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PREFACE

This is one of a continuing series of reports of the Ford Foundation
sponsore.] Research Program in University Administration at the University
of California, Berkeley. The guiding purpose of this Program is to under-
take quantitative research which will assist university administrators
and other individuals seriously concerned with the management of runiver-
sity systems both to understand the basic functions of their coumplex
systems and to utilize effectively the tools of modern management in the
allocation of educational resources. ‘

A major administrative and research need is the explicit iutegra-
tion of beﬁavioral educational objectives, such as student body quality
or student academic success, with present college costing and planning
models. With this cbjective in mind, this study develcps a freshmen ad-
missions planning model which classifies high school graduates by finan-
cial aid needed, verbal aptitude, and sex. This admissions model is used
to illustrate policy alternatives with exemplary information from Ohio
Wesleyan University. The market segmentation framework furnishes a
unified approach to evaluate tradecfts between alternate policy strategies
for tuition, finzncial aid, and admit/not-admit decisions. The inclusion
of short-run recruitment decisions and the integ ition of the segmentation
model with present resource planning models are natural extensions of
this research. Furthermore, this segmentation model is useful in study-
ing many national higher education problems of student access in addition
to admissions planning for individual colleges.

The appendices to this paper are not included in this publication.
They may be obtained by any interested reader by writing to the Office

of the Ford Foundation Research Program in University Administration.
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I. INTRODUCTION

Very little is known about ths sequence of decisions a stﬁdent must
make in applying, being accepted, entering, and staying in undergraduate

education. Even less 1s known about the interrelated effects recruit-

‘ment, tuition, financial aid, and structural institutional policies have

upon these student decisions. Private university administrators have long
sought greater understanding in these very comﬁlicated areas in order to
establish tuition and financial aid programs with some logical consis-
tency.

Administrators of institutions find it particularly difficult fo
address questions like the following: Are we pricing ourselves out of a
market? If so, how fast and how sensitive is the market to our fee struc-
ture policies? How can we simultaneously plan financfal aid funds and
admissions policies which explicitly reflect net revenue and student body
quality alternatives? How much more effective does our recruiting have
to be in order to meet net revenue and student body quality expectations?

Should dormitory vacancies be filled by lower aptitude students requiring

" higher financial aid? What price is our institution paying for minority

programs in terms of quality and net revenue?

This research is only the beginning of inquiry into these problems.
Basically, a model is developed which catégorizes all high school graduates
in the United States by financial aid need, SAT verbal scores, and sex.
Financial aid need is the amount of college expenses a student i8 unable
to pay; financial aid need is the gap. between the total educational ex-
penses at an institution and the student and family resources available

for higher education.



By describing high school graduates as "recruitable freshggn“ and
classifying their attributes ir the above manner, a study ié“made of how
the numbers of students in each one of the categories is changing over
time. There are remarkable differences in the ways different categories
of students are changing. These changes directly depend upon the fee
poiicies of each particular institution utilizing the model.

The model is applied to information and projections obtained from
Ohio Wesleyan University for the years 1955-1979. Many effects are com-
cined to give the numbers of students in ihe UY.S5. who are potentially
recruitable: growth of high school student numbers, shifting of income
distribution of parents of high school graduates, changing ability of
parents to pay educational costs at different income levels, and differ-
ent high school retention rates. between income levels. The implicat‘on
of the institution's increasing tuition and room and board policy is shown
as drastically reducinr, the number of students with little denonstrated
need for financial aid.

Chapter III develops this recruitable freshmen segmentation frame-
work. Then Chapter IV analyzes Ohio Wesleyan's fee structure implications
and then shows how the national changes in recruitable freshmen can be
combined with Ohio Wesleyav's enrollment experiences to evaluate these
effects directly. The concluding chapter suggests how this model could

be utilized in the analysis of many national education problems.



IT. ADMISSIONS PLANNING

Admissions Planning Research in Private College Research

Two basic problems in private college admissions planning are: (1)
lack of means with which :3 evaluate alternate adﬁissions, tuition, and
financial aid policies in terms of net revenue; and (2) lack of means with
which to integrate behavioral objectives with educational and financial
objectives.

Recently, the erphasis of planning in both private and public ingti—
tutions has been cost analysis. One of the most important additions to
college planning techniques in recent years has been the deQelopment and
application of many computer based resource planning models. A few of the
most notable models include the CONNECT/CAMPUS model pioneered by the Sys-
tems Research Group,1 the Cost Simulation Model (CSM) of the University of
California,2 the Resource Requirements Prediction Model (RRPM) implemented
by the National Center for Higher Education Management Systems,3 the Sys-
tems Model for Management, Planning, and Resource Allocations in Institu-
tions of Higher Education model developed at Michigan State Universit:y,4
the Tulane University Model,5 and the CAP:SC model developed by Peat,
Marwick, Livingston and Company for small colleges.6

Private colleges are beginning to use these cost analysis and re-
search developments. However, private colleges need much more research
integrating the long history of cost analysis with revenue forecasting in
order to generate net revenue concepts for planning. Public institutions
understandably evaluate a high proportion of policies on the basis of re-

N

o source use because revenue considerations are largely defined by legislation.




However, the private college is more analogous to a business where reve-
nue can be deliberately influenced in many different ways in order to
achieve college objectives. Thus, private college research should be
expanded towards integrating revenue with cost analysis.

However, college administrations pursue a financial objective only
as one of many objectives. 1In fact, most institutions pride themselves'
in valuing non-financial objectives very highly. Yet most research on
educational administration has become more and more sophisticated in the
moderately well-defined areas of cost analysis and concinues to ignore
non-financial objectives. 1Ideally, research also needs to integrate
financial and non-financial considerations in a unified concept of planning.

This study illustrates one direction of integration by addressing
the problem of how administrators iﬁ a private college plan for new stu-
dents in both the short and long run--called admissions planning. This
research integrates objectives which value non-financial attributes of
new students, such as income, scholastic ability and sex, with revenue attri-
butes of new students. The final cost attribution of new students is a
direct application of RKPM or CSM and, therefore, is not included in this
report.

One of the few available studies of private college admissions plan~
ning is that of Humphrey Doermann.7 He has recently developed a bivariaté
model which classifies male high school graduates by SAT verbal score and
the amount College Scholarship Service detérmines to be his ability to
pay college expenses. Doermann's objective was to estimate the number of
male students with both‘high verbal scores and high ability to pay. The
ability to pay for a student was taken from his parent's adjusted effective in-

come which was estimated for all high school graduates. However, in comparing



one year to the next, the same relationship between income and ability to
pay was used. This assumed "fixed income to ability to pay relationship"
and the additional lack of adjusting the income distribution growth for
differential high school retention rates between income levals makes this
model potentially quite misleading for planning purposes. This present
research revises and extends Doermann's research in a more unified plan-
ning framework.

While there is little research in private college admissions planniug
available in addition to Doermann, there have been several statistical
studies of the demand for public education, especially in Cal.ifornia.8
Recently, there have also been aggregate demand estimates for high school
graduates in the U.S. which include type of institution, institutional

9,10 These

academic selectivity, students' ability, and parents' income.
have yielded some insights for the private college; particularly, that low
achievement students are much more elastic with respecg to income and cost
t an *igh achiever. t students. These models offer little in terms of
operational planning for private colleges. Also these models ignore the
amount Of financial aid students are offered and in turn aécept, and the
models determine institutional selectivity by the average verbal score of
the enrolling classes. 1In contrast, the most important variables to a
private college include the entire distributions of financial aid and of
ability of the enrolling classes.

One additional study does shed some light on the financial and ad-
mission policies of a representative sample of U.S. institutions.ll This
study shows nationel trends in financial aid offerings and acceptances

with which to compare a particular private college's policies. It is

most complete and informative and hopefully will lead to further, even



more insightful, work about admissiors planning phenoﬁena.

Before turning to the recruitable fresumen model and its application,
it is appropriate to qualify the assumption of using verbal score as a
non-financial objective. Verbal score has been shown to be one of the
best predictors of college success.12 However, it 1s only one non~finan-
zial dimension and is quite questionable whether it is the most valued.
Evidence exists which shows it is erroneous in predicting college academic
success in at least some cases.13 Verbal test 8coring ability of new
freshmen was chosen as a segmentation dimension since.administratora
express concern about this attribute, since information about verbal
scores of recruitable freshmen is available, and since other studies using

verbal score in analyses will be comparable.



CHAPTER II - NOTES

1Systems Research Group, CONNECT/CAMPUS (June, 1970).

2Weathersby, George B., The Development and Applications of a Univer-
sity Cost Simulation Model, ({(Graduate School of Business Administration
and Office of Analytical Studies, University of California, Berkeley, 1967).

3Western Interstate Commission for Highexr .Education, Resource Re-
quirements Prediction Model: User's Manual, (1970).

4Koenig, Herman E., M. G. Keeney, and R. Zemoch, A Systems Model for
Management Planning and Resource Allocations in Institutions of Higher
Education, (Michigan State University, 1968).

5Fermin, Peter A., Seymour S. Goodman, Thomas E. Hendricks, and James
J. Linn, University Cost Structure and Behavior (Tulane University, 1967).

6Peat, Marwick, Mitchell & Company; and Peat, Marwick, Livingston

and Company, CAP:SC - Compucer-Assisted Planning for Small Colleges (1969).

7Doermann, Humphrey, Crcsscurrents in College Admissions (Teachers
College Press, Columbia University, 1968).

8Hoenack, Stephen A., Private Demand for Higher Education in Califor-
nia (Dissertation: University of California, Berkeley, 1970).

9Radner, R. and L. S. Miller, "Demand and Supply in U.S. Higher
Education," The American Economic Review (Volume LX, Number 2), pp. 326-334).

10Miller, Leonard S., Demand for Higher Education in the United States

(Ne.cional Bureau of Economic Research, Inc., New York, 1971), pp. 26-64.

11Cartter Panel, Repor: on a Study of College Admissions and Financial
Aid Policies as Revealed by Institutional Practices (College Scholarship
Service, Princeton, 1971), pp. 18-53.

12Collgg§ Board Score Reports (CEEB, Princeton, 1971), pp. 10-13.

Cumulative grade point average is usually used as college success.

13Doermann, op.cit., pp. 69-72. A Harvard example showed lower scoring

students doing surprisingly better than higher scoring contemporaries.



IIT. RECRUITABLE FRESHMEN SEGMENTATION MODEL

Introduction

The concern of this chapter is a special subset of the university en-
vironment: high school graduates. A segmentation model is developed ,
which describes three attributes of high school graduates: sex, verbal
score, and need for financial aid. The model will be used to understand
the changes in these three attributes of high school graduates due to
simultaneous changes of both uncontrollable envirommental variables and
controllablé university variables.

Uncontrollable envirommental variables include the number of male and
female high school graduates, their verbal aptitude, their dropout rates
from school, the ability of their parents to pay educational expenses, the
relative and current income levels of their parents, and their joint re-
lationships between verbal aptitude and ability to pay and between verbal
aptitude and relative or current income. Controllable university variables
in determining need for financial aid include tuition and room and board
expense levels. These last variables compose two components of the total
educational expense level incurred by students. Total expense level is
the sum of tuition, room and board, and personal expenses. Room and board
expense is assumed priced to break even. Although room and board eXpense
is set by the institution, it really is an uncontrollable environmental
variable which is also the assumption made concerning personal exXpenses
and the amount a student can earn during the summer Sefore the freshman year.

This chapter shows how estimates were derived for the following two

Q functions:




Nt(a, slT) = the number of male high school graduates in
academic year (¢t - 1, t) who have verbal
aptitude scores greater than or equal to s
and also have a financial aid need less than

cr equal to "a'" when tuition expense level is T
Ni(a, slT) = same for female high school graduates,
where |
200 < s <800 ,T>0,and 0<ac<T+RB +PE_- SE|

(RBt and PEt are room and board and personal expenses; SEi is the stu-

dent's summer eavnings (i=1 for male students, i=2 for female students) all
fixed for each t .

Ni(a, s|T) , k = 1, 2 , is the segmentation model which éstimates the
number of high school graduates by sex, verbal aptitude, and financial need.
The model includes the effects of uncontrollable environmental variables
and shows the direct consequences of the controllable tuition variable.
Time t refers to the year the graduates normally could enter their fall
freshman year term.

Due to the limitediinformatiOn about the differences between high
school seniors and high school graduates, this study assumes attributes
of high school seniors to be representative of graduates. Yet three to
seven percent of enrolled seniors do not graduate.1 A priori, the rate
of failure to graduate for a senior might decrease with inrreasing income
and score level. However, the absence of adequate‘information plus the
relatively small failure percentages, which decrease with time, motivated
the above assumption. The model describes high school graduates who are
of primary concern for college admissions, although most of the information
is derived from the behavior of seniors.

In the model above note that verbal scores range between two hundred

O




10

and eight hundred. Financial aid need takes on values between zero and the

total educational expense level less summer earnings,

i
T + RBt + PEt T SEt .

Unfortunately the above segmentation model fuhctions cannot be
directly estimated. No direct information exists about the form or
attributes of these functions. This chapter uses an indirect approach
to develop this model. Each assumption is stated separately, then inte-
grated into the model. For instance, instead of estimating financial
need directly, income estimates are first made and then estimates relating
income to financial aid need are made. Thus, the objective of this chap-
ter is to derive the above éegmentation functions in terms of other known

or estimatable relationships.
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High School Graduates

The segmentation model revises and extends the work of Humphrey
Doermann.2 This model includes both male and female high school graduates
in the United States because: (1) each sex has distinctive attributes
relevant for college admissions, and each sex has distinctive responses
to the variables affecting access to higher education, and (2) together,
male and female students collectively exhaust the opportunities in the
university environmment for potential enrollable students. Figure III-1
shows the number of male and female high school graduates from 1955 to
1979. These numbers are also listed in Table III-1. The present higher
proportion of female seniors is estimated to change in 1973 to a higher
proportion of male students graduating. Total graduates are estimated to
grow slightly slower in the next five years. Using 1971 as a base year,
the next five years show graduates growing a slower 15.4% than the 15.8Z%
of the last five years. I{ the eight year trend is studied, then the
large growth of the mid-1950's due to the post World War II baby impact
will not be repeated. In the last elght years, graduates ifacreased 58%
while estimates show growth for the next eight years to be only 22%Z. 1In

other words, there is a major leveling off trend expected in this decade.

Verbal Aptitude

High school senior verbal aptitude tests are provided by the College
Entrance Examination Board (CEEB). Two tests are offered in tﬁe fall of
the senior year: the Preliminary Scholastic Aptitude Test (PSAT)--
usually given in October--and the Scholastic Aptitude Test (SAT)--usually

given in December. Both tests provide a measure of the level of students’
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TABLE III-1

High School Graduates:® United States 1955 to 1979
(in thousands)

Percentage
Male Female Total Change

Year c d Total from Previous Year
1955 644 -- -703 -- {1,351 --

1956 682 5.2 739 5.1 1,421 5.2
1957 696 2.0 750 1.5 | 1,446 1.7
1958 729 4.7 784 4.5 | 1,513 4.6
1959 790 8.4 849 8.3 | 1,639 8.3
1960 893 | 13.7 %6 | 13.8 | 1,864 13.7
1961 958 6.7 ]1,013 4.7 | 1,971 5.7
1962 an -1.8 984 | -2.9 | 1,925 -2.3
1963 959 1.9 991 .7 | 1,950 1.3
1964 1,129 {17.7 1,173 {18.4 | 2,302 18.1
1965 1,337 | 18.4 {1,378 |17.5 | 2,71 17.9
1966 1,326 { - .9 1,346 | -2.3 | 2,672 -1.6
1967 1,332 .5 11,348 N 2,680 .3
1968 1,341 .7 11,360 .9 | 2,702 : .8
1969 1,408 5.0 {1,431 5.2 | 2,839 5.1

Projectedb

1970 1,479 5.0 1,490 4.1 2,969 4.6
1971 1,542 4.3 [1,552 4.2 | 3,094 4.2
1972 1,601 3.8 {1,604 3.3 | 3,205 3.5
1973 1,654 3.3 |1,651 2.9 | 3,305 3.1
1974 1,707 3.2 {1,701 3.0 | 3,408 3.1
1975 1,757 2.9 {1,747 2.7 | 3,504 2.8
1976 1,793 2.0 11,778 1.8 | 3,571 1.9
1977 1,833 2.2 11,812 1.9 | 3,646 2.1
1978 1,8C1 3.2 {1,857 2.5 | 3,748 2.8
1679 1,908 .9 11,865 4 | 3,773 .7

3y.s. Office of Education, Projections of Educational Statistics to
1978-79, 1969 Edition (Washington: 1U.S. Government Printing Office,
1969), Table 20. Numbers are graduates of regular day schools repre-
senting more than 99 percent of public school graduates and 97 percent
of nonpublic school graduates.

b1970-79 projections assume: (1) 1959-68 trends of the percentage of
male and female high school graduates to total males and females 18
years of age will continue, and (2) nonpublic total graduates and male/
female mix will remain constant through projection period.

Q ' cPercentage Male Change from Previous Year

Percentagé Female Change from Previous Year
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verbal achievement.

In October, 1966, CEEB undertook a national norming study which ad-
ministered the PSAT to 17,658 seniors (8,581 males and 9,077 females) in
a statistically representative sample of 166 secondary schools.3 Table
III-2 shows the percent of students tested in this study who fell into
various score intervals. PSAT scores range between 20-80 which are analo-
gous to the SAT 200-800 scores.

The design of the SAT is to measure consistently the same level of
verbal achievement from one year to the next. The important quection for
this study is how the distribution of SAT scores changes from one high
school senior class to the next. Several countervailing forces influence
these test scores. First, improved special aid and teaching programs
tend to decrease the dropout rate from one class to the next. Drcpouts
tend to be lower ability and lower income students;4 thus, decreasing Arop~
outs would tend to pull down the verbal score distribution. However, off-
setting this downward trend is the upward shift of senior verbal ability
created by improved teaching methods and special federal, state, and local
programs. Doermann relates some relevant results of unpublished CEEB
studies:

William H. Angoss, Executive Associate of Educational Testing
Service, has added that other less complete, unpublished in-
formation suggests that relationships between test scores and

the proportion of the high school population able to achieve
various levels of performance on the test has remained rela-

tively stable from about 1950 until the present.5

His study assumes that these two forces offset each other and, con-
sequently, that the verbal distribution of high school seniors is stationary.

Therefore, because CEEB attempts to measure the same verbal levels of

achievement each year, if all seniors took the test, then male and female
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TABLE III-2
PSAT: Percentile Performance for A1l Seniors?

Seniors

Score Interval Male Female
20-24 15 12
25-29 14 13
30-34 15 17
35-39 ‘ 13 14
40-44 14 - 15
45-49 . 10 10
50-54 8 9
55-59 6 5
60-64 3 3
65-80 2 2
Mean 38 39
Standard Deviation 12 12

3Derived from cumulative percentile figures found in
College Board Score Reports (Princeton, N.J., CEEB, -1970),
Table 5, p. 16.

TABLE III-3
1966 Verbal Probability Distribution for all High School Seniors: 1966
Male Female
Flo66(S5) | Floes(S;)

$,=200 1.00 1.00
52=250 .85 .88
S3=300 va .75
S4=350 .56 .58
55=400 .43 .44
56=450 .29 .29
S7=500 .19 19
58=550 1 .10
Sg=600 .05 .05
S1O=650 .02 .02

Source: Table I1l-2.
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score distributions would remain the same year after year and coincide
with the 1966 norming study results. This assumption was also used by
Doermann. If we let sj y J =1, 2,...,10 , be score levels and let
Ft(sj) be the cumulative probability that a senior of sex k at time

t has score greater than or equal to sj (k = 1 for male seniors, k = 2
for female seniors), then Table III-3 shows the 1966 values for these
functions taken from Table III-2.

The constraint verbal distribution assumption given in this section

is simply:

K K t = 1955,...,1978
F(s,) =F s i =1 ... 10 . I11-1
Felop = Fonlep o1

Financial Aid Neced from Ability to Pay

Financial need for a student is defined as the difference between
total educational expenses and the amount the student and his family have
the ability to pay. Most colleges and universities ﬁse the procedures of
the College Scholarship Service (CSS) to determine the ability to pay of
the student and his immediate family from their combined total resources.

Fihéncial need was included as one dimension of the segmentation model
because students with different levels of financial need respond differently
to college acceptances depending in part upon the amount of needed aid
that is granted. Also, financiallneed information is used in deciding
upon the allocation of institutional financial aid funds. Although finan-
cial need information is closely kept by institutions to safeguard confi-

dentiality, financial aid information is usually available for those stu-

dents who apply for financial aid. Non-financial aid applicants
Q
[ERJ!:1ave zero need and all financial aid applicants have a unique need

IToxt Provided by ERI
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determined by CSS.
Total educational expense is the sum of tuition (T), room and board
(RB), and personal expenses (PE). The amount of aid needed for each stu-

dent (a) ranges between zero and the total expense level less summer earnings

(sEi)
0<a<T+b , forall t III-2

wherz
i
bt = RBt + PEt - SEt fixed for each ¢t .
If T is the level of total educational expense that a high school

graduate has the ability to pay, then the financial aid needed is a linear

function of both the school's tuition and his ability to pay:

>
0 » a>T+ bt

T+bt-—'r,'r<T+br,'r>0 I1I-3

We can also define the joint probability function of financial cid
needed, a, and the verbal score level, s . Define Hi(a,.slT) to v the
probability at time t that a high school graduate of sex k , applying
to an institution with tuition level T , has both financial aild need less
than or equal to a and & verbal score greater than or equal to s .

Hi(a, SIT) are continuous Jjoint cumulative probability discributions:

800 TPy . :
1= [ / b (a, s|T)da ds ,
200 0]
Kk 800 a K- - _
Ht(a, s|T) = [ / h_(a, s|T)da ds ,
s 0] t

and

hi(a, s|T) 20, 200 <5 <800 ,0<a<T+b, ,

for all T >0 and k =1, 2, where ht(a, s[T) are the corresponding density
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functions. If Ni is the number of high school graduates of sex k at
time t , as presented in Table III-1l, then the segmentation model follows

directly:
k k k
Nt(a, s|T) = Nt Ht(a, s|T) . I11-4

Although this is the simplest statement of the segmentation model, Ht(a, s|T)
will not be dirzctly estimated, but will be derived indirectly in terms

of other functions.
As indicated above, student financial need is a direct result of
tuition expense and his ability to pay; therefore, the following continuous

joint cumulative probability distribution is defined:

k
Ht<T , S) = the probability that at time t a high school

graduate of sex k has ability to pay an amount
greater than or equal to T and a tested ver-

bal score level greater than or equal to s .

From equation III-3, it follows that:

k
Hi(a, s|T) = H (T +b_-a, s) , t = 1955,..., 1979 , III-5

k=1, 2

200 < s < 800
0<a<T+ bt , and
T>0.

Tc better understand this relation, take the following example: let
the total cost to the student, T + bt , be 1700 and fix s at any s ;

then look at successive $500 levels of financial need. Figure III-2 shows

this relation for male students.
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Ability to Pay as Derived from Family Net Income

In 1955, the College Scholarship Service published the first nationally
applicable tables relating the current value of tamily resources to their
ability to pay.6 Financial aid administrators have had access to revised
and updated tables since 1955 on an annuél or biannual basis. While the
tables in 1932 were based on many procedural decisions by the 7SS Sub-
committee, revisions since 1962 provide adjustments fur inflation and new
information derived from data collected by the United States Bureau of Labor
Statistics (BLS).7 In particular, the analysis of consumption data con-
tained in the Survey of Consumer Expenditures, 1960-61, provided certain
expenditure elasticity of about 2.0 with respect to income (including ex-
penditures such as education, recreation, automobiles, consumer durables,
gifts, contributions, and savings).8 Meanwhile, CSS contends its role is
to serve as a national standard of objective measure of ability to pay
for higher education.

Table A of the CSS reports indicates the standard ability to pay of
parents as a function of family net income and the number of dependent
children. After allowances for federal income tax business expense de-
ductions, family net income is defined to include total wages, dividends,
interest, property income, capital gains, social security benefits, pen-
sions, child support, alimony, aid for dependent children, subsistence
and quarters allowances, allotments, and aid from friends or relatives.10
Table A is used by financial aid administrators when no unusual expenses
are incurred by the family.11

If the number of dependents were known for the families of high

school graduates, then this table would be directly applicable. However,

Q even the Bureau of the Census does not publish information about the size




of high school seniors' or graduates' families. 1In this study, a family
with three dependents was chosen as representative over time for the high
school graduate family--based upon the fact that the 2.8 is the average number
of dependents in families filing Parents' Confidential Statements with
CSS.12

Therefore, given the net income distribution for high school graduates,
the CSS table for families with three dependent children is assumed to
interpret the ability to pay total educational expenses. The progressive
increase in ability to pay represents the education expenditure elasticity
coefficient based on the BLS information.

To extrapolate this table into the future, piecewise linear functions
were derived for each vear from 1955 to 1980 based on tables published for
1963 and 1970. If y is net family income as defined above, then we de-
fine Ct(y) = T to be an estimated p.ecewise linear function, which is
strictly increasing,13 and which maps family net income to ability to pay
educational expenses at time t . The estimation of Ct(y) assumes that
for each income level there is a constant rate of decline in contribution
year to year:

Copy @) =C M -e(x)) t=1955 ... 1978, I1I-6
0 <y < 100,000
where € (y) is the constant deflation ratela for absolute income level y .

One hundred net family income levels ranging from O to $100,000
were chosen from the 1963 and 1970 published tables. The constant defla-
tion rates were calculated for each of the one hundred income levels and
thén all years other than 1963 and 1970 were interpolated or extrapolated
from those years using the estimated rates.

[ERJ!:‘ These deflation rates were calculated by the following procedure.




22

If yi , 1=1 ... 100 1is the income level chosen from Table A, for 1963
and 1970, then the deflation rate, Ei , associated with income level Yy o»

can be obtained by the formula:

1/7
C197004)

ie1, 2, ..., 100 . I1I-7
C19630;)

Then, the estimated piecewise linear approximation becomes

¢’

c (y,) ;
196371
1963-t t = 1955,..., 1962
1 - €y)
< Clg63(Vy) t = 1963-Table A, 1963 III-8
C (y,) = _
. Clgg3(y) - ei)t 1963 | _ 1964,..., 1969
Ci97004) t = 1970-Table A, 1970
t-1970 _ _
| C1970(Yi)(1 Ei) t = 1971,..., 1979

for = 1,..., 100 fixed.

For any given ¢t , Ct(y) is linear between v and Yig1 ? i=1,..., 99.
The computed constant deflation rates, family net income levels, and
estimated Ct(yi) points are listed in Appendix A. Figure III-3 shows
both the progressive nature of Ct(yi) and how it changes over time.
If Y 1is the measure of income andv I' is the measure of ability, then
we observe that Ct : Y+ T 1is a one-to-one mapping and thus has a one-to-
-1

one inverse: C ¢ ¢ '+ Y. When we let Ht(y, s) be the probability that

a high school graduate of sex k at time t belongs to a family with net
income greater than or equal to y and has verbal score greater than or

equal to s , it immediately follows from equations III-5 and III-6 that

k -k =k, -1
H (a, s|T) H (T +b.-a,s)=H(C (T+b-a),s) III-9
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FlGURE 111-3
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for k=1, 2, t = 1955,..., 1979, 200isi800,0§_a§_'r+bt,'r>o

since

e hm, o= (T ,5) = H

k
t

-1
(Ct[ct (1)),s) for all T >0.
=k k
Hence, once Ht(y, s8) 1is estimated, Ht(a, s|T) follows directly.
The example illustrated in Figure III-2 is continued below in Figure

I1I-4. The following function values are added:
-1 -1 -1
Ct (0) = 0, Ct (200) = 3000, Ct (700) = 6000,

c;1(1200) = 8000, c:1(1700) = 9000.

Joint Distribution of Family Net Income and Verbal Aptitude

The segmentation model has now been transformed from directly esti ating
Ht(a, s|T) to estimating ﬁt(y, s) . Neither national nor regional studies
have been undertaken which estimate the joint distribution between income
and verbal aptitude or the simple correlation between fthese two variables.
However, studies have been conducted between various other measures of ap-
titude and socioeconomic categories which indicate simple correlations
primarily in the range of .35 to .40.15 Project Talent and SCOPE both
collected aptitude and income related data, but the broad categories by
which income was estimated and the large standard deviations of the income
estimates render these studles unusable for either correlation or distri-
bution analysis.lG’17
The current study assumes a correlation between verbal aptitude and

relative income in the range of .35 - .40. Also, the correlation is

assumed to be uniform throughout all levels of verbal scores and relative

)
AI{I(jincome levels as well as unchanging with time. (The approximated
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distributions below for ﬁt(y, s) , t = 1955, 1979, both have correla-
tions of .37 between verbal scores and relative income levels.)

At this point the relevant external information available to help

k

derive ﬁt

(y, &) is virtually exhausted. No information was available
on the bivariate distributions between current or relative income levels
of high school seniors or graduates and their verbal eptitude. Given the
above correlation between income and verbal scores rnd the observed mar-
ginal verbal score distributions from Table III-3, a reasonable attempt
to approximate ﬁi(y, s) has been made.

A basic behavioral assumption of this model is that the relationship
of relative income lavels to verbal scores for high school graduates is
independent of time. By definition, relative income levels do not change
with time; assume that both the marginal score distributions and the relative
income-ability correlations are reasonably constant over time. However, this
last assumption is stronger than the previous ones, because it assumes
that the entire joint distribution between relative income levels of high
school graduates and their verbal scores is independent of time; so for
any relative income level at time ¢t , the distribution of scores for
students at that level 1s identical to the same relative income level at
time t+ 1 or t -1, etc. The factors that do change with time in-
clude the number of graduates and the current dollar values agsociated
with relative income levels.

To state this assumption mathematically, le: yt be the current
dollar value in year t associated with relative income level 1 . Let
n be the number of relative income levels, i =1, 2,..., n , and let
Gi(y) be the probability that the current dollar value of the family net

ncome for a high school senior of sex k 1in year t 1is greater than or
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equal to y . By definition of relative income levels yt :

k, 1 k i i
Gt(yt) Gt+1(yt+1) Gt(yt) , 1 =1,..., n over all t .

(Gt(yt) is assumed to be the same for both male and femaie ztudents.)

The assumption stated above becomes:

a1 mic i
Ht(yt’ sj) - Ht+l (yt+l’ Sj) i i1,..., n over all 1III-10
200 f_sj < 800; k = 1,23
t = 1955,..., 1978 ;
o 3800
such that J ﬁt(y, s)ds dy = Gt(yi) and ITI-11
i
Y, 200
o  80C
=k k
J J ht(y, g)ds dy = F (Sj) 11I-12
o %

( Fk(sj) = Ft(sj) from III-3, aud ﬁ:(y, s) 1is the density of ﬁ:(y, 8)
and the correlation between relative income and aptitude scores is in the
range .35 - .40,

In general, these assumptions do not completely specify a bivariate
distribution. However, the marginals and correlation coefficient do com~
pletely specify the bivariate distribution if the probahilities can be
approximated by bivari;te normal distribution. This means the marginals
and correlation agree with equations III-11 and III-12, and joint probabi-
lities approximately follow bivariate normal probabilities.

The sj 's from Table III-3 and the following relative income levels
were chosen: .00 (L =1) , .20 (L = 2) , .40 (i =3), .60 (1 = &) ,
80 (i =5), .85 (1=6), .90 (t=7), .95 (L =8) . Let y.,

i=1,..., 8 , t = 1955 ... 1979 , be the current dollar values associated
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with these relative income levels. The next section will show how the

yt 's were estimated. Bivariate normal distribution probabilities, PEj .

were obtained from tables.18 These probabilities are defined below:

1+1
Ve %341
B%(y, s)ds dy = BX i=13,. 8 ; I11-13
t ? ij -9 “,‘ »
i j=1,..., 10;
Y. J
k =1, 2 ;
t = 1955 ... 1979 ;
= 9=w
(s11 800 , y_ )

Finally, the approximation of the continuous distribution is:

800 +
=k o =l (Sg41 = 9) SRR P~
H (y, s) = J J h (y, s)ds dy = 1+ 1. 1
(si41 — 80y "= 7))
y s i+l 3 t t III-14

i+l
10 |y, "=y 8 (8,,,-8 8 10
+z_t__pk+z[4ﬂ_}pk+y e

nef+l |y ogd ]l I plea(S417Sy) B peiel peger OO

t t

for any 0 <y <%, 200 < s <800 where y. <y <yy

and s

3

Equation III-14 by definition satisfied equations III-11l, III-12 and the

< <
285 Z%4

correlation equals .37. Appendix B lists P Ej , k=1,2, 1=1, ..., 8,
j=11,..., 10.

The segmentation model follows directly by substituting the estimated
equation III-14 in equatiomns I1I-9 and substituting equation III-9 into

equation III-4:
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k k | .k
N, (a, 8|T) = N, * H (a, 8|T)
k | =k (.-l
= N+ H (ct (T +b_-a), s)
i+l -1

- K [.sj+1 -8 vy~ - (r+b, - a)). PR.J

B - i+ i

Gy =5 gt yh 3

i+1 -1 -
%o e C i’;’l(T +ib" ke I p‘i‘ + f b Ll +1_: P:. + § ”f pk I1I-15
n=4+1 v, -V, B m=i+l[%3417%3 ™ pei+l peddl OO
1 1+1

-1
for sj <s f-8j+1 > Yy j_Ct (T + bt - a) f_yt

t = 1955,..., 1979
200 < 8 < 800
;0<a<TH+ bt

and T >0

Current Dollar Income Distributions

There is no available published material about family net income
distributions of high school graduates in the United States. However, the
income distribution for enrolled high school seniors is retrievable for
1960 from the 1960 census tapes available from the United States Bureau
of Census.19 The 1/1000 representative national sample tapes were used

20 The 1970 census information

to derive the 1960 income distribution.
would be quite helpful in determining how the income distribution is
changing over time, but the 1970 detailed census tapes are unavailable
until late 1972.

The change in family net income distribution over time is assumed

to be influenced by two factors: The first concerns the growth of income




29

in all families with a dependent child who ''could" be enrolled as a
senior; and the second concerns the relationship between students who
"could" be enrolled with those students actually enrolled.

We assume that the family net income distribution of those who
"could" be enrolled as high school seniors is identical to net income
distribution for the United States male population between ages 34-56.
Note that this assumption approximates the family income distribution of
students with an income distribution of adults. The adult income dis-
tribution is not adjusted for birth and mortality rates which vary with
income level. Such adjustments are necessary since lower income families
tend to have a larger number of dependent children. The above assumption
assumes the proportion of "could" students is evenly distributed at all
income levels. Thus, there is a slight upward income bias in this assump-
tion. The assumption was made as the closest approximation to the "could"
population which has published information about the manner in which the
distribution is growing. This income distribution growth information
can be calculated from Current Population Survey Reports,21

The second assumption for deriving the income distribution for en-
rolled seniors is the relationship between enrolled students and dropouts
at the various income levels. Table III-4 gives the total student reten-
tion rates between 1955 and 1980 for students between 5th and 12th grades.
These retention rates will be used as proxies for the proportion of the
"could" population which is actually still enrolled as seniors. So it is
assumed that the retention rate will indicate the difference between the
"could" enroll income distribution and the actual enrolled income distri-
bution.

~

Let Yt be the current dollar value of relative income level i at
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TABLE III-4

Retention Rates between 5th and 12th Grades--
Total U.S. Students?

1955 .57
1956 .59
1957 .59
. 19¢8 .60
1959 .62
1960 .65
1961 .66
1962 .65
1963 .68
1964 g2
1965 .75
1966 74
1967 .75
1968 .75
1969 .76
1970 .79
1971 .79
1972 .80
1973 .83
1974 .83
1975 .83
1976 .86
1977 .86
1978 .86
1979 .88

dpates calculated using: (1) high school graduates given in
Table III-1 and (2) dropouts 1955-1979 given in unpublished table:
"Estimated Fall Enroliment in Fifth Grade Compared with High
School Graduates Eight Years Later: United States; 1950-58 to
1972-80," made available by Mr. Robert Davies, Center for
Educational Statistics, U.S. O0ffice of Education.
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time t for the "could" enroll students, i.e., U.S. males aged 35-55.

i
t

Suppose for a moment Yt , i=1...8, t=1955...1980, is known. Let Y

be the enrolled senior income distribution values, =ad let Rt be the

L
Y1960 , i=1...8, is known.
Finally, let ?i be the income distribution values in year t 1if the

i

Ve is known, i=1...8,

retention rate at t equalled R1960 . 1f

i

t=1955...1979, then the relative value Yt is between Y: , and Yt

is determined by the difference between Rt and R1960 . The values
of Yi and Yt should coincide as Rt approaches 1, and the following

equations result:

Yi = (aR_+ N Yt) + Yi i=1...8, t=1955...1980 III-16
such that a R1960 +b =1 I111-17
atb=0 . I1I-18

Eyuations 1II-17 and III-18 uniquely determined a and b .

1 1

<. b =T :

a = c————
R1960 1-R1 960
Equations III-16 to III-18 show how the enrolled and 'could" distri-
butions for 1960 grow with time. Yt is then determined by Rt alone.
. v SR | o .
Figure III-5 shows Y1960 Y1960 and Y1960 . The fact.that the

difference between Yi and Yt grows with 1 replicates Sexton's work

which shows that higher income students tend to drop out less.22
It remains to estimate Yi and Yt , i=1...8, t=1955...1979. Table
I1I-5 shows Y1959 and Y1969 calculated from 1960 census reports and

~

23,24

1969 Current Population Survey. In calculating Yi s, @ constant

inflation or growth assumption was made:
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;;1 - ;'t 1+ e(;igsg)} 1=1...8 i
where E(;1959) was taken from the 1959 and 1969 values:
R ;i 1/10
€ (Yjgs9) = ;%%‘2 -1
1959
80 vl - §i959 (1+e (o)1, ea19ss...1979 . 111-20

To obtain Yi » 8rowth rates were inter,~lated and extrapolated from the

E(Yigsg) rates and an equation analogous to III-20 was used. Table
I1I-6 shows the calculated grow rates. Table III-7 shows the computed
i

Yt » 1=1...8, t-1955...1979. This completes the estimation of the model.
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TABLE 1II-5

Current Values of Relative Income Levels
1959, 1969 for U.S. Males Aged 35-543

Relative Income U.S. Males U.S. Males
Level 1959 1969
.00 0 0
.20 2,740 5,074
.40 4,200 7,446
.60 5,292 9,167
.80 6,962 11,727
.85 7,667 12,77
.90 8,588 14,930
.95 10,525 17,967

aInterpo]ated values from tables given in Notes 23 and 24.
For instance, the current income of U.S. males aged 35-54 in
1969 who were at the 20th income percentile of all U.S. males
aged 35-54 made an annual income of $5,074.

TABLE III-6

Estimated Growth Rates of Current Values
of Relative Income Levels

U.S. Males Families of
Relative Income 35-54 Enrolled Seniors
Level 1959-1969 Based on Rygg0
.00 0 0
.20 6.4 6.3
.40 6.0 5.7
.60 5.6 5.3
.80 5.4 5.5
.85 5.2 5.4
.90 5.7 5.3
.95 5.5 5.0
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TABLE III-7

Estimated Current Dollar Values of Relative Income Levels
for Total U.S. Enrolled Seniors 1955-1979

Year Relative Income Levels

0 .20 .40 .60 .80 .85 .90 .95
1955 0 12,323 4,504 6,465 9,028 10,017 {11,623 |14,566
1956 0 |2,460 4,702 6,700 9,372 (10,390 (12,006 {14,993
1957 0 {2,608 4,929 6,982 9,788 |10,839 12,485 |15,541
1958 0 2,766 5,167 7.274 {10,215 {11,300 (12,976 {16,100
1959 0 {2,925 5,355 7,464 110,472 {11,571 13,239 |16,370
1960 0 |3,086 5,511 7,584 {10,605 |11,703 (13,347 |16,445
1961 0 13,270 5,762 7,874 {11,004 {12,130 13,809 {16,963
1962 0 {3,480 6,116 8,342 111,696 |12,880 14,645 |[17,942
1963 0 |3,678 6,331 8,541 {11,924 13,114 {14,895 |18,190
1964 0 3,883 6,528 8,696 12,055 |13,241 {15,040 |18,311
1965 0 |4,106 6,763 8,910 12,269 {13,459 {15,300 {18,575
1966 0 14,365 7,149 9,388 |12,934 |14,172 {16,117 }19,517
1967 0 14,640 7,557 9,892 (13,634 (14,924 (16,975 120,507
1968 0 (4,932 7,982 110,413 14,356 |15,698 117,862 |21,522
1969 0 |5,236 8,393 {10,891 {14,979 |16,360 [18,639 |22,402
1970 0 {5,542 8,726 (11,212 |15,283 |16,669 |19,067 [22,856
1971 0 5,886 9,194 |11,759 |15,992 {17,423 |19,967 |23,889
1972 0 |6,253 9,694 112,347 |16,757 |18,235 |20,937 ;24,992
1973 0o }6,625 |10,119 |i2,780 17,183 }18,673 |21,558 {25,683
1974 o {7,041 (10,682 |13,439 18,031 (19,573 |22,549 |26,924
1975 0 {7,483 11,278 }14,138 18,931 20,527 |23,810 |28,242
1976 0o (7,934 {11,803 [14,686 {19,473 |[21,086 [24,622 {29,155
1977 0 |8,434 12,474 15,471 20,474 }22,145 |25,926 |30,635
1978 || 0 8,965 13,180 {16,291 |21,508 123,237 [27,285 (32,172
1979 0 {9,510 {13,818 |16,965 |22,172 }23,921 |28,306 |33,328
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Discussion of the Model

The model represent3 an approximation to a comprehensive segmentation
description of high school graduates. Because this approximation is made
by combining information from diverse sources, several caveats must be made
before using this composite information.

First, instead of just college bound high school senilors, the entire

set of high school graduates in the United States was used. The national
high school graduate set was chosen to make the model as generally appli-
cable as possible while maintaining relevance to private colleges. Many
pr ivate colleges have national alumni systems and recruit nationally.
Also, there is inadequate regional or state income information for further
disaggregation of the model by state location or distance from a particu-
lar college. This data constraint is the reason travelling expensecs were
also not included in the segmentation model.

The second caveat 1s the inexactness of the assumed relationship
between n«<t family income and ability to pay college expenses. The rela-
tionship used in the model is the best estimate from the available infor-
mation but is obviously very imprecise. The years 1963 and 1971 were chosen
to show the progression of ability to pay curves. However, both the mag-
nitudes and.shapes of these published curves are changing from year to
year. For instance, the tables for a family with three dependent children
published in 1967 and 1968 change enough to intersect each other at two
points. This suggests that although CSS has the intent to be an objective
measure of ability to pay college expenses, CSS cannot derive a fixed form
for the relationship. Also the estimated income growth for the next decade
is based on the anticipated replication of the past decade economic conditionms,

which may be unrealistic.
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In addition, CSS curves are based on empirical information about what
parents were willing to payﬂ%br-college—like expenses at one point in time.
However, this emg;niéai basis gives little information about the willing-
ness to pay of a familf with the same income but faced with new prices,
recruitment techniques, and perceived educational opportunities involved
with increased low cost four-year public higher education and junior colleges,
state and federal scholarship and student aid programs, and other major
changes.

If the estimated CSS curves are correct, then there is a widening gap
between the student's ability to pay college expenses and costs of private
institutions. For example, the ninetieth percentile relative net family
income level in 1271 is approximately $20,000. (SS estimates this rela-
tive income level to have the ability to pay $2,830 in college expenses.

In 1963 the same relative income percentile level had the ability to pay
$2,440; therefore, the estimated ability to pay has increased at an annual
rate of about 2%Z. For the next eight years the increase in ability to pay
for the ninetieth percentile level is estimated to increase at an annual
rate of 4.5%. However, college costs have increased and are expected to
continue to increase at least at a 6% rate. Thus, a gap has formed be-
tween the increasing ability of families to pay college expenses (4.5%) &and
the increasing college expenses (6%).

Furthermore, the recruitable freshmen segmentation model would be made
more useful if there were (1) measures of the uncertainty of the parameters,
and (2) a sensitivity analysis of parameters. Measurements of uncertaiaty
are quite complicated due to the manner in which the information sources
were aggregated. Sensitivity analysis should be performed as part of

Gfurther research to understand better the relationships described by the
ERIC

IToxt Provided by ERI
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model. The author feels the CSS curves are the most uncertain and sensi-
tive parameters.

Also, even if the £8S ability o pay curves did describe willingness
to pay, there is a reporting discrepancy between actual net family income
of census information and the amounts reported to CSS on the Parents'
Confidential Statement. Consequently, to utilize the ability to pay for the
high school senior parent population, the relationship between the actual
net family income 2nd the reported net family income on the Parents' Con-
fidential Statement to CSS must be known.

This study has fallen short of deriving the sociological and economic
information needed to explain or predict willingness to pay. Ability to
pay from CSS is too simple a proxy for willingness to pay, although there
is some relationship between the two concepts. Obviously, for each income
level, some people at that income level are willing to pay more and some
less than the CSS defined ability to pay amount. The distribution is quite
uncertain but very worthy of future research.

The above factors must be welghed carefully in utilizing the model
for decision making. These factors also show the directions for further

research.
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CHAPTER IIT - NOTES

lPercentages derived from numbers given in "Table 8. Estimated Reten-
tion Rates, 5th Grade through College Entrance, in Public and Nonpublic
Schools: United States 1924~32 to 1959-67," U.S. Office of Education,
Digest of Educational Statistics, 1968 (Washington: U.S. Govermment Print-
ing Office, 1968).

2Every assumption except three which Doermann made was changed to pro-
vide more reliable estimates. However, the model structure is analogous.
The assumptions which coincide are: (1) SAT verbal distribution indepen-
dent of time, (2) three dependent children families representative of high
school graduate families for the purposes of calculating family ability to
pay, and (3) high school senior population representative of high school
graduate population.

3This study is summarized in Appendix A, College Board Score Reports
(Princeton, N.J., College Entrance Examination Board, 1970), p. 33.

ASexton, Patricia Cayo, Education and Income {(New York: Viking Press,
Inc., 1965), pp. 199-211. This study, centered on public education of one
city, found low income area schools dropout rates six times the drop out
rates of high income area schools.

5Doermann, op.cit., p. 93.

6Tables and Charts for Use with Computational Manual: 1955-56 Edition
(css, 1955).

7Bowman, James L., Some Thoughts and Reflections Regarding Parental
Ability to Pay for Higher Education (Princeton: CSS, 1970) pp. 6-7.
This publication provides a good summary of the controversy surrounding
the development of the CSS tables and their objectives.

8Survey of Consumer Expenditures, 1960-61, BLS Report No. 237-38,
April 1964.

9Bowman, op.cit., p. 12.

10Parents Confidential Statement--Academic Year 1971-72 {CSS, 1970), p. 2.

llUnusual expenses include housekeeping expenses for a working mother,
medical and dental expenses, extraordinary expenses, debt repayment,
schooling expenses, and expenses for other dependents. Manual for Financial
Aid Officers (New York: CEEB, 1965), p. 5-2.

12

Phone conversation with Mr. James Bowman, CSS.
2
13Several CSS curves have the property 9—%-3_0 . However, tables for
dy

-

Q 1967 and revisions for 1968 do not have this property.




40

14E(y) is not an economic inflation index adjusting for the change

in the consumer price index; rather, this deflation rate adjusts the
amount a constant income three—child family has the ability to pay from
one year to the next. The adjustment reflects the declining ability of
a constant income family to pay expenses due to both price inflation and
shifting expenditure patterns.

15Charters, W. S., Jr., and N. L. Gage, "Social Class and Intelli-
gence Tests,'" Readings in the Social Psychology of Education (Boston:
Allyn and Bacon, 1963), pp. 12-21.

16Shaycoft, Marion F., and John T. Dailey, Project Talent: Studies
of a Complete Age Group--Age 15 (Pittsburgh: University of Pittsburgh,
Project Talent Office, 1963), p. 123.

17Miller, Leonard S., Predicting Family Income in the SCOPE Sample
Working Paper No. 4 (Berkeley: Carnegie Commission on the Future of
Higher Education, 1970), p. 18.

s 10
Y ) P = 2Z(u,v where u, and v, are defined such that
L, & mn i’7] i h)
m=1i n=j
_f z(ui,v)dv = G? (yi) and _i z(u,vj)du = Fk(sj)

where z(u,v) is the bivariate normal distribution probability based on .4
correlation table: Pearson, Karl, Tables for Statisticians and Biometri-
cians, First Edition, Part II (London: Cambridge University Press, 1931),
Tables VIII and IX, pp. 90-91 and pp. 122-123. The '"midpanel central
difference formula" found on page xvii was used to interpolate values from
these tables. ’

19Net income definitions are not exactly comparable to the CSS income
definition. Census income includes wage and salary income; self employ-
ment income; net income (or loss) from rents; royalties; interest; dividends;
incom” ‘rom estates or trust funds, Social Security benefits; pensions;
vete: ~~yments; allotments for dependents, alimony; and receipts from
insurauce policies or annuities. Characteristics of Popuv’ation (U.S.
Government Printing Office, 1963) p. LXXIX. 1960 census income was esti-
mated to report about 94% of the total money income for persons 14 years
of age and older, 99% of the total wage and salary income alone.

20
Duplicate tapes were obtained from the Department of Demography,
University of California, Berkeley.

1Current Population Surveys are made in years when the national
census 1s not made. Consumer income studies are published in the P-60
Series, U.S. Department of Commerce, Bureau f Census. Income of families
and persons ir the U.S. have been published annually since 1947.

22Sexton, op.cit., p. 210.
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23"Table 23. Age and Veteran Status: Persons 14 Years of Age and
Over by Total Money Income in 1959, by Sex, for the U.S., Urban and Rural,'
Income of Families and Persons in the U.S.: 1959 (Washington: Bureau of
Census, Series P-60, No. 35), p. 38.

24"Tab1e 45. Age—Persons 14 Years Old and Over by Total Money Income
in 1969, by Race and Sex," Income of Families and Persons in the U.S.:
1969 (Washington: Bureau of Census, Series P-60, No. 75), p. 97.
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IV. ADMISSIONS PLANNING: THE CASE OF OHIO WESLEYAN UNIVERSITY

Introduction

Ohio Wesleyan University is a college located in Delaware, Ohio. It
recruits new freshmen primarily from the Northeastern and Middle Atlantic
states, and about 30% of its new freshmen enroll from Ohio. Ohio Wesleyan
has graciously made available admissions information for use in the inte-
grated model presented in this chapter.

This chapter first shows how the recruitable freshmen market has been
par;itioned by the Ohio Wesleyan fee policy and how it will be partitioned
in the future based on fee estimates up until 1979. The dynamics of the
recruitable freshmen market are explored, and the observation that the
number of students in different segments change at remarkably different
rates over time shows the need for segmentation analysis.

Next, the changing ability of Ohio Wesleyan to attract students in
different segments is integrated with the recruitable freéhmen model. The
changing ability to attract students also varies between student ability
and financial aid need. Finally, on the basis of the 1969-1971 Ohin Wes-
leyan experience, the future number and characteristics of potential stu-
dent gpplicants are estimated and interpreted. 1In addition, other important
racruitment factors not explicitly defined in the model are explained and

their inclusion accommodated by adjusting the model in certain ways.
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Applying The Model

To apply the model developed in Chapter III to Ohio Wesleyan University
the following information must first be obtained: tuition fees, room and
board {ees, personal expenses, and expected summer earnings for male and
female freshmen. Table IV-1 gives this information estimated through 1979.
Personal expenses have historically grown at a rate of 4.427 percent per
year.

The model in Chapter III will be used to estimate: (1) enrollments,
(2) verbal ability of the enroiled classes, and (3) financial aid funds
needed by assuming that historical Ohic Wesleyan trends will continue. If
the model estimates differ from the expectations of the planners, the
differences must be due to some deviation from the historical trends caused
by either newly planned recruitment policies or external environmental
éhangeS. The planner will then be able to re-evaluate or gain confidence
in his implicit expectations embodied in the Table IV-1l estimates.

Take the following illustration to see how the model in Chapter III
can be applied: It is year t , sc N:(a, sth) estimates are known.

Also the numbers of students in year t who applied, who were accepted,
who werc uffered various amounts of aid, and who enrolled are known. With

are esgti-

denoted T (a, 8|T

t+l)

k
1
the planner’'s estimate of T t4l Nt+1

t+l °
mated, Suppose the same ratios between the numbers of recruitable fresh-
men and those offered and accepting aid and enrolling continues through time
t+l . Then what would enrollments be, what would be the distribution of
verbal ability, and how much aid would be offered to the new freshman class?

What does the admissions planner conclude if the results show enrollments

down 20% and financial aid funds up 25%? The planner will then attempt to



TABLE IV-1

Ohio Wesleyan University Information for
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Recruitable Freshmen Segmentation Model: 1955-1979
Change in| Total Expected Expected
Total b Ex- c ] Room Persona’ Summer Summer
Year|Expenses | penses |Tuition and Board Expenses Earnings | Earnings |
Male Female
1955 -- 1,550 600 650 300 300 200
1936 5.4 1,633 650 670 313 300 200
1957 3.9 1,697 700 670 327 300 200
1958{ 15.6 1,962 920 700 342 300 200
1959 5.6 2,072 970 745 357 300 200
1960 5.4 2,183 1,020 790 373 300 200
1961 2.6 2,239 1,050 800 389 300 200
1962 5.2 2,356 1,150 800 406 300 200
1963 7.1 2,524 1,300 800 424 300 200
1964 5.7 2,668 1,350 875 443 300 200
1965 8.2 2,888 1,550 875 463 300 200
1966 2.4 2.958 1,600 875 483 300 200
1967 5.0 3,105 1,700 900 505 300 200
1968 7.1 3,327 1,800 1,000 527 300 200
1969 7.0 3,560 1,975 1,035 550 400 300
1970 9.6 3,900 2,250 1,075 575 4co 300
1971 7.7 4,200 2,480 1,120 600 400 300
a -
1972 6.0 4,452 2,650 —j 1,175 627 400 300
1973 5.1 4,679 2,805 1,220 €34 400 300
1974 4.6 4,893 2,940 1,270 683 400 300
1975 5.2 5,149 3,120 1,320 709 500 400
1976 5.3 5,420 3,310 1,370 740 500 400
1977 5.6 5,721 3,515 1,425 781 500 400
1978 5.4 6,030 3,735 1,480 815 l‘7 500 400
1979 5.5 6,361 3,970 1,540 851 500 400
qestimated.

o
ERJCInformation not needed for model.

Toxt Provided by

“Does not include summer earnings assumption
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point to other circumstances such as increased attractiveness of his insti-
tution, more effective recruitment techniques, or something else, if enroll-
ment and financial aid funds are planned to remain constant. The planner
can revise the tuition estimate, or begin action fo:r increased financial

aid funds, or initiate revised recruitment strategies. For the first time,
the admissions planner has a means to evaluate his iwplicit expectations
explicitly. College planning takes on a new dimension by actively inte-
grating attributes of new students into the planning process.

The recruitable freshman model estimates numbers for various market
segnents. In applying the model, the changes over time in fixed market
segments will be studied. Market segments or cells will be definec¢ by
$500 levels of financial aid needed, ten score intervals, ani' male and
female. Each segment represents an interval on each of the {hree segmen-
tation dimensions. Table IV~2 gives these intervals.

This analysis first looks at the .iumb=rs of recruitable freshmen in
each of these cells and how these numbers change through time. Next, this
study relates, in recent years, how part of each recruitable freshmen cell
has applied to Ohio Wesleyén, has been accepted and offered aid, and then
enrolled. These parts of the recruitable freshmen cells going to Ohio
Wesleyan will be referred to as Ohio Wesleyan's market shares. Tne third
part of this application estimates the market shares of future markets if
the recent relationship continues betwezen the recruitable freshmen segment
number and Ol:io Wesleyan's share. Finally, these future estimated shares

{

o l )
imply certain new enrollments, needed financial aid funds., and verbal
0
ccore distribution of the enrolle. class. These estimates will be compared
\

to the planner's expectations from Ohio Wesleyan for evaluation and recom=-

mendations.




TABLE IV-2

Intervals in Segmentations Dimensions: 1955-1979
SEGMENTATION DIMENSIONS
Financial Aid
_Sex Need Verbal Score
Male a<bo 200 < s < 250
Female 0 <a < 500 250 < s < 300
500 < a < 1000 300 < s < 350
1000 < a < 1500 350 < s < 400
. 400 < s < 450
. 450 < s < 500
. 500 < s < 550
ac< T+bt 550 < s < 600
600 < s < 650
650 < s < 800
Unknown
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Recruitable Freshman Market Segments Over Time

Using the segments defined in Table IV-2 and Ohio Wesleyan's infor-
mation in Table IV-1l, and the recruitable freshman model in Chapter III,
we have estimated the number of recruitable freshmen in each segment.
Table III-1 and Figure III-1 of Chapter III already have shown how the total
number of male and female recruitable freshmen change over i¢ime.

Here male and female numbers are broken down either by the financial
aid needed intervals or by the verbal score intervals. Table IV-3 lists
the numbers of male and female recruitable freshmen within three score
intervals and Figure IV-1 and Figure IV-2 respectively illustrate the
portions of recruitable freshmen falling into these intervals over time.
Note that the verbal score distributions are independent of time so that
the numbers in each score interval grow at the same rate as the total male
or female recruitable students. Since no controllable college variables
affect these distributions, the score segment numbers are the same for
all colleges. The rates of growth of score intervals are given in Table
III-1. However, numbers in financial aid needed intervals do depend
upon the college expenses and summer eafnings expected.

Table IV-4 and Table IV-5 list the number of recruitable freshmen in
each of the $500 intervals from 1955 through 1979. Figure IV-3 and Figure
IV~4 graph these numbers. These numbers show a substantial decline in
magnitude in each of the lower financial aid needed intervals. 1In fact,
to maintain the same total number of male students with zero financial
aid needed as in 1959, 159,000, progressively higher levels of aid are
required in successive years. In other words, to have 159,000 students in

1979, one would move to the right to approximately the $1,625 financial need
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TABLE IV-3

U.S. Recruitable Freshmen in Verbal Score
Segments: 1955-1979, By Sexd

{in thousands)

[ Male ‘ Female
Year 1200 <s < 400 ]400 < s < 600 |s > 600 || 200 < s < 400 [ 400 < 5 < 600 | s > 600
1955 369.4 244.2 32.4 393.7° 274.2 35.2
1956 388.7 259.2 34.1 413.8 288.2 37.0
1957 396.7 264.5 34.8 420.0 292.5 37.5
1958 415.5 277.0 36.5 439.0 305.8 39.2
1959 453.7 302.5 39.5 475.4 331.1 42.5
1960 511.9 341.2 44.9 541.0 376.7 48.3
1961 546.1 364.0 47.9 567.3 395.1 50.7
1962 536.4 357.6 47.1 551.0 383.8 49.2
1963 546.6 364.4 48.0 555.0 386.5 50.0
1964 643.5 429.0 56.5 656.9 457.5 58.7
1965 762.1 508.1 66.9 7.7 537.4 69.0
1966 755.8 503.9 66.3 753.8 524.9 67.3
1967 759.8 506.2 66.6 754.9 525.7 67.4
1968 764.4 509. 6 67.1 761.6 530.4 68.0
1969 802.6 535.0 70.4 801.4 558.1 7.6
1970 843.0 562.0 74.0 834.4 581.1 74.5
1971 878.9 586.0 77.1 869.1 605.3 77.6
1972 912.6 602.4 © 80.1 898.2 625.6 80.2
1973 942.8 628.5 82.7 924.6 643.9 82.6
1974 973.0 648.7 85.4 952.6 663.4 - 85.1
1975 1,001.5 667.7 87.9 978.3 681.3 87.4
1976 1,022.0 681.3 89.7 995.7 693.4 88.9
1977 1,084.8 696.6 91.7 . 1,014.7 706.7 90.6
1978 1,077.9 718 .6 94.6 1,039.9 724.2 92.9
1979 1,087.6 725.1 95.4 l 1,047.4 727.4 93.3

4The ten score intervals have been aggregated into three intervals for eass in
exposition.
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FIGURE IV-3
Number of Male Recpuftable Freshmen by Financial Ald Need Level: ynited States 1955-1979
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level, compared to the $0 need level in 1959. Figure IV-5 shows how the

$0, $500, and $1,000 need level numbers in 1955 shift to higher financial

need levels over time ipn order to illustrate this point. igure IV-5

also shows what financial aid levels Ohio Wesleyan would have to adopt

to maintain the same number and mix of male students as in 1955. One interpre-
tatio: would be that in 1979, if additional financial aid of $1,625 were
offered, then the number of people with $0 additional need would be the

same as the number with $0 additional need in 1955. In a sense, Figure

IV-5 represents policies for fixed numbers in financial need market

segments in the student population through time.

Tke numbers in the female segments are lower than male segments be-
cause female students are assumed to be able to earn one hundred dollars
less during the summer before their freshman year (Table IV-1). This means
that families of female students must be able to pay $100 more, and thus
female segments have siightly smaller numbers than the same segment for
male students.

Table IV-4 and Table IV-5 show that in each financial need category,
declines in recruitable freshmen numbers are expected to continue even
including the effects of the growing income of the recruitable freshmen
parent population (Table III-7), the decreasing ability to pay based on
fixed net family income (Table A-1, Appendix A), the growing number of
high school graduates including the various increased school reteantion
rates over time (Table III-1), and Ohio Wesleyan's fee structure (Tabie
v-1).

It is obvious that the planned tuition policy will force more and
more of the national recruitable freshmen into categories where, if they

apply, they will need increased aid to attend. Another way to illustrate
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how Ohio Wesleyan is pricing itself into smaller and smaller numbers of
recruitable freshmen is to look at the relative net family income levels
over time that are associated with Ohio Wesleyan's financial aid needed
levels. Figure IV-6 shows how each male recruitable freshmen financial
aid needed level in each year has a corresponding relative net family
income level. It shows how these relative income levels have been grow-
ing and will continue to grow at staggering rates, not only at the $0
need level, but also for each successive level.

Figure IV-6 can be misleading because it illustrates cnly relative
income and does not reflect the increasing number of high school graduates,
One way this figure might be used to sh- - the tultion policy implical;ons
in terms of the relative net family income distributions is the follow¥ng.
In 1971, male students with zero financial need must be in at least the
94.93 relative net family income percentile, which by 1979 jumps to 97.67.
However, Ohio Wesleyan may historically have recruited and enrolled, and
thus become quite dependent upon students, at exactly the 95th relative
net family income percentile. So whemn, 1in 1972, the zero financial aid
needed percentile jumps to 95.13, the result would be a much greater de-
cline in admission applications and enrollments than anticipated.

While the recruitable freshmen model clearly shows how the college
need for financial aid funds may have increased, the mcdel does not pre-
dict how successful alternative recruiting strategies would be in bringing
students from these recruitable segments to Ohio Wesleyan. Although the
total number of students is increasing, the Ohio Wesleyan fee policy
forces fewer and fewer students into segments having access to its higher
education on a reasonable self-supporting basis.

At this point the analysis expands from two segmentation dimensions

O
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FIGURE IV-6

Relative Net Family Income Percentiles Associated with $500
Financial Aid Needed Levels for Male Recruitable Freshmen: U.S. 1955-1979
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to three: sex, financial aid needed, and verbal score. A Sepafate
computer printout supplement gives the estimated numbers of recruitable
freshmen in these three dimensional segments from 1955-1979.

In combining verbal s ore and financial aid need level for each sex,
the effect of the correlation between relative income and verbal scores
is quite significant. Although the tuition policy limits enrollments to
higher and higher relative income percentiles, the score distribution of
students in the higher income percentiles is composed more and more of the
higher verbtal scoring students. The effect of this joint relationship
means that as Ohio Wesleyan decreases the relative proportion of recruit-~
able freshmen by forcing students to be in higher relative income brackets,
the percentages of these smaller portions of students with high verbal
scores increases. For example, in 1955, 43% of high school graduates are
estimated to have scored at least 400 in verbal aptitude. The recruitable
freshmen who could apply to Ohio Wesleyan with zero financial need was
24.6%, and the recruitable freshmen with zero financial neéd and scores of
at least 400 was 15.5% or 634 of the recruitable freshmen with zero need
(100,700 students). However, in 1979, 43% can still score at least 400
in verbal, but only 2.33% have zero financial need, and 1.77% have both
zero financial need and score at least 400 which then represents 75X of
the zero financial need segment (33,700 students)--a compositional increase
or shift of 12%.

When jointly combining .verbal score and need levels to study the
changes in numbers in market segments, the influence of four factors be-
come evident: (1) an increase in the relative percentile levels of stu-~
dents at various need levels illustrated in Figure IV-6; (2) the constant

celative percentiles over time of students with various score levels;
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(5) the growing number of totsl recruitable freshmen, and (4) the corre-
lation between relative income and verbal scores. The results clearly
show that segmenting by either verbal score or financial aid needed alone
can be misleading. The rates at which the recruitabl: freshmen market is
‘changing for a college depend completely upon the distribution of appli-
cations, acceptances and enrollments over all levels of aid and all levels
of scores—-once personal and institutional expenses have defined the fi-
nancial aid needed segments.

Thus, between 1955 and 1979, the Ohio Wesleyan tuition policy de-
creases the number of recruitable freshmen with zero financial aid need
from 24.6% of high school graduates to 2.33%--a decrease of 90%. However,
the number of high school graduates approximately triples. Furthermore,
if Ohio Wesleyan was interested only in students scoring at least 400 on
the verbal test, then the upward compositional shift of 12% of the zero
financial need students with at least 400 scores shows the magnitude of the
decline may not be as serious as indicated in Figure IV-6. The relative
income figures by themselves tend to exaggerate the rates of decline.

The total market decline for zero financial aid students is from 159,000
in 1955 to 44,000 in 1979, or 72%. But for students scoring at least 400,
the decline is from 100,700 to 33,700, or only 65%. The immediate con-
clusion is that the rate of decline in segment numbers varies with the
score levels and with how high in the relative net family income distribu-
tion the tuition policy is segmenting students.

Not only have compositional changes occurred in verbal score propor-
tions within finzncial aid need levels, changes have also occurred in
financial aid need proportions within verbal score 1evels. For example,

iﬁ 1955 the number of male zero financial need students with scores at




59

least 400 made up 35.8% of the total male recruitable students with
scores at least 400. However, in 1979, male zero need students with
scores at least 400 make up only 4.1% of the total male recruitable
students with scores at least 400--a decrease of 88.5%.

Pushing the above examplea little further shows a major conclusion
6f this study. The rates at which the numbers in Table IV~3 and Table
IV-4 are changing within financial aid need categories are markedly diff-
erent. However, these differences are exaggerated whern looking at Figure
IV-6. In a similar manner, if each particular need interval was chosen and
the rates of change for various verbal score intervals were computed,
these rates would also differ. The fact that the segments differ in rates
of change necessitates segmentation as a manner of perceiving change in
the entire number of recruitable freshmen. A college should not lump seg-
ments together because the rate at which a college's murket changes de-
pends upon the numbers of students with various levels of aid needed and
their score levels within each of the aid categories. Using average
score or any other one measure such as average need is quite deceptive.
The distribution of students over all score levels within all financial
aid needed levels must be considered to calculate the real changes iﬂ the
size of recruitable freshmen. In other words, joint segmentation by
financial aid needed level and verbal score level is necessary.

Table IV-6, Table IV-7 and Table IV-8 are designed to show how the
rates of change in male recruitable freshmen differ for Ohio Wesleyan for
three intervals of time; 1955-1979, 1963-1971, 1971-1979. All these rates

AN

These segment numbers combine all the market influences together.

reflect the particular Ohio Wesleyan values in Table IV-1.

The tables show the percentage of change in the segment numbers during
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the specified time intervals. The 1955-1979 table shows that a college
with Ohio Wesleyan's fee structure which recruits from the highest scoring
students is in the best position in terms of number decline. This table
also shows the very difficult position a private college would be taking

if it wanted to maintain lower scoring students who can afford their educa-
tional expenses.

Table IV-7 and Table IV-8 show that a college which recruits high
scoring students is again in the best relative position in terms of market
decline (assuming it was already recruiting high scoring students at the
beginring of the time interval). However, the high scoring, zero financial
aid need students are projected for an increasing decline in the next eight
years. Since zero financial aid needed students are considered '"bread and
butter" students, these rapid future declines may be quite serious.

Overall, Tables IV-6 to IV-8 show that the rates of changes in market
segments vary considerably. These differences make it necessary for a
college to relate the portions of the student body coming from each seg-
ment ir order tc properly evaluate the future student body implications
based on the estimated recruitable freshmen segment changes. Ohio Wesleyan's
recent relationship between the recruitable market segments and the Ohio

Wesleyan entering freshmen is the next step in this analysis.




TABLE IV-6

Percentage Rates of Change in Ohio Wesleyan's Male
Recruitable Freshmen Segments: U.S. 1955-1979

Verbal Financial Aid iniervals
Intervals, Total Verbal
0 0-500 500-1000 -- Interval

200-250 -87.9 -95.2 -98.8 -- 294 .4
250-300 -85.7 -91.3 -97.2 -- 294 .4
300-350 -83.1 -90.8 -95.4 -- 294 .4
350-400 -73.1 -86.6 -95.2 -- 294 .4
400-450 -74.6 -82.1 -90.8 -- 294 .4
450-500 -71.0 -77.4 -84.9 -- 294 .4
500-550 -67.2 -70.4 -82.5 - 294 .4
550-600 ~-62.6 -62.1 -77.5 -- 294 .4
600-650 -57.0 -47 .0 -55.0 -—- 294 .4
650-800 -47.7 ~-14.6 -11.0 -- 294 .4
Total

Financial Aid

Interval -72.3 -80.4 -91.3




TABLE IV-7

Paercentage Rates of Change in Ohio Wesleyan's Male
Recruitable Freshmen Segments:

U.S. 1963-1971

62

Verbal Financial Aid Intervals
Intervals Total Verbal
0 0-500 500-1000 |1000-15000{1500-2000| Interval

200-250 -55.8 -54.6 -81.9 -80.1 -84.7 60.8
250-300 -49.7 -63.1 -75.3 -71 © -66.6 60.8
'300-350 -45.2 -54.1 -77.1 -69.2 -56.9 60.8
350-400 -42.7 -13.1 -60.0 -68.2 -89.2 60.8
400-450 -37.1 -36.2 -63.0 -56.7 -55.5 60.8
450-500 -32.8 -31.7 -57.7 -54.3 -38.8 60.8
500-550 -28.5 -27.1 -51.9 -44.5 -42.8 60.8
550-600 -23.5 -21.6 -44.3 -35.9 - -23.9 60.8
600-650 -17.8 -15.1 -35.0 -2C.6 - 5.0 60.8
650-800 - 8.5 - 4.5 -18.4 -11.8 -29.9 60.8
Total

Financial Aid

Interval -33.0 -34.5 ~62.6 © -60.2 -62.4
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Ohio Wesleyan's Relationship to the Recruitable Freshmen Segments

Conceptually, segmentation can be thought of in terms of a network.
Segmentation partitions the flow of one major arc (all high school grad-
uates) into many smaller arcs defined by three dimensions. Each segment
or cell would be exactly one of the smaller arcs. The last section showed
how the rate of flow of students through each arc varies considerably so
each arc should be considered separately and the rate of flow of all stu-
dents is the sum of the weighted rates of all the arcs.

From each cell, Ohio Wesleyan must identify the students who apply,
who are accepted and offered aid, and those who enroll. This identifica-
tion process further partitions each segment or arE into smaller arcs.

If an applicant does not submit a request for aid, the applicant is
assumed to have zero need. An applicant is also classified as zero need
if there was an aid request bu% no need was found.l In all other cases,
need is computed as positive and the $500 interval of aid specified. Sim~
ilarly, verbal score uniquely identifies a student to a score interval,
unless it is missing (the last verbal interval is "unknown'). Sex is
always identified on the ;pplication. Hence, each application is uniquely
identified as coming from one cell. The model in Chapter III gives the
estimated national numbers in these cells and how these numbers are chang-
ing. It remains to define an historical relationship between cell numbers
and applicants, acceptances, aid offers, and enrollments.

In describing the Ohio Wesleyan.relationship to the recruitable
freshmen each year, there is a flow from each recruitable freshmen cell
directly to Ohio Wesleyan composed of those students who apply. The exact

cell or ~rc is determined by sex, computer financial aid need, and verbal
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score. Once the flows of applications are determined, then a subset is
accepted and offered various combined aid packages of scholarship, loan,
and part-time work funds. Finally, enrollments flow from accepted appli-
cants who were given aid offers, and accepted applicants who were not
given aid offers; 90% of the time, aid offers exactly cover financial aid
need.

Of the enrolling students who were offered aid, approximately 93%
of the aid offered is accepted by the students. The applicants who receive
no offer but who were accepted and enroll are assumed to somehow obtain
additional resources so their willingness to attend level is higher than
the estimated CSS ability to pay level. Figure IV-7 shows how these arcs
flow from each recruitable freshmen cell to Ohio Wesleyan.

Demand analysis is particularly complicated in admissions due to the
multitude of environmental factors and the combinations of financial aid
offers of scholarship, loan, and part-time work funds. To compute the
historical trend of the recruitable freshmen - Ohio Wesleyan relationship,
the base year of 1971 was chosen because it is the most relevant in terms

- of what total financial funds are expected to be available and what types
of financial aid offer packages will be made.

The year 1969 was chosen as the second point in time to seek an
historical trend. The year 1970 was not chosen because it was considered
not characteristic of the Ohio Wesleyan admissions history. Briefly, in
1970, acceptance notices wére mailed just before the time that state college
and university campus disturbances concerning the Cambodian invasion were
widely publicized. After the disturbances, an extraordinarily high pro-
portion of accepted students eﬁrolled at Ohio Wesleyan.

The financial need intervals in common between 1969 and 1971 range

ERIC
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from $O to $3,500. 1In defining an historical trend, the following pro-

cedure was used: Let AY  be the market share in segment (i,3j) at

i3

time t --the proportion of the number of stude ts enrolling at Ohio

Wesleyan is of the total recruitable freshmen in that segmentation cell.
1969 o1
1] J

cell has averages for finacial need, verhal score, scholarship, loans,

and Ai , 1i=1...8, j=1,...,11 are known. In addition, euch
and part-time work funds. The historical trend will capture the change in
recruitability for each cell as the fee structure increases relative in-
come levels for students able to enter at different levels of financial

t . . .
need. Let ri be the relative ne: family income level associated with

financial need level 1 at tine ¢t . Figure IV-6 is a graph of the male

rF . Then the relative net family income interval associated with level
1
i at t 1is rt - rt
i+l i

As the interval sizes chanze, so may the recruitability for Ohio

Wesleyan. Thus, let

1971 ,1969
AT T=ATT
fij = ij i = A market share (i,])
(1971 19711 (L1969_ 1969 A relative income
i+l i i+l i iaterval 1

Iv-1

be the rate of change in the historical market share of Ohio Wesleyan as
the fee structure in Table IV-1l reduces the relative net family income
intervals associated with various financial need intervals.

Finally, for t > 1971 , let the following equation estimate the
market share based on the 196s-1971 historical trend:

Eo_ a7, e _.t] {1971 19s1 ]

i ] i Eiy [ri+l P17+ T IJ 1v-2

A

i=1...8
4=1...11
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To obtain the enrollihg number of students in a cell, the market
shae 1s wultiplied by, the total number of recruitable frechmen in that cell.
To obtain the distributions of financial aid need and verbal scores, the
means for ajq accepted and verbal values of each cell in 1971 are assumed
to be representative in subsequent years.

As an example, ¢xamine the cell of zero financial need female stu-
dents with scores between 500 and 550. The percent of students enroiled from
this ~ell in 1969 and 1971 was 79 and 78 respectively. But the relative
net family income interval decreased 2.38 from 7.325 to 5.07 at the same time
the market share increaced from .4C% to .62% of the national recruitable
freshmen. Thus, the rate of change of markn:t share between 1969 and 1971
is fija—.0006. This figure means that as the Ohio Wesleyan fee policy
decreases the relative net family income interval for zero financial aid
need students, then the market share will increase .06% for every 1%
smaller relative income interval.

Another way to interpret this examplc is to examine the market share
as the recruitment or attractiveness efficiency in each cell. The effi-
clency increased from .46%Z to .62%, a 34.8% increase in tw. years. How-
ever, although efficiency increased, the recruitable freshmen numbers in
the cell decreased due to the fees from 12,200 students to 9,300 stu&ents,

a 23.8% decline resulting in the enrollments of 79 and 78 new freshmen ir
the particular cell.

Thus, equation IV-2 gives an historical trend based on the years
1969-1971. This trend shows how the change in enrollments from recruit-
able freshmen cells is related to the pricing structure effects on relative

net family income levels. "
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Trends in New Freshmen

A model has now been completed which integrates the recruitable
freshmen segmentation cells with Ohio Wesleyan's attractiveness to stu-
dents. 1ne i1esult is a new admission planning tool with which to evaluate
the expectations about new freshmen for the admissions planner.

In the 1969-1971 period, all the relative net family income intervals
associated with each financial aid need level decreased in size. This
shrinking of relative net family incoun. intervals continues through 1980 as
shown in Figure I[V-6. The ability of Ohio Wesleyan to attract new freshmen
shifted somewhat during the 1969-1971 period; male enrollments decreased
9.5% while female enrollments grew 3.1%. Both male and female students'
verbal score distributions shifted downward; and increased numbers of high
level financial aid students enrolled, particularly in the $3,000-3,500
level of financial aid female students.

Appendix C gives the enrolling numbers at Ohio Wesleyan from each of
the recruitable freshmen segmentation cells in 1969 and 1971. These en-
rolling numbers embody the different rates of change in each of the segments
in Table IV-6 in order to determine how the actua. recruitable freshmen
market shares are changing (equation IV-2).

The results show what may happen if the 1969-1971 trend is continued
as the fee structure in Table IV~1l shifts relative income levels higher
and higher. 1In general, the 1969-1971 trends continue at the post-1971
recruitable freshmen segment rates of change (Table 1V-8). Of course,
these post-1971 recruitable freshmen segment rateyg reflect the estimuted
Ohio Wesleyan fee policy and the high scho:l graduate environment.

Figure IV-8 and Figure IV-9 show how the 1971 verbal score distribution
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will continue to shift downward. These figures combine the different
rates of change in the Ohio Wesleyan attractivenéss in each verbal score
interval. The rate of the downward shift is not as great overall as the
1969-1971 period. However, there is reason to consider that these shifts
may be conservative as will be discussed shortly. Figure IV-10shows the
decline in the male, female, and total verbal score means for the new
freshmen.

Enrollments are also estimated to decline, but it is male students
who are indicated to decline most dramatically. Figure IV-11 shows the
male, female, and total enrollments. It is not until 1976 that a great
departure from 1971 numbers occurs.

' There are also distinctive shifts in the distribution of students by
financial need level. These shifts are shown in Figures IV-12 and IV~13,
where 15.6% more women than men enter with zero financial aid and in
general have higher verbal scores. Both male and female financially
aided students are distributed almost evenly at all levels of aid with a
slightly higher proportion entering from the highest need.levels. Both
distributions shift only slightly toward the lower amounts of aid students
by 1979.

The three types of financial aid offered are graphed in Figure IV-14
for male and female students. This figure shows how male students enroll
with more schélarship funds and less loans and part-time work. Also, more
aid students are male than female. The reason all the funds decline in
general 1s because the fee structure pushes the financial aid leyvels into
smaller and smaller relative income intervals.

Table IV-9 and Table IV-10 show the rates of change expected in the

various segments for Ohio Wesleyan and the rates of change in Ohio Wesleyan
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FIGURE 1v-B: MALE VERBAL SCORE DISTRIBUTIONS: OHIO WESLEYAN, 1971-1979
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FIG -10:
URE IV-10: FRESHMEN CLASS VERBAL APTITUDE SCORE MEANS: OHIO WESLEYAN, 1371-1979
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FIGURE 1v-32: MALE FI®~NCIAL AID DISTRIBUTION: OMIO WESLEYAN, 1971-1979
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market shares. Even though the market share is increasing, the fee s.ruc-
ture is decreasing the sizes of the segments (see Tables IV-6 through IV-8},
so enrollments in general still decline. Tables IV-1l and IV-12 present

the same information for female students.

Tables IV-9 and IV-1l are the primary informational outputs of this
analysis. These tables were used in deriving the other figures of this
section. It is important to note that the actual estimated changes in
entrollments Chio Wesleyan can expect based on the 1969-1971 trend inte-
grates (1) the recruitable freshmen segment changes from environmental
factors and the Ohio Wesleyan fee structure (Table IV-8), and (2) the
estimated change in recruitability performance based on the 1969-1971 trend
(Tables IV-10 and IV-12). Both the numbers in recruitable freshmen seg-
ments and Chio Wesleyan's recruitability performance vary from segment to
segment. Variations in either factor would necessitate segmentation in
planning analysis. Since both factors vary, segmentation becomes even
more important.

The first insight obtained from the model is that Ohio Wesleyan 1is
facing a serious admissions problem if verbal distribution downward shifts
are to he halted, even mor: serious if the downward shifts are to be re-
versed. This problem arises from the fact that acceptances have been as
high as 83% of applications in recent years so there is little excess
demand available to expleit with desired attributes. Enrollments and

_verbal distributions are on the decline. However, there remain Some
financial aid funds to be re—allocated.

The most striking insight presented in the results is the willingness
of the institution to maintain a 1:1 male'female ratio. If both financial

aid funds and verbal scores are highly valued, then keeping the male/female
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Based on 1969-1971 Trend:

TABLE IV-9
Percentage Change in Male Enroliments Between 1971 and 1979

Ohio Wesleyan

76

Score Financiai Aid Intervals
Level 0 0-509 | 500-1000 1000-1500 [1500-2000 | 2000-2500 | 2560-3000 ] 3000-3500
200-250 !| - -- -- -- - -- - -
{ 250-300 !| -- -- -- - - -- - P
1300-350 .- -- -- -- - -- - - §0.0
| 350-420 oo - - -- - -- -- -100.0
| at0-250 {! 6.7 | - - - 0 1000 | -s0.0 | -100.0
E 450-500 “ -21.8 -- -- 0 - 50.0 - 28.6 ~ 66.7 - 75.0
{ 500-559 '] -56.8 200.0 ~100.0 0 -25.0 - 60.0 -1012.0 - §0.0
}sso-soo | -43.5 -- -- 0 143 | -1 - 42.9 | - 60.0
l 600-650 ;! -55.6 -- 0 .- - -100.0 0 0
' 650-809 ! -38.% -- 0 50.0 -100.0 -100.0 0 --
Lnkno»m ! 0 200.0 -- [¢] 0 -- .- -100.0
TABLE 1v-10
Percentage Change in Male Market Shares Between 1971 and 1979
Based on 1963-1971 Trend: Ohio Wesleyan

Score I Financial Aid Intervals

Level 0 0-500 1 500-T0u. [T050-T500 T1500-2000 1 2000-2500 | 2500-3000 | 3000-3500
200-250 . -- -- -- -- -- --
250-300 | .- -- -- -- -- -- -- --
300-350 - - .- .- -- -- -- 79.9
350-400 [' 34.6 -- -- .- .- -- -- -100.0
400-450 , . -- -- -~ - 16.2 -100.0 in.o -100.0
450-500 37.2 - -- - 2.9 - 42 147.9 29.2 18.9
500-550 -23.4 3971 -100.0 -22.3 18.9 1.0 -100.0 n.9
550-600 i - .8 -- -- - 7.3 16.0 3.5 47.8 22.5
600-650 | -24.0C -- 57.1 - .- -100.0 m.o 1M.o
650-80C 4.8 - 10.9 18.9 -100.0 -100.0 37.% --
| Unknown Y soe {397 -- 29.8 6.6 -- -- m.o
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Based on 1969-1971 Trend:

TABLE Iv-11
percentage Change in Female Enrollments Between 1971 and 1979

Ohio Wesleyan

ri;om Financial Aid Intervals

; Level 1] 0-500 [ 500-1600 [1000-1500 [ 1500-2000 ] 2000-2500 | 2500-3000 | 3000-3500 |
E-?SO - -- -- -- -- -- -- --

| 250-300 -- -- - -- - -- -- --

| 300-350 - -- -- -- -- .- I - - 50.0

150-300 || -100.0 -- - 0 -- 2500 1 -- --

40C-850 - 4.5 -- 0 -- -- -- -100.0 -100.0
1 450-500 |- 4.0 100.0 0 0 - 50.0 -100.0 - 57
[500-550 | - 34.6 -- - 50.0 0 0 16.7 - 50.0 0
isso-soo | ea.s 200.0 -100.0 0 0 -100.0 -100.0 - 40.0
!eoo-sso - 51.4 -- 0 0 -50.0 -100.0 0 - 28.6
isso-aoo |- 73.7 -- 0 0 -50.0 -100.0 - 50.0 0
“.Unknown I o -- b == ¢ == e -100.0

TABLE 1v-12
Percentage Change in Female Market Shares Between 197) and 1979
Based on 1969-1971 Trend: Chio Wesleyan

' Score Financial Aid Intervals i
| Level 5 ~500__ ] 500-1000 ] 000~ 150 | 1500-2000 ] 7000-2500 | Z500-3000 | J000-3500
| 2c3-250 || - -- -- -- -- -- -- --
250-300 4 - - - -- - .- -- -
300-360 . -- - -- -- -- -- -- 49.2
| 350-400 J -100.0 -- -- 50.3 -- 207.0 -- --
| cc0-250 l 85.7 -- 93.6 -- -- -- -100.0 | -100.0
!450-500 85.8 260.0 61.1 50.3 320 121.6 -100.0 83.1
}soo-ssc 27.8 -- | - 9.0 7. 27.5 207.0 45.9 95.6
{ 550-5C0 TS 260.0 i -100.0 15.6 8.1 -100.0 -100.0 95.6
.lsoo-sso - 8.6 -- Pos -22.5 -45.8 -100.0 95.6 95.6
! 650-800 I - 4B.0 -- . 10.6 - 8.5 -40.8 -100.0 38.3 95.6
iUnknoun . 103.8 -- < -- -- 19.1 - -- 95.6
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ratio equal to one is even a more valuable goal. Female students re-

quire less financial aid and are above the male score distribution with
verbal scores. Thus, the additional or marginal recruitment cost must be much
less for female students. Yet for years the institution has recruited
vigorously to maintain the sex ratio---incurring higher recruitment costs,
consuming more financial aid scholarship funds, and meeting lower verbal
score standards. The 1:1 male/female ratio goal is very important to this
institution, and it is reasonable to assume this goal will be pursued with
even more di.ficulty during the next decade. A similar goal is that of
minority recruitment where low verbal scores occur and high aid allocations
are required; however, the explicit minority effects to financial aid

funds and verbal distributions are an extension of this study.

Another institutional insight for Ohio Wesleyan is the even distri-
bution of financial aid students at all levels of need. During the past
several years, Ohio Wesleyan has successfully maintaingd a good proportion
of students, 64.8% for male and 74.9% for female, entering with zero finan-
cial aid. However, very few students apply for the lower levels of finan-
vcial need (see Figure IV-1l and Figure IV-12). As the higher relative
income levels are "priced out" by the fee structure, very few students
still apply for the lower levels of financial need: Thus, as Ohio Wes-
leyan cuts off students who can apply with zero aid, the students cut off
do not simply shift down and:apply under the lower levels of financial
aid. This lack of applications suggests that the recruitment policy may
encourage a ''pay total expenses or don't apply" policy to these recruitable
freshmen who have been priced out by the fee structure. But these low
financial aid students offer vast opportunities for the institution. For

A

instance, if instead of an even distribution ofvfinancial aid students
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over all levels of .ced, the enrolling students were the lower financial
aid level students who shifted down, then the ne:t revenue implications
are obviously beneficial.

Lastly, there are reasons to believe that the downward shifts in
verbal scores and the amounts of firancial aid funds required are conser-
vative. These scores and funds may be reasonable for the enrollments pre-
sented. However, the downward decline in enrollments and upward climb in
tuition structure means that the excess demand of students to be admitted
to fill enrollment targets will be of the lower score and higher financial
need students. Thus, if targets are attempted to be met under the present
application trends, then both the verbal score declines and financial aid
funds would be conservative estimates.

This section so far has shown how the integrated model derives what
may be the future based on past experience. In other words, the infor-
mation in this section has shown an educated guess as to what is ahead in
admissions for Ohio Weslezan bgsed on the future fee structure estimates
of the admissions planner in Table IV-1. If the amounts of financial
aid expended, or the continued downward trend of verbal distributions,
or unequal male/female ratio, or other results differ from the expectations
of the admissions planner, then other circumstances not explicitly iden-
tified in the model or the assumptions of the model must be questioned to
understand what will occur. The next section identifies many important
factors the model does not attempt to explain.

In making the model more operationally valuable, it will be seen how
important tradeoffs can partially be evaluaced through use of the model
results. For example, the admissions planner may ask how to halt the

Qdownward trend in male verbal scores. Since the increased market efficiencies
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are known for each cell segment, and the verbal averages and financial
aid funds averages are known for each segment, and the rate of growth of
each segment is known, thern depending upon precisely which cell segment
enrollmeﬁts are to be increased or decreased in order to halt the verbal
decline, the verbal score influence, the financial aid funds intluence
(and hence revenue), and the enrollment influence are straightforwaid
derivations of the model.

In 1972, the downward shift in score: can be halted by two more stu-
dents from the 650-800 interval, or three more students from the 600-650
interval, or four more students from the 550-600 score interval. Thus,
the exact market share increases required to halt the score decline are
directly obtainable depending upon which levels of financial aid the new
students come from. Then the required increacsed efficiency of recruitment
is known and the increased financial aid funds required results.

A similar tradeoff occurs when asking the ways the male mean verbal
score could be increased to the femele mean verbal score. Other trade-
offs include giving additional dormitory spaces to various levels of
financial aid students veraus leaving vacancies, and equating male and
female total enrollments versus financial aid funds and verbal scores.
Many other tradeoffs are impcrtant and each private college may choose its
most relevant tradeoffs.

This study does not intend to crank out the numbers in a thorough
analysis for every possible tradeoff. But this study does show how the
model is applicable in addition to what might be expected if the past
repeats itself. The information in the model provides the framework to
pursue these important tradeoffs which, for the various goals, shows how

much more efficient recruitment must be, and how much more financial aid
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funds would be required, and where the obvious admissions opportunities
lie. Ohio Wesleyan must decide how to allocate the funds estimated to

be available for firancial aid which are not required to generate the en-
rollments given in this section.

The major constraints to the further application of the model are:
(1) the marginal efficiencies of recruitment for each segment, and (2)
the progress at the institution for each segment type student. For in-
stance, knowing that doubling the market share efficiency of 600-800
students would increase the verbal average 50 points doesn't become oper-
ationally meaningful until an approximate difficulty of increasing that
recruiting efficiency 100% is also known. Also certain zero aid students
may transfer away from the college quickly, a flunk out. These fac*s
have importanc implications to the recruiting goals. Thus, the next step
in this research is to integrate the model further with the operational
recruitment returns and institutional progress of students—both areas
identifying students by the segmentation cells.

In summary, this section has shown t..e results of the future trends
for Ohio Wesleyan based on the 1969-1971 admissions experience. Inter-
preting the results does not tell where to recruit and how mrrch it will
cost or who to give an additional $500 of =id. However, it provides in-
formation by which the admissions planner sees the future implications
of the fes policy based on past experience and shows the future difficulty
of pursuing many different goals which were unable to be adequately
evaluated without the model. Tradeoffs between other enrollment targets
and score distributions, or tradeoffs between revenue and eunrollment are
increasingly understood with the information provided. 1In :ddition, the

model provides new insight into the market dynamics of the jrowth of high
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school graduates, the ability to pay college expenses. the acore distri-
butions, and the fee structure segmentation implications for the institu-
tion. In short, this modeling device has become a first approximation

for unified college admissions planning.

7N
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V. CONCLUSIONS

In summary, this recruitable freshmen segmentation model provides
a description of potentially recruitable freshmen which explicitly inter-
relates such important factors as growth of population, high school re-
tention rates, parental ability to pay college expenses, growth in paren-
tal income, and verbal aptitude. Many questions remain unanswered; a
more careful analysis of the CSS curves is needed and further study must
be done to relate willingness to pay with ability to pay. An addi-
tional dimension of the distance the student lives from the private
college would allow for more specific recruitment techniques to be in-
cluded in the model and would include travelling expenses as a part of
financial need consideratioﬁ. Furthermore, more appropriate and directly
measurable student behavioral attributes are certainly neededt

One conclusion of this research is that there i1s a great need for
further research into the aecisions of high schocl seniors when they are
confronted with alternative routes of access to higher education. Not
only must the parameters of these decisions be muéh more explicitly de-
fined, but the effeét recruitment techniques have on these decisions must
also be understood for students with different attributes. Also student
attributes must be more specifically related to well articulated objec-
tives of colleges.

This study has shown the complicated nature of admission plaaning
phenomena. It is éuite instructive to review the sequence sf research
steps in this woFk. Each of these research steps simultaneously revealed

unceftainties in our information and yet provided a tentative basis for
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furthering our understanding.

The first research step looked at total high school graduates and
attempted to estimate the income distributionrgfntheir parents. Because
inadequate information was available, the first assumption made was that the
parental income distribution of high schooi graduates was the same as fhe
income distribution of all U.S. males between ages 35-65. It is this age
group which was assumed most likely to have high school age children.

In addition, Doermann's admissions work also used this assumption and
estimated the income growth.

However, there are several problems with this assumption. It ignores
(1) the relationship between income level and number of children and (2)
the relationship between children of various family income levels and
the dropout rate before high school graduation.

The purpose of including the parental income distribution was to
estimate numbers of high school graduates willing to péy different levels
of total higher educational expenses. Other research has indicated that
variation in willingness to pay 1s explained mainly by socio—~economic
baékground. However, very little information is available about how
these characteristics of high school graduates are changing.

Additional income estimates were made by assuming that if all high
school graduate age children were in school, then thg income fopulation
of the families is the same as U.5. males ages 35-54. This ignores
socio-economic background) different family sizes as related to income
level, different mortality rates as related to income level, and differ-
ent agés of child;en at time of gfaduation as related to income.. Next,
the different dropout rates relatio: ship was estimated as related to
relative income level.

ERIC
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The new incowe estimates which took into account a general increase
in overall graduation retentioun showed the retention of low income students
growing much faster than for high income ctudents.

The unext research step was to estimate the number of high school
graduates willing to pay different higher educatioun expense levels from the
number of high school graduates with different income levels. Doermann used
a fixed relationship between 195°-1975. However, this was shown to under-
state the graduates in the early years and overstate in the later years.
This study estimated how the "ability to pay" from CSS was changing from
year to year. The approximation is much closer to the current year
williugness to pay, yet the dynamics of deeper socio-economic background
still must be studied. Finally, two additional dimensions were included:
sex, and aptitude. The SAT verbal test score was used as a proxy for
aptitude.

The recruitable freshmen segmentation shows the importance of study-
ing high school graduates in the three dimensional segmentation manner.
First, the national numbers of students classified by various :haracter-
istics were shown to be changing at very different rates. Secondly, the
market shares in segments for a private college, Ohio Wesleyan University
in our example, were also shown to be changing at very different rates.
Thus, the model is quite useful in understanding how the characteristics
of available students are changing and in providing insight into the
corsequences of alternative future admissions policies. Yet these
dimensions still fall short of the objective of describing recruitable
freshmen by willingness to pay and other valued attributes.

This model shows the great difficulty a private (or public) college
IFaces in increasing access to lower income students. Many questicns are

ERIC
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still unexplored. For example, what subsidy would be required to make the
income distribution of the new freshmen in the private college the saﬁe as
the income distribution of all U.S. high sch;ol graduates? The model can
be used to show the elitist policies which private higher education must
pursue, without subsidies from outside sources, for their own fiscal
viability. Furthermore, the effects of the widening gap between parental
ability to pay and private college costs can be evaluated. The subsidy
cost of allowing privace colleges to pursue other social vdlues can alst
begin to be studied.

Finally, this study provides a versatile tool for the college adminis-
trator. It represents an on-line model which is easily revised and is
integrated into the college information systems for planning purposes.

The model can evaluate tradeoffs between alternative goals and include
new recruitment policies and intuitiveiy judged environmental changes.
Moreover, 1its on~line use by administrators may be the greatest value by
providing a unified framework to think about, analyze, and understand the
consequences of various.admission planning policy variables. For these
reasons, a new type of admissions planning can now emerge; this new type

of admissions planning would be a major step forward.
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