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VARIABLE TERM LOANS FOR HIGHER EI)UCATION

ANALYTICS ANE) EMPIRICS*

it.' STEPHEN P. I)iEscu ANI Rouu&r 1). GoI.DnERu

lii tIiC conrevt of uiiset tied finaneiol eoi!Ition u/ iti.stitUtiOii' of higher u! ((tion II,II1 (Oh 'rfl in er

eJJectireliesS of e.sLsling publii programs for the achievement of equality oJ hu atioial opportunity.

ncreUSiflg oriCntzon 1(05 been given to a class of student credit instrwnenrs aistinguished b repayment

based on the future income of
the borrower. Originally proposed by Milton Friedman and endorsed by the

ZachariaS Panel on EdU(attOti(1i lmiot'atimi. has now heeii cinnsninced by Yale and Duke

Unirersities and is being soup/U by the Governor of Ohio. Given this interest. it 0 IiiI port ant that the undr-

lying iitplicat01i5 of the COnhinUUin of inco,iie eoiitingerk5 arriingiiiiehits he ssteina ally explore!.

The purpose of this paper is the identifa ation of the gciuric charw'Ierotics of Iiiii set of 5uch icccini'-

contihigent_rPt(Yt instrUni'hi1S ; the variable term limit (I TL).Sett ion I briefly examines the /Jjsrciri

and rationale of such a program. The V IL ,iodel is developed anal ytaally in St'c!ioti II. The data required

for the solution of tiit' model are detelopcd in Sect ion III Section II the it so! ics the niodil for a ont I nuion

of ':ero-prQ.fil" pro grams (Jill! conipart's progra?iis inc irporattng alter,iiitti& structural features. Sec t ion I

exalitWeS the income redicrrihut ion /'at ares or i,icidenet'. and Section II the capita! requirements iif a

se!ected set of pro grams.

1. INTROI)UCTION

It is beyond dispute that we are currently witnessing a major financial crisis in

higher education. As portrayed by the Cheit Report. this crisis is. with minor

exceptions, all pervasive. affecting or imminently threatening public and private

institutions, large universities, and small colleges.' This current crisis is particularly

significant in the context of the growing efforts to extend and insure equality of

educational opportunity:10 make access to post-secondarY education a function

only of academic ability, not of ability to pay. It is the threat to educational

opportunity posed by the present financial crisis that underlies the present interest

in innovation and reform.
The central fact in the present financial situation of higher education is that

the cost to the student (tuition and other fees and foregone income) will not be

reduced and in fact will probably increase significantly. With rising costs and

shrinking endowments and with government education budgets under pressure

from competing social claims, ever greater proportions of the cost are being passed

on to students. In this situation. virtually any new financial option for students

would help to ease some of the economic grimness in higher education.

This study ssas carried out under the auspiceS of the t)isision of Htghcr Education and Research

of the Ford Foundation. Significant
progransirliiig and research assistanCe aiid oinputer time were

provided by the National Bureau of Economic Research.

particularly valuable contributions to the study were made b Slarshail A. Robinson of the

Foundation and by Robert W. t4artman of the BrookingS Institution. Etiiaheth Pmnkston deseloped

the income data underlying the computations. Mrs. Cynthia Kiner deserses particulIr commendation

for preparing the original manuscript, including the numerous tables. dod for constantly bringing order

to chaos.
Earl Cheit, The New Depression in higher Ldiicaliofl. Carnegie ConinhiSStOil Series. I chrUar

1971. McGrawilill.
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The central concept of interest here is proposal made by Milton Friedman
over a decade ago for financing a student's costs of higher education by extending
credit against a promise of long-terra payment of a percentage of annual inconie.2
The first comprehensive plan of this sort caine in 1967 from a Panel on Education
Innovation chaired by Jerroid Zacharias of M.i.T. The PanJ called for the creation
of an "Educational Opportunity Bank" chartered by the federal government and
empowered to borrow at government rates. The Panel recommended that students
be allowed to borrow up to total tuition, lees, arid living costs. The borrower
would pledge to pay a fixed percentage of his annual gross income. Preliminary
figures suggested that such a Bank, with access to funds at federal interest rates,
could be self-sustaining if the repayment was 1 percent of gross income for each
S3,000 borrowed, and the term of payment 30 years.3

The present analysis has as its objectives the delineation of the generic
characteristics of an income-related-payment or variable term loan program and
the development or a set of financially viable specific-options.

The remainder of the introduction considers the rationale for a development
of the variable term loan concept and exaniines briefly two particularly contro-
versial features of income-contingent loan programs: the implied redistribution
of educational costs and the likelihood of adverse self-selection of participants.
The analytics of the variable term loan are then briefly explored in Section Il.
Section III develops the underlying data base required for the identification of
financially viable variable term loan alternatives. Section IV then "solves" the
system for a continuum of consistent programs. Section V examines the income-
redistributive incidence and Section VI the capital requirements of various pro-
grams.

Conceptual Origins and Rationale

This type of variable term loan (VTL) program has a number of implications
for students: the most important relate to improved access of students to funds
for the financing of higher education.

Isnper/ections in the human capital market. Unlike credit for investment in
productive physical capital, which is readily available, the market for credit for
investment in human capital is, with a few very narrow and imperfect exceptions,
non-existent. The individual student finds it almost impossible to tap those
sources of credit available to the corporate investor in plant and equipment;
although both are borrowing against future income, the investor in physical
capital has the capital stock itself as collateral, while the student (subject to
strictures against involuntary servitude) has only his income prospects.

Furthermore, even when it is possible for the student to borrow for educational
investment. the terms are grossly non-optimal with respect to the flexibility and

2 Milton Friedman. n K. A. Solo, ed. Econo,njis and the Public Interest INew Brunswick: l955)
also. ''The Higher Schooling in America." Tlit' Public lntere.sr. Spring 1965

1ducauonal Opportunity J3ank : A Report of the Panel on Educational I nno allan t5Vashin ton)
1) U.: U.S (tosernmeni Printing 0111cc. August t967j. fl Panel's proposal was subjected to more
teiailed aitalssis in Karl Shell ci al.. "The Education Opportunity Bank : Ar, Economic Analysis of a
Continucnt Rcpament Loan for Higher Edtjcaiior' National Journal, Vol. XXI, No. I MarchI9f5.
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timing of repayments. in effect, his borrowing is restricted to some form of a
personal loan requiring fixed repayments. At best he can anticipate the initiation
of repayment at the end of his student or military career. At worst, he must pay at
least interest on his borrowing from the time he accepts the loan. in either case
the burden is greatest when his ability to pay fincome is least. The effect of these
capital market imperfections is even greater in context of the apparent general
desire to redistribute lifetime consumption toward earlier ages, when a confluence
of life-cycle and other factors (risk avoidance, etc.) serve to raise the marginal
utility of consumption, while the lifetime income profile displays rising incomes
with age and experience.4

In short, investment in human capital is treated by the conventional credit
market in the same terms as a personal consumption loan, while the expenditure
is more similar to investment in productive capital than to payment for current
consumption benefits. These restrictions on the forms of student borrowing are a
major explanation of the well-documented inhibitions which many studentsexpress
toward this form of educational finance. Furthermore, even given these inhibitions,
the supply of the more desirable student loan funds is significantly less than current
demand.

Dependence on current ahil!t%' to pay. As a result of the foreclosure of the
credit market as a source of funds for investment in education. access to higher
education is to a high degree a function of current family income and weahh.
The effect of this current means constraint on the socioeconomic composition of
the student (or, more importantly. the non-student) population is obvious.

Risk avoidance in the assessment of benefits to higher education. Even
when credit is available on reasonably acceptable terms, the student (or potential
student) may weigh heavily the risks of shortfall in future income, especially relative
to the fixed repayments. This would be expected to be particularly true of students
whose experiences have led them to a skeptical attitude toward their future
prospects and whose information concerning these prospects is most imperfect.
Again, the socioeconomic impact is obvious.

Improved self selection of students. The existing system of higher education
finance almost insures that the student will bear only a small part of the total
cost of his education. In consequence, the student has few incentives to refuse
education or seriously consider other alternatives, especially if his parents' ability
to pay is sufficiently great to offset, for him, foregone earnings. This improved
self-selection is, then. the mirror image of point 2, above. By placing a substantial
part of the cost of education on the student himself, and by breaking the relation-
ship between current financial status and access to education. elilciency can be
expected to improve both from the inclusion of previously excluded students and
from the voluntary exclusion of some of those previously included.

Secularly increasing real costs of higher education. Ostensibly as a result
of the effort to maintain educational quality, higher education represents to some
degree a technologically stagnant sector in a non-stagnant economy. Thus, input
per student has not undergone any major secular change. while productivity in

On the optimal distribution of consumption, see Lester C. Thurow. "The Optimum Lifetime
Distribution of Consumption Expendituces." American Economic Reciew, Vol. LIX. No. 3 (June 19691.
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other sectors has increased continuously. As a result. cost (per unit of input ad
per student) has been rising and can he expected to continue to do c. Obviously

this is a particularly serious constraint in light of the previously !Itefltioned
imperfections in the market for higher education.

6. Refusal a the broader societ to direct! compensate/or th i'?ip'r/ec( IonS

and constraints. These difilculties associated with access to higher education and
with educational finance could be overcome by direct SOcial Intrusion Society
could redirect resources to higher education (via. e.g. highly subsidized student
loans) and could require appropriate changes in relative access. l-Jowever it has
not done so. In the absence of sonic new initiative the strains on educational
institutions will increase and the adverse effects of existing imperfections will be
magnified.

Redistribution of Educational Costs Efiecied hr 1/ic Plan

The central characteristic of an income contingency plan is that it relates
the costs of education to the ability to pay. For the individual student it relates
repayments in any year to income in that year; this is ery different from Con yen-
tional student loans which impose fixed repayments concentrated in the student's
early. low-earning, high-desired consumption years. Thus the student, through
the plan, is given access to the capital market on flexible repayment (quasi-equit)')
terms.

More fundamentally. the program imposes higher absolute burdens on those
participants who realize higher incomes. For a number of students this is a very
desirable feature. A major source of student unwillingness to borrow on conven-
tional terms is uncertainty regarding future occupation and future income
prospects. The risks to the student of investment in education are reduced through
an effective risk-sharing pool : although his repayment may be greater than average
if his income is high. short-falls in income reduce the absolute cost of education.

Thus, the program can be interpreted as a partial insurance against low
income. Further, only through this risk-sharing pool can the credit market be
tapped for educational investment .A" risk neutral" student with average income
expectations is indifferent to variable versus fixed repayments; a "risk-avoiding"
student prefers variable to fixed repayments. Only a "risk-seeking" student, or
one with significantly above average income expectations. would prefer fixed
repayments.5

Another interpretation of the plan is that of a beneficiary tax for the support
of higher education, a tax relating payments to the financial benefits the student
derives from his education. The VTL plan moves only partially in this direction.
Most importantly the plan is not a general tax in that individuals may choose.
by paying current tuition, not to participate. However, the greater burden on a
high income participant relative to his counter-part non-participant is limited by
the exit provision, which insures that he wiU not repay more than some maximum
amount. This limited horizontal inequity may be off-set by the improved access
to and terms of borrowing to finance education. If the plan were extended to a

These statements must, of course. be qualified with reference to the specific ternis of the payment
provisions and the siudent's subjective probability distribution over alternative fuiure incomeS
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universal beneilciary tax it might be desirahieto significantly increase the maximum
liability of high income students.

Thus, the VTL plan has characteristics of both a tax and insurance. Because
the income expectations of all potential participants are not identical and because

appropriate alternative sources of finance are not provided by financial markets.
the tax features necessarily but imperfectly intrude.

Adaerse Selection of Participants

A major concern with respect to an income related payment plan is that the

self-selection of participants would lead to concentrations of participants with very
low income expectations, which, if unanticipated. could lead to the financial
failure of the plan. Several considerations suggest that this would not be a serious
problem:

It is not clear that an individual's income expectations, particularly for

undergraduates. are at all well-founded. except in the case of those who expect
to inherit stibstantial wealth. These individuals would be assumed not to partici-
pate. In consequence, only earned income, not income from wealth or family
income, has been considered in deriving the income profiles used in the financial

analysis.
Scholarship students can be expected to he significantly more highly

represented, since any level of fees is most burdensome to this group. It might
be expected that the income experience of this group would diverge from that of
all students (on which basis the income projections would probably be made).

Evidence from a study of Harvard graduates suggests that this would not be the

case ; students who received financial aid had approximately the same mean earned

income as did non-aided students, although the shape of the distribution was
somewhat different (higher representation in the lower and upper tails of the
distribution). This is a major rationale for using only earned income in the con-

struction of the income projections of participants.
While significant adverse selection, particularly in the graduate and

professional schools, might be expected if alternative, flexible means of aid were

available, in fact, such instruments are not available. That is. it is believed that the

major advantages of the plan, relating repayment to the ability to pay over the
individual's lifetime, are sufficient to lead even students with relatively high income

expectations to prefer the variable repayment plan to the type of conventional

loan available commercially.
Because of the above considerations and of the desire not to bias potential

experiments by anticipating adverse selection (and thus creating a self-fulfilling
prophecy), virtually no self-selection by future income has been anticipated.

11. VARIABLE TERM LOANS: A GENERAL ANALYSIS

Summary of VTL Characteristics

The student would receive a loan at a stated interest rate and would agree to

repay in installments defined as a fixed percentage of his adjusted gross income for

the preceding year. He would continue to repay until he had discharged his debt or
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until he had reached the termination rear. At the termination year any further
liability of the student would be forgiven.

The various loan options available to students could differ in (a) stated
interest rate, (b) repayment "tax" rate, and (c) maximum repayment period. Thus,
variations in terms. e.g.. a lower repayment tax rate, would have costs. e.g., a
higher interest rate. These compensating variations in terms derive from the
application of a zero-profit condition in program derivation. In the following it is
assumed that the future incomes (income distributions) of participating students
would be the same for each of the program variants, i.e. that negative selection
between VTL options would not be observed. The problems posed by self-selection
of students among the available programs are discussed below.

The Analytics of VTL

Given.
t, the interest rate (including allowance for administrative and
collection costs) at which the progrwn is funded (the external interest
rate)
Y, a matrix of participant incomes by repayment year (participants
measured in standard units of debt outstanding at the initiation of
repayment).

Parameters:
(I) r, the interest rate charged the student participant (the internal

interest rate);
(2) N. the maximum repayment period;

t,the repayment "tax" rate.
The determination of any two parameters, plus the "financial viability" condition,
i.e. a breakeven program, determines the values o!' the third. That is, only two
parameters are independent.

Resultant characteristics,'
(I) M, the anticipated average or "expected" repayment period;
(2) S, the internal subsidy incorporated in a program, redistributed from

high to low income participants.

Zero Profit-Loss Condition, the "financial viability" condition subject to
which parameters are determined:

(I) it = 0 =Jir,t,N;F, Y)

Briefly stated, the parameters of a program which must be defined are the
maximum repayment period, the interest rate charged the student, and the repay-
ment tax rate. Given these, it is possible to estimate or predict two additional
characteristics of the program: the expected or average repayment period, i.e.
the length of time required by the average student to discharge his debt (less than
or equal to the maximum repayment period) and the degree of internal subsidiza-
tion (from high income to lower income former students). These are the particularly
important features of which the student should be informed in guiding his choice
among the available options. The expected incomes of the student participants
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and the interest rate at which the program is funded (including administrative
cost and mortality factors)are necessary inputs into the determination offinaricially
viable parameter sets.

Equation I provides an implicit relationship between r, 1, and N. given ? and
Y. In equation 2, this relationship is made explicit:

(2) r=g(1,N;i,Y)

2r
<O,

CI Ct-

2r
<0, 0

(depending on rate of income growth and discount rate). The relationships em-
bodied in equation 2 are portrayed graphically in Figure 1.

r

r

Figure 1 Zero-Profit r-t-N Combinations

Specifying the maximum repayment period, a schedule of financially viable
interest rate (r)repayment tax rate (t) combinations can be identified (equation I);
these combinations are consistent with a zero-profit/loss program. The general
characteristic of this schedule is that reductions in the repayment tax rate must be
compensated by increases in the internal (student) interest rate: reductions in the
tax rate result in greater "losses" on "non-completers" (those who do not discharge
their debts within the maximum repayment period), i.e. in a larger pool of non-
completers and in greater shortfalls from previous non-completers, with these
losses made up from the higher interest burdens placed on those who do complete.
Thus, as the tax rate is reduced, the viability of the program is maintained by
increasing the differential between the students' interest charge and the interest
rate at which the program is funded.

Reductions in the maximum repayment period, implying lower total pay-
ments by "non-completers" (the lowest income participants), thus require com-
pensating increases in the tax rate and/or the student interest rate. As a result the
zero-profit r-t loci shift up and to the right with reductions in the maximum term.
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The average repayment period. M, is determined as a function of the basic
program parameters. i.e.

(3) = Al (t, N Y) r, (letermined by I In(l N in equation 2, does not
appear explicitly.

I'M/rI < 0

I'M/IN> 0

(I'M/li)1 = (I'M/IN)/(Ir/IN) > 0.

Again holding the maximum repayment period constant, reductions in the
interest rate compensated by increases in the tax rate reduce the average or
expected repayment period: higher income participants exit sooner both because
of the higher annual payments resulting from the higher tax rate and because their
outstanding balances are accruing interest at a lower rate. The lower income
participants either exit when they would previously have been held in the program
for the niaximum period or are unafiBcted in terms of their period of liability,
although they are affected in the amount of the liability.

Even with the above restrictions iso-expccted-repaymentperiod loci could
take on a number of shapes. The primary determinant of the shape is the dispersion
in participant incomes. lfthere are a substantial number of low income participants
paying for the maximum term, then to hold the expected repayment period
constant would require that a reduction in the maximum term be compensated
by a lengthening of the observed term of higher income participants to offset the
shortened term of liability of low income individuals, i.e. the tax rate would have
to be reduced and the interest rate increased. In this case the M-constant locus
would be negatively sloped but steeper than the break-even i-i loci, cutting the
latter from below. Alternatively if incomes were less dispersed, with few partici-
pants paying for the maximum term, it is possible that a reduction in the maximum
term accompanied by increases in both the interest and tax rates would leave the
expected repayment period constant, i.e. the iso-expected-repayment period loci
would be positively sloped. The alternative conceivable iso-expected repayment
period loci are portrayed in Figure 2.

Figure 2 ISO-FXCCtCdRCPIYniCII Period Loci
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The implicit subsidy, from high to low income participants, is similarly a
function of the underlying parameters. For present purposes, the subsidy can he
operationally defined as the ratio of the present value of the excess payments of
high income students to the total loans to the group of borrowers:

I [minN,Q) 1 /
S = ty1(l + - P / 2PZj1 L ii Jabs!

where P = the base borrowing amount, to which the tax t is linked (assuming no
lag from time of borrowing to repayment initiation);

Z = the number of "base amount borrowers";
the income of borrower] in year i;

Q = is defined as that year in which the individual borrower's repayments
fulfill the condition

Q

P = tv1(l + r)Th

where r is the stated student interest rate, greater than the funds borrowing rate, i;
and abs means the absolute value of the expression in parenthesis!'

The subsidy thus defined is again a function of the program parameters and
A', and implicitly r, as in equation (4).

(4) S=S(t,N;Y)

4f'S/t < 0

'S/i3N <0

(aS/er), = (ôS/N)/(tr/N) > 0.

The general shape of the iso-subsidy loci is more determinate than that of the
iso-expected-repayment-period loci. First holding the maximum term constant,
an increase in the tax rate, accompanied by a compensating reduction in the
internal interest rate, results in a reduction in subsidy: high income participants
exit sooner at lower interest rates (the contribution to subsidy being a function of
(1) the difference between the internal and external interest rates, and (2) the period
of time over which this differential is paid, actually of the weighted average out-
standing balance)7 while low income participants pay at higher tax rates for up to
the full period. Then, to achieve the former level of subsidy at the new, higher tax
rate, the maximum term must be reduced, reducing the payments of low income
participants, and this reduction in term must he compensated by an increase in the
internal (student) interest rate, resulting in greater subsidy contribution from
higher income participants. Thus, the iso-subsidy loci will be positively sloped as
shown in Figure 3.

6 A more realistic, but complex, formulation of the subsidy is utilized in Section IV, taking into
account interest accrual during the lag from time of borrowing to repayment initiation.

The weight is (1 + r - i. representing the value to the program of the interest differential paid
in an' future year. This expression is an approximation of 1(1 + r)!(l + fl. but for r and small the
above expression is sufficiently accurate.
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Figure 3 Iso-Suhidy Loci

lnco,,w Project ions, Adverse Selectio,: and Experimental "Neutraliij''

Each of the zero-profit programs difkrs in a specifiable direction in terms ofthe degree of subsidy provided low income participants by their high income
counterparts. This would suggest that high income expectors would be morelikely to choose the lower subsidy program, eE'teris parihus. In fact, of course,other things are not equal; the change in subsidy is the result of simultaileouscompensating changes in tax rates, interest rates, and maximum and average
repayment periods (or some subset of these). Thus, it is not clear that studentsexpecting high incomes would choose the less subsidizing option. However, theexpectation that students might systematically self-select among alternatjesmight seem to recommend that, in the interest of financial viability, the income
projections of the higher internal subsidy options should he adjusted downwardrelative to the lower subsidy options. i.e. that adverse sellselection should heanticipated. The problem with this course of action is that it could well be a "self-
fulfilling prophecy :" the expectation of adverse selection would lead to a relativeadjustment in program parameters which would reinforce and increase theincentives of students anticipating high incomes to enter the lower subsidyprogram.

In consequence, experimental programs should be based on "neutral"
income projections, i.e. the income projections underlying the alternative optionsshould be identical. The response of students with different income expectationsto the alternative options, and the relative income experience of participatits ineach program would then provide information on the degree of self-selection andthe importance of particular variations in terms.

Ill. TIME OF BORROWING, EDUcATIONAl ATfAIN\1I:Nf ANt) FUTURE INCUStE
OF BORROWERS

To design a financially viable (zero profit) VTL program it is necessary toestimate the lag from the time of borrowing to the time of repayment initiationand the future incomes on which annual repayments will he based. Becausethe national_stmple income data is identified by ed ucational attainment, this
68



procedure is broken into two stages: distributing borrowers by time of borrowing

and educatoflal aftaininent, and then distributing amounts borrowed (including

interest accrued to time of repayment initiation) to educational-itttaiflmCfl-

specific income profiles.
The distribution by time of borrowing and aniount borrowed begins with

some basic statistics on cohort retention ratios and educational attainment. Un-

fortunately, these data are fairly sparse, and significant interpolations and judge-

ments must be made.
** 42 percent of freshmen entering into full-time study do not receive a bac-

calaureate degree.
43 percent of baccalaureate graduatesenter graduate or profssional schools.8

The judgementally interpolated retention profile is given in Table 1.

TARIE I
C0LIEGL ESTRANT RFTFNnON PROFILE

Forty-two do not complete baccalaureate degree.
Thirty-five cease after baccalaureate degree or do not finish hrth year.

Twenty-three obtain at least one full post-graduate year.

The analysis assumes stability in the size of entering freshman classes. More

significantly, it assumes equal rates at part ,cipatiOfl at all levels. While participation

rates are not in fact known. assuming that they will he equal at all levels rests on (a)

a claim of ignorance (no particular adjustment can be rationalized) and (b) the

reasonable hypothesis that while income prospects of post-graduate students arc

higher (as is probably also true of current economic status of parents) their financial

capabilities have been significantly reduced as a result of a protracted period of

schooling.
Given the retention profile for each year's borrowers it is then possible to

estimate the distribution of borrowers by class-year of borrowing. lag to repayment.

and ultimate educational attainment (Table 2). Table 3 converts this to a distribu-

tion of a standard Sl,000 unit of original borrowing.

Robert H. Beris. "Higher Education Opportunity and Achieemeni in the United States."

pp. 161, 169. Joint Economic Committee papers on T!rt' Icorio,,riC. oid Fi,iaiiciflg J IIigIn r lJduwtoU

in the U,iiied Stares. U.S. Government Printing Office, Washington 1969. Further data reIeant to the

interpolation_extrapolation of the complete retention profile were developed from a number ot sources

by Nicholas Triffin of the Ford Foundation.
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Year
Number of
Entrants

Number
of Exits Comment

tOO 25

2 75 tO

3 65 5

4 60 31 2 drop before end of year;
58 receive baccalaureate degree;
29 enter post-graduate program.

5 29 6 6 drop before completing 5th year.

6 23 IS

7 8 2

8 6 6



1AIfl.1. 2

Ultimate educational atlininent
a Ler,s than hmcc,i a ureate.
hr Bacca Ian reate.
C: live or more \ears.

0) 118) cnIeriii freshnien, number entering each successive year.

TABLE 3
I)tsIKtntJItoN 01 A SI .000 "SIANoAtsI) Botsgowtss(m UNIt" flY tJt.TISIAIi: lI)V(A ii(tAI ATIMN%ItNiANI) LAO ro Rr1AvMtrNt

TotalNurn her of UI Unia Ic Ed uca tonal At lain went by Lag YearYears from ----- --------------

* Interest is accrued at a "real Fund borrowing rate" of3 percent From year of borrowing initiationof rcpavnri
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Horrowin to
Repayment
I nitiatiorm

Less than
Hicca laureate Bacca a urea Ic

-------

Baccalaureate
('Ins at Least

Onc Eu 1 Year Orig S's
Orig S's

Plus Interest
I

2

3

4
5

6

7

8

14.8
46.4
19.1

.5

95.6
95.6
95.6
95.o
16.4

62.8
62.8
62.8
62.8
62.8
62.8
21.9
16.4

273.2
204.8
177.5
163.9

79.2
62.8
21.9
16.4

28) 4
2173
194.0
184.6
91.8
75.0
26.9
20.8

lolal by educa-
tional attain
went 185.8 398.8 41 5.1 1(8)0 1,091 8

('lAss Yi.sn ut I3oktoiwiNt;, LA(; to Rl:rAystI-I ,sst ltI%IAI-t I:l,((.5lt()\Ai
IAIMI.NI
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Finally, it is necessary to distribute borrowers, identified by educational

attainment, over alternative future income profiles. To achieve this result, decile

income classes by age were developed for each of the three educational attainment

categories from a cross-classification of income byeducation by age derived from

the 1970 Census and based upon 1969 money incomes.

For all educational attainment categories, it is assumed that the highest

income decile contains no program borrowers. Beyond this highest-decile
exclusion, participation rates are assumed not to vary systematically by income

class. Thus, each of the lower nine deciles is assumed to contain approximately

11 percent of the participants with that ultimate educational attainment. Further-

more, it is assumed that each decile-division income is representative of that

section of the distribution spanning it, e.g. that the eight decile income (separating

the eight from the ninth decile) represents the incomes of all persons included in

the 76th to 85th percentile range.
To reduce the number of separately observed income profiles an effort was

made to identify decile age patterns for the various educational attainment
categories which are closely similar and could be "collapsed' to provide a single

"observed" income profile. Fifteen such groupings ofincome deciles were developed

from the underlying data.
The income profiles relevant to the identification of viable variable term loan

programs, of course, do not relate income to age but income to repayment year.

For this purpose it is necessary to make some assumption concerning age at the

time of repayment initiation. For simplicity it is assumed that all students com-

mence repayment at age 23. While for "less than baccalaureate" students this

procedure undoubtedly overstates early incomes, for "baccalaureate plus"

students the reverse is true: as a result the possible effects of this assumption are not

deemed to be significantly adverse. The final step in the conversion of income by

age into income by repayment year is to assume that the mean 25 to 34 income is

representative of income in the seventh repayment year, i.e. at age 29, and similarly

for the other age-specific incomes.
The interpolation_extrapolation required to obtain income in each repay-

ment year from income in four widely separated repayment years (the 7th. 17th.

27th, and 37th) involves further assumptions. First, income at age 55-64 is ICSS than

that at 45-54 in all cases. A reasonable hypothesis is that the age 59 income is

downward-biased by the number of retirements concentrated at the end of the

period, beyond what would amount to the 35th year of the program. Since 35 years

will be the longest maximum repayment period examined, incomes at the end of

the terminal period are not relevant. Therefore, only the first three income observa-

tions are utilized in the completion of the profiles.

A number of functional forms could be utilized o fit a "continuous" income

profile to the three observed points. Because the increase in income is relatively

less between the 17th and 27th years than between the 7th and 17th, it appears

generally reasonable to stabilize income (cease income growth) at some point

between the 17th and 27th years.
While the most reasonable assumption concerning the pre-stabilization

portion of the income profile would be an exponential. or more likely, an S-shapc

growth curve, greater simplicity argues in favor of linear growth (equal yearly
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increments). The generally sensible "starling salaries'' ('ear OI1C InCOmes) implied
by fitting a straight line to the first two points add justification to the procedure
The general procedure was to (a) determine the ann ual increment hr fItting a
straight line to the 7- and 17-year points. (h) extrapolate beyond year 17 until the
year 27 income is determining the ''number of years of growth.'' (C)
assume constant income beyond that point, and (d) extrapolate back from year 7 to
year I at the year 7 o year 17 income growth rate to determine the starting salary.

TAIII.E 4
DISTRIHUTIONS OF PARTICIPANTS liv Et)tJ('AIU)NA! ArlAINSIINi Ovik INCOML PRuIIt lS

Inca me Profiles RI UCat ional Au a inmL'nt

* The lop 10 pelcertt of income receivers of each educational attainment are assumed not to
participate and have been excluded from the distributions.

f Including year I.

The complete "stylized profiles" are summarized in Table 4 the table also identi-
fies the percentage of participants from each educational attainment group
allocated to each of the fifteen profiles.

Only the first and the fifteenth profiles require special comment. With
reference to the highest profile, for the range of plans to be tested, it is virtually
necessary that individuals with these incomes exit prior to the end of the maximum
repayment period. But the surplus to the fund contributed by these exiters is
greater the longer they repay. Thus, omerxuiting their incomes results in an under-
statement of the fund's surplus; to avoid resting the fund's success on the highesl
income participants (who might not participate) it is deemed advisable to overstate
the starting salary and annual increment for the highest profile. For similar reasons,
the lowest profile is arbitrarily understated.
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No.
Start ng
Salary

Maxim ii ni
Salary

A no ua I

Increment
Yea is ol
(ijowihi-

Less thain

Batcea a u'
reate

I3aca Iau-
reate

Baccala u-

reate Plus
at Least
One Full

Year

12.000 39.000 1,000 28 6 6
2 9.400 24,600 800 20 ii
3 8,400 21,700 700 20 6 II
4 8,400 18,400 500 21 I II
5 8.950 16,300 350 22 Il II
6 7,650 13,950 350 19 II it
7 6,900 12.300 300 19 II II
8 5.150 11,450 350 19 II
9 6.600 10,400 200 20 II 11

10 6,300 9,500 203 17 11
11 2,900 9,700 400 18 II
12 5,300 8,500 200 17 II II
13 950 7.250 350 19 II II
14 2,400 5.600 200 17 Ii II
IS 2.000 2,000 0 1 6 6 ô

Total*
100 100 100



Several conservative biases are incorporated in the income profiles. First.
the "baccalaureate plus'' income data refer to all persons who have obtained five
or more years of school, regardless of when or under what circumstances they
obtained the fifth year. However, the retention profile increments the educational
attainment of only those graduates who enter full-time post-haccalaurete stud
in the year following the receipt of the bachelors degree. Thus. persons who obtain a
fifth year of study on a part-time basis, e.g. teachers fulfilling certification require-
ments, are included in the derivations of the income data but are not eligible for the
loan programs. This difference in mix would be expected to raise the incomes of the
program's "baccalaureate plus" participants. Conversely, the completion of
additional study by "baccalaureate" or "less than baccalaureate" participants is
ignored, resulting in an understatement of their incomes i.e. some of the "less
than baccalaureate" participants vill eventually complete a degree program, most
on a part-time basis, and some "baccalaureate" participants will obtain post-
graduate study, but the income effects of the additional education are not in-
corporated in the profiles in either case.

The analysis will allow for inflationary income increases (see Section IV).
Thus, an individual's real income will rise over his lifetime due to the effect of age
and experience, i.e. his lifetime real income will follow the relevant profile. and
further, that profile, in its entirety. will rise in current-dollar terms as a result of
inflationary increases in wages and prices over time. But in addition the entire
profile shifts upward as a result of real productivity gains in the economy. As
demonstrated by Table 5, a secular real income growth rate of from I to 2 percent
per year would be defensible.

Finally, it is necessary to consider the impact of mortality on the performance
of the programs. For this purpose age-specific survival rates were developed on the
assumption that borrowing took place at age 20 and that repayment initiation

TABLE 5

REAL INCOME GROWTh By EDucATIoN CLASS. 1956 1968

Cumulative Lifetime Income at Age 18 and Annual Percentage increases
(Constant 1968 dollars, thousands)

Year

Source U.S. Bureau of the Census. Current Population Reroris. Series P-60. No. 74
tOctober, 970), Consumer Inconie.
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College High School
Graduates

Only1-3 years 4+ years 4 years 5+ years

1956 $303 S407 S270

1958 300 O.5° 419 1.5',, S379 S458 257 2.5',,
1961 324 2.5 434 1.0 423 3.5 '. 454 - 0.5,, 276 2.0

1963 334 1.5 452 2.0 435 1.0 473 2.0 294 3.0

1964 341 2.0 455 0.5 436 0.0 476 0.5 299 2.0

1966 366 3.5 500 4.5 478 4.5 529 5.5 320 3.5

1967 375 2.5 520 4.0 485 1.5 558 5.5 329 3.0

1968 378 1.0 515 1.0 489-1.0 544-2.5 336 2.0

Annual
Increase l.7° 1.8°,,



occurred at age 23-24. The survival ratios range from 0.99 in the first year to
0.80 in the thirtieth. In Section IV two uses of this profile wilt be made: (l)theeffect
of mortality on zero-profit programs with group self-insurance will be assessed
and (2) lump sum life insurance premia will be determined.

IV. DERIVtNG ZtRO-PROFIT VTL PROGRAMS

This section takes the previously developed distributions of borrowers by (a)
lag to repayment and (b) future income and identifies sets of program parameters
consistent with zero-profit/loss for the Fund. The basic parameters which must
exhibit consistency are (1) the maximum repayment period, (2) the student's
(internal) interest rate, and (3) the repayment tax rate. Also of interest are two
additional characteristics of a program, implied by the preceding parameters
the degree of internal subsidization and the expected (average) repayment period.

The central "exogenous" variable in the derivation of consistent program
parameter sets is the rate of interest at which the program is funded, the external
interest rate of the previous discussion. The determination of the appropriate
external interest rate is crucially related to the assumptions made concerning
future income growth. The initial assumption, contrary to the available evidence,
is that the income profiles shift over time only as a result of inflationary changes in
prices and wages, i.e. that there is no observed secular increase in real (constant
dollar) incomes.

Major changes in nominal interest rates, e.g. the prime rate, are related to
changes in the rate of inflation. For example, in the ten year period 1960-1969 the
prime commercial paper rate varied between 3 and 7.9 percent. But, as shown in
Table 6. the real interest rate (prime rate minus the rate of inflation) varied only
between 1.7 and 2.7 percent, significantly less both absolutely and relatively. In fact,
a conservative, but not unreasonable, assumption would be that the real interest
rate is approximately constant at a 2 to 3 percent level.

Thus, if we assume that nominal income change reflects only the efiCci of
inflation, arid that the same is true of nominal interest rate variations, then only
base-year-dollar income predictions and the real interest rate are required for the
derivation of VTL program parameters. In particular, consider the advancement
of a principle amount P to be repaid in some future yearn on an income contingcn
basis, with income in year !I, measured in base year dollars, given by }. To advance
the amount P the VTL Fund borrows P and agrees to an annual interest rate ',
the nominal external rate, which is equal to the sum of the real external rate, , andthe rate of inflation d, i.e. ' = + d. But nominal income is also assumed to growat an annual rate d; then in year ii nominal income is given by

(1 + dy.

The required repayment in year n is a proportion t of this income.
The amount the Fund will have spent on the individual is the principle amountP pIus all accrued interest, i.e.

P(l + 'r = P(l -t- (/)fl
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FABLE 6
NOMINAl. INTEREST RATIS, R.Au5 Of INFI.AIli)N ANt) REAL RAILS OF INIFRLSF

The break-even condition is simply that the amount expended (principle and
interest) equal the amount repaid in year n, i.e.

P(l + r + d)'1 tY,,(l + d).

This can be rearranged into the following expression and. for j and d smafl, an
associated approximation :

l+d /
Of course, the VTL programs employ a series of future incomes, but the principle
is unchanged.

More generally, the interest rate of relevanceas the Fund's borrowing rate is
what James Tobin has referred to as the "income rate of interest," defined as tile
difference between the nominal interest rate and the rate of growth of income. real

If continuous, rather than annual, compounding were employed. the last relationship would he an
identity:

= Pe'5'

f=P-- wPe'.
Cd
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Paper

Interest Rate
on Prime

Commercial
Paper
(I)

('onsumer Prices

Real
Rate

= (I) - (3t

Index
(1957-1959 = 1001

(2)
Change Interest

(3) (4)

1950 1.45 83.8
51 2.16 90.5 7.8 -5.6
52 2.33 92.5 2.2 0.!
53 2.52 93.2 0.8 1.7
54 1.58 93.6 0.4 1.2
55 2.18 933 -0.3 2.5
56 3.31 94.7 1.5 1.8
57 3.81 98.0 3.5 0.3
58 2.46 100.7 2.8 -0.3
59 3.97 101,5 0.8 3.2
60 3.85 103.1 1.6 2.3
61 2.97 104.2 I.! 1.9
62 3.26 105.4 1.2 2.!
63 3.55 106.7 1.2 2.4
64 3.97 108.1 1.3 2.7
65 4.38 109.9 1.7 2.7
66 5.55 113.1 2.9 2.7
67 5.10 116.3 2.8 2.3
68 5.90 121.2 4.2 1.7
69 7.83 127.7 5.4 2.4



plus inflationary. The real rate above is equivalent to Tobin's "inCome rate ofinterest" under the assumption of a zero rate of growth of real Incone
Thus, the Fund's borrowing rate is initially assumed to be 3 percent associatedwth inflationary income growth only. In !ecent terms these

assunlptions Wouldtranslate into a nominal iiiteret rate of7 percent and a rate ofinflatiofl(dfd inComegrowth) of 4 percent. When real income growth is incorporated the Fund'sincome borrowing rate will be reduced by 1.5 percent (the assumed rate of Secularreal growth).

"Nominal" equivalents provide a benchmark for selecting a range of internal(student) interest rates to examine. With not insignificant attention to usury lawsand probable student reactions, a nominal internal (student) rate of 12 percent wasselected as the maximum for attention; assuming a 4 percent rate of inflation, thisimplies a five point spread between the Fund's real borrowing rate (3 percent) andthe maximum real internal rate (8 percent). Within this interval point difrerentials(3.5 to 8 percent) were employed to empirically derive the VTL program tradeoffpossibilities. Parameter sets with tax rates above 2 percent per SI ,000 borrowing areignored.

For convenience, five maximum repayment periods were utilized, rangingfrom 15 to 35 years in five-year increments. For each "internal interest ratemaximum repayment period" combination, the Fund's zero profit tax rate wascomputed'° Then, given the three parameters, the subsidy ratio and expectedrepayment period were determined.
The zero-profit parameter loci consistent with the underlying borrowing andincome profiles and with the 3 percent external real interest rate-zero real incomegrowth assumptions are displayed in Figure 4. In addition to mortality, theestiniates incorporate administrative Costs of 5 per year per $1,000 borrowed(augmented, in nominal dollar terms, by the rate of income growth).Several features of the r-t lock warrant attention. First, the loci becomeflatter as the tax rate is increased (i2r/j2 > 0): or beginning with high tax and lowinternal interest rates, a slight increase in the interest rate permits a sunbstantialreduction in the tax rate. But the change in tax rate resulting from a given interestrate change declines Continuously as the interest rate increases. This is explainedby the fact that as the tax rate falls fewer and fewer income profiles exit prior to theend of the maximum repayment period but interest rate increases permit taxrate reductions only by increasing the Fund's surplus on exiters; they exit later(because of the interest rate increase and the tax rate reduction) and at a higher ratedifferential Thus, as the pool of exiters declines, the potential increase in exiter-surplus is reduced and the permitted tax reduction disappears. Using the 35-yearprogram as a case in point, an increase in the interest rate from 4.5 to 5 percentpermits an 0.25 percent reduction in the tax rate (from 0.96 to 0.71 percent).However, a change in the interest rate from 5.5 to 8 percent permits only an0.09 Percentchange in the tax rate: in the first case only three of the income profiles

10 For
heurjsic purposes it seemed clearer in the analytical Section to form the explicit function

with the lntenal
interest rate as a function of the tax rate and the maximum

repayment period For
purposes of empirical

solution, however the simplest procedure was to set an interest rate and niaximum
repayment period and solc for the tax rate. In general terms.

Iheordering of the variables in the explicit
function is a matter of indifference
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are committed for the full 35 years, while in the second (an interest rate of 5.5
percent) ten profiles never exit.

EXPLANATIONS: FIGURES 4-11
These figures have been drassn using a Computer controlled plotter. The variable names found in the
diagrams are defined below:
ADCST: the administrative costs in real dollars per year per real dollar of original borrowing.
INT IN: Y (yes) interest is accrued prior to repayment initiation on outstanding student balances.

NO (no) interest is not accrued prior to repayment initiation.
LL: maximum number of years lag from original borrowing to repayment initiation. (In all cases

examined here LL = 8.)
IMORT: V (yes) adjustment of repayment streams to reflect effects of mortality is made.

NO (no) mortality adjustment is not incorporated.
RB: external interest rate (in fractional units) at which the programs are funded (real).
PROM LGTH, SYM: the program length (maximum repayment period) in years and a symbol used

in the plot which identifies the zero-profit locus for this maximum term and the five parameters
initialized as shown at the left on the same line.

R: (vertical axis) internal student interest rate (real = nominal - rate of inflation).
T: (horizontal axis) repayment tax rate, percent per S 1,000 real original borrowing.

I %/tOOO

NIST tNT IN LL I5Ofl. REJ PIRL,4 LOIN, SYM

0. DD5 V 8 1 03J 25 20 15

Figure 4

Secondly, the shift in the locus resulting from a reduction in the maximum

repayment period becomes greater as the repayment period is reduced. For
example, at a 6 percent interest rate, a shift from a 35- to a 30-year program requires

an increase of only 0.07 percent in the tax [ate (from 0.59 to 0.66 percent), while the
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shift from a 20 to a 1 5 year program requires the much greater tax
late increase of

0.38 percent (from 0.96 to 1.34 percent). Two factors explain this
phenomenon

First, for all of the profiles except the lowest income is assumed to grow beyond
year IS: therefore a 15-year program must compensate for the fact that it is
taxing significantly lowci average ificoliles. While this is true to some degree for all
maximum terni reductions, the impact is less for longer repayment periods because
of the decline in the present value ofinconie received further in the future Thus, the
second explanation is that income earned. and hence repayments made, in the 30th
to 35th years have very low present values (SI received 30 years in the future has a
3 percent discounted present value of about 50.41); the present value of year i
income and repayments is much higher (Si has a present value of 50.64, discounting
at 3 percent for 15 years). As a result, the compensating tax rate reduction (holding
the internal interest rate constant and lengthening the maximum repaynlent period)
becomes smaller as the repayment period is increased.

I

1TtS INT IN
0'X6 y

LL
H

T %/$i000

I4f1T RH
V 0.030

\
-fl

hgure 5

The associated isoexpeetedrepayI.nentpr0 and iso-subsidy loci are
graphically portrayed in Figures 5 and 6. Consistent with expectations, the iso-expectedrepaymentpj0 loci are negatively sloped and convex to the origin, butsteeper than the zero-profit r-r loci. For any given maximum repayment period,
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the expected repayment term increases as tax rates are reduced and interest rates

are increased. Also. for a given interest rate the expected terni decreases with

reductions in the maximum term (increases in the tax rate); holding the tax rate

constant, reductions in the maximum term (increases in the interest rate) imply

reductions ill average term due to the reduced term of liability of very low income

participants. not offset by the longer repayment ternis of higher income parflci-

pants.
The iso-subsidy curves Figurc 6) are observed to be positively sloped and

approximately linear, with a slight flattening at high interest rates. Thus. a given

incremental increase in the interest rate requires that the tax rate he increased by a

virtually constant absolute amount if the original subsidy level is to he maintained

For low levels of subsidy. increases in interest rates require subsiant Ia! coniPensat-

ing increases in tax rates (and conseqUcnt reductions in maximum repayment

terms) while higher levels of subsidy require much smaller changes in tax rates to

compensate for a given interest rate increnient. The explanation of this variation

in compensating tax rate change is that, holding the tax rate constant, at low

interest levels an incremental change in the interest rate raises the Fund's subsidy

significantly, requiring that there be a major increase in tax rates to reduce the

subsidy to its former level (a reduction achieved through the greater payments by

the lowest income groups and earlier exits by the high income groups after the tax

79

11)00

_s=.175
(_) -------

4- - - -----4-

- xl

so7sH



increase than belore, while at high interest rate levels the same chan m thinterest rate has a very small impact on the Fund's internal
subsidy (since' allprofiles not exiting are unallected) and hence requires a very small

conlpensatjngchange in the la.x rate.
The sensitivity of the iero-profit foci to the various incorporateel tal ur isassessed in Figurc.s 7 1. which compare the 20- and SO-year maximum terni mciwith and without certain underlying characteristics In each care the henchnIrkis provided by the 20- and 30-year plans of Figure 4. characteri,e&i by a 3 percentreal borrowing rate, interest accrual in lag years, administrative Costs ofSS per yearper SI 0O0 of original borrowing, and inclusion of mortality etThcts in zero_profitplan derivation.

Existing student loan programs (NDEA. GLP) provide for the flon-accrualof interest during lag years (when the borrower is a registered student) While thismight be accomplished by direct subsidy, a VTL program could provide internallyfor non-accrual in lag years through higher tax or interest rates or fliaxinlumrepayment periods, in which case students with longer lags from time of borrowingto repayment initiation would he subjdiied by those with shorter lags The effectsof this internal compensation for non-accrwjl of interest prior to repa)rnent areshown in Figure 7. For high interest rate programs, under which most inconle
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profiles repay for the full period. the tax rate increase compensating for interest
non-accrual is quite small; at an 8 percent interest rate for a thirty year program
the required tax rate change is only 0.04 percent (from 0.61 to C. 65 percent).
Howeer. for lower interest programs. e.g. 6 percent for a 30-year program. the tax
rate increase compensating for non-accrual is a much higher 1.02 percent (from
0.66 to 1.68 percent). due to the fact that non-accrual and lower rates release higher
income borrowers much earlier.

Because the lower income borrowers (predominantly "less than hacca-
laureate'') have the shortest average lags to repayment, interest non-accrual has
highly regressive implications. For a 30-year program with a 6 percent interest
rate and interest accrual, the five lowest income profiles are subsidized (the present
value of repayments is kss than the present value of borrowing II) b the ten
highest income profiles. With non-accrual of interest the two highest income
profiles are subsidized. and of the low income profiles only the lowest receives a
subsidy. Profiles 2 thru 1 3 provide the subsidy with the third lowest profIle
making the greatest subsidy contribution (S0.4l per SI of debt at initiation of
repayment). Thus. non-accrual of interest in lag years appears to he a highly
undesirable feature when compensation is provided internally.

Governmental provision of free life-insurance is a universal characteristic
of existing student loan programs. The impact of extending such insurance to
VTL's is demonstrated in Figure 8, which compares the base 20 and 30 year loci
to plans which do not include provision for mortality. The results are predictable:
mortality has a greater impact proportionately on long than on short maximuni
term programs. At a 6 percent interest rate, the exclusion of mortality reduces the
tax rate by 0.05 percent for both the 30-year plan (from 0.66 to 0.61 percent) and
for the 20-year plan (from 0.96 to 0.91 percent); however, the relative change is
almost twice as great in the case of the 30-year program (0.05/0.66 versus 0.05/0.96).

The value of the governmental subsidy implied by the provision of free
insurance can be easily coniputed. If 'm is the zero-proht lax rate with adjustment
for mortality and t, without such adjustment, then the borrower would have to
pay a lump sum amount P for insurance in the second case and would receive in
effect only an amount SI .000 - P at the lower tax rate. P is theit given by

I j

1.000 - P - L000

or

P = l.00() I
('I

In the 6 percent interest case the 30-year program premium is S7 while for the

20-year program it is only S52 (in present value at the time ofrepaynient initiation).

Note that this insurance premium represents both (a) the value of the govern-
mental subsidy in the case of free insurance and (b) the lump sum insurance

premium equivalent to the higher tax rate under prograni self-insurance.

In assessing the contribution to subsidy (positive or negative) the present a)ue of payments
relative to the present value of borrowing is always evaluated am the initiation of repay rnenL
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A significant difference between public arid private Vii. proerarns would beexpected in the admjnjstrat lye cost dimension. At the extreme a federally-sponsoredprogram could place all administr:iti;e_coIIect ion responsibilities on the InternalRevenue Service and the Social Security Administratjoii with virtually zeromarginal cost.
The effect of zero administrati'e costs, holding other program characteristicsconstant, is shown in Figure 9
Since administrative costs arc recouped entirely through the differentialbetween the external borrowing rate and the internal student rate, the reductionin tax rates is greatest at low student interest rate levels. Using the 30-yearprogranisas cases in point at an 8 percent student rate the exclusion ofadininistrative costsreduces the tax rateonly byO.O7perce,1t(fr 0.61 toO.54 percent). hutata 5 percentinterest rate the reduction is 0.16 percent (from 0.8 to 0.64 percent).A final dimension in which a publicly sponsored program might dilThr from aprivate program is in the external interest rate at which the program is funded.A federal program would be able to (a) borrow at lower federal rates (on averageimplYing a reduction of about 0.5 percent) and possibly (h) receive a direct interestsubsidy (as under the NDEA and, over certain periods, the GLP programs). Anindirect federal subsidy could be obtained via state-sponsored programs funded
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with tax-exempt borrowing (producing a reduction at current nominal interest
rate levels of about 1.5 percent).

Taking a tax-exempt state program as an example. and employing a "real"
external borrowing rate of 1.5 percent. the consequent shift in zero-profit loci is
portrayed in Figure 10. With a 30-year, 6 percent student rate program. this
reduction in the external interest rate permits a tax rate reduction of 0.18 percent
(from 0.66 to 0.48 percent); at the lower student interest rate of 4.5 percent this
tax rate reduction is even larger. 0.59 percent (from 1.10 to 0.51 percent). The
reduction is also larger for a 6 percent---20 year plan: 0.25 percent (from 0.96 to
0.71 percent).

The effect of a (directly or indirectly) subsidized interest rate can also be
examined by holding the tax rate constant. For a 30 year program with a tax rate of
0.63 percent. the unsubsidized 3 percent external rate requires an internal student
interest rate ofó.5 percent ; a subsidized 1.5 percent external rate reduces the student
rate to 3.5 percent. For a 20-year. 0.86 percent tax rate prograni. subsidization
reduces the student interest rate from 7.5 to 4 percent.

As was noted, the above programs were estimated on the assumption of
zero secular real income growth. In fact, a more neutral assumption would be that
the income profiles (in real dollars) shift up over time at a rate of about 1.5 percent
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Figure 10

per year. With the real rate of interest aSSume(l to be 3 percent this rate of rca!growth would imply an "income rate of interest" of 1.5 percent. i.e. the zero profitloci (for an unsubsidized plan) would be identical to those estimated for a SUbsidizedplan with a real borrowing rate of 1.5 percen( However, the interpretatjotis woulddiffer. for the Subsjdizcd plans of Figure 10, the nominal student rate would besimply the "real" student rate plus the rate of inflation (e.g. 4 percent. as utilizedearlier). But the inclusion of real income growth requires that the (rcalj incomerate be augmented by both the rate of inflation and the rate of real growth (4 and1.5 percent respectively). Thus to compare private (unsubsidized) plans includingand excluding real growth the student 'Income rate of interest" in the real growthcase must be augmented by the rate of real growth, i.e. comparisons utilizingdifferent rates of growth must transform "income rates of interest" into con-'entionaI real rates of interest (defined as the nominal rate minus only the rate ofinflation)
Such a comparison of3 percent externtl real interest rate plans. including andexcludiii secular real growth, is contained in Figure II. or a 30-vear plan with a6 percent real student rate, inclusion of income growth reduces the lax rate by0.15 percent (from 0.66 to 0.51 percent) In the case ofa 6 percent, 2O-ycar plan theieduction due to real growth is 0.17 percent (from 0.96 to 0.79).
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V. REPAYMENT INCIDENCE AM) REI)IsTRIBUTI0N

As discussed in the Introduction one interpretation oIVTL devices is in terms
of beneficiary taxes applied to recipients (for support) of higher education. It
differs in one major respect from other such taxes: it is voluntary. One can obtain
education without being subject to the tax. However, for students without alterna-
Uve means of support it is not optional. and for these tile tax interpretation can
be entertained. (However, recall that other interpretations can be argued to be more
appropriate, specifically the income insurance interpretation.) Recognizing the
incompleteness of the tax framework, it is still interesting to consider the re-
distributions implicit in VTL programs in terms applied to the incidence of other
taxes. i.e. in ternis of progressivity, proportionality, and regressivity.

Since individual borrowers repay over different periods of time (high income
recipients exit earlier), it is necessary to analyze incidence in terms of the present
value of income and repayments. Two questions arise at this stage. First, what
discount rate should be employed in converting to present values? And second, over
what period should income be discounted? Examining repayments from the
vantage point of the repayment initiation year (year zero), it is clear that the
appropriate discount rate is that interest rate at which former students can borrow
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or lend. a rate which would he expected to an systemattcall with income.' 2I lowever. these rates are not known. The On l\ Oh\IOUS atteiiiat lye lot he borrower-specific rates is the external tate at which the program is funded. In the case of asocially optimal progritill this is the social rate of time preference.'
Wtth reference to the appropriate period fo the evaluation of income, similarcomplexities arise. Should the period he (I) that defined by the borrowers timehorizon. 12) the lifetime of the borrower. (3) the term over which

repayments areactually made, or (4) the ma mum term of the program subject to analvsis' Thefirst would be appropriate only if horrover-specitic discount rates were applied.The second could he argued to he socially relevant. The third distorts comparisonsbetween individuals in the same plan (reducing the variahilit in the relationshipbetween payments and incon1c. Since the maxim tim term is a discretionarparameter of the program. it would appear to he one appropriate basis for analysis.Employing this period, the effective question concerns the incidence over theperiod individuals might he (hut not necessarily are) subject to the tax. The rise oflifetime income would probably not significantly alter the observed patterns ofincidence.
In the analysis the following symbols are employedP the present value of repayments (discounted in all cases at 3 pet cent perSI .000 of outstanding debt at the time of repayment initiation (employingthe income-specific average distribution of borrowing by lag to repay-ment : at initiation of repayment the average student owes Si .092 perSI .000 borrowed, with interest accrued at an external rate of 3 percent).N : the relevant maximum terni.

R the real student (internal) interest rate.
The incidence of a given program for a particular student is then defined as P 1.the ratio of payment to income. 14

Incidence relative to income for two of the basic 30-year programs of Figure 4is displayed in Figure 12. For comparison the absolute payments P arc alsodisplayed as a function of income. The high interest
program. from which only thehighest income profile exits prior to maximum term, exhibits a very narrow rangeof variation in the ratio of payments to income (about 0.45 to 0.55 percent);absolute payments rise continuously with income. The low interest (4.5 percent)program. from which twelve of the fifteen profiles exit prior to maximum term.exhibits sharp regrcssi\'ity. the ratio of payments to income ranging from aboveI percent at S 100.000 income to 0.25 percent at an income of 5475.000. Similarly.
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absolute payments peak at about SI .200 at a SI 25.00() income, and then decline to

about SI.I75.
As denionstrated in Figure 13. comparing a 30- to a 20-year plan. holding

the interest rate constant, the longer term plin (employing a lower tax rate and
thus obtaining a larger surplus from existing groups) is somewhat less regressive.

The regressivity of non-accrual of interest in lag years. with internal fund

compensation. is clearly displayed in Figure 14. comparing 30-year. 6 percent

student interest plans dillering only in terms of interest accrual. With interest
accrual payments as a percentage of income decline from 0.6 to 0.3. while wit Ii non-

accrual the decline is from above 1.5 percent to about 0.2 percent. moving from

low to high incomes. With non-acci ual absolute payments are highest )S 1.2(X)) at a

S100.000 inconie, and lowest (less than S 1.000) at incomes above 5300.000-

Finally, the virtual proportionality obtainable from a subsidized "slate'' plan

is demonstrated in Figure 15. comparing 30-year plans. the stibsiditetl plan

borrowing at a real rate of 1.5 percent) With a higher student rate of 7 percent

virtually perfect proportionality could be attained. This is the limit in movenient

toward progressivity Iwith a fixed tax rate). unless income is significantly related.

inerscly. to average lag years.

A noted in foot note Il ahi e. the a ppr4ipriaie procdu re in case of sit bsitiii,it nit is to di

COUnt IflCOT1ICS and payments at the unuhsidiied 3 perceni rate: this 1iiocedtile his been empIed
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Of course, relative proportionality, while possibly desirable, might in practicebe limited by the capacity of students to opt-out as program parameters becomemore onerous, given the individual's income expectations, than the availablealternatives (alternative conventional loans, increased indebtedness to parents.alternation between study and work, increased part-time work, etc.). Mostcommonly such discussions of voluntary non-participat ion focus on the problemof negative or adverse selection, i.e. the opting out of high-income expectors, butthis is simply a specific instance of what can be expected to be a general problem:for each income group some program or set of programs is more onerous thanothers, and non-participation can be anticipated when the relatively more burden-some program is also undesirable compared to non-VT[. programs. This lastcondition could be met for any of the income groups at Some parameter seFWhile it is impossible to specify the desirahility uf a given VTL Optionrelative to non-VTL alternatj'es for a given income group, relative desirabilitybetween VTL's can be assessed. This is done graphically in the lower panels ofFigure 16, which relate the present value of future payments to the student interestrate (a proxy for the set ofjointly determined parameters) for the basic twenty andthirty year plans of Figure 4 and for income profiles I, 4. 6. 12 and 15. The firstand fifteenth profiles are the highest and lowest, respectively. The fourth andtwelfth arc at aPproxiniately the tipper and lower quartiles, and the sixth is themedian.
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The shape of the payment-interest rate functions is explained by the impact of

interest rate changes on the actual repayment period. If a prolIlc is not paying for
the maximum term, then an interest rate increase (and a compensating tax rate
reduction) will increase the present value of repayments (evaluated at the real

3 percent fund rate) the interest differential charged on the outstanding student
balance will be higher, and the balance in any year will be larger and will persist for

a longer period. However, once maximum term is reached, an income profIle
reaps absolute benefits from interest rate increases: the tax rate is reduced and in
consequence the value of payments declines.
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Figure 16

For the lowest income group (15). increases in interest rates are beneficial

throughout, since this profile does not exit prior to maximum term under any of

the programs examined. At this low income the present value of repayments never

exceeds the value of borrowing as a result this group would never find con-

ventional loans preferable to a VTL. although at low interest rates other alterna-

tives might be preferred.
In the case of (lie low quartile income profile interest rate increases are always

beneficial for a thirty year plan (the borrower repays for the maximum term) but

are beneficial only above 5 percent for 20-year plans. This group repays less than

its borrowing only at rates above 5.5 percent, and interest rates of 4.5 to 5 percent

produce repayments of almost Sl.25 per St benefit (amount borrowed plus lag

year interest).
For the median income group. repayment for the maximum term occurs

at interest rates of 5.5 and 6 percent : these programs are least desirable, with
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repayments of somewhat less than S 1.5 per SI benefit. Here stgiifjctjit shifts toother forms of finance might he expected.!
For a borrower will) high-quartile Income payments reach a max inium ofover SI .5 per SI benefIt at interest rates of about 6 percent. I I1terestig this isthe first income group for which 20-year maximum term programs domiite

30-ycar programs at each interest rate. This suggests that if both 20- and 30-yearoptions were available the longer term alternative might experience significaiinegative selection in favor of the shorler program.
This domination of the longer by the shorter program is also observe(j for thehighest income profile. Since this group never is held for full term, it IS "damaged"throughout by interest tate increases, its burden rising from about SI. 10 to SI .75(20-year) or S2 (3O-year) per benefit dollar.

VI. VTL CAPITAl. RlQulRENIFNrs

The suhect of the nlacroecononhic implications of a universal \"FL progIa1is beyond the scope of this study, touching as it would On questions of life-cyclesavings and consumption patterns, levels and composition of education enroll-nients, and the distribution ofstiidents within the post-secondary e(lucatjon sector
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Such e'.pectaIR)AS of non.parIjclpatiii assuuic that future ip.c1) ic known with certainn.s hd is. of course not Irue. Wiih
signhljcant uncerttjnf and partictilarI if rkk -a'. ersiori is a sifl ilicantforce. e'. en nhiddk-jnconie

C'.pectors might preIr a 6 per 2O-vear VTL 10. C g ..tc oii efl!joiialloan at lt%V,Cr lfl(crcsI rates.
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However, it is within the purview of this study to examine the financial character-

istics of VTL lending programs over time.

The debt profiles of a fund offering three aliernative VTL options with one

year of original lending and a 4 percent rate of inflation are displayed in Figure 17.

Of the two 30-year plans, the debt requirements of the high interest (10 percent)

low tax (0.66 percent) plan are significantly greater than those of the low interest

(8.5 percent)high tax (1.09 percent) alternative. In the first case total debt out-

standing reaches a maximum of SLS4O (per S 1,000 of year 0 lending in year 14,

while in the second case total debt reaches only $1,240 in year 6. A 20-year plan

with an intermediate tax rate of 0.96 percent (an interest rate of 10 percent) has a

maximum debt of $1,280, occurring in year 7. This rapid increase in debt to fairly

high levels is explained by the low or non-existent payments in early years, when

borrowers experience relatively low incomes or have not yet commenced repay-

ment. The debt of the fund on the account of any year's lending is not extinguished

until borrowers with the greatest (8-year) lag to repayment and with the lowest

incomes reach maximum term, i.e. after 28 and 38 years in the 20- and 30-year plans.
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More interesting than the debt profile of a fund on account of one year'slending is the debt history of a fund oflèring a Constant real level of new lending ineach year.
Two such conhinuouslenJjng debt profiles are displayed in Figure 18. In realterms the two plans are idcntjcal a real external rate of3 percen(, zero secular realrow(h real student rates ofó percent, tax rates ofO.fl6perceflt,afld maximum termsof3O years. However the lower profile assumes a zero rate ofjnfiatio,i (new lendingof$ 1,000 in each year), while the Upper profile incorporites the effects ofa 4 percentannual rate of inflation, with new lending in each year increasing at the rate of(inflationary) income growth.'7

In the absence of inflation, debt reaches a stable,
zero-groyth plateau afterthirtyeight years, when the plan contains a full contingent of borrowers from eachincome profile and each lag to repayment at each stage of

repayment Thus, therate of growth of debt in the mature phase is equal to the rate of inflation, in thiscase zero. When inflation is incorporated, the mature phase exhibits a constantrate of growth of debt equal to the rate of inflation, e.g. 4 percent as in the higherdebt profile of Figure 18.

' Inco, grow (inflationary or reat)scres to reduce the (as rate pernominaj 51,000 ofborrowing
by a factor I/fl + g), where g is the total rate of secular incon growth. AlternateJy' as treated here.
theamount borrowed per basic tax rate unit can be Viewed

as increasing by a factor (I f g). If the higher
education Sector is assumed to

experience increases in per student costs at the rate of income growth
(because of secular stagnatj

including real income
growth), then the latter alternatj.e reflecting

increasing student charges, is more appropriate.
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