




















Figure 3 Iso-Subsidy Loci 

Income Projections, Adverse Selection and Experimental “Neutrality” 

Each of the zero-profit programs differs in a specifiable direction in terms of 

the degree of subsidy provided low income participants by their high income 

counterparts. This would suggest that high income expectors would be more 

likely to choose the lower subsidy program, ceteris puribus. In fact, of course, 

other things are not equal; the change in subsidy is the result of simultaneous, 

compensating changes in tax rates, interest rates, and maximum and average 

repayment periods (or some subset of these). Thus, it is not clear that students 

expecting high incomes would choose the less subsidizing option. However, the 

expectation that students might systematically self-select among alternatives 

might seem to recommend that, in the interest of financial viability, the income 

projections of the higher internal subsidy options should be adjusted downward 

relative to the lower subsidy options, i.e. that adverse self-selection should be 

anticipated. 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 relative 

adjustment in program parameters which would reinforce and increase the 

incentives of students anticipating high incomes to enter the lower subsidy 

program. 

In consequence, experimental programs should be based on “neutral” 

income projections, i.e. the income projections underlying the alternative options 

should be identical. The response of students with different income expectations 

to the alternative options, and the relative income experience of participants in 

each program would then provide information on the degree of self-selection and 

the importance of particular variations in terms. 

III]. Time OF BOKROWING, EDUCATIONAL ATTAINMENT AND FUTURE INCOME 

OF BORROWERS 

To design a financially viable (zero profit) VTL program it is necessary to 

estimate the lag from the time of borrowing to the time of repayment initiation 

and the future incomes on which annual repayments will be based. Because 

the national-sample income data is identified by educational attainment, this 
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procedure is broken into two stages: distributing borrowers by time of borrowing 

and educational attainment, and then distributing amounts borrowed including 

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

specific income profiles. 

The distribution by time of borrowing and amount 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 graduates enter graduate or professional schools.*® 

The judgementally interpolated retention profile is given in Tabie i. 

* 

TABLE 1 

COLLEGE ENTRANT RETENTION PROFILE 

Number of Number 
Year Entrants of Exits Comment 

1 100 25 
2 75 10 
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 Sth year. 
6 23 15 
7 8 2 
8 6 6 

Forty-two do nei complete baccalaureate degree. 
Thirty-five cease after baccalaureate degree or do not finish fifth 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 of participation at all levels. While participation 

rates are not in fact known, assuming that they will be 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 are 

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 $1,000 unit of original borrowing. 

® Robert H. Berls, “Higher Education Opportunity and Achievement in the United States,” 
pp. 161, 169, Joint Economic Committee papers on The Economics and Financing of Higher Education 
in the United States, U.S. Government Printing Office, Washington 1969. Further data relevant to the 
interpolation—-extrapolation of the complete retention profile were developed from a number of sources 
by Nicholas Triffin of the Ford Foundation. 
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TABLE 2 

CLASS YEAR OF BORROWING, LAG TO REPAYMENT, AND ULTIMATE EDUCATIONAL ATTAINMENT 

Number of Class Year of Borrowing 
Years from 

Borrowing to Ist Post 2nd Post 3rd Post 4th Post 
Repayment Freshman Sophomore Junior Senior Grad. Grad. Grad. Grad. 
Initiation (1) (2) (3) (4) (5) (6) (7) (8) 

om b 5 2 6c * 1 25a 10a Sa 29b 6 15c c 

2 10a Sa a 6b 15¢ 2c 6c 

: 2a 
g 3 5a 9b 6b 15¢ 2c 6c 

4 2a 

5 6b 1Sc 2c 6c 
6 1Sc 2c - 6c 
7 2c 6c 
8 6c 

Total* 100 75 65 60 29 23 8 6 

Ultimate educational attainment: 
é a: Less than baccalaureate. 

b: Baccalaureate. 
c: Five or more years. 

* Of 100 entering freshmen, number entering each successive year. 

TABLE 3 

DISTRIBUTION OF A $1,000 “STANDARD BORROWING UNIT” BY ULTIMATE EDUCATIONAL ATTAINMENT 
AND LAG TO REPAYMENT 

Total 
Number of Ultimate Educational Attainment by Lag Year 
Years from 

Borrowing to Baccalaureate 
Repayment Less than Plus at Least Orig. $’s 
Initiation Baccalaureate Baccalaureate One Full Year Orig. $’s Plus Interest 

1 114.8 95.6 62.8 273.2 281.4 
2 +6.4 95.6 62.8 204.8 217.3 
3 19.1 95.6 62.8 177.5 194.0 
4 5.5 95.6 62.8 163.9 184.6 
5 16.4 62.8 79.2 91.8 
6 62.8 62.8 75.0 
7 21.9 21.9 26.9 
8 16.4 16.4 20.8 

Total by educa- 
tional attain- 
ment 185.8 398.8 415.1 100.0 1,091.8 

* Interest is accrued at a “real Furd borrowing rate” of 3 percent from year of borrowing initiation 
of repayment. 
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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-classificaiion of income by education 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 of income 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 less than 

that at 45—54 in all cases. A reasonable hypcthesis 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 to 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 st~bilize 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-shaped 

growth curve, greater simplicity argues in favor of linear growth (equal yearly 
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increments). The generally sensible “starting salaries” (year one 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 annual increment by fitting a 

straight line to the 7- and 17-year points, (b) extrapolate beyond year 17 until the 

year 27 income is achieved, determining the “number of years of growth,” (c) 

assume constant income beyond that point, and (d) extrapolate back from year 7 to 

year | at the year 7 to year 17 income growth rate to determine the starting salary. 

TABLE 4 

DISTRIBUTIONS OF PARTICIPANTS By EDUCATIONAL ATTAINMENT OVER INCOME PROFILES 

Income Profiles Educational Attainment 

Baccalau- 
- reate Plus 

Less than at Least 
Starting Maximum Annual Yearsof Baccalau- Baccalau- One Full 

No. Salary Salary Increment Growtht reate reate Year 

1 12,000 39,000 1,000 28 6 6 
2 9,400 24,600 800 20 li 
3 8,400 21,700 700 20 6 11 11 
4 8,400 18,400 500 21 11 11 
5 8.950 16,300 350 22 11 11 
6 7,650 13,950 350 19 11 11 11 
7 6,900 12,300 300 19 11 li 11 
8 5,150 11,450 350 19 11 
9 6,600 10,400 200 20 11 11 

10 6,300 9,500 200 17 11 
11 2,900 9,700 400 i8 11 
12 5,300 8,500 200 17 11 11 
13 950 7,250 350 19 11 11 
14 2,400 5,600 200 17 11 it 
15 2,000 2,000 0 1 6 6 6 

Total* 100 100 100 

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

+ Including year 1. 

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 te 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, overstating their incomes results in an under- 

statement of the fund’s surplus; to avoid resting the fund’s success on the highest 

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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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-baccalaurete study 

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 will 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 1 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 EDUCAT Cass, 1956-1968 

Cumulative Lifctime Income at Age 18 and Annual Percentage Increases 
(Constant 1968 dollars, thousands) 

Year 
College High School 

Graduates 
1-3 years 4+ years 4 years 5+ years Only 

1956 $303 $407 $270 
1958 360 — 0.5% 419 15% $379 $458 257 — 2.5% 
1961 324 2.5 434 10 423 35% 454-05% 276 «862.0 
1963 334 1.5 452 °2.0 435 10 473 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 45 529 5.5 ame 635 
1967 375 25 520 4.0 485 1.5 sae «6 3S 329 3.0 
1968 378 §=611.0 515 1.0 489 — 1.0 544 — 2.5 336 = 2.0 

Annual 
Increase Bb 4 18% 2.4% 1z% 18% 

Source: U.S. Bureau of the Census, Current Population Reports, Series P-60, No. 74 
(October, 1970), Consumer Income. 
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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 will be made : (1) the effect 

of mortality on zero-profit programs with group self-insurance will be assessed, 

and (2) lump sum life insurance premia will be determined. 

IV. DERIVING ZERO-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 effect of 

inflation, and 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 year n on an income contingent 

basis, with income in year n, measured in base year dollars, given by Y, . To advance 

the amount P the VTL Fund borrows P and agrees to an annual interest rate 7’, 

the nominal external rate, which is equal to the sum of the real external rate, 7, and 

the rate of inflation d, i.e. 7’ = * + d. But nominal income is also assumed to grow 

at an annual rate d; then in year n nominal income is given by 

Y,(1 + d)’. 

The required repayment in year n is a proportion ¢ of this income. 

The amount the Fund will have spent on the individual is the principle amount 

P plus all accrued interest, i.e. 

Pi+/7r) = Pil +? +d)’. 
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TABLE 6 

NOMINAL INTEREST RATES, RATES OF INFLATION AND REAL RATES OF INTEREST 

Interest Rate Consumer Prices 
on Prime 

Commercia! Index Real 
Paper Paper (1957-1959 = 100) % Change Interest Rate 

(1) (2) (3) (4) = (1) — (3) 

1950 1.45 83.8 
51 2.16 90.5 7.8 — 5.6 
52 2.33 92.5 2.2 0.1 
53 2.52 93.2 0.8 1.7 
54 1.58 93.6 0.4 1.2 
55 2.18 93.3 —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 1.1 1.9 
62 3.26 105.4 1.2 2.1 
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 29 2.7 
67 5.10 116.3 2.8 2.3 
68 5.90 121.2 4.2 1.7 
69 783 ° 127.7 5.4 2.4 

The break-even condition is simply that the amount expended (principle and 

interest) equal the amount repaid in year n, Le. 

Pili +7 +d)’ =ty,(1 + d)’. 

This can be rearranged into the following expression and, for 7 and d small, an 

associated approximation :? 

=~ P(l + Fy. 

Of course, the VTL programs employ a series of future incomes, but the principle 

is unchanged. 

More generally, the interest rate of relevance as the Fund’s borrowing rate is 

what James Tobin has referred to as the “income rate of interest,”’ defined as the 

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 be an 
identity: 

(Ye = Perr 
eta , 

tY, = P|—-] = Pe”. 
(3 
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plus inflationary. The real rate above is equivalent to Tobin’s “income rate of 

interest” under the assumption of a zere rate of growth of real income. 

Thus, the Fund’s borrowing rate is initially assumed to be 3 percent, associated 

with inflationary income growth only. In recent terms these assumptions would 

translate into a nominal interest rate of 7 percent and a rate of inflation (and income 

growth) of 4 percent. When real income growth is incorporated, the Fund’s 

income borrowing rate will be reduced by 1.5 percent (the assumed rate of secular 

real growth). 

“‘Nominal”’ equivalents provide a benchmark for selecting a range of internal 

(student) interest rates to examine. With not insignificant attention to usury laws 

and probable student reactions, a nominal internal (student) rate of 12 percent was 

selected as the maximum for attention ; assuming a 4 percent rate of inflation, this 

implies a five point spread between the Fund’s real borrowing rate (3 percent) and 

the maximum real internal rate (8 percent). Within this interval 4 point differentials 

(3.5 to 8 percent) were employed to empirically derive the VTL program tradeoff 

possibilities. Parameter sets with tax rates above 2 percent per $1,000 borrowing are 

ignored. 

For convenience, five maximum repayment periods were utilized, ranging 

from 15 to 35 years in five-year increments. For each “internal interest rate— 

maximum repayment period”’ combination, the Fund’s zero profit tax rate was 

computed.'® Then, given the three parameters, the subsidy ratio and expected 

repayment period were determined. 

The zero-profit parameter loci consistent with the underlying borrowing and 

income profiles and with the 3 percent external real interest rate-zero real income 

growth assumptions are displayed in Figure 4. In addition to mortality, the 

estimates 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 loci warrant attention. First, the loci become 

flatter as the tax rate is increased (67r/dt? > 0); or beginning with high tax and low 

internal interest rates, a slight increase in the interest rate permits a sunbstantial 

reduction in the tax rate. But the change in tax rate resulting from a given interest 

rate change declines continuously as the interest rate increases. This is explained 

by the fact that as the tax rate falls fewer and fewer income profiles exit prior to the 

end of the maximum repayment period; but interest rate increases permit tax 

rate 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 rate 

differential. Thus, as the pool of exiters declines, the potential increase in exiter- 

surplus is reduced and the permitted tax reduction disappears. Using the 35-year 

program as a Case in point, an increase in the interest rate from 4.5 to 5 percent 

permits 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 an 

0.09 percent change in the tax rate ; in the first case only three of the income profiles 

‘© For heuristic purposes it seemed clearer in the analytical section to form the explicit function 
with the internal 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 maximum 
repayment period and solve for the tax rate. In general terms, the ordering 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 drawn 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: Y (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). 
PRGM 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 $1,000 real original borrowirg. 
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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 rate (from 0.59 to 0.66 percent), while the 
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shift from a 20 to a 15 year program requires the much greater tax rate 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 15; therefore a 15-year program must compensate for the fact that it is 

taxing significantly lower average incomes. While this is true to some degree for all 

maximum term reductions, the impact is less for longer repayment periods because 

of the decline in the present value of income 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 ($1 received 30 years in the future has a 

3 percent discounted present value of about $0.41); the present value of year 15 

income and repayments is much higher ($1 has a present value of $0.64, 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 repayment period) 

becomes smaller as the repayment period is increased. 
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Figure 5 

The associated iso-expected-repayment-period and iso-subsidy loci are 

graphically portrayed in Figures 5 and 6. Consistent with expectations, the iso- 

expected-repayment-period loci are negatively sloped and convex to the origin, but 

steeper than the zero-profit r-t loci. For any given maximum repayment period, 
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Figure 6 

the expected repayment term increases as tax rates are reduced and interest rates 

are increased. Also, for a given interest rate the expected term 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 in average term due to the reduced term of liability of very low income 

participants, not offset by the longer repayment terms of higher income partici- 

pants. 

The iso-subsidy cr ¢ves (Figure 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 be increased by a 

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

For low levels of subsidy, increases in interest rates require substantial compensat- 

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

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

compensate for a given interest rate increment. 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 
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increase than before), while at high interest rate levels the same change in the 

interest rate has a very small impact on the Fund’s internal subsidy (since all 

profiles not exiting are unaffected) and hence requires a very small compensating 

change in the tax rate. 

The sensitivity of the zero-profit loci to the various incorporated features is 

assessed in Figures 7-11, which compare the 20- and 30-year maximum term loci 

with and without certain underlying characteristics. In each care the benchmark 

is provided by the 20- and 30-year plans of Figure 4, characterized by a 3 percent 

real borrowing rate, interest accrual in lag years, administrative costs of $5 per year 

per $1,000 of original borrowing, and inclusion of mortality effects in zero-profit 

plan derivation. 

Existing student loan programs (NDEA, GLP) provide for the non-accrual 

of interest during lag years (when the borrower is a registered student). While this 

might be accomplished by direct subsidy, a VTL program could provide internally 

for non-accrual in lag years through higher tax or interest rates or maximum 

repayment periods, in which case students with longer lags from time of borrowing 

to repayment initiation would be subsidized by those with shorter lags. The effects 

of this internal compensation for non-accrual of interest prior to repayment are 

shown in Figure 7. For high interest rate programs, under which most income 
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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 0.65 percent). 

However, 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 bacca- 

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 less than the present value of borrowing'') by 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 13 provide the subsidy with the third lowest profile 

making the greatest subsidy contribution ($0.41 per $1 of debt at initiation of 

repayment). Thus, non-accrual of ir‘erest in lag years appears to be a highly 

undesirable feature wiien 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 maximum 

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 computed. If t,, is the zero-profit tax rate with adjustment 

for mortality and ¢,,, 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 $1,000 — P at the lower tax rate. P is then given by 

'nM im 

1,000 — P 1,000 

or 

P= 000 st 
: tm 

In the 6 percent interest case the 30-year pregram premium is $76 while for the 

20-year program it is only $52 (in present value at the time of repayment 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 program self-insurance. 

'! In assessing the contribution to subsidy (positive or negative) the present value of payments 
relative to the present value of borrowing is always evaluated at the initiation of repayment. 
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Figure 8 

A significant difference between public and private VTL programs would be 

expected in the administrative cost dimension. At the extreme a federally-sponsored 

program could place al! administrative-collection responsibilities on the Internal 

Revenue Service and the Social Security Administration, with virtually zero 

marginal cost. 

The effect of zero administrative costs, holding other program characteristics 

constant, is shown in Figure 9. 

Since administrative costs are recouped entirely through the differential 

between the external borrowing rate and the internal student rate, the reduction 

in tax rates is greatest at low student interest rate levels. Using the 30-year programs 

as Cases in point at an 8 percent student rate the exclusion of administrative costs 

reduces the tax rate only by 0.07 percent (from 0.61 to 0.54 percent), but at a 5 percent 

interest rate the reduction is 0.16 percent (from 0.8 to 0.64 percent). 

A final dimension in which a publicly sponsored program might differ from a 

private 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 average 

implying a reduction of about 0.5 percent) and possibly (b) receive a direct interest 

subsidy (as under the NDEA and, over certain periods, the GLP programs). An 

indirect 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 of 6.5 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 program, 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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per year. With the real rate of interest assumed to be 3 percent this rate of real 

growth would imply an “income rate of interest” of 1.5 percent, i.e. the zero profit 

loci (for an unsubsidized plan) would be identical to those estimated for a subsidized 

plan with a real borrowing rate of 1.5 percent. However, the interpretations would 

differ. For th'- - .bsidized plans of Figure 10, the nominal student rate would be 

simply the “‘real’’ student rate plus the rate of inflation (e.g. 4 percent, as utilized 

earlier). But the inclusion of real income growth requires that the (real) income 

rate be augmented by both the rate of inflation and the rate of real growth (4 and 

1.5 percent respectively). Thus to compare private (unsubsidized) plans including 

and excluding real growth the student “income rate of interest”’ in the real growth 

case must be augmented by the rate of real growth, i.e. comparisons utilizing 

different rates of growth must transform “income rates of interest’ into con- 

ventional real rates of interest (defined as the nominal rate minus only the rate of 

inflation). 

Such a comparison of 3 percent external real interest rate plans, including and 

excluding secular real growth, is contained in Figure 11. For a 30-year plan with a 

6 percent real student rate, inclusion of income growth reduces the tax rate by 

0.15 percent (from 0.66 to 0.51 percent). In the case of a 6 percent, 20-year plan the 

reduction due to real growth is 0.17 percent (from 0.96 to 0.79). 
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V. REPAYMENT INCIDENCE AND REDISTRIBUTION 

As discussed in the Introduction one interpretation of VTL 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- 

tive means of support it is not optional, and for these the 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 terms 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 be expected to vary systematically with income.'? 

However, these rates are not known. The only obvious alternative to the borrower- 

specific rates is the external rate at which the program is funded. In the case of a 

socially optimal program this is the social rate of time preference.'* 

With reference to the appropriate period for the evaluation of income, similar 

complexities arise. Should the period be (1) that defined by the borrower’s time 

horizon, (2) the lifetime of the borrower, (3) the term over which repayinents are 

actually made, or (4) the maximum term of the program subject to analysis? The 

first would be appropriate only if borrower-specific discount rates were applied. 

The second could be argued to be socially relevant. The third distorts comparisons 

between individuals in the same plan (reducing the variability in the relationship 

between payments and income). Since the maximum term is a discretionary 

parameter of the program, it would appear to be one appropriate basis for analysis. 

Employing this period, the effective question concerns the incidence over the 

period individuals might be (but not necessarily are) subject to the tax. The rise of 

lifetime income wouid probably not significantly alter the observed patterns of 

incidence. 

In the analysis the following symbols are employed: 

P: the present value of repayments (discounted in all cases at 3 percent) per 

$1,000 of outstanding debt at the time of repayment initiation (employing 

the income-specific average distribution of borrowing by lag to repay- 

ment; at initiation of repayment the average student owes $1,092 per 

$1,000 borrowed, with interest accrued at an external rate of 3 percent). 

N: the relevant maximum term. 

R: the real student (internal) interest rate. 

The incidence of a given program for a particular student is then defined as P/Y, 

the ratio of payment to income.'* 

Incidence relative to income for two of the basic 30-year programs of Figure 4 

is displayed in Figure 12. For comparison the absolute payments P are also 

displayed as a function of income. The high interest program, from which only the 

highest income profile exits prior to maximum term, exhibits a very narrow range 

of 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 regressivity, the ratio of payments to income ranging from above 

1 percent at $100,000 income to 0.25 percent at an income of $475,000. Similarly, 

'2 In addition, differentials between borrowing and lending rates would be expected to exhibit 
systematic income variations, introducing additional complexities into the incidence analysis. 

‘3 In fact, the funding rate may differ from the social rate of time preference in the case of subsidiza- 
tion of interest to account for the external benefits of education. Thus, the social rate of time preference 
may be 3 percent, but educational externalities might require a funding rate of 1.5 percent, as in the state 
plans of section IV, to insure the optimal level of investment in education. In this case, incidence 
analysis should, for consistency, employ a discount rate of 3 percent, rather than the 1.5 percent subsi- 
dized funding rate. 

‘* This will always be less than the tax rate since payments here are normalized per $1,000 of 
outstanding balance at the initiation of repayment, rather than per $1,000 of original borrowing. P/Y 
represents repayments as a proportion of income on original borrowing of less than $1,000, with an 
outstanding balance of $1,000. 
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absolute payments peak at about $1,200 at a $125,000 income, and then decline to 

about $1,175. 

As demonstrated in Figure 13, comparing a 30- to a 20-year plan, holding 

the interest rate constant, the longer term plan (employing a lower tax rate and 

thus obtaining a larger surplus from existing groups) is somewhat less regressive. 

The regressivity of non-accruai of interest in lag years, with internal fund 

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

student interest plans differing only in terms of interest accrual. With interest 

accrual payments as a percentage of income decline from 0.6 to 0.3, while with non- 

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

low to high incomes. With non-accrual absolute payments are highest ($1,200) at a 

$100,000 income, and lowest (less than $1,000) at incomes above $300,000. 

Finally, the virtual proportionality obtainable from a subsidized “‘state”’ plan 

is demonstrated in Figure 15, comparing 30-year plans, the subsidized pian 

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 movement 

toward progressivity (with a fixed tax rate), unless income is significantly related, 

inversely, to average lag years. 

'S As noted in footnote 13, above, the appropriate procedure in case of subsidization is to dis- 
count incomes and payments at the unsubsidized 3 percent rate; this procedure has been employed. 
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Of course, relative proportionality, while possibly desirable, might in practice 

be limited by the capacity of students to opt-out as program parameters become 

more onerous, given the individual’s income expectations, than the available 

alternatives (alternative conventional loans, increased indebtedness to parents, 

alternation between study and work, increased part-time work, etc.). Most 

commonly such discussions of voluntary non-participation focus on the problem 

of negative or adverse selection, i.e. the opting out of high-income expectors, but 

this 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 than 

others, and non-participation can be anticipated when the relatively more burden- 

some program is also undesirable compared to non-VTL programs. This last 

condition could be met for any of the income groups at some parameter set. 

While it is impossible to specify the desirability of a given VTL option 

relative to non-VTL alternatives for a given income group, relative desirability 

between VTL’s can be assessed. This is done graphically in the lower panels of 

Figure 16, which relate the present value of future payments to the student interest 

rate (a proxy for the set of jointly determined parameters), for the basic twenty and 

thirty year plans of Figure 4 and for income profiles 1, 4, 6, 12 and 15. The first 

and fifteenth profiles are the highest and lowest, respectively. The fourth and 

twelfth are at approximately the upper and lower quartiles, and the sixth is the 

median. 
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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 profile 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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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 the 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 $1.25 per $1 benefit (amount borrowed plus lag 

year interest). 

For the median income group, repaymert 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 $1.5 per $1 benefit. Here significant shifts to 

other forms of finance might be expected.'® 

For a borrower with high-quartile income payments reach a maximum of 

over $1.5 per $1 benefit at interest rates of about 6 percent. Interestingly, this is 

the first income group for which 2. -year maximum term programs dominate 

30-year programs at each interest rate. This suggests that if both 20- and 30-year 

options were available the longer term alternative might experience significant 

negative selection in favor of the shorter program. 

This domination of the longer by the shorter program is also observed for the 

highest income profile. Since this group never is held for full term, it is “damaged” 

throughout by interest rate increases, its burden rising from about $1.10 to $1.75 

(20-year) or $2 (30-year) per benefit dollar. 

VI. VTL CAPITAL REQUIREMENTS 

The subject of the macroeconomic implications of a universal VTL program 

is beyond the scope of this study, touching as it would on questions of life-cycle 

savings and consumption patterns, levels and composition of education enroll- 

ments, and the distribution of students within the post-secondary education sector. 
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*® Such expectations of non-participation assume that future income is known with certainty, 
which is, of course, not true. With significant uncertainty, and particularly if risk-aversion is a significant 
force, even middle-income expectors might prefer a 6 percent—20-year VTL to, e.g., a conventional 
loan at lower interest 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 alternative 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 pians, 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 $1,540 (per $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’s 

lending is the debt history of a fund offering a constant real level of new lending in 

each year. 

Two such continuous-lending debt profiles are displayed in Figure 18. In real 

terms the two plans are identical : a real external rate of 3 percent, zero secular real 

growth, real student rates of 6 percent, tax rates of 0.66 percent, and maximum terms 

of 30 years. However, the lower profile assumes a zero rate of inflation (new lending 

of $1,000 in each year), while the upper profile incorporates the effects of a 4 percent 

annual rate of inflation, with new lending in each year increasing at the rate of 

(inflationary) income growth.'” 

In the absence of inflation, debt reaches a stable, zero-growth plateau after 

thirtyeight years, when the plan contains a full contingent of borrowers from each 

income profile and each lag to repayment at each stage of repayment. Thus, the 

rate of growth of debt ii the mature phase is equal to the rate of inflation, in this 

case zero. When inflation is incorporated, the mature phase exhibits a constant 

rate of growth of debt equal to the rate of inflation, e.g. 4 percent as in the higher 

debt profile of Figure 18. 
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‘7 Income growth (inflationary or real) serves to reduce the tax rate per nominal $1,000 of borrowing 
by a factor 1/(1 + g), where g is the total rate of secular income growth. Alternatively, as treated here, 
the amount borrowed per basic tax rate unit can be viewed as increasing by a factor (1 + g). If the higher 
education sector is assumed to experience increases in per student costs at the rate of income growth 
(because of secular stagnation, including real income growth), then the latter alternative, reflecting 
increasing student charges, is more appropriate. 
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