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I. Introduction

In this report several models are formulated which forecast the

enrollment and financial needs of students in higher educati n. There

are four models altogether: the undergraduate enrollment model, post-

baccalaureate enrollment model, undergraduate student aid model, and

postbaccalaureate student aid model. Postbaccalaureate students

include both graduate and first-professional students. Models were

developed separately for undergraduate and postbaccalaureate students,

because the student characteristics and available date are different for

these two groups. These models are described bri fly in this section.

In foreca ting financial aid requirements for undergr duate

students, it is necessary to know more than just aggregate enrollment

projections. It is necessary to have enrollment projections by family

income, because the parental contribution towards college expenses is

the principal income source for most undergraduate students; and it is

necessary to have forecasts by institution type and control,because the

student college expenses will be dependent upon these variables. In

this report, the control refers to either public or private, and the type

refers to two-year colleges, universities, and all other four-year insti-

tutions. Figure 1. 1 illustrates the undergraduate enrollment and student

11
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aid models. The first step is to estimate the number of high school

graduates by sex and by family income. The second step is to esti
the number of years a btudent in a particular sex and income group

waits before enrolling for the first time in college. The first time
freshmen enrollment can be esti ated with the data from these first two

steps. The third step is to estimate the probability that a student is still
enrolled as an undergraduate during years following first enrollment.

Since attrition rates differ for male and female students and for students
in different income groups, these possibilities should be estimated separ-
ately by sex and by income. The distribution of students by type and con-

trol of institution is also determined in step three. Step four combines

the data from the first three steps to estimate the total expected enroll-
meni by sex, family income, and by type and control of institution. The

first four steps represent the undergraduate enrollment model. The

ate

enrollment forecasts serve as an input to the financial aid model. The

fifth step requires an estimate of the parental and student contribution to
college expenses. The parental contribution depends on the total number

of dependent children in the family, the total number of dependent children

attending college from the family, a d the family income. The student
contribution is from summer earnings and student assets. The sixth step is to
estimate the student expenses incurred, by type and control of institution.

These expenses include tuition, fees, room, board, books, etc. Cost



estimates are made separately for resident and commuting students. Step

seven combines the data from the previous steps to estimate the financial

aid requirements of undergraduate students. Steps five through seven

represent the student financial aid model.

The undergr duate enrollment m del is formulated in Section 2,

and the undergraduate financial aid model is formulated in Section 4.

Enrollment and student need projections through 1975-76 are given in

these sect ons.

In addition to computing total student financial needs, these models

can also be used to estimate the costs of alternati e Federal aid programs.

Two examples are given in Secti n 4 to illustrate this use. The first

example is for the following hypothetical aid package:

(1) The first $400 of the aid needed by a student would be met with

Federal subsidized loans, similar to the National Defense Education Act

(NDEA) loans;

(2) Federal grants, either Educational Opportunity Grants (EOG),

or College Work-Study Program (CWSP), not exceeding the difference

between $1,000 and the family contribution, would then be used to meet

additional need; in other words, the maximum grant would be $1,000 less

the parents' contribution.

3) The remaining need would be met by St te, institution, and

priva e sources.



amounts of Federal loans and grants given to undergr_ duates under

this program are estimated in Section 4 by sex, inconie, and ac demic

year. As a second example, we also examined this prograni:

(1 ) A student would be entitled to the maximum .EOG payment con-

sistent with the following conditions: the grant must not exceed $1,200

less the family contribution; it must not exceed the student's need; it

must not exceed 50% of the college expenses; and any positive payment

must not be less than $200.

(2) The remaining need would be met by State, i stitution, and

private sources.

The conditions in this example may be more complex than would be con-

sidered in practice by the Federal government. Nevertheless, this

e ample does illustrate the versatility of the model. The amounts of

Federal grants under this second program are also estimated in Section 4

by sex, income, and year.

Currently, both the undergraduate enrollment and financial aid

models are programmed on a time-sharing interactive system.. This

allows the user to determine:

(1) The impact of changes in enrollment model parameters such

as enrollment or attrition rates) on the financial need of students;



(2) The impact of changes in financial aid model parameters (such

as student contribution from summer employment) on the finanL al needs

of students;

(3) The costs of alternative Federal aid programs.

The postbaccalaureate enrollment and student aid models are illus-

trated in Figure 1. 2. These models are different from the undergraduate

models for several re S:

(1) None of the av ilable national student surveys included

sufficient years to allow the attriti n rates and other parameters to be

determined in the way that was done for undergra_tuate students.

(2) There is evidence that postbaccalaureate study is best

characterized as being capacity limited. The type of model used for

projecting undergraduate enrollment w rks best when the enrollment is

input or demand limited.

(3) The principal advantage of the undergraduate enrollment

model is that it is able to forecast enr011ment by parental income, while

the postbaccalaureate model does not. The undergraduate student aid

model converts the enrollment projections into estimates of financial aid

requirements on the basis of the faxiiily income distribution. However.

there is no g nerally accepted need analysis model at the postbaccalaur-

eate level, as the e is for undergraduates. C nsequently, even if

rt3



1. Estimatc the number of
postbaccalaureate students by
type and control of institution.

Z. Estimate the conditional
probability that a student
applies for Federal aid,
given that the student attends
an institution with a particular
type and control.

3. Estimate the average need
of a student, given that the
student does need aid and that
the student attends an institution
with a particular type and control.

4. Estimate the financial
aid requirements for post-
baccalaureate students in
h5.gher education.

Figure 1.2;
Postbaccalaureate Student Enrollment and Aid Models

17



postbaccalaureate enrollment projections by family income were available,

there would be no straightforward way of convertii g these estimates into

projections of financial aid requirements.

Because of these differences, we have formulat d different types of models

than those used for undergraduate students. The postbacc laureate enroll-

ment model is represented as step one in Figure 1.2. This model simply

projects trends in hIstorical enr llment data to forecast enrollments by

type and control of institution. The student aid model is represented by

steps two, three, and four. Step two estimat s the conditional probability

that a student will apply for Federal aid, either from the National Defense

Student Loan Program or from the College Work-Study Program. These

probabilities are estimated by type and control of institution. The third
fi

step estimates the average need of a student, given that the student does

apply for Federal aid. These average needs are also esti ated by type

and control of institution. And step four combines the data from the

previous steps to estimate the financial needs of postbaccalaureate students

who apply for Federal aid programs.

The postbaccalaureate enrollment model is formulated in Section 3,

and enrollment proje tions through 1975-76 are given. The postbaccalaur-

eate financial aid model is formulated in Section 5, and estimates of the

need for Federal aid programs, either National Defense Student Loans or

College W rk-Study, are made through 1975-76.



In estimating the parameters for the u d rgraduate and postbacca-

laurea e models, we used data froili several national surveys of high

school and college students. Because these surveys wer not entirely

adequate for developing these models, some of our parameter estimates

are only approxim te. The characteristics of the longitudinal surveys

that were used are described in Appendix A. I. In Section 6, we made

recommendations on how future enrollment data should be collected so

that more accurate parameter estimates can be made in the future.



Z. Undergraduate Enroll ent Model

The undergraduate enrollment model for casts total undergraduate

full-t me enrollment in higher education by sex, family incoLile , and

institution type and control. In this section the model is formulated, and

enrollment projections are given throu'gh 1975-76. These enroll ent

projections serve as an input to the undergraduate financial aid model dis-

cussed in Section 4. Refer to Appendix A for a detailed descripti n of the

data sources and estimation procedures used in calibrating this model. We

used data from several national surveys of students, including the Project

TALENT surveys, the American Council on Education (ACE) surveys, the

ACE-Carnegie Commission on Higher Education (ACE-CCHE) follow-up

-surveys, the Bureau of Census-Columbia Uni rsity (BC-CU) surveys, and

the National Center for Educational Statistics (NCES) surveys. Unfortunat ly, all

of the available longitudinal surveys had limitJ,tions of one kind or an ther:

the Project TALENT, ACE, and ACE-CCHE follow-up surveys suffer

from poor response rate and income information, while the BC-CU follow-

up surveys had small sample sizes. The characteristics of these surveys

are discussed in Appendix A .1. This enrollment model is similar to the
(1)one formulated by Pfeferman ; the differences between these models are

due to the fact that more recent data sources were available to us. Some

of these differences are:



(1) Pfefe =an' s model f r casts enrollment by aptitude groups

as well as by sex and income. The aptitude measure used wa- the score

on Project TALENT' s standardized test. We investigated using the

student's lf-reported high school grade average as an achievement

measure , since this me sure was used by the ACE, ACE-CCHE, and

BC-CU surveys. Howev r , this measure appeared to be unreliable for

two reasons: many students did not know what their average was; and

the grading standards of high schools vary considerably. As a result,

this measure was not us d.

(2) Our model forecasts enrollment by type and control of in itu-

tion, while Pfeferman's does not. Also, our model forecasts undergrad-

uate full-ti c enrollment directly,while the model in Ref. 1 first estimates

total enrollment (full-time and part-time, undergraduate and postbac-

calaur nd then estimates undergraduate full-time enrollment using

historic 1 ratios.

The enrollment model is represented by the first four steps in

Figure 1.1. The first step is to estimate the total number of high school

graduates in each year by sex and family income. Let

the number of students with sex s who graduatesr from high school during the academic year beginning
with year 7 .

For example, if a student graduates from high school during the 1959-60

academic year, then r 7-- 1959. Estimates and projections o 0 were



made by NCES (2

Define

and are given in Table A.1 in Appendix A.2.

= the conditional probability that a high school graduate
is in the ith family income group, given that the stu-
dent has sex s.

In our notation for conditional probabilities, we always use the convention

that the superscripts define the random event and the subscripts define

the conditioning event The income classification, used in defining ds

and other parameters , refers to the family income distribution for graduat-

ing high school seniors. Our method for projecting this income distribution
(4)is described in Appendix B.2. Data e used fro the first BC-CU

(5-10)follow-up survey and from several Bureau of Census publications

Because of inflation, the income levels in one year are not comparable to

the income levels in another year. Thus, the income index i will refer

to quartiles, .rather than specific income intervals. We use the notation:

= 1 corresponds to the first or low income quartile; i = Z corresponds

to the second income quartile; i = 3 corresponds to the third; and I = 4

corresponds to the fourth or high income quartile. According to BC-CU (4)

data, the values of d s
are approximately the same for male and female

students; thus we will use ds = .25 in this report.

The second step in the enrollment model is to estimate the pr ba-

bility distribution for the number of years that a student waits after high

school graduation before first time college enrollment. The enrollment

model will be designed to forecast opening fall enrollment (rather than



winter or spring), so that the model will be compatible with the opening

fall enrollment surveys conducted by ACE, NCES, and the Bureau of

Census. Since colleges have differing numb of terms in an academic

year seuriester, , trimester, , or quarter systems), it would not be feasible

to forecast enrollment by term on a national basis. Define

hn the conditional probability that the first fall in which a
student is enrolled is during the nth year following
high school graduation, given that the student graduated
from high school during the academic year beginning
in year y, has sex s, and has family income i.

The following convention is used in the above definiti if a student

graduates in June and enrolls during the following fall, then n = 1; if he

graduates in June, fir t enrolls in the following spring, and continues to

be enrolled during the second fall following graduation, then n = Z; etc.

Since some students will never enroll in college ,

hsir

In Appendix A.3 data were used from Project TALENT(1 1 ) BC-CU(4)

Bureau of Census(12,13) ACE(14) and NCES(3 '15) to estimate this

par.amete r

The third step in the enrollment model is to estimate the proh bility

that a student is enrolled in various types of institutions in years following

first enrollment. Define



R i = the conditional probability that a student is enroll-d
-s as a full-time undergraduate during the kth fall

after first fall enrollment, given that the student
first enrolled full-time, has sex s, and has family
inoome i.

Again, this definition refers to enrollment during the fall term. We

allow the student to drop out and return to college, and thus this definition

does not require the student to be enrolled for k consecutive years. The

following convention is used: if a student first enrolls in fall 1970, then

k = 0 refers to fall 1970; k = 1 refers to fall 1971; k = 2 refers to fall

1972; etc. A student may be enrolled as an undergraduate during the

fourth or fifth falls following first fall enrollment, if he drops out for one

or more terms, changes majors, enrolls in a fi.ve year bachelor's pro-

grain, etc. Thus we will estimate R . for k = 0,1,2,. ,5. Becausesi
estimates for Rk. are affected by a poor follow-up response rate to a

si
1 ngitudinal su vey, in Appendix A.4 we compared estimates that were

derived from several surv ys, including ACE-CCHE (16-18)
, ACE (19)

,

(4 , Z 0,21 )and BC-CU . There were some variability in these estimates.

.The valu s used in the enrollment projections in this report were chosen

to be consistent with both the range of estimates from the longitudinal

surveys and with the 1970 NCES G 5) enrollment data.

It is also desirable to estimate the e.rarollment by level and by

type and control of institution. Define



IT .sik

and

the conditional probability that a student has attained
to level (either lower division or upper division),
given that the student has sex s , family income
and -is enrolled full-time during the kth fall following
first fall enrollment,

the conditionial probability that an undergraduate stu-
dent is enrolled in an institution with control c (either
public or private) and type e (either two-year,, four-
year college , or university), given that the student has
sex s, family income i, and is enrolled at level

In these definitions , the index t refers to either lo -r division (freshman,

sophomore) or upper division (junior, , senior). The control c refers to

public or priv-ate. The Office of Education classifies four-year institutiols

into two groups: universities and "all oth,.r four-year colleges." We

refer to the second group as f -year colleges. According to Ref.

the four-year institutions which are classified as universities are those

which give considerable str ss to graduate instruction, which confer

advanced degrees as well as bachelor's degrees in a variety of liberal a

fields, and which have at least two professional schools that are not

exclusively technological. Consequently, the index e in the deiinition for
ce

. refers to either two-year colleges, four-year colleges, or universities,sitassik
estimated from ACE-CCHE(I6 ,17). And in Appendix A.6, acesit
from ACE-CCHE (16), ACE(14), and NCES(15)

is estim ted



After the foregoing parameters have been estimated, the total

undergraduate enrollment can be projected by sex, famIly income , and

institution. Define
kce = the expected number of undergraduates with sex sSsit

and income i who are enrolled full-time in an institu-
tion with control c and type 8 during the fall of year
and the kth fall following first fall enrollment.

It follows from the prey ous definitions that

(2. =S
kc.9 z r hn
sit

i
s ,t-k-n ds Tr

si1 si.

Projections of Skce are used as the input to the underg aduate financialsit
aid model described in Section 4. And finally, let

the expected number of undergraduates withit income i who are enrolled full-time in the
fall of year t.

kceBy summing S with respect to the indices s, k, c, and esit
is computed as follows:

SkceE .ELEit sits k c

= E E
k

ELEEhn. Gsi -k-ri s ,t-k-n s sik L.P.,

Estimates of E it , computed from Eqn (2.2), are given in Table 2.1 for

years 1967 through 1975. Also given in Table 2.1 are historical enrollments
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from NCES (15 24) for years 1967 through 1970. Prior to 1967, the

NCES fall enrollment surveys did not classify students as undergraduates

or postbaccalaureates.

In this report, the e r llment model is used only to provide input
data for the student aid model formulated in Section 4- Be ause this

model attempts to simulate the actual flow of students through education,

it could also be employed as a useful tool for studying the impact of

changes in student behavior on college enrollment. For example
(2b)Froomkin used the previous version of this model to estim te enroll-

ment if all students entered college at the same rate as students from the

highest income quartile.



Postbaccalaureate Enrollment Model

In this Section we describe the postbaccalaureate enrollment

model. A different type of model -ill be formulated than that used for

undergraduate students for several r asons:

(1) None of the available national longitudinal student surveys

included suffi ient years to allow the attrition rates and other parameters

to be determined for r-ostbaccalaureate students in the way that was done

for und rgraduate students.

(2) According to the Chronicle of Higher Education (26)
, several

graduate schools are limiting or cutting back on graduate enrollment.

In addition, applications for law or medical study far exceeds available

sPace. In other words, the demand for postbaccalaureate study in these

ses exceeds the capacity. The type of model used for projecting under-

gi aduate enrollment works best when the enrollm nt is input or d mand

limited, rather than capacity limited.
(3) The principal advantage of the undergraduate model is that

it is able to forecast enrollment by parental income , while the model

discussed in this Section does not. The undergraduate student aid model

discussed in Section 4 converts the enrollm t projections into estimates

of financial aid requirements on the basis of the family income distribu-

tion. However, , there is no generally accepted need analysis model at

the posthaccalaureate lev 1, as there is for undergraduates. C ns q ntly,

-19 -
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even if postbacc laureate enroll nt projections by family income were

available , there would be no str-t htforward w of converting th se
estimates into projections of financial need requirements. In Section. 5

a financial aid model is formulated which doer estirr. ate the aid require-

ments for postbaccalaureate students, and this model is able to use

enrollment projections that are not classified by parental income.

For the first time in 1967, the Office of Education's annual fall
enrolli lent survey classified students into undergraduate and postbac-
calaureate categories. The p stbaccalaur ate estimates in Table 3.1
w r taken directly from these surveys for 1967 through 1970. Since
1966, the Office of Educatio 's annual survey of students enrolled for
advanced degrees included students who were in programs leading to
master's, doctor's and first-pr f ssional degrees. First-profe sional

degrees include the first degrees given in law, medicine, theology, etc.
However,, there are indi iduals who are not enrolled for advanced degrees,
and yet are classified as postbaccalaureate students. The 1966 postbac-
calaureate estimates in Table 3.1 were obtained from the 1966 advanced
degree enrollments , by using the assur ption that the relationship

between the 1967 postbaccalaureate and advanced degree enrollt ents
would also be valid for 1966. This procedure could not be used to obtain

postbaccalaureate estim tes prior to 1966, because during those years
the advanced degrees surveys did not include students who were in first-

- 0 -
3 0



Table 3.1:

Full-Time Fall Postbaccalaureate Enrollment,
By Year and By Institution Type and Control

Year
Public

Universit
Public

Other 4-Year
Private

'niversi-
Private

Other 4-Year

1966 190,781* 29,837* 117,012* 48,123*
1967 224,058 37,840 130,847 57,691
1968 239,935 41,362 132,886 57,510
1969 259,704 50,001 134,091 64,256
1970 262,651 66,739 139,281 69,379

PROJECTED
1971 289,242 70,945 145,158 74,115
1972 307,180 79,542 149,936 79,023
1973 325,119 88,138 154,715 83,930
1974 343,057 96,735 159,493 88,838
1975 360,996 105,331 164,271 93,746

*Estimated
Source: Refs. 15, 22-24 for 1967-1970; estimated from Refs. 22, 27, and 28

for 1966; estimated from Eqn. (3.1) for 1971-1975.

- 21 _
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professional degree programs. Consequently, our enrollment projections

will be made on the basis of the 1966 through 1970 data, in making these

ctions the enrollment will not be classified by sex for the foll

ing reason : many postbaccalaureate institutions responded to the increased

draft of men in 1968 by admitting more women; thus the fluctuations

due to the draft in the combined enrollment series should be less than

that for the male and f male series consider d separately.

Define

the total number of posthaccalaureate students who are
enrolled full-time during the fall of year t in institu-
tions with control c and type O.

The control c refers to public or private, and the type e refers

uni er ities or other four-year colleges.
investigated for projecting K

(3. 1)

and

where the c e

Kcet

o different mod ls were

- 1965)

- 1965)

and N is the total population of

ce ce= O3 + a 4

are the calibration constan
the U ited States with ag s betw en twenty-two and twenty-four on July 1

-22-
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of year t. Estimates and projections of Nt are available from the
(29-31)Bureau of Census We found that Eqn. (3.1) provided a sub-

stantially better fit than Eqn. (3.2) did. This may be due to the fact that

postba.ccalaureate enrollment is best characterized as being capacity

limited, rather th n as input or demand limited. Thus the population

va iable N should not be in luded in the model.
ceThe constants a and a
21

were estim ted using linear regression

analysis and are listed in Table 3.2, together with the corresponding

values of the multiple correlation coefficient R2. The projections of

postbaccal ureate enrollment made with Eqn. (3.1) are given in Table 3.1

for ye -s 1971 through 1975. These enrollment projections are the input

to the postbaccalaureate financial aid model discussed in Section 5.

Table 3.Z:

Calibration C nts

Constant
Public

University
Public

Other 4-Year
Private

University

116,489

4,778

.908

Private
Other 4-Year

44,669

4,907

.968

ce
1

ce

RZ

181,610

17,939

.963

19,366

8,597

.966

-23-
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4. Undergraduate Student Aid Model

The undergraduate enrollment model ustitute s Steps 1-4 in

Figure 1.1 and forecasts enrollment by sex family income quartile, and

institution type and control. The student aid model represents Steps 5

through 7 in Figure 1.1 a d converts the undergraduate enrollment pro-

jections into estimates of financ al aid r quirements. This latter model

is es senti- lly a refinement of models formulated in previous studies of

student financial need; see for example Refs. 32, 33, and 34. The finan ial

n ed of a student is a function of several param ters including fai ily

income , college expenses, the number of dependent children in the

family, and the number of dependent children attending college from the

family. None of these parameters are fixed, but will vary from student

to student. For the purposes of computing financial need, previous

stud__ .s have assumed that these parameters were constant for students

and colleges within certain groups or categories. The students were

classified by family income intervals, and the institutions were classified

by type and control. However, , these student need parameters are best

charact rized as being random variables which can assume a range of

values. Since the financial need of a student is a highly nonlinear func-

tion of these variables, it would be mathematically incorrect to evaluate

the expected need of a student using only the nieari values for these

-24--
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variables. C nsequently, our approach is to explicitely treat these
parameters as random variables and to compute the expected financial

need of a student using the distribution functions for these randorri

variables.
In this section the undergraduate student aid model is formulated.

Our discussion on how the parameters in this model are estimat d will

he postponed to Appendix B. Because of the.unique requireoients of this

model, ic vre-s necessary to collect data from several sources, and much

of these data have not been published previously.

The student aid model is based upon the need analysis method
(35)developed by the College Scholarship Service (CSS). In their system,

the expected parental contribution in_ ludes amounts from both parents'

assets and incomes. Their approach is to convert the value of the
parents' assets into a supplementary income flow on the basis of the age

of the principal wage earner and the number of r _irement plans that the

family has. The supplementary income flow from the parents' assets is
then added to the current income in order to compute the adjusted family

inco lie. Using data describing consumption patt rns of families the

United States, the CSS then converts the adjusted family income into the

expected contribution towards the college expenses of a student, as a

function of the total number of dependent children in the family, and the

number of dependent children attending college. Define



= the family Income of a student,

the total nui .ber of dependent children in the student's

the total number of dependent children attending college

R ----- the expected parental contribution during the academict year beginning in year t towards the expenses of a-
student attending college whose family has income I,
total number of dependent children .4,, and number of
dependent children X attending college.

In Appendix- B.1, the CSS need analysis method Is descrbed in more

detail and the formula for R (I,A,X) is derived. Since we used data
(36)from CSS to estimate the average contribution from parents' assets

as a f nction of family in ome R(Ii ix) does include the contribution
from,assets as well as from income. Because of inflation, we allow

Rt(I,e6,,X) to vary wIth respect to the year t.
The undergraduate enrollment model forecasts enrolli ents by

family income quartiles and not by specific income levels. However,,

the expected parental contribution computed with Rt(I,A,X) will be

different for different family incoille levels within a given quartile.

Thus to esti ate financial aid requirements, it is necessary to estimate
the distribution of family income within each income quartile. Let

F. (1) = the conditional cumulative distribution function (c.d.f.)
of family income in year t for students who graduate
from high school during the academic year beginning in
year t, given that the income falls within the ith in-
come quartile.



Here 1 , 2 3, or 4, with I = 1 rep esenting the low income quartile

and i = 4 representing the high quartile. In Appendix B.2, our technique

for esti iating Fit(I) is described. Data were used from the first J3C-CU
(4) (5-10)follow-up su vey and from several Bureau of Census publications

We will use F. as the family income distribution for both students who

are high school seniors in year t arid students who graduated in previous

years and are enrolled in college . It is important to understand that this

procedure involves two approximations:

(1 ) The real family income of a student may be higher during years
after high school graduation than before, because of promotions and raises

received by his parents during the inte rim. Thus, it would be desirable

to condition the c.d.l. with respect to the number of years since high

school graduation. However , the available national longitudinal student

surveys only asked for the family income during the first year in the sur-

vey, and thus it is not possible to estimate from these surveys the increase

in real income of the parents as the student progresses through college.

(2) The c .d.f. should also be conditioned with respect to the type

and control of institution which is attended, since low income students tend

to enroll at public institutions rather than private, and at two-year institu-

tions rather than four-year. The error incurred for not doing this will be

small, because F is conditi n d with respect to the income quartile i,
i t

and because separate enrollment foreca ts are made by income quartile

d by type and control of institution.

37'
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The variables (the nun- her of dependent children in a family)

and X (the number of dependent children attending college) will vary
from family to family and will be integer valued. Since these variables
are not independent, their variation mu9t be ch racterized by a joint
probability mass function. Also, the distribution for and X should

depend upon the number of y a _ since first enrollment, because as time
progrer7ses, more of the children in a family will become elf-supporting
or enrolled in college. Let

A Xg the conditional joint probability mass function of the
total number of dependent children and the number
of dependent children attending college X in a family,
given that the student is enrolled during the kth fall
following first fall enrollment.

gAX -iThe distributions were esti ated from data supplied by the Americank
(37)College Testing Program (ACT) and are given in Tables B.9 through

B.12, in Appendix B.3.

In addition to the parents' contribution, we also assuci e that the
student will contribute a portion of his summer's earnings and a portion of
his savings. We allow this contribution to depend upon the sex and family
income of the student and the number of years since first enrollment.
Let

Ht (I, s ,k the expected self-help contribution of a student during
the academic year beginning in year t, given that the
student is enrolled during Cie kth fall following first
fall enrollment and that the student has sex s and
family income I.

3 8



The formula for H (I,s,k) is derived in Appendix B.4 using data from
(35,38)

GSS According to the GSS system, the contribution from assets
for a gi year is computed by dividing the tot assets by the number
of years remaining plus one. Therefore, a prefreshman applicant's
assets would be divided by five , a presophomore's assets by four, etc.
The "plus one" factor provides the student with funds to begin graduate

study or until receiving inc _me from employ ent. Because of inflation,
we allow H s , to vary with. respect to the year t. Note that Ht (I,s,k)
should not include funds obta ied from loans or school employment, as

these are usually considered to be forms of student aid.
Since college expenses will differ for resident and commuti

students, it is neeess ry to estimate the proporti. tudents in each
category. Resident refers to any student living in dormit ries frater-

sor rities, or apartments. Define

esi the probability that a student attends college with livingc status z given that the student is enrolled full-time
at an institution with control c and type 0, has sex s
and that the student's faiily income lies in the ith
quartile.

The living status z refers to resident or commuter. The control
refe s to public or private, and the type e refers to university, other
four-year colleges, or two-year colleges. These probabilities were
estimated with data from the ACE(19) oneyear follow-up of 1966 entering

freshmen, and they are listed in Tables B.15 and B.16 in Appendix 13.5.

39
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The college expenses incurred by a student will differ from college
to college. The expenses at four year institutions tend to be higher than

o-year institutions , and the expenses at p i ate institutions tend te
be higher than at public institutions. Also, the expenses will detend upon
the sex and li- ing status of the student. Consequ_ atly, the distribution
function for college expenses should be conditioned by the type and control
of institution, by sex, and by living status. Let

and

C the college expenses (tuition, room, board, bo ks,
etc.) for a student,

Beezst (C fr: the conditional c.d.f. of college cos s C during the
academic year beginning in year t, given that the
student is enrolled full-time in an institutior with
control c and type 6 and that the student has sex
and living status z.

Sal Appendix 13.6, the c .d.f.. Bcezst(C) was estimated using data from
(2 39)NCES and from CSS (35)"

If the college expenses exceed the reso: ces of the student and
his family, then the aid requ r d by the student is positive; bet, if the
student's resources exceed his expenses, then the aid needed is zero.
Thus the total aid required by a student is

(4.1) Rt (I,L.,X)-Ht(I,s.k)J+

4 0
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where the symbol [ II is defined as f llows:

if w
otherwise.

In our iiiodel, the financial aid requirements in (4.1) is a random
variable, since it is a function of five random v- iables: C, I, A , X , and rz.

The expected financial aid required I lay be computed from the distributions

of these random variables. Define
A kc0 the expected financial aid required during the academicsit year beginning in year t by a student with sex s and

family income i who is enrolled full-time in an institu-
tion with control c and type (3 and who is enrolled in
the kth fall following first fall enrollment.

It follows from (4.1) and the foregoing definitions that Akce issit
-xpression*

(4 . Z ) Ake°sit

jfE [C Rt(I,A,k)
z dt,I C

by the

AXH(I,s,k)]+g
k P:e5i dFit(I) dBcOzst(C).

Our notation refers to Riemann-Stieltjes integration, rather than the
usual Riernann integration. In the case in which the c .d.f.'s Fit(I) and
Bcezst(C) both have continuous derivatives, then it is possible to replace
the Riemann-Stieltjes intergrals with Riemann integrals. However, it
will be convenient for us to assume that Fit(I) and Bcez st(C ) are piece-
wise linear, , and thus these distributions will not have continuous deriva-
tives. Refer to Bartle(40) f or a description of the Riemann-Stieltjes
integral and its relation to the Riemann integral.



It is as surt in this expression that the random variables I and C are

independent. This should not be a bad approximation, since enrollment

and student aid calculations are made separately by income quartile and

by type and control of institution. Numerical integration is used to co
cpute A-ke
_

from the distributions of the random variables.
sit

(4. 3)

eIt follows from the definition of Akcsit- that

kcez Ake Gr Er srsit sitk c
is the expected aid needed by full-time undergraduates with sex s during

the academic year beginn ng in year t, where Skce is defined to be thesit
total full-tin e undergraduate enrollment by sex, income quartile, year,

and type and control .

the undergraduate

keeinstitution. The values of Sst are the output of

nrollment model. In Table 4.1 are estimates of the.

expect d need computed from (4. 3) for academIc years 1970-71 through

1975-76 using the enrollment proj ctions developed in Section 2.

The need estimates in Table 4. 1 are probably lower than the true

values for the following reason: these estimates assume that the stud

will receive the parental support entitled to him according to the CSS

need analysis formula. To the extent that some students are self-support-

ing or receive fr m their parents less than the assum d amount, these

figures win underestimate the actual needs of undergraduates.

4 2
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The financial needs of students could be met by a combination of

aid packages: part-time wo k during the academic year; loans from

priva e, State and Federal sour es; and scholarships and grants from

private, State, and Federal sources. One of the principal uses of the

undergraduate enr llment and financial aid models will be to esti -late

the costs of alternative Federal aid programs. Two examples are

given to illustrate this use. For the first example, consider the

following aid package:

(1) The first $400 of the aid needed by a student would be met by

subsidized loans, similar to the National Defense Education Act (NDFA)

loans;

(2) Federal grants, either Educational Oppo tunity Crants (EOG)

or College Work-Study Program (CWSP), not exceeding the difference

between 1,000 and the family contribution, would then be used to meet

additional ed; in other words , the maximum grant would be $1,000 less

the parents1 contribution.
3) The remaining need would be met by State , institution, and

private sources.

For this program, the amount of Federal loans given to a student is

determined by the function



E(Rt ,Ht

400 if C Rt - H > 400

Rt H < 0t

C Rt - Ht otherwise.

And the a ount of grants is determined by the function

i 1000 - Rt 1000 > R andt

G(R ,I-1 1C) = i 0

C - H > 1400t
C - R - H < 400

t t t tor R > 1000t
C Rt 400 otherwise.

Define
kc eAL, . = the expected amount of NDEA-type loans given in year
sit to a student with sex s and family income i who is

enrolled full-time in an institution with control c and
type e and who is enrolled during the kth fall follow-
ing first fall enrollment

and
eAG kc the expected amount of grants (EOG or CWSP) given in

sit year t to a student with sex s and family income i
who is enrolled full-time in an institution with control c
and type e and who is enrolled during the kth fall
following first fall enrollwent.

Thus



(4.4) A.Lkfsit

I C

and

E L[Rt(I,A., t (Iss,k),C g_
z (I) dce it s t )

e(4. 5) AG kc
sit

ff E G{R t (1, (I,s,k),C]
I C z

c si dF. (I) dBcezst(C).

It is necessa y to evaluate these integ 7als numerically. Under this program

the expected amounts oFederal loans and grants given to full-time under-

graduates with sex s during the academic year beginning in year t are

(4.6)

and

. 7)

ice() kceEEEES Asit sitikee

kce _ kcZEEFS sit sitk e

4 6



respectively. These sums were computed for academic years 1970-71,

1971-72, and 1972-73 and are given in Tables 4.2 and 4.3.

As another example of the use of the model in dete mining the

cost of an aid program., consider the following:

(1 ) A student would be entitled to the maimurn E00 payment

consistent with the following conditions: the grant muit not exceed $1,200

less the family contribution; it must not exceed the studen ne it must

not exceed 50% of the liege expenses; and any positive payment roust

not be less than $200.

(2) rei ining need would be met by State , institution, and

private sources.

The condit ons in this example may be more complex than that which

would be used in practice by the Federal Government. Neverthele s,

this example does illustrate the versatility of the model. The E0G pay-

ment is determin d by the function

1200 Rt if 1000 > Rt and
C > 1200 and

if

C/Z > 1200 - Rt

C Rt -Ht<200 or
C/2 < ZOO or

E (R,H ,C) =

C/2 if

R > 1000t
1000 > Rt and
C P4t Mt > C/2 and

C Rt t

C/2, > 200

otherwise.
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Define
kceAEsit the expected amount of grants given in year t to a

student with sex s and family income i who is
enrolled full-time in an institution with control c
and type 0 and who is enrolled during the kth fall
following first fall enrollment.

Thus

(4.8) AEkc8 =sit

fZ E[R (I,A,X),Ht(I,s,k),C] gl" Pz dF (I dBk cesi it cezsI C z

The expected amount of Federal grants given to full-time undergraduates

with sex s during the academic year beginning in year t are

(4.9) E Ekc e
kce kceL E S sit A sit

This sum was computed for academie years 1970-71, 1971-72, and 1972-73

and is given in Table 4.4 for these years.

Currently b th the undergraduate enrollment and financial aid

models are programmed on a time-sharing interactive system. This allows

the user to determine:

(1) The impact of changes in enrollment mode'. parameters such

as enrollment or attrition rates) on the financial needs of students;

50
-40-



T
ab

le
 4

. 4
:

E
st

im
at

ed
 A

m
ou

nt
 o

f 
G

ra
nt

s 
to

 F
ul

l-
T

im
e 

U
nd

er
gr

ad
ua

te
 S

tu
de

nt
s

Fr
om

. t
he

 S
ec

on
d 

H
yp

ot
he

tic
al

 F
ed

er
ol

 A
id

 P
ro

gr
am

,.
B

y 
Se

x,
 I

nc
om

e 
Q

ua
rt

ile
, a

nd
 Y

ea
r

(I
n 

T
ho

us
an

ds
)

A
ca

de
m

ic
 Y

ea
r

Se
x

L
ow

 Q
ua

rd
le

2n
d 

Q
ua

rt
ile

3r
d 

Q
ua

rt
ile

H
ig

h 
Q

ua
rt

ile
T

ot
al

1 4t
.

19
70

 7
1

19
70

-7
1

19
71

-7
2

'

19
71

-7
2

19
72

-7
3

19
72

-7
3

M
al

e

Fe
m

al
e

M
al

e

Fe
m

al
e

M
al

e

Fe
m

al
e

$3
23

,0
44

17
2,

 0
38

35
1,

 9
64

19
0,

 3
19

37
4,

 8
34

20
4,

 9
23

$1
36

, 2
31

97
, 8

31

12
4,

 3
80

89
, 2

36

11
1,

 0
89

79
, 8

83

$2
9,

12
6

24
,1

78

17
, 9

71
.

14
, 8

87

8,
 4

02

6,
 9

50

0 0 0 0 0.

$4
88

, 4
01

29
4,

 0
47

49
4,

 3
15

29
4,

 4
42

49
4,

 3
25

29
1,

 7
55

So
ur

ce
: C

om
pu

te
d 

w
ith

 (
4.

 9
).



(2) The impact of changes in financial aid model para eters (such

as student c ntributi n from summer employment) on the financial needs

tudents;

3) And the costs of alternative Federal aid programs.

As discussed at the beginning of this section, the foregoing financial

aid mod l contains features not included in previous wodels . Several pre-

vious studies have forecasted enrollment by income groups , which is what

we have done. However, these studies then estimated the mean income in

each income grours, and assumed that all families within the income group

have the mean inc9me for the purposes of computing the parental contribu-

tion. This was done, for example, in Refs. 32, 33, and 34. Since expression

(4.1) is a nonlinear function of I, this procedure would be in error, , al-

though the error would be small if there were enough income groups. Our

use of the c .d.f. F. (I) allows the inco ies to be distributed over the en-

tire interval corresponding to an income group. Similarly, several studies

estimated the mean college costs by institution type and control, and then

assumed that the costs at all similar institutions would be equal to this

mean value. This was done in Refs. 33 and 34. Since expression (4.1 ) is

also a nordinear fun tion of the costs C , this procedure would also be in

error. Ap-in our use of the c.d.f. Bcezst(C) avoids this problem. Also
previous studies assumed a fixed number of dependent child en in a family

52
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and a fixed number of dependent children attending college from a family.

For example, _Refs.. 32 and 33 e8Limated the parental contribution by assum-

ing that there were two dependent children altogether and only one attending

college, while Ref. 34 assurned that th re were two and a half dependent

children in a family and only one attending college. We , however allow

these variables to vary and allow their distribution to depend upon the year

of enrollment.
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5. Postbaccalaureate Student Aid Model

For the purpose of developing a student aid model, there are se eral

important differences between postbaccalaureate and undergraduate studei

(I) The principal source of income for undergraduates is from their

parents. However, many postbaccalaureate students consider themselves

to be independent and w uld not accept support from their parents.

2) There is no generally accepted need analysis model at the post-

baccalaureate level. This means that there is no straight-forward way of

esti ati g parental support, as there was in the undergraduate case.

(3) Most undergraduate scholarships are awarded on the basis of

need, while most postbaccalaureate scholarships are awarded on the basis

of ability. Thus at the postbaccalaureate level it would not be permissible,

in estimating unmet ne ds, to subtract the dollar amount of scholarships

from the dollar amount of need, because many of the scholarships go to

students who have little or no need.

Because of these changes, we will formulate a different type o

model than that used for undergraduate students. We have used data fro

the Bureau of Higher Education which describe the characteristi s of the

student applicants for Federal aid programs: either National Defense

StuLent Loans (NDSE) or the College Work-Study Program (CWSP). Post-

baccalaureate students are not eligible for Educational Opportunity Grants.

-44-



Using these data, we will make estimates of the amount of Federal assis-

tanee required by postbaccal ureate students. Define

the conditional probability that a full-time post-
baccalaureate student will apply for Federal
assistance (either NDSL or CW-SF'), given tha
the student attends an institution with control
and type 0.

Th re are students who obtain aid trom pri ate, institution, and other

sources, without having to apply for F deral assistance. Thus ce
is the probability that a stud nt will apply for Federal assistance, which

is less than the probability that the student needs as istance in addition

to p rental and self-help contributions. Define

c et the average difference between the college expenses
and the parental and self-help contributions during the
academic year beginning in year t, given that the stu-
dent does need aid and that he attends full-time at an
institution with control c and type 0 .

For postbaccalaureate students, the institution type refers to university or

other four-ye r colleges. As before, the c ntrol refers to public or

private. An estimate of the total assistance (from instituti n, State, pri-
vate and other sources) required by postbaccalaureate students who apply

for Federal aid is

(5.1)

cewhere K

E r cI
cO cet tc e

the number of full-time postbaccalaureate students by year
ceand by institution type and control. The values Kt are the output of

the postbaccalaureate enrollment model formulated in Secti n 3. Next

OD
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we estii_ a _ the need for Federal assistance. Define

rcet the av rage student need for NDSI_, and CWSP
funds during the acaderr_ c year beginning in
year t given that the student does apply for
assistance and that the student attends full-
time at an institution with control c and
type 3.

Thus an esti -late of the Feder 1 aid needed by postbaccalaureate students

is

(5.2)

During the 1970-71 academic year, the ins itutions participating in

Federal student aid programs submitted applicati n forms to the Bureau of

Higher Education which estimated the needs and resources of their students in

1971-7:- This was the first year for which these particular forms were com-

pleted.. Since these data had not yet been processed and were available only

from the original application forms, we estimated the foregoing parameters

by exa ining the forms from a saxxxple of schools having postbaccalaureate

programs, rather than using data from all schools. In Appendix C is

the list of schools for which we obtained data. This list is based upon the

sample of institutions used by ACE for their student surveys. However,

the list that we used is not identical to the ACE sample, because not all

of the instiLutions in the ACE sample have postbaccalaureate programs or

submitted completed forms to the Bureau of Higher Education- We were

able to obtain postbaccalaureate financial aid data from thirty-nine public

5 6-46-



universities, twenty-nine public four-year colleges, twenty-four private

universities, and thirty-five private four-year colleges.

In Table 5.1 are estimates of the probabilities that a e post-

baccalaureate stud t will apply for Federal as sistance, by type and control

of institution. These probabilities arr- the averages of the corresponding

probabilities for the individual institutions in the sample, weighted by the

number of postbaccalaureate students attending each institution.

Table 5.1:

Probability That a Pull-time Postbaccalsureate Student
Applies For Federal Assistance in 1971-72

By Institution Type and Control

Institution
Probability Student
Re uires Assistance

Public Unive rsity

Public Four-Year College

Private Uniyer sity

34

. 30

. 44

Private Four-Year College .27

Source: Estimated froIxi Ref. 42.

In Table 5.2 are estimates for 1971-72 of the average costs

and contributions for students applying for Federal assistance, by

type and control of institution. These estimates are the averages

of the corresponding estimates om the individual instituti ns in

the sample, w ighted by the number of postbaccalau-reate students who

-47-



Table 5.2:

Estimated Costs and Contributions in 1971-72 for Full-Time
Postbaccalaureate Students Who Require Financial

Assistance , By Institution Type and Control

Public
Univer sity

Public
Other 4-Year

Private
University

Private
Other 4-Year

Student Cost of
Attending Institution $3,015 ,123 $4,675 $4,561

Average Parental Con-
tribution Per Student 192 111 455 181

Average Student
Contribution 727 597 1,229 900

Support Per Student
From All.Sources Con-
trolled by the Institution 1,292 479 984 1,615

Support Per Student From
All Other Sources 148 54 620 735

Support Per Student From
Guaranteed Loans 285 367 570 272

Total Contribution Per
Student From All Sources 2,645 1,607 3,857 3,703

Average Need Per Student 382 513 820 857

Source: Estimated from Reference 4Z.

o8
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require assistance at each colief . The student cost of attendance in

Table 5.2 represents the average cost for students who need aid. This

estimate is the weighted average of the corresponding costs for residents

and commuters, and it includes tuition and fees, room and board for

residents, cok or travel and lunches, student personal expenses,

books and supplies, round trip transportation for re sid .nt students, and

any other necessary expenses. The average parental contribution figure

reflects the institutions' estimates of the contribution from thi.s

source. As in the unde graduate model, the student's contribution in-

cludes savings and summer income. The support from sources controlled

by the institution is the estimate of the average aid per student from loan,

work, grant, and a hol r ship funds provided and administered by the

institution. This aid d es not include National Defense Student Loans

(NDSL), College W rk-study Program (CWSP), or Guaranteed Student

Loans (GSL), except for guaranteed loans --1-lade by the institution.

Graduate students are not eligible for Eduational Opportunity Grants

made by the institution. The support per student from all other sources

includes State and local scholarships, but does not include CWSP, NDSL,

or GSL. The support per student from guaranteed loans includes all

guaranteed loans except those made by the institution. The total contribu-

tion is the sum of the previous contribution estimates. Note that the

average need per student given in Table 5.2 can not be evaluated simply

by subtracting the average total contribution from the average student

a9-49-



cost, because the total contribution exce ded the student cost for some

institutions. The average need esi.imates in Table 5.2 are the weighted

averages of the corresponding estimates made by the institutions.

These latter estimates were used by the institutions in applying for

Federal aid programs (either NDSI, or CWSP).

The data in Table 5.2 provide the desired estimates for cOt

and rc et
bet -een the student cost and the sum of the parental and student con-

t = 1971. We have defined to be the differenceet

tributions. And we have defined rc et to be the difference between the

college expenses and all sources , excluding CWSP or NDSL. Since data

are available for only one y ar , we make the assumption that the sal le

average need in constant dollars will be required in future years.

Define

Thus

and

= the Consumer Price Index for year t

cDcet
ci)ce ,1971

P1971

ce,1971rcet P1971

Values of pt are given in Table B.4 in Appendix B. l.
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n Table 5.3 are estimates, for years 1970-71 thr- gh 1975-76

of the total aid required by full-time posthaccalaurcatc students who apply

for Federal assistance at the colleges attended. These estimates were computed

from (5.1), where the enrollment estimates 1-(t are given in Table 3.1.

In Table 5.4 are estLmatc s of the ne ds of full-time postbaccalaureate

students after they received aid from all sources except the CWSP and

NDSL aid programs. These estimates were computed Crom (5.2). Of

course these last estimates will be affected by a number of factors:

changes in the GSL, prograi changes in the amou t of a ailable aid per

student from each institution; changes in the levels and requirements of

Federal fellowship programs that are not based upon need; etc.

Since the param ters in this model v re estimated from applica-

tion forms submitted by individual colleges, the accuracy of the need

projections is based in part upon the accuracy of the data supplied by

these institutions. Hopefully, these data were carefully derived by the

institutions on the basis of their previous experie ce with postbaccalaureate

financial aid applic nts. Because 1971-72 is the first year for which

these fo.:Tris were completed, there is no convenient way of checking

accuracy of the institution's data. Note that=expressions (5.1) and (5.2)

do include estimates of elf-help and parental contributions. Because

there is no generally accepted need analysis model at the postbaccalaureate level,

it would be difficult to estimate the parental contribution using other
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1 rce s of d- ta, such as the di.,;tribution of parental _ACO311.0 for pos

bacealaure uuiL. According to Ref. 35, a few theological
seminaries have developed sta dards for self-help and parental :upport

for postbaccalaureato students. A brief description of their system follows:

(1) The student is expected to provj.de $2,000 a year fr m term

or summer employment id to use portions of savings and other assets.

(2) in the case of a m.arried couple without children, the spouse

is expected to be employed and to contribute to the total r,amily income.

(3) The family of a student, whether the student is unmarri d or

married, is expected to assist the student with his educational experises;

specifically, parents are to contribute on- -third of the ai iount that would

be, expected at the undergraduate ley I.

However , these standards are not widespread and have been adopted a

only a few colleges.
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6. Updating the Parameters in the Models

We have formulated several m d ls in the previous sections:

the undergraduate enr llment model in Section 2,; the postbaccalaureate

enrollment model in Section 3; the undergraduate student aid model in

Se tion 4, and the postbaccalaureate student aid model in Section 5. Due

to the lack of reliable data, some of the 13 rameter estimates in these

models aro _ly approximate. In addition, inportant variables, such

as the rate of c llege expansion, draft law status, u einpl yT.ri nt rate ,

size of financial aid programs, are not included explicitly in these

models. As these variables change, the parameters in the models will

also change. Thus it is very important that these parameter estimates

be recomputed as new data become available. As wc wer un ble to

make accurate estimates for some of these parameters , we have made

recommendations to the Office of Education as to how more reli bic

information could be obtained in the future. These recommendations

are discussed in this secti

The Bureau of the Census has published enroll! lent data from

their Current Pc.ailation Survey for a number of years. In October of

each year, , approximately 50,000 occupied housing units are interviewed

as part of the Current Population Survey, and data on the enrollment

characteristics of the occupants are obtained. The results from these



interviews are then weighted to reflect the population of the United States

as a whole In the past the data from these surveys have not been very

useful for developing enrollment and fin n-ial a,_d models , and in facf.

none of these data were used in this report. However, it would be possible

to obtain a great deal of useful information from these surveys if the

appropriate questions were asked. Since these surveys are given to the

household, accurate family income information could be obtained. In

fact, it would be possible to obtain accurate estimates of the following

parameter s :

F. (I), 17'
z
cesi., and

eand in the undergraduate enrollment model; andsit
in the undergraduate student id model. Cur--k

rently, very little reliable data are ava.l_ble on h (I). ThesiT it
eestimates we made for a and PcOsisi ere biased due to poor incowe

4\X
gkinformation and poor follow-up response And our estimates for

were biased because our data were limited to fi ancial aid applicants only.

Consequently, we recommend that questions be included so that

esti at s of the foregoing parameters could be made from the Current

Population Survey. If estimates of these parameters were obtained on

annual basis, then up-to-date information would always be available ,

and it would be possible to determine trends in these parameters over

time.

Although appro -nately 50,000 households are inte- viewed in

the Current Population Survey, this is still a relatively small sample ,

because only a omall portion of these households would have dependents

-56-
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attending college. Thus, it would not be possible to estimate all of the

model parameters from this source alo e. In order to estimate such

enrollment model parameters as R andsi iT
(for n > 2)

by sex and by inc me , it would still be necessary to rely on longit dinal

follow-ups of high school and college students. The Office of Education

is currently designing a ne - longitudinal study of high school se ior s .

The inWal questionnaire in this study will be given in the Spring of 1972

to a sample of the high school seniors of that year. . The follow-ups will

be administered in successive -years to determine the enrollment

behavior of these students as they progress through hi.gher educati n.

As was discussed in Appendix A.1, the previous longitudinal studies

were not adequate for the purposes of calibrating the undergraduate

enrollment model, Consequently, we make the following recom-

mendations:

(1) The sample size should be large enough to estimate the

model parameters by sex and by income; this was not possible in the

Bur au of Census - C_lu bia University surveys.

(2 ) An intensive effort should be made to follow-up the r spond nts

in a way that would ylel. adequate response rates. The response rates

for both the American Council on Education - Carnegie Commission on

Higher Education and the Project TALENT surveys were very poor. .

(3) Since the purpose of these m dels is to estimate financial

aid requirements , it is important to obtain accurate family income

-57-



information for the suvey respondents. If possible the income informa-

tion should come from the parents as in the Bureau of Census surveys.

(4) The follow-up questionnaires sl ould be design d so that the

enrollmen history of each respondent could be determined during the

entire course of the study. Specifically, it should be possible to deter-

mine for each year in the sur ey: whether the responde t as enrolled
full-time, part-time, or not enrolled; the student's attainment (freshman,

sophomore, junior, , senior, , or graduate); and the type and control of the

institution at which the respondent was enrolled. It was not possible to

determine all of these items in any one of the previous longitudinal

if these recommendations are carried out, then more reliable

data should be available in the future to calibrate comprehensive enrollment

and financial aid models of higher education.
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Estimation of Parameters for the Undergraduate Enrollment Model

The undergraduate enrollment model was formulated in Section Z.

The techniques us ccl for e stirriating the par mete s in this model ar r. dis-

cussed in this App- Dat,i were used from several .national surveys

of high school and college st- dents. While data from these surveys have

been tabulated in a number of reports, as necessary in son , cases to

perform special analyses of the original data banks beertuse of tha

requirerrients of this model. The characteri tics of the longitudinal sur-

veys are discussed in Section A.1, and our estimadon methods are

described in Se -ti ns A.2 through A.6.

A.1 Characteristics of National

Most of our data is from the American Coun:;i1 on Education (ACE).

Since 1966, ACE has administered comprehensive annual surveys of

entering full-time fresh ien attending jjiore than three hundred institutions.

In Refs. 42-47 are described the characteristics of these annual surveys,

the questionnaires used, the institutions included in the samples, and the

national norms computed from these surveys. ACE has also ad iinistered

one-year follow-up of a sample of students included in the 1966 freshmen

survey. The response rate for this follow-up was approxi ately 58%. In

-59-
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Ref. 48 is a description of the sampling procedure and questionnaire used

in this follow-up. :During the 1969-70 academl year , the C rnegie Com-

mission on Higher Education (OCHE) and ACE jointly sponsored follow-up

surveys that were given to a sao)ple of full-time entering fre shmen of

years 1966 through 1969 These follow-up surveys provide one,

three, and four -year longitudinal data. The foll - p response rates

were 38%, 8%, 41% and 44% for the 1966, 1967, 1968, and 1969 fresh n

respectively. Some limitation.s of the ACE surveys ar

(1) The only income information for a student is the student's own

estimate of family income. Since the purpose of the model is to obtain

enrollment TDL J ections by family income t is desirable tc have accurate

i.ncome estimates for the survey respondents Unfortunately, there is

evidence -Yvhich indicates that many students do n t know what their family

income is. In most of the ACE surveys, the student was not given the

option of answ ig "have no idea" to the income question, but inetead

was required to make an estimate or leave the question blank . But in the

1967 freshr en survey (44), the student could answer "h:we no ide " and

approximately 13% of the men and 28% of the women answered in this way.

On a similar question in the Project TALENT study (49), 23% of the men

and 42% of the women students indicated that they could not estimate their

fa ily income. Thus, parameters estimated by income from ACE data

will be in error to some extent, because of the unreliability of the s udent

es imates of family income.



(2) The sample of institutions used by ACL varies rem year to

year and may not provide representative data for all freshmen students

during any given year. .

) Because the follow-up response rates of the ACE and ACTL.-C__,FIE

longitudinal surveys were quite low, parameters estii ated irom these

surveys will be biased. In some cases, we corrected for non-response

bias by using data from other s veys.

Project TAL,ENT was a cooperative eff rt of the U. S. Office of

Education, the American Institutes I- Research, and the Univer sity of

Pittsburgh. The purpose of Project TALENT was to gather continuing informa-

tion about a great number of high school students thro-

States. In 1960, the first

C ut the United

r for which data was gathered, some 440,000

high school students in the ninth through twelfth grades were tested. The

following year, , a o c -year follo -up study was administered to the graduat-

ing class of 1960.. In 1962., a one-year (sin e graduatio study was done

for the graduating class of 1961. T o more years resalted in similar

studi .s for the classes of 1962, and 1963. In 1965, a five-year follow-up

(after graduatio study was done for the class of 1960. During each of

the next three years, a five-year follow-up study was done on classes of

1961, 1962, and 1963. Unfortunately, the r

-61-
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The one-year f llo ys had response betweei 37% and 69%

for the four high school classes. The five-year follow- ups had response

rates between 34% and 41% for the 1960 seni_ through sophomore class

Because of the rapid decay in response rates , we have used data only from

the follow- ip surveys of the 1960 senior class. Refer to Refs 49, 50,

and 51 for a description of the Project TALENT program, the question-

naires used, and so -le of the results. Some limitations of the Project

TALENT surveys are:

(1) As in the ACE surveys, the only income infofn tion is the

student's o n estimate of family income, which may be in error.

(Z) Since the follow-up response rate of the Project TALENT

longitudinal surveys were quite low, parameters e stimated from these

surveys will be in error to some extent.

(3) It is not po -sible to reproduce the enrollrneiit history )f the

respondent from the five-year follow-up data. It is possible to dete mine

the year of first enroll _ent in college, the year of graduati n, and the
attainment (freshmen, sophomore, junior, , senior, or graduate) during

the fifth year. However, , it is not possible to determine the enrollment

status (full-time, part-time, not enr lled) or the attainment during each

of the interim years between the one and five-year follow-ups.

In October 1965, the Bureau of the Census (BC) conducted its

monthly survey of a cross-se tion of U. S. households. Approximately

-6Z-
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1,600 of these households included dependents who were enrolled in the

senior year of high school at that time. The Bureau of Applied Social

Aesearch at Columbia University (CU) in conjunction with the I:ureau of

the Census ad inist red follow-up surveys to these students in the spring

f 1967, fa:' of 1968, and fall of 1969. These BC-CU follow-up surveys

had relatively high response rat s: 92% for the 1967 follow-up, 8 8 % Lot

the 19 8 follow-up, and 81% for the 1 9 follow-up. Refer to Refs. 12 and

52 for a description of the sampling procedures the questio n ires used,

and some of the results of the study. Because the family incon

e made by parents, these incor e estimates should be quite ac urate.

Thus these surveys have two important advantages over the ACE, ACE-

CCHE, and Project TALENT surveys: the relatively high foll_w

response rates and the accurate family income information. Unfortunately,

these surveys also had a significant li i ation: because of the small

sample size , it w- s possible to estimate several parameters in the

model L. y sex and by income quartile.

In general, none of the available longitudinal student surveys were

adequate for the purpose of calibrating the undergraduate enrollment

model. The ACE, ACE-CCHE, and Pr ject TALENT su eys suffer

froi-ri poor response rates and income information, while the BC-CU sur -

veys had a small sample size. While we were able to estimate all of the

enrollment model parameters, some of these estimates are only approx-

imative , because of the poor quality of data. H wever, our survey of

-63-
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education data sources did e _.ble us to recommend ho the Offic of Educa-
tion on liow future llment data should be collected.. These rec nda-
tions arc ri in Section 6.

A.2 Estimation of Gsx

The paramet r C was defined in Section 2 to be the number ofsr
students with sex S (male or female) who graduated from high school
during the academic year beginning in year T. For e ample, if a student
graduated in 1965-66, then T = 1965. We have used the estimates and
projections made by NOES, and these values arc listed in Table A.1 for
academic years 1959-60 through 1974-75. Except for 1969-70, all of these
estimates were taken from the publicati n Projections of Educatio

to 19797S0, 1970 Edition (2)

recent estimates made by NGES(3).

A . 3 Estims.tion of

For 1969-70, we used the most

We have defined to be the c nditi nal probability that the firstsir
fall in which a student is enrolled full-time in college thduring the n
y ar following high school graduation, grven that the student graduated from
high school during the academic year beginning in year r, has sex s, and

.the family income lies in the th quartile. Unfortunately, the available
data is meager and it is necessary to make additional assumptions in order
to estimate hn. . It is convenient to assume thatsir

-64-

7 4



Table A.1:

High School Graduates by Sex

(In Thousands)

Total High
School Graduates GraduaLes Female Graduates

1959-60 1,364 898 966
1960-61 1,971 958 1,013
1961-62 1,925 941 984
1962-63 1,950 959 991
1963-64 2,290 1,123 1,107
1964-65 2,665 1,314 1,351
1965-66 672 1,326 1,346
1966-67 2,680 1,332 1,348
1967768 2,702 1,341 1,360
1968-69 2,839 1,408 1,431
1969-70 2,953 I, 444 1,509

PROJECTED

1970-71 3,102 1,541 1,560
1971-72 3,212 1,601 1,612
1972-73 3,312 1,654 1,658
1973-74 3,414 1,706 1,708
1974-75 3.507 1,756 1,751

Source: Refs. 2 and 3.
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(A.1)

whe re Si

1h = asir Si

is indep ndent of the year T. This formula will be used to

est.], -te hn. for n > 2, from projections of h 1 We used Project
s ivr _ s i.T

( 1 )TALENT 1 to estimate an
. , because this 1 ngi,udinal survey extendedsi

ove_ six years and he sample size was large enough to estim- ail. by

sex and by income quartile. The values for all. are gi en in Table A.2.

The main deficiency of the Project TALENT survey is the poor follow-up
( 5 1response rate. According to two studies that have been made of

non-respondents to longitudinal surveys of high school and college students,

the students who do not ei-r-11 in college are the ones who tend not to

respond to the foll w-up questionnaire. Thus the response rate of students

who enrolled in college should be significantly higher than the overall

re:5p se rate. Since an is defined so that it may be estimated using datasi
only from students who eve tually enrolled in college , the estimat s for

an. may be accurate in spite of the poor overall follow-up response rsi
While the data in Table A.2 are for students who graduated from high

school during the 1959-60 academic year Eq . (A.1) makes the approxi-

tion that ari. is constant over time. This approximation should be

satisfactory for two reasons:

(1) According to Project TALENT data(11), about 8 % of all 1959-60

high school graduat s who enrolled full-time in college did so during the

-66-
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fall of 1960. Thus any error made in ing

be small compared to h

inec

1

siT 11 shOUld

(2) The values for an. in Table A.2 are roughly mdepende ' )1. the

an.me qua -'ile Thus any chang,? due to expansion of financial

aid prograi s shoul small.

The next is to esti 1

sir the probability of enrolline:

the year immedi t ly following graduation. In Table A. .2) are estimates

derived from inblished Bureau of Census ret)or (12,13) giving these

probabilities for 1959 and 1965, but classified only by income quartile and

not by sex.

Table 1.3:

Probability of Enrolling in College During the Year
.Immediately Following High. School Graduation,

By Income Quartile and Year

Income
Quartile

Probability of Enrollment for
Graduates of Year

1959-60 1965766_

1

4

. 19

. 38

.47

. 62

. 28

. 39

.50

.68

Source: Estimated from Refs. 12 a d 13.



Esti:mate. s of h. by sex and by inconne were made for T = 1965 from
sir

the first 130-CU follow-up4 and are listed in Table A .4 -

Table A.4:

Probability That A 1965-66 High School Graduate
Enrolls Full-Time in College in I all 1966 or Spring 1967,

By Income Quartile and By Sex

Income Probability of
S cx Quartile _______Enrollment

Male 1 .32
Male Z .42
Male 3 .56
Male 4 .71

Female 1. .19
Female 2 .32
Female 3 .45
Female 4 .66

Source: Estimated from Ref. 4.

Other than the data in Tables A3 and .4, there is little additional

relIable Information. While h1. could be estimated from Project

TALENT, these etirnates would be biased by the poor response rate and

income information. The 1959-60 data in Table A.3 includes students who

enrolled full or part-time in either spring or fall 1960. The 1965-66 data
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includes students who enr lled full or part-time in either fall 1965 or
spring 1966. The data in Table A.4 are for students who enrolled full-time

in either fall 1965 or spring 1966. We assume that

with the formula

113. =
sir

for 1959 < <_ 1965, where

965 (T - 1965

n be computed

is given in Table A.4, and 6i1965
estimated from Table A.3 to be the foll wing:

.005, and 64 .010.

For the first time in 1970, the ACE annual fres1m-ien survey

= .015, 62 = .002,

included a question which asked wheth the student was enrolled . during

the year immediately following high school graduation. Using this data
(14)from ACE along with estimates of the number of high school graduates

and first-time full-time college students from NCES(3,15) , the probability

that a stude ho graduated in 1969-70 enrolled full-time in the fall of

1970 was estimated to be .56 for male students and .43 for female stu-

dents. We assume that for 1965 <T < 1969,

(A.3)
6.

h li1 , 1 1+ (T - 1965) ,siT -= si , 1965 es



where is .96 and 1.00 for male and female students respectively.

The coefficient was chosen so that h-si,1969
1 would be cons3stent with

average estimates for each sex made for 1969. Pr j cting h 1

iT fors

> 1970 is a difficult pr blem for two rea ns: the lack of reliable
historical data; and th fact that h 1. influenced by many fact

such as the draft law, state of the economy, college expension, and magni-

tude of student aid programs. It is expected that the current economic

reces ion will reduce the rate of increase in h 1

iT . Since we are onlys

making short-run projectio s in this report, we assume in these projections

that hlsir will remain constant at the 1969 level for 1- _> 1970.

A.4 Estirntion of
The parameter Rk. was defined to be the conditional probability

that a student is enroll d as a full-ti thundergraduate during the k fall

after first fall enrollment, given that the student first enrolled full-time,
0has sex s, and has family income i. By defi ition, R. = 1. We will
63.

use data from several longitudinal su veys to estimate Rk i fors

k = 1,2, In TE..hle A.5 are the probabilities that a student is e r lled

full-time during the kth fall following first enrollment, as estimated from

the ACE-CCHE(16-18), ACE(19), and BC-CU(4,20121) longitudinal studies .

These estimates do allow a student to drop out and then return to college.

-7



Table. 5:

Probability That A Student is Enrolled
During Years Following I7irst Enrollment,
As E-tirnated From Several Data Sources

Longitudinal
Student Survey

Probability of Full-time Enrollment
During the kth Far Following the
First Full-time Fall Enrollment

k = I

ACE-CCHE
ACE
BC-CI1T

.87

.85

.85

k = 2

. 77

. 66

= 3

.68
-

.60

Source: Estimated from Refs. 4 and 16-21.

We did not include any estimates in Table A.5 from Project TALENT, as

it is not pos,4ible to identify the enrollm nt characteristics of respondents

during interme:li te years in the Project TALENT study. It has been the

experience in longitudinal surveys of college students that tiie non-

respond Tts tend to be the ones who dropped out of college. Thus ,because

of the low follow-up response rates, the ACE-OCHE estimates are probably

higher than the true values. This hypothesis is consistent with the data in

Table A.5. It is not possible to 'I ate by sex and by income quartile

directly from the BC-CU data because of the small sarnle size.
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In Table A. 6 are the values of i estimated from the ACE-s
(16-18)CCI-1E surveys. The values for k 1, 2, and 3 wore estimated

directly from the 1969 follow-up of 1968, 1967, an.d 1966 entering freshmen

respectively. It is also possible to estimate the probability that a student

will he enrolled as an u dergraduate during the f urth and fifth falls fol-

lowin first fall

a questi

be

nroiiment, because the follow-up questionnaire included

asking for the expected date of graduation. A student would

an undergiaduate during the kth fall foil ing first fall enrollment,

for k > 4, if the student dropped out for a term, failed courses, chan

major rolled
yr

T e probabilities
(16)up of entering

n a fi ba helor's degree program, etc. Define

the conditional probabflitr that a student expects to
-1graduate during the r academic year following first

fall enrollment, given that the student has sex s, Earn-
ily income i, ancl is enrolled full-time during the 3rd
fall following first fall enrollment.

_ r were estimated from the 1969 A fall

1966 freshmen and are list lin Table A.7 for r 4,5,

and 6. Thus an estimate of the probability that a student is

an undergraduate dur

(A .4)

for k > 4. This .or

enrolled as
th _ng the k fall following first fall enrollment is

R =Si Y si
r >k-1-1

_ula assumes that the student will continue to enroll

full-time until graduation. The values of R4
i a d R5 list d in Table A_6

s 51

were computed from Egn. (A.4).
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Be of the poor response rates for the ACE-
the estImates of R

sur-c,e

listed .11 Table A.6 are expected to be too high_
used the coefficients in Table A.8 to co rect for this non-r sponse bia
The -so coefficients are consistent with the rang_, _f average probabilities
given in Table A.5 and with the 1970 N ES(15) data in Table 2.1. Thus
in this report, the values of R. used for the enrollment projections are
computed with

=si sk [estimate in Table A.7] .

Table A .8:

Coefficients Used to Corr ct For Non-Response Bias

Male
Female 1:0

1. 0 1.0 1.0

3

. 8 9

.=; = 5

.89 .89
.89 .88 .88 .88

A.5 Estimation of TT s ik

We have defined Tit'sik to be the conditional probability that a stud
has attained to level t. (either under division or upper division), given that
the student has sex s, family income i, and is enrolled full-time during



the 1çth fall following first fall enrollment. Note that it would not

satisfactory to simply assume that a student \Neu ld be an upperciassiiiaii

during the second fall after his first fall e rollment, because the student

-nay Ha e dropped out for one of more terms, switched majors enrolled

part-time , etc. Unfortunately, none of the longitudinal sludiesProject

TALENT BC -CU , or ACE-CONEasked for the student's attaininent

during each year in the survey. Project TALENT asked for the student's

attainment during the fall of the sixth year follow]. g high school graduation,

but not for the i ate mediate years. The ACE-CONE follow-up surveys ,

however , included a question which asked when the resp ndent expected

to graduate. Let the index = I refer to under division, and 2 ref

to upper &vision. We assume 1:hat ,alsil(7--- 1 for k = 0 and 1 and that

w =-= 1 for k 4 and 5. Estimates of Tit' for k = 2 a 3, are givensik's k
in Tables A-.9 and A-10 respectively, and these estimates were obtained

(16,17)m ACE-C(7,1-IE using the foil° ing as imptio' s: if a full-time

stud it expected to graduate within a year he wouid be a senior; if he

exp cted to graduate ii two years, he wou ' be a junior ; etc.

c eA.e Estimation of cysil.

The parameter ce was defined to be the conditional probability

that an undergraduate student is enrolled in an institution with control c

(either public pri ate ) and type 0 (either two-year , four-year colle



T ,1 y A 9:

Probability of 11ppr or Di-\,]sion .0nrollrnent for a
Student Who .;;,:-; Enrolled Full-Tim,: lin. Fall 1969 and

First Enrolled 1F'ull-Time. in Fall 1967,
By Sox and tncome OLLartile.

Sex uartil
Probabiill.v of Bein,o, Enrolicd

Lower Division LLEJ per Division

Male .41 .59

Male .41 . 59

Male 3 .39 . 61

Male 4 .36 . 64

Female .38 . 62

Female . 26 .74

Female .22 .78

Female 4 .21 . 79

Source: Estimated from Ref. 17.



Tahl 3 A.. 10:

Probability of Upper or Under Divir,;ion Enrollment for a Student
Who is Enrolled Full-Time in Fall 1969 and Firet Enrolled

Full-Time Fall 1966, By Sex an.d Income Quartile

Scz
Income

za e
Probability of 13cing ET; rolled In:

Lower tipper I)ivision

Male 1 .11 . 89

Male .15 . 8 5

Male . 88

Male 4 .14 .86

Female 1 . 06 . 94

Female . o6 94

Female .07 . 9 3

Female 4 . o6 . 94

Source: Estimated from Ref. 16.



or univer sity given that the student has sex family- income I and is

rolled full-time at level No that 0 will always refer to four-year

colleges or universities for upper division students; only for under division

students is there a choi c between wo-year and four-year institutions .
c eFor = 1 (lower divisi was first estimated using data

from the 1970 ACE (14) freshmen survey. This would only be an approxima-

tion, because the survey did not include sophomores. We then normalized

th se estimates so that they would be consistent. with the 1970 NCES(
ce

data for lower division students Our final values for .z-re listed in
si 1

Table .A.11.
e

For = 2 (upper division), estimates of . were made from
s]

(16)the .1969 ACE-CCHE follov -up of 1966 freslat en and are listed in.
( 15)Table A.12. These values are consIstent with the 1970 NCES data for

upper division stud- ts.
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N

Ir.stimation of Pa arn etc lor the t duat Stud en t A.:.d Mode

The techniques employed for estimating the paramete rs in the under-

graduate student aid uocle 1 are discussed in this Appendix. Financi I aid

data fr-- the American College Testing program (ACT) and the College

Scholarship Service (CSS) were used , and inc m_._e data from the Bureau of

the Census and the Bureau of Labor Statistics were also used .

B. I Estimation of Rt (I, A, X)

We have defined 13_ (I, &, X) to be thet e d pare- t 1 contribution

during the _ .ademic year beinning in year t towards the expenses if a stu-

dent whose family has income I, total number of dependent children A , and

number of dependent children X attending college. This parental contribution

includes contributions from both el.:I__ e t income and from assets. We have
J35)us d the need analysis model developed by CSs to derive the formula for

Li, X). Their approach is to convert the value of the parents' assets into
t

a supplementary income flow on the basis of the age of the principal wage

earner and number of retirement plans the family has. Table B. 1 gives the

average parents' assets, by family income, for 1969 prefreshmen students.

This data came from students who submitted scholarship applications through

CSS. While CSS does have parental assets data for 1970 aid applicants, this



Table D 1:

Mean Parental =; sets for 196 9 Pre-Fr 1irrLan .Applin ants ,
As a Function of. Family Inconie.

Estimated
1. Income (1970 can As se 3 9 69)

Estimated
Mean Assets (1970)

1

3 000
5 000

- 2,999
- 4,999

7,499
7,910
9,910

6, 641

8 381
10,500

7,500 - 9,999 11,901 12,609

10,000 - 12,499 14,024 14,859

12,500 - 14,999 16,162 17,123

15,000 - 17,499 19,133 20 Z72

17,500 - 19,999 22,774 24 129

20,000 - 22,499 27,323 28,949

22,500 24,999 32,964 34,926

25,000 27,499 38,229 40,504

27 500 - 29,999 44,893 47,565

30,000 - Over 68,365 72,433

Source: Ref 36 for Estimated Net Income 970) and Mean Assets
(1969).

9 4
-84-



i formaHon was not cLas shied by incom e, and so it would not be useful for

the financial aid model rli1e 1 9139 assets' valu - were converted -into.1970

dollars usi

were then con

Consumer Pric (see Tab B.4). These 1970 values

into the su- ementary income flows given in TablT 13.2

by using Tab le F in Ref. 35 and the following appr the age of

the principal wage earner in the household is between forty-five and forty-

nine , and the famni 'ly has onl) one reLirement plan. Define

and

Consequently,

(B.

the supplementary income in 1970 from parents' assets
as a function of the 1970 family income I ,

y the 1970 adjusted income, which includes the current
income plus the supplementary

Y S(1) -F

wh 5(: ) is given in Table B.Z as a function of the e_ -nated) income in

1970.

Using data describing consumption patterns of families in the Vnited

Stat s , CSS developed tables which, convert the adjusted family income Y

into the expected contribution towards the college expens s of a student.

95
-85-
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Define

P(Y, ) the expected parental contribut.i On. to -.rds a resident
student's budget in 1970-71 from a family with adjusted
family income y, L dependent; children, and only one
dependent in college,

A resident student is a student who does n t live with his r- t in-

stead lives in a dormitory, apartment, eLc Note tla; the definition of

19(Y A) applies specifically to the 1970-71 academic year and to families

with only one dependent child atte ding college. Values for p(y, IN) are

given ia Table B.3, and they were taken directly from Table A in Ref. 35.

For each fixed value of

piecewise line function of

from the for

(B.2)

assume that P(-Y, A) can be represented as a

connecting the va

--ing definitions that

-1970
= P

in Table 13.3. It follows

If there are students attending colleue from a fa ily, then CSS

suggests.the following as the parental contribution t --Tards a resident student's

budg

(B.3) R 1970
(I,A,X)

1970
if R 1970

(I1) < 900

70 (1,A,1) - 900R19900 + otherwise .

Several assumptions a e used in deriv" g this formula. A major assump-

tion made by CSS is that parents are expected to continue to provide , as well as

-87-



Table 13,3:

Total Parent s' Contribeil in (1970)
From Adjusted Income by Size of Faro ]-y

Adjusted
Income
(1970)

Number of Dependent Children

2 _3 4

$ 5,000 .60

6,000 $ 210

7 000 820 430 $ 210

8,000 1,120 650 400 240

9,000 1,420 870 580 410 0 $ 270

10,000 1,720 1,110 770 570 490 420

11,000 2,090 1,340 960 740 650 570

12,000 2,490 580 1,160 900 800 710

13, 000 a, 870 1,810 1,350 1,080 960 860

14-, 000 3,260 2,120 1 540 1,250 1,1 0 1,010

15,000 3,640 2,420 1,730 1,420 1,290 1,170

16,000 4,020 2,730 1,970 1,590 1,450 1,320

17,000 4,390 3,030 2,230 1,760 1,610 1,470

18,000 4,760 3,330 2,480 1,970 1,770 1,620

19,000 5,130 3,620 2,730 2,190 1,960 1,770

20,000 5,490 3,920 2,980 2,420 2,170 1,950

21,000 5,850 4, ZOO 3,230 2,640 2,380 2,150

22,000 6,200 4,490 3,470 2,860 2,5911 2,350

23,000 6,560 4,770 3,720 3,080 2,800 2,550

24,000 6,900 5,050 3,960 3,290 3,000 2,740

25,000 7,240 5,330 4,200 3,510 3,200 2,930

26,000 7,580 5,590 4,430 3,710 3,410 3,130

27,000 7,910 5,860 4,650 3,920 3,600 3,320

28,000 8,240 6,130 4,880 4,120 3,790 3,500

29,000 8,550 6,380 5,110 4,330 3,980 3,680

Source: Table A in Ref. . 35 .
98



they are able, the basic essentials of life, whether the stu ;:snt lives at

h -me or on the collep'e e mpns. The Li'

ts the arn nnt the par =sit-, save, by 11av1.1

900 of 1.1
-1970

epre-

-1-1.eir child live away from

home This amount is assumed to be available for each dependent

attending college. However, the portion of 11 _ _ (IA 1) in excess of1970

$900 comes from money avail We for discretionary use, and it is evenly

divided among all dependents attending college.

So far,Eqn. (B, 3) only provides the parental contribution for a

r sident student. The first $900 of the total contribution in Ecin.

represents the a iount that the family is assumed to have used to provide

the basic necessities for maintaining the student at home. lf the student

decides to live at hcime and commute to college, much of this amount

cannot be considered to be available for payr ent of direct college expenses.

Thus if the student lives at horn , a reduction in the par ntal contribution

should be made. Ho ,ever, certain Feder- I aid programs, such as Educa-

tional Opp tunity Grants (EOG), use the parental contribution to determine

eligibility. Because of possible confusion from using dIfferent contributions
(35)for residents and commuters, CSS suggests using the sanie figure for

both, and instead include the maintenance expenses (room and board at

home) as part of the college expense budget for commuters. Thus we will

use Eqn. (B. 3) for both residents and commuters. In Section B.6, the

first $900 of R1970 (I, , X ) will be included in the commuter expense

budget to r present room, b ard, clothing, and oth r expenses at home.



ng 17:q ns . through (B the values for 19

can be co- puted for any ornbination of I, A , ancl X By converting the

income Level in year t into 1970 dollars, future values of R (1,A A)

can be estimated from the 1970 Cunction flefin e

Pt the Consumer Price Index in year

Historical values of the Consumer Price Index are available from the
(53)Bureau of Labor St istics and are listed in Table 11.4 for years 1959

-ough 1970. These values projected to 1975 using the four-year

linear trend betwo n 1966 and 1970. This corresponds to an assumed

inflati n rate of 4.1% during 1971, which falls to a rate of 3.4% in 1975.

Thus we assume that

(B. 4) R a, A. ,X )

33.2 Estimation of Fit(I)

0

can be computed with

P1970 Pt
Pt 1)1970

We have dehnecl F. (I) to be the conditional c .d.f. of family incomeit
for studen s who graduate from high school during the academic year begin.-

ning in year t, gi
.th-iren that the income falls within the quartile. It is

convenient to define the unconditional distribution as well. Let

F (I ) = the c.d.f. . of family income I in year t for students
who graduate from high school in the academic year
beginning with year t,

the lower bound for the 1th quartile of the family income
distribution for students who graduated from high sehool
in the academic year beginning with year t,



Tabie B.4:

c: sUfllOr Pijc e index
For Urban Wage Earners and. Clerical Workers

nsumer Price Index
Yca.r 59 100)

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970
PROJECTED

101. 5

103.1
104.

105. 4

106. 7

103.1
109.9
113.1
116.3
121.

127.7
135. 3

1971 140.85

1972 146.40

1973 151.95

1974 157.50

1975 163.05

Source: Ref. 53 for years 1959 through 1970.

1 0 1
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and

the upper bound for the ith quartile of the family incomeit distribution 1-7or students who graduated from high school
in the academie year beginning with year.

The inc it and LI can be corriputed from
t
(I ). If i refersit

to the low income quartile then L 0, and if i refers to the high ii-it
corns quartile, then

it
c-,s. The co ditional c .d.f. (I) is defined in

terms of F(I), and L. as follows:it

(B.5) FL()

1Ne describe next how to estin te F t (I).

I L,

< I< U

In 1960, the.Bureau of Census surveyed a sample of students who

were high school seniors in Octob r 1959 in order to determi e their giadua-

tion status. Using published data (13) from this study, it is pos ible to

estimate the 1959(1) at five points: I :7 $03 $400 3 1 $6 000 y $735-00

and $10,000. These estimates P.re gi n Table B.5.
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I Di.st.ribu

Family Income. I

$ 0

4,000
6,000
7,500

10,000

Table U.
of 19`'--;9- _lhool Graduates

. 305

.550

.701
.860

Source: Estimated from Ref. .

Table 13.6:

ally Income Distribution of 1965-66 Higt School Graduates

Family Income I IF (I)
1965

0

1,000
2,000
3,000
4,000
5,000
6 000
7,500

10,000
15,000
25,000

0.

0148

0541

1059

1739

2591

3753

5254

7336

. 9333

9826

Spurce: Estimated from Ref. 4.
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In 1967 , the bureau of ce sus also surv,

who were high

data fiomu. this surv

I. rs in Cie. to be r 1965.

to CS

and these estimates aro

it

In order to estimate IT

at the c d .17 . F

a sample of stude nts

d unpublished

at eleven points,

years oth r than 1959 and 1965,

is convenient: to make the following definitio s:

and

Mt the average in year t of the median in ome for families
whose head is between thirty-five and iortv - ive years of
at:::e and the median income for families who c hc2ad is
between forty-five and fifty-four ,

It the incone level corresponding to the r th percentile of
the c .d.f. of family income for students who graduate
from high school during the academic year beginning in
year t.

The average incomes Mt can be estin ted for several years frorr:

Bureau of Census data, including 1959 through 1969. By the d finition

of Ir

F I = 100 r
t t

for any ye r t. We assume that the incomes If can be estimated with

the formula

04
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(B.(
Mt

M .

11965
I-9 65

Note that this formula need not be accurate for very hiel. -Ld very low

incomesybecause no aid will be required for very high income families and.

no p.rentai contribution vill be expect d from n very low income families.

Thus the exl cted financial. need is independent of the shape of (I) for

inc mes near the edges of this distribution. This formula was tested using

the data in Tables 13.5 and B.6, and the resu ts are surnmari,_ed in Table

B.7. In this Jatter table , the values of I 1965 were estimated from Table B.6

using linear interpolation, and the values of I
r

959 weretaken directly from
1

Table 13.5. Eqn. (B. 6 ) was evaluated using estimates of the median incomes
(5,6)from the Bureau of Census In this case, the estimation formula wa

fairly accurate. within 2.8% over a six year interval,

In rder to calibrate the enrollment and student aid models, it is

necessary to esti late F(I) for years subs quent to 1965. In Table B.8

values ofMt were taken directl,, from Bureau of Census data for t

1965,... , 1969. For t > 1970, M was e ti_ ted witl the formula

Pt

-1969

P1969
(1 ± y )t - 1969

where y is the real annual rate of increase for Mt. The value y = . 0386

was us d, which w s the --lean value of 1/ between 19 9 and 1969.

OS



0. 0.
30.5 5395.
55.0 7,797,
70.1 9,619.
86.0 13,165.

Source: t

Esti tit-Lai:ion 'Fsorrriula

r r
I. (h,4

1 9 9 ) i1q65 Percent Error
105 05 --I, , _

0.
4,000.
6,000.
7,500.
10 000.

7, 33 _

10,037.

2.8%
. 9 'IA,

2.29,u

.4%

Table 13.8:
The Average of the MecliFLn fneorne for Families Whose

Head is Between 35 and 44 and the Median -Income
for Families Whose Head is Between 45 and 54.

Year t
1965

1966

1967
1968

1969

1970
1971

1972
1973

1974
1975

$ 8,053

8,725

9,458

10,237

11,279

PROJECTED
12,411

13,419

14,486

15,616

16,811

18075,

Source: Refs. 6 - 10 for years 1965-1969;
Eqn. (B.?) for years 1970-1975.
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Eqn. ( . 6) only e sLir ate 15 the (.0

corresponthng to the 9 6 given in Table B.

c. d. f. can be approximat 'a a piece ise linear function connecting

these. estimated values.

_r
-I tit V

Wic_s! s sumo that the

13.3 irnation of gk

We ha definecl g'\.X the conditional j int prob bility mass

function of the total number of dependent children A and the number of

dependent children attending college X in. a family, that the student
this enrolled duri g the k fall following fir t fall enrollment. The

(37)distributions gk weie estimated us -1g unpublished data from 1970

ACT financial aid applicants. If a student from a family requires financial

assistance , then the number of dependents in that family tends to be lai ger

than the

assi

nber of depe idents in the faintly of a stude at not requiring

. In other words, because. the A T data are from financial aid

applicants, these data will be biased. AUnfortunately, gk cannot be

est-mated from any of the national student surveys. Nevertheless, using

ACT distributions will be a significant r finement over previous

financial aid studies, such as in Refs. 32, 33, and 34, which assumed a fixed

number of dependent children in a family and a fix_d number of dependent

children attending college.
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Li Ta les 1-').9 13.13 nra the distril ns of A and X :Loy

freshi-nan, more, j urdor , and senior aid applicants re sne ctively

These tables refer only to dependent children: married indepnd

dents and siiicle inc pendent students are not included We will use the

, the sOpi1on.LOi dms.ribution fei
31 the

, and the senior distribution for

freslu distributic for

junior distribution

and g . Note that this procedure invc ives several approx ns , The5

AXsenior distrubutioi was used for g g5 because most
3 '4

dep ndent undergraduate students vho are enrolled in their third, fou th,

or fifth fall followng first fall enrollment are seniors. The junior distribu-

was used for because most dependent und- r raduate students

who are enrolled in their second fall following first fall enrollment are
A>,juniors. The approximations for g and g
0

similar way.

are justified in a

B .4 Estimation of Ht(I,s,k)

We have defined Ht(Ik) to be the expected self-help contribu-

tion of a st dent in year t tow rds his college expenses, given that the student

is enrolled during the kth fall after first fall enrollment, has sex s, and

comes from a family with income 1. One portion of a studeit's contributio

108
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Table B..9,

Distribution of tiltr,t Number oL. ldren jal College by the
Number of Dependent Children in the Family for

Freshmen Aid Applicants
_

Numb er of
Dependent
Children in
the Ean:iily- 1

Number of Children in College

2 3 4 or more

6 or more

. 246

. 158 . 066

.119 .064 .014
. 083 .041 . 016 .003
, 040 .025 .010 .003
. 053 .036 . 020 .005

Source: Ref. 37.

Table B.10:
Distribution of the Number of Children in College by the

Number of Dependent Children in the Family for
Sophomore Aid Applicants

Number of
Dependent

Children in
the Family

Num.ber of Children in College

1 3 4ornuuzw
1 250

2 .155 .071
3 .121 .065 .012
4 .063 .046 .017 .004
5 .040 033 .012 .002

6 or more .043 .040 .019 .007

Source: Ref. 37.
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Table B.11:
Distribetion of the Numbel,- nf Children n Col:Lep:el by the

Number of Dependent Children in the Parni ly for
Junior Aid -dicants

Number of
Dependent

Children in
the foa.mily

Number of Children in College

4 or more

1 267

2 .141 .093
3 .096 .078 .021
4 .048 .057 .019 005

.020 036 .017 .005
6 or more . 021 .038 .021 .017

Source: Ref. 37.

Table B.12:
Distribution of the Number of Children in College by the

Number of Dependent Children in the Family for
Senior Aid Applicants

Number of
Dependent

Children ir
the Family

Number of Children in College

1 4 or rnore
1 .262
2 .136 .121
3 .064 .107 .017
4 .047 .063 .019 .003

.016 .038 .015 .010
6 or more .017 .028 025 .012

Source: Ref. 37.



is frc:

Table 13_13 a v ai

(3 !=; )
inp The CSS c a I iiriatc s Hat the am ou nt s in

from this ourcc in 197)-'71.

13:

Contribrtion :From Summer Earnings (1970)

oummer Mer

Prefr e snrna a $400

Fre sophomore 500

Prelunior 600

Pre senior 600

Wornen

$300

400

_

500

Source: Ref. 35

In addition to summer earnings there -ill also be a contribution

from student savings. Define

SS(I) the mean prefreshrnan student savings in 1970, as a
function of the 1970 family income 1

In Table B.14 are unpublished data from CSS (38) which give the average

student assets for 1969 prefreshm n students, as a function of the estirnated

1970 farilily income. The _ assets were converted into 1970 doll- s using
(35)

the C nsumer Price Index see Table 13.4). The CSS e stimates that



will be used during eac of the uncle rgraciu..7:1te years. Dividinry, -Le stuelentr s

assets by live allows a sm 11 rcse ve to beain g=1,,,duate study or to pr vide

funds until receiving

be used for H 1970

H =1970

I come from empioyme

,k) i 3 :

for

for

.for

for

for

Thur tIie formula that will

k 0 and s = male

and s = female

k = 1 and s = male

k = 1 and s = female

k > Z and s = male

- female

400
5

_ 00

500 -I

SSW=400 +
5

SS(I)600 1-

5

00 +

where SS(I) is given in Ta

estimated vith the formula

1 6 Future values of Fit

(B.8) H (I, s = H1970

B.5 Estimation of 1-cesi

P1970 Pts ,k)
Pt P1970

will be

We have defined Pcesi to be the probability that a stud nt attends

ege with living status z , given that the student is enrolled full-time at

112-102-



Table 13. 14:

-Ed-orit Asset for 1 969 Pre- Fresinnor Applicants
As a _Vane tion of 1arni1y Income

Estimated_
Net income (19-70)_

1 2,999
3,000 - 4,999
5,000 - 77499

7,500 - 9,999
10,000 12,499
12,500 14,999
15,000 - 17,499
17,500 - 19,999
20,000 - 22,499
22,500 - 24,999
25,000 27,499
27,500 - 29,999
30,000 - Over

an Ass

$ 245
279

344

399

469

538

627

756

899

1,069
1,169
1,490
1,903

260

296

364

473

497

570

664

801

952

1,1_

1,2.39

1,579
2,016

Sou e: Ref. 38 for Estimated Net Income 1970) and Mean Asse 19 9
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tution with control e and has sex s and that the

student's family income lies in i quartile. The probabi stn dent

is a yosiderit or a corm:cutter is given jn Tables B. 15 and 13,1 6 , by sex

inco. - quartile, and: nst)tulJon type and control. These prob;=-!,bilid
_ (1estl.LiaateC with unpub r 9) on.e year low-up of

1 966 full-time ci runt freshmen. Holvever, these

e

ates may be biased
duo to the poor income inforr ation an 1 il- llow-up response lIe th s sur ey.

13.6 Estimation ot
:

We have defined B .cOzst be the condhonai e.d.f. of cone

sts C in ye given that the stude_ ' has sex s and is ei rolled full-

tim with living status z in an iistit-utiori with control c a c1 type 0. We

will use the tuition, room, anc a published by NCES and use the

estima,tes for the other expenses (I.aunctry, books , recrea ion, etc.) that

were made by CSS. The exp t ses for a resident student z = 1) includes

tuition and required f- s , room, board, books, clothing , laundry, r

tion, incidentals, and travel. Resident students include students living in

dormitories , fraternities, sororities, or in apartments. The expenses

for a commuting student (z = 2) include tuiti n and r quired fees, books,

on-campus meals, and miscellaneous persona]. expenses. As we discussed

n Secti n 13. 1, expenses for a commuter sh uld also include the main-

tenance expenses at ho e such as roe board, la idry, medical, et .
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Tablo 13.15:

Pr obability Th ' Student 1 !-S Vither
r C r,.by income C)1_1arLiTe. and ly

Institution Type and Control

Q u a rti siltuti a

)babilitv
Residcnt

F,

-nrout,er

Public sity .781
1 Public 4 year .709 .291
1 ublic 2 Year .536 464
1 Priir.;1.te Univer sit- .583 417
1 Private 4 Year .798 202
1 Private 2 Year .518 482

2 Public TJnjvorsItr 741 .259
2 Public 4 Year .651 .349
2 Public Z Year .34 .663
2 Private Univer si =y- .630 . 370
2 Pr:_vate 4 Year .793 .207
2 Private 2 Year .457 . 542

3 Public University .739 261
3 Public 4 Year .662 338
3 Public 2 Year .369 .631
3 Private University . 700 .30 0
3 Private 4 Year . 831 . 167
3 Private 2 Year . 43 6 ;6 4

4 Public University .770 23 0
4 Public 4 Year .668 .332
4 Public 2 Year .335 .665
4 Private University .807 .19 3
4 Private 4 Yea.r .865 .135
4 Private 2 Year .414 586

Sour e: Estina t d from Ref. 19.
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Ta t;

Probab;t-:-.,, Tbat. ,!-:,-;-tudcui1 is lEithor,
.1-.,_usido.ut Or lurorne ()u.;:..17tile, and by

L:.-..1 Control

ot.ia itilo Institut', (-Ill

Public Ur-rilv,.:rsity

Public -.1 Yr--!r. r

Pt- (11-1:-C1

. 696

. 714

z 1 -

Corn-muter

1

1

+._

. 304
.286

1 Public 2, 1 e ar 346 . 654
1 Privata T.J.uivei=.iity 610 . 390
1 Privat-f7. 4 ').''eJ r . 810 .190
1 Private 2 '1 iT,_ r ., 628 . 372

2 Publir:: Univerity . 747 .253
2 -.P6iic. 4 Ycar 660 .340

Public 2. Y c-ar .2,54 .746
2 Pri. va-t e University .72.3 . -277

Privato ,:! '.;:'uz,,r .78Z . 2: 1 12

Privat 2, Year . 574 .426

Public Univursity .757 . 243
,) Public 4 Year .658 . 342.

Public. 2 Yea:r . 298 . 702.
Private Univer sity . 762 .238
PTivate 4 Year .864 .136
Private- 2 N,{ear . 740 . 260

4 Public Univc r sity . 842 .158
4 Public 4 Year .692 . 308
4 Public 2. Year .178 . 822
4 Private Universit}r . 828 .172
4 Private 4 Year . 8 90 .110
4 Private Year 802 .198

Source: Estimated from Ref. 19.
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The distritnitiL.,;nr; or -iultion, roon-, cost2 r,c,,x2

tion _ _ N II . h L?()8 -

6 9 o ad em Et r Tinfortunn.t:rqr, cori,-.-,LO for

to 1968-69 are noP currently- avi.L.i..1?,bie NGES.

and

I.""!,S (27
C

TCc0

L'uu cost rot- ir.,-,poncrinc!: rth pereenil.e of the
( F t Eltributi ot e r (1,12..U.I on a:::d requi
fce:t2 rooln2 anti bulp,rd) For a =:Jtudi-Itfir with !:-,o-K F-; EAtend--
ing on 3'01 C and ty-r-,-) a,
during ttl! 466-69 y f2;-.;r

the cost corresponding the rill .3..:creent2e of the
cii.sl!ribitiLion of 1:11j.tion r2.n.-21 reciiire(1 for a. z5tuds-nt

fr,11-61--f):71 con..roi z arld
typr, 0 during 1 968-69.

rValues of BSC TC:c0see are given in -P.,,-26iet1 17 and B.18 for

r = 1 0 , a52 50, 75, and 90. The tuition coM- refers to the ehsrge to undr,,t. -

graduate full-time stud..7nts attending college within the colle8's district.

Out of state students may pay higher costs at public institutions,

The mean values of th= tuition, room , and board distributions aro

also available from NCES( ?) for several years. Define

and

MBSCc et
the mean charges (tuition and required fees, room, and
board) for a full-time student at an institution with control
c and typo 0 during the academic year beginning in year t,

MTGcet the mean tuition and required fees for a full-time student
at an institution with control. c and type e during the
academic year beginning in year t.
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cOt

and

(B.10)

where h t

t _Mt1=Y:,. Za.110 for -

JLI I '-;.! and E

fnf. \-o.1 n
c C.)

assulf',e 'that 1ii "e, na -..ametcrs are roiated as fonow

BSC

P t

-MTC,
e0 1.

Pt

is the Consumer

a:co 960) f_ Z

60) +

ice Index in yo an- and a ,
c6

and

a re call b ration constants. The fore ing equations may he I nLerpreted

as estimating the real (constant dollars ) increase in college costs over time .

The calibration c stants were e stimated with regression analysis from the

data in Tables B.4`, B.19, and 13.20 and are given in 'Pable 13.21 with the

correspondi g multiple correlati n coefficients. The projected values of

MBSCcOL and MTCc

13.19 and B.2

Duted with these equations, are given in-Tables.

In addition to 'tuition room, and hoard, there are also c sts for

books, laundry, recreation, etc. These costs depend upon whether the stu-

dent commutes to colleg . Define
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