, that the total amount paid back under a

25 year growing repayments plan will be significantly larger than that

paid under a five year equal payments plan.
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As we have stressed, the income contingent feature of the fully
contingent scheme in some sense provides maximum insurance to the borrower,
but the reduction of risk to the lender and the reduction of administrative
costs offered by the partially contingent variant is of prime importance
for small-scale applications., How might we compare the variants more
precisely?

We know that the semi-conventional variant is the limiting case of
the partially contingent variant in which r,=r, T is sufficiently
large that in no period does any borrower elect the contingency option,
and the rate of growth of repayments, y , is the same for the partially
contingent coupon as for the semi-conventional program. The semi-
conventional variant is much like - but not necessarily identical to -
the fully contingent variant in which 1 is sufficiently high so that
r = R. It should be stressed that at some point t is sufficiently large
to equate r to R, but if v is increased further the pattern of repayments
will be speeded up even though neither r nor R are affected by these
further increases in r.

Income distribution effects are certainly among the major reasons
for proposing more flexible plans. The fully contingent plan favors lower
income earners at the expense of higher income MD's. The early burden
which & high opt-out rate puts on a rich MD, in spite of the fact that
the high rate of return on his educational investment may Justify it, could
lead to adverse self-selection in these upper deciles. While this may

not severely damage the program, as we have shown, the partially contingent
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program shifts the burden on these physicians to a later, higher income
period. Certainly, the degree to which the early forced payments are a
burden (especially for rich MD's) under the fully contingent scheme depends
on the doctor's rate of time preference. In absolute terms, as already
mentioned, the potential opt-out MD pays more under the partially con-
tingent plan, due to interest compounding. Rather than expending a lot
of effort trying to find tax loopholes to reduce his adjusted gross income,
he can opt for the coupon, which is exactly what we want to keep adminis-
trative costs down.

Referring back to Figure II, we judge the area to the northwest of
the region labelled "attractive" as such because too much "contingence"
i
t

other words, for the partially contingent plan, the administrators must

is being exercised; i.e., the 1Y, option is selected by richer MD's. 1In
set a relatively high t and low coupon rate to make all but those in the
lowest two or three deciles choose the tax repayment scheme. By "choose,"
of course, we mean year by year, since in each year, the choice between

the two repayment options is open. Hence, a doctor starting out on his
career may opt for TY% for three or four years, and then stay with the
coupon rate until the very end, when the Y% growth in repayments under the
coupon scheme makes the tax more attractive. (See Table VIII (e) for example
of this pattern.) Exercise of the "contingency" option will also be in-
fluenced by the grace period, since a low-income intern would obviously opt
for the tax. Thus, extending the grace period shifts exercise of the con-

tingency option from the early to the later years.
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The "attractive region" also provides a margin of safety against
unanticipated adverse self-selection combined with unanticipated low
income growth. A more sophisticated way of projecting physicians'
incomes seems desirable in view of the sensitivity of the latter two
programs to changes in growth of incomes. Research on the elasticity
of demand for education with respect to financing arrangements has yet
to be done. More particularly, since this program is voluntary, we would
like to know, given the investment decision, what is the elasticity of

substitution between these and other means of financing that investment.

IV. The Pure Economic Theory Of The Ideal Contingent Repayment Loan Program

The major concerns of this study are largely for immediate policy
implementation. We study the operating characteristics and stability
properties of these variants. No plan strictly dominates any other. There
is always a trade-off; e.g., greater stability and ease of administration
is purchased at the price of reduced mutualization of borrower risk.

What program is best? There is no clear answer although we strongly
suggest consideration of the so-called "fully contingent" EOB for national
application in conjunction with the IRS and suggest consideration of the
well-designed partially contingent EOB (PCEOB) for smaller scale application.
In order to properly pose the question as to which contingent loan program
is optional, we must consider partial and general equilibrium models of

intertemporal decision-meking under uncertainty. To construct a convincing

but tractable model that allows for choices among work, education, leisure,

consumption, and saving in an uncertain environment would be no mean feat

in itself. Our problem is even more difficult: Since government taxation
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powers are of limited potency, in general the ideal CRLP would be only a
"second-best" solution. Choosing an optimal EOB schedule is thus a problem

in the barely developed field of optimal adverse-risk selection. Further-

more, transaction, enforcement, and administrative costs, as we have seen,

play an essential role in selection of a "best" CRLP scheme. Here too,
modeling is not likely to be easy. The general economic equilibrium theory
with costly transactions is barely in its infancy; nonconvexities due to
set-up costs abound and current mathematical techniques are not fully
adequate.

It is outside the scope of this particular project to attempt to
build a "definitive" model for the Ideal EOB. (The subject, however,
fascinates us and we plan to make it an important part of future research
effort.) Here we content ourselves with stretching some very simple
models which illustrate the ideas of their section.

There is a further theoretical question which relates to the theory

of the Ideal CRLP - the role of the institution of bankruptcy. Bankruptcy

is obviously very important to any CRLP discussion. While the bankruptcy
institution protects individual freedom from de facto slavery contracts,
the same institu;ion limits private investment in human capital by limiting
lender security. The study of this special institution, which is bbviously
very important to the study of the Ideal CRLP, would take us so far afield
into the theory of legal and economic arrangements, that we do not even

attempt to sketch a "bankruptcy" model at this time.,
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A. Simple Aspects of Decision-making Under Uncertainty in the CRLP

For purposes of this subsection, we abstract from the choice of the
student borrower as to quantity and quality of education, consumption
and saving, and work and leisure. For simplicity the representative man
is assumed to purchase college education and must (or chooses to) repay
through the EOB arrangement, To keep things very simple, it is assumed
that future pretax income is a single mndom variable unaffected by any
decision of the borrower, In this very special and simple case, we have
assumed away all incentive effects (thus assuming away all "moral hazards").
Thus, the EOB should be designed to provide insurance against lower~than-
average earned income while supporting overall educational expenses.

Utility of the representative borrower is

ul(1-t) (Y+¥ )],
where U[ .] is the utility function, ie is the random variable of earned
income, Y  is other income, and t€[0,1] is the average rate of income
taxation. Following von Neuman and Morgenstern, we postulate that the
individual desires to maeximize expected utility,

E(U[(1-t) (Y + Y_ )1}
In the case of this subsection, the borrower has no decision variable st
his own disposal - giving his probability belief EV is given after the
government specifies the tax rate, t . We assume that the representative
borrower is risk-averse, that is, the second derivative of his utility
function is negative, U'' < O,

The government must balance its education budget,
i=1

B= ) y't (y})
i=1




oy .

where yi = Yi + Yi is income of borrower i , t(yi) is the average tax
rate of borrower with income yi , and B is total cohort borrowings in=-
cluding interest charges. If you like, the sum in the above may be
approximated by integral of densities, so that
B = [ty ,
where f(y) is the density of individuals with income y . Following
Bentham, we may wish to maximize the simple integral of expected utilities
[eul sy Deay
subject to the balanced-budget constraint. (Of course, the balanced-
budget constraint can be easily modified to allow for government subsidy
of education.)

The government's policy is the function, t(y), the full tax schedule.
Lump-sum taxes ére disallowed; t depends solely on y. By solving the
Fuler equation to the above isoparametric problem, the optamizing tax
schedule is found. In the degenerate case where each individual has the
same utility function, the same belief about the random variable ?i , and
the same Yi , then since U''< O, optimal tax is to confiscate all above-
mean income and give subsidies to all others to bring each individual to
the mean income. (A1l of the above implicitly assumes that a very strong
law of large members applies to government tax revenue; the probability

limit of average revenue (revenue per taxpayer) is equal to the expecte-

tion of average revenue.)
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B. The Education Quantity and Quality Decision and Adverse Self-Selection.

Here we focus on the effect of taxes (or repayment-taxes) on the
individual's educational effort and expenditure decisions. For simplicity,
at this stage, we abstract from the intertemporal aspects of investment
in human capital, the consumption aspects of higher education and the riski-
ness of return to investment in educational capital. The simple model
will be of some use in studying the question of adverse self-selection.

The model studied is based on one exposited by E. S. Phelps.l The
Phelps paper in turn employs the explicit educational choice model put
forward by E. Sheskinski.2 The very recent resurgence of interest in
optimal income taxation which provides a theoretical framework for models
of this type is due to J. A. Mirrlees.3

Assume that individuals - potential student borrowers all - have
jdentical preferences, but they differ in ability to earn wage and salary
income according to differences in a parameter n, n €[0,»). Let F(n) be
the cumulative distribution of individuals with ability n, so that f(n)
can denote the density of individuals of ability n.

F(n)=F(0)+fg f(s)ds ,
so that

F'(n)=f(n)>0

1
E. S. Phelps, "Taxation of Wage Income for Economic Justice," Department

of Economics, Columbia University, New York, New York, 1002T. August 1972.
2

Reference [12].

3

Reference [T].
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with
F(0)> © and  F(N)=1 ,
where N is the highest ability.
Let x be an index of time and resources spent in education. Assume
that ability and education interact in a multiplicative way so that
Yy = nx,
where y is pretax income for an individual with ability n and education x.

The problem for society is to choose an optimal system of taxation and

transfers to redistribute income while not neglecting costs of interfer-

ing with educational incentives.

Let the net tax function be n(y) so that after-tax disposable incomes
are given by z(y)=y-h(y). To bring out the redistribution-efficiency trade-
off most clearly, replace the Benthamite social welfare function of the
previous subsection with the Rahlsian criterion of maximizing the utility
of the worst-off individuels (in this case those with zero productive
ability, n=0). Notice that the Rshlsian criterion does not call for con-
fiscatory taxes. The energy of the ablest needs to be harvested for the
least able even with this extreme social welfare function.

For analytic convenience we can follow Phelps in writing

z(y)=y+g-t(y) ,
where
hy)=t(y)-g ,
so that the constant g has the interpretation of minimum-disposable~income

and t(0)=0.
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The repayment-tax schedule t(y) must be chosen to maximize minimum

utility, u(g) subject to

g=fgt[y(n)]f(n)dn - Y=0
where y is government expenditure and o is the desired government budgetary
surplus, and subject to individual responses to the tax schedule which
will be discussed next.

Each individual maximizes his utility of consumption, u(c). The cost
of an education of type x is j(x), so by individual budget balance,

c+J(x)=y-t(y)+g .
Simple utility-maximization yields

dc/ox = n(l-t'(nx)) - j'(x) = 0
for interior maximum,

We have set the stage for a detailed derivation of an optimel repay-
ment tax rate t(y). While interesting properties can be derived, this is
not the place to do so given the extreme simplicity of the model. The
intention here - as it is throughout Section IV - is to discuss the elements

of a theory of ideal student finance for higher education.

C. Theoretical Aspects of Transactions Costs in Alternative Student

Financing Schemes.

Traditional general equilibrium economic models assume the absence
of transactions costs including costs of marketing, government costs of
taxing and individual transactions costs imposed on individuals as a function

of alternative legal and administrative arangements. The very recent
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economic literature has sttempted to incorporate such costs. See

e.g. [4] and [6]. One notable difficulty in extending the traditional
models is the obviously non-convex nature of transactions sets:
Transactions costs functions are typically of the set-up cost type
(with zero marginal costs) or at least exhibit sharply increasing re-
turns-to~scale,

As with all industries characterized by increasing returns to
scale, there is a strong argument for a government role in setting up
markets and in designing legal and institutional arrangements. The
important technical lesson is that the non-convexity can be expected
to require digital (or integer) programming techniques to choose the
socially optimal subset of feasible social-institutional-market arrange-
ments.

In terms of the social financing of students in higher education,
this suggests that there may be strong efficiency losses from retaining
a diversity of federal financing programs which, of course, must be
weighed against the ovbious gains to the student borrower of the existence
of choice among financing schemes.

The reader of this report will note that in evaluating the parti-
cular EOB plans great emphasis was placed on relative transactions costs.

While we hope that our arguments are persuasive, we keenly feel the lack

gg_quantitative basis for transactions enforcement-administrative costs

in this study. The failure to theoretically and quantitatively account

formally for such costs is a subject of general concern in modern economic
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theory and econometric practice. (We plan in future research to address

ourselves to these important theoretical questions and to apply the

results to the area of educational finance.)
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