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documaill male, Ihe auspiec(, (g 1 (a lo lhe National Collie;

fur Nigher hducelion Management fe/eaoms (HCHLW.0 from Ihe Helional Iniilifule of

Lducelion (NII ) fur iho 10111) fftcol Yeer u pert of the Slhalepic Planning

projoci in the FAnoncing end Henning Program. lhe contra! purposo of the

Planning and Vinencing Program ft lo develop a conceptual foundation for

planning and financing in the context of ihe many different '.;etling5:, thel

eufe--;111ute higher education. Within Met program, the P trolegic Planning

project focuses on the interface be on InstItutlo71 and Its environment. A

review and introduction lo the literature that investi.'etes the effects of

price on students' decisions, therefore, conslitutes a basic building block in

NCHLH!; research and development of strategic planning concepts for higher

education.

document serve a(-:, a starling poini i ur onyuric who dusirc.:

explore this, litere''ira. As such, the document has several goals:

(a) To provid (i basic background in the economic theory used to

investigate the -riationship between price and student demand

(b) To categorize the various analytical technic:v.3 used by resehers

in the,field and to describe some 74 the basic properties and

assumptions inbe,ent ir each methodology

I.-) To review sr of the major s-ludies and discuss their relationship to

the economb' !-heory and nalytical methodology that they employ

(d. To summarize some of the findings and conclusions thai are commonly

reported

(e` Fo provide a selected blion-aphy that f
is the reader to the

literature available en .,his .ubject.

The document assumes that the reader is familiar with multiple regression

and is comfortable with maThematic-il notation. In particular, functional

notation is used throughout ,id 3veral algebraic and calculus derivations are

included. A reader who i7 imfar:liar with the notation should skip the

equations and concentrate the text--most of the conclusions and summary

material are nonmatheMatical. Nevertheless, the literature reviewed in this

documont is often more technical than the material herein, so it was not

feasible to completely eliminate the technical aspects of the document.

The audience for this document is assumed to include institutional

researchers, at either pdhLc or private institu;Hons, who may be faced with

the problem of determinil 7 the effects of price increases on the enrollment at

their institutions. One of -ft..-
-)nclusions reported here Is that such

determinations cannot be rade r.ocise:y. But price does have an effect, which

differs by hype of student and type of institution, and an understanding of the

literat!ire will give some guidance to institutional planners who are trying to

address this problem,
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In the meantime, the institutional managors making u. duel!Hons will he

I ooking at whatever literafure is available to holp them ,valoalr the probable

of feet of different courses of action. Since there will be prossures to

luitien fees, and other fcV(!nik: !.011fC?",,, 111
(0!-;1!: cfmlinw: fr,

inc:re;.lee, whitewhiie there w 1 I I 50 d need I() ()lit dc I (Ad; 1 i cm,) 1 ndiJm l!, I

offset the decline In the of the traditonal col lege-going cehorl, lhe

literature dealing with the impact of price on college attendance (herein

referred to as price -respo,)se literature) becomes particularly important.

Unfortunately, this price-response literature is of a highly technical

nature, and the interpretation of many of the articles requires some knowledge

of economic price theory and of techniques such as conditional logif analysis.

Many of these studies are exploratory analyses, using questionable data and

experimental techniques, and one danger is that the results of some of these

studies might be picked up and applied indiscriminately by analysft that do not

fully understand the limitations and conditions pertaining -le the study.

Alternatively, some useful results might not be used because of the uneeriainty

and confusion of the administrators trying to I. ,orpret them.

The purpose of this paper, therefore, is to provide some of the background

information necessary for understanding the price-response literature. The

intent is not to go through a study-by-study review and comparison. Several

authors have already provided this type of literature review (see Chapter III

for a summary of these reviews), but even those reviews are sometimes difficult

to understand without an initial orientation to the subject. This paper will

attempt to provide this orientation and will describe the various research

studies only to the extent that their descripHon may be instructive. A brief

introduction to price theory and its use in demand studies in higher education

will be presented first. This will be followed by a review of the major

expository articles that are available, and then the major analytical methods

that are used by researchers in thin, lici6 will be presented, along with

examples from studies that typify those approaches. Finally, a summary chapter

will discuss some of the common results and the degree to which they might ')e

applicable to institutional planning.
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deduction for student ale awards, forgone income, ond so forth).

A"demand function that accurately represont, the real worin woild H)

ir:lude many factors other than price-factors !,tiLh il!, the qual:Ay of a !.(hool,

the state of the economy, and the availability of jobf-,. lhe

relationship would vary according to charo(Jer, ic!, of the sludenl. factor

such a! , ability, income, and parent, ' oduc,ntion greatly inflnenee a ,JIIdenl'

itivi ty 'to changes in tnsl 11)11 101101 pr ,111(1 nVI Hlu,l1 H'11,(11 111 If .1)1
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institution. Nevertheless, dl!)cli!,,-fon will fou

since this is a common factor throughout the Andent mono Hier

because it is the price factor that is most object 10 mhe control ,d an

institution.

The general student demand function is reprcmonted by the generid

equation:

= f(P)
(1)

where E is oniollment, P is price, end f represents the function fhdl rol ;1 es

price to enrollment and that also includes all the otter factors that are

thought to influence enrollment. Research into student demand requires that a

specific functional form be selected, followed by the analysis of historical

data to estimate the parameters of the function. There are many possihle

functions to choose from, but most of the demand studies use one of the

following general forms:

E = a +

Ion f_ = 1(

E a 4 b Ion &

(2)

log cP
(f,)

3
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the other hand, colleges facing Inelastic demand will have a proportionately

smaller decline in enrollment due to an Increase in the tuition price, such

that the gross tuition revenue will increase despite the enrollment drop.

Ordinarily, price elasticity relates changes in enrollment at an

to changs In tuition pric at the same institution. This is

jc-e!:.',sticity.: A closely related concept Is

1-y.. which 1-31.:7fTes changes in price at eitli;:f. Institu'Hon5.

ar3 a way o f assessincl the degrze

n1f1;,uHlien between institutions while own-price-elasticity focuses on the

,.lationship be potential students and a single instilr7lon

Price response coefficients, as opposed to elasticities, do not have such

a clear-cut relationship to changes In institutional tuition revenues. The

price response coefficient tells how many students will be affected by an

Increase (or decrease) In price. but this information alone does not indicate

whether there will be an overal increase or decrease in revenue. For example,

two institutions could have the same price response coefficient, -.0124/$100,

but one could be inelastic at -0.50 and the other could be elastic at -1.50.

If both institutions raised their tuition by $100, they would both lose 1.24

percent of their enrollment, but the first school would have an increase In

revenue while the second would suffer an overall decrease.

Another Important point, true In both the case of price response

coefficients and elasticities, is that after the tuition price has been

changed, the college may well find itself in a new situation. The nature of

students1 preferences for enrolling at a particular college may change along

with the tuition price, and both the price response coefficient value and

elasticity value may change. (Note that in equations 5 and 7 elasticity and

price response are functions of both current enrollment and current tuition.)

The exact nature of these changes will vary with the demand function chosen,

and this is one factor that makes comparability across studies so difficult.

Chapter IV discusses each of the major regression demand models and

Indicates the general characteristics of the elasticity and price response

coefficients that are generated by the, particular model. Some specific studies

are also presented to illustrate the different points. Before proceeding to

that discussion, however, It should be made clear that this paper is not

attempting to provide a thorough review of all the literature. Such an effort

Is unnecessary since there are several recent articles that provide excellent

literature reviews and comparisons across studies. These survey articles are

discussed In the next chapter.



Chapter ill
Review of the Literature on the Effect

of Price on Enrollment

Asjde,from reports by researchers of their actual study results in the area of

student response to the price of higher education, several scholars have

und:)rken the tEsk at reviev!ing, synthesizing, end/or critiquing the resulls

ol thoo research stt"ud These secondary sourcs ;,:lorwA*Ion on

response studies are (in chronological order)

1974 Carlson, Farmer, and Weathershy

1975 Dresch
1975 Jackson and Weathersby

1977 Weinschrott
1978 Cohn and Morgan

1978 Hyde

1978 McPherson
1980 California Postsecondary Education Commission

The nature and emphasis of each of these studies is different--some are

really annotated bibliographies, some contain incisive criticisms of research

in this area generally, and others attempt to compare the numerical results of

the diverse research studies that have been carried out. (Naturally, most

research studies also contain some reference to the body of literature from

which they stem, but they usually do not provide as comprehensive a discussion

of the literature as the reviews discussed here.)

Three of these secondary sources--Carlson et al. (1974), Hyde (1978) and

the California Postsecondary Education Commission (1980)--provide very brief

summaries of the literature while high-lighting the few universally accepted

results: (a) the price of higher education does affect enrollment behavior;,

(b) as the price goes up, enrollment goes down if all other things remain the

same; (c) the effect of price seems to decrease as family income goes up. For

example, Carlson, Farmer, and Weathersby present short excerpts from five

studies (Radner=Milier, Barnes-Erickson-Hill-Winokur, Kohn-Manski-Mundel,

Corazzini-Grabowski, and Hoenack-Weiler) Including tables of results from three

of the studies before discussing the overall limitations (pp. 149-59).

Hyde has a slightly longer discussion of the research on the interaction

of price variables with attendance at some postsecondary educational

institutions. More studies are mentioned here and two tables are presented

which compare the basic results of ten research studies. The discussion is

substantive but not exhaustive or very technical.

The most recent brief literature, review is by the California Postsecondary

Education Commission. Forming a foundation for a model to assess the effect of

student charges on enrollment and revenues, this review attempts to "convey the

strengths and limitations of the data and methods used in these studies, as

well as to summarize their findings" (1980, p. 39). The footnotes citing the

relevant literature are as valuable as the discussion in the text. This

monograph also demonstrates how research results have been incorporated into a

statewide model with the understanding that they are imperfect but better than

no information at all.

7 14



The most comprehensive recent summary of the price response literature in

a journal is by Cohn and Morgan (1978a). They summarize each of 19 widely

known research studies in a pa-ragraph each and go on to mention nine other

studies. They conclude with what seems to be an agreed upon caution In using
the results of the studies of price response as a tool for educational planning

at this time.

c.1 the lItturc F;.-c v:Fltion in a distinctly critic-1 vein,

) s :1!s r d i (T,z;

Hoeilcck-Wellel al,, Bishop, RcdnerHi
Kohn-lanki-t,lundel, and H.arnes Elf al.) to evaluate along five specific

dimensions. Each study is OiscLssed in relation to (a) its treatment ot higho:

Education as a'consumption versus an investment decision on the part of

potential students, (b) its identification of alternative choices open to a

potential college student, (c) its inclusion of some measure of financial aid,

(d) its method of dealing with the possible confusion in a model that arises

when supply and demand relationships are both changing during the time of the

investigation, and (e) its stratification, if any, of the data before analysis

of results. In addition to the crItigde of specific articles, Weinschrott
(1977) also presents an exhaustive annotated bibliography in the area of price

response studies. Taken together With the extensive reference list in Cohn and
Morgan (1978), these two sources probably cover 99 percent of the literature
extant in 1977.

Dresch (1975) is the other work that examines "the adequacy of available
knowledge" (p. 251) about the research available for use In specifying

concretely "the essential facets of the student and institutional components of

the postsecondary educational system" (p.254). Anyone seriously considering
the use of research results in academic decisionmaking for more than the most

general purposes should read this arlicle carefully (especially pages 254-71)

in order to understand the problems that beset research in the area of modeling

the demand for higher education. The references cited here include more on the

topic of modeling-In general and are not meant to exhaust the price response

literature.

The remaining two literature reviews actually attempt to compare the

numerical results of various research studies despite their diverse research
designs. Jackson and Weathersby compute a single estimate of price
responsiveness for each of seven studies. (Campbell-Siegel; Hoenack,
Hoenack-Weller-Orvis, Corrazzini et al., Spies, Radner-Miller, and Kohn et

al.). The bulk of this article is devoted to citing enough information from

each study to be able to compare the results across studies by assuming theme

existence of "a 'typical' individual with an income of $12,000 in 1974 facing a

college cost of $2,000 per year" and by using "the estimate that 26.2 percent
of the eligible population is enrolled in some form of postsecondary education"

(Jackson and Weathersby 1975, p. 643).

McPherson probably provides the most comprehensive discussion of the
demand for higher education, encompassing a summary of the research literature,

a critique of the research methods, and a revision of the price response

estimates presented by Jackson and Weathersby. Although it is contained in a

book about the private or independent sector of higher education, the

discussion is not limited to studies of private colleges. The most succinct

summary of the state of the art seems to be McPherson's statement that:

8



There is probably not a single number in the whole enrollment demand

literature that should be taken seriously by itself. But a careful review

of the literature will show that there are some important qualitative

findings and order-of-magnitude estimates on which there is consensus_, and

which do deserve to be taken seriously. There are also some serious gaps

(1978, p. 180).

In the discussion. McPherson attempts to support this statement. The only

shortcoming of this review is its length (over fifty pages) and he

presentation of :fJ1 cil-ations as fc7,triotes rather than in a single peference

I st, Still- signitleacit inTormzli_Dn !s preserlted fop anyone atteri,ptnq to use

it rosuLcs of research about the effect of edocational costs on oni-ollment

9
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Chapter IV

Price Response Studies Using Regression

as the Analysis Technique

This chapter discusses the price-response studies that estim:Jte the parameters

of a demand function using multiple regression. The data used in these

regressions represents the attendance behavior of large groups of students,

either over time (longitudinal) or across several institutions

(cress-sectional) The interpretato, and application of the results of these

siudies depc,nds tc canal ..ion t on the forr; a till': ci lflcilld -Hnetion (or

i-egrossion equation) chosen o, Tor,

discussed separately,.

1..jne.a_r Dejnand Function;. F = 12F_

Perhaps the simplest form of a demand function Is one in which the

enrollment is assumed to respond in a linear fashion to changes in price. The

general form for such a function Is:

E = a + bP + clX1 + c2X2 + + ckY,k (8)

where the variables X1...X1 describe the institution and Its environment. For

the purposes of this discussion, the simpler equation, E = a + bP, will be used

without loss of generality since the X's are held constant when price response

or elasticity are computed. Such a function is represented graphically in

figure 1. As can be seen in the figure, enrollment is assume( to vary in a

negative linear relationship with price. In these studies, enrollment is

sometimes represented as a ratio of enrolled students to a population of

potential students, and sometimes it represents an actual enrollment number. A

price of zero would result in "a" students enrolling (where "a" stands for all

the other factors that help determine the likelihood of enrollment) while at

some price, -a/b, the enrollment would drop off to zero. (Here "b" is assumed

to be a negative'number so -a/b is actually a positive value.)

The price response characteristic of such a demand function is very simple

and is constant for all values of price--it is the coefficient "b". This can

be verified from examination of the effect of changing the price by a small

amount,

if bP = E

then a + b(P f AP) E + /\E

(a + bP) + bAP = E +

E + LAP = E + AE

and bAP = AE (9)

This relationship Is therefore independent of the current price and enrollment

level.3

3Technically, the price response is the partial derivative of the demand

function with respect to price, scaled to a constant change,

11
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The situtallon is more complicated, however, for elasticity. In this

formulation the elas-c1ty depends on the current price level.

The steps for c-.)mputing the elasticity follow:

from equation f,')),

E P

or

bn

E

Et ' b P

The above.formula for elE icily shows that as the price increases, the

elasticity would go from ,

elastic to elastic. Initial increases in tuition

might increase revenue, bu eventually such increases would cause an overall

drop in revenue (see table 1). Figure 2 graphs this relationshi;,. 14 one

knows the values of "a" and "b", then the elasticity can be c(AT1puted for any

given price.

Of course, the above discussion about the calculation of price response

coefficients and elasticity assumes that the linear demand function accurately

portrays the reaction of student demand io changes in price. This is probably

an unjustifiable assumptionespecially over the full range of possible prices.

Such a formulation mLy provide a close approximation to actual underlying

demand preferences over a smail range price values, but it is sti!I only one

out of many possible models. Nevertheless, this formulation is used in a

number of studies and elasticities and/or price response coefficients are

reported in some of those analyses. These values should be interpreted

according to the definitions in equations (9) and (10). A reported price

response value represents the models estimate for all price levels being

considered, but the reported elasticities are completely dependent:on the price

used to compute it. Therefore, comparisons of elasticities between these

studies would be quite difficult.

One of the earliest and most commonly cited studies that used a linear

demand function is Corazzini, Dugan, and Grabowski (1972). They used national

data from Project Talent, collected in the early 1960s, that followed a sample

of 10th graders through their decision to enroll in college. Corazzini et al.

(1972) cross-sectionally stratified this data to produce average values for

each state. Their regression equation included tuition variables for junior

colleges, four-year public universities, teacher's colleges, and four year

13 19



private universities. In addition, they included variables for average hourly

,gage of production workers, unemployment rate, father's attained educational

level, and student performance on achievement tests. Figure 3 elves their

results for the tote: sample. (Hey also ran the regression with the data

divided into four income quartiles.) All the coefficients in figure 3 are

siulficant at The .05 level with the exception of the tuition at teacher's

colleges and the average hourly wage of prucJuctieri worker-E.

Ilasticity

,.ri cc!

Fig. 2. Elasticity of linear Demand Function

14



The coefficIni-s for the four tuition variables represent their estimate

of price response coefficients. As quoted from Corazzini, et el.:

The total enr?'Iment rate is most responsive to tuition changes at
four-year o;Jalic universities, and a decrease of $100 in tuition in 1963 Is

associated pith a 2.65 percent increase in the nation's enrollment based

upon these cross-section results. (1972, p.47)

est:rn,--7ri-e of price response is unavalIaL:e since there are for

CJIIC:HOP!.T COr2:1,1'.1 et ,--E! ErrHo onc:

ior compEriscn, proceaure questienabie sHrH,7, ihe col '.:f-Icients

from -0 '.7515 o - 0 0,02 c.,i6 not all of the coefficients are sionificant in

hose equations.

ET

Percent of
1960 10th graders
enrolling in
college

14.43 + (-.0. Yri

junior college
tuition price

+ (-.005)Tc

teacher's
college

(-.027)Tu

4 year public
university
tuition

(-.009)T

4 year privata
university
tuition

(-3.62)W (.834)U

average hourly unemployment

wage of rate

production
workers

+ (2.84)F (.176)A

father's student

attained performance on

educational achievement

I evel test

Fig. 3 Linear Regression Results from Corazzini, Dugan, and Grabowski



No estimate of elasticity is possible from this study since the original

tuition values are not available and the elasticity .of linear regression

equations is dependent on price. One researcher that did try To estimate

elasticity, however, was Funk (1972). In Funk's study, the data used was

longitudinal enrollment and tuition data for a single university over a twelve-

year period. The form of the linear equation was simple:

Actual Enrollment = a + bTuition + cTime

on were awdi I ah :, Funk estimated E-d ast i city \ral nes
I C IIC J)LC.0'

inc other studies using a linear formulation are (a) Hopkins (1974) and

(b) Cohn ann Morgan (1978). Each of these studies used state cross-sectional

data in the regression equation and included a large number of possible

explanatory, variables. Neither-study was highly concerned with price as an

Important ;actor. For example, tuition is not directly included in the Cohn

and Morgan equations (instead they use an aggregate measure of total state

support), and Hopkins is more concerned with a student's decision between

public and private alternatives than with price response (though price response

is reported in the Hopkins study).

One conclusion to draw from these studies 15 that a linear regression

model is not an effective way to determine price elasticities of student

demand. It may be useful as a means of measuring important factors influencing

college-going behavior, but the coefficients produced would not be reliable

Indicators of the effect of a price change on the enrollment at a specific

institution.

Log-Log Demand Function; log (E) = log (a) + b log (P)

Another commonly used demand function looks much like the linear model in

equation (8), but logarithms are taken of each variable:

log (F) = log (a) + blog(P) + cilog(X
1

) + ...c log(Xn) (11)

As in equation (8), each X stands for some non-price explanatory variable, and

for this discussion they will be collapsed into the constant, log (a), since

they would be held constant when price response and price elasticity, are

computed. Therefore, the general equation for this discussion is:

log (E) = log (a) + blog (P) (12)

While the log-log form of (1.1) is the regression equation used to analyze the

data, it is derived from the demand function:

b c
E aP X

c
IX

2

,
..X

c
n

(13)

1 n

Equation (11) is simply the logarithm of equation (13), a transformation that

produces a linear equation that can be solVed with multiple regression

techniques. Similarly, the reduced form that only considers price is:
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E = aP
b (14)

The graph produced by equation (14) is depicted in figure 4 (note that "b" is

negative and "a" is positive).

One reason that (13) is used as a demand function is that the price

elasticity is equivalent to the coefficient "b". 4 Therefore, when equation (11)

is solved, the coefficient "b' becomes the estimated elasticity. This model is

also convenient because the elasticity is independent of current price level. 5

UnfortunLiely, this function doe, not behave so nicely fen- cmputinq He price

P

Price

Fig. Enrollment as a Function of Price in

an Exponential Demand Function E = aP
b

E P

``The TD-
The definition for elasticity,c - is more generally given as:

A-
i5 T. Since the derivative of aP

b with respect to P is abPb-1, then

DE P abP
b-1

P abP
b

E b
DP E aPb

5 In fact, the functional from E = aP
b

is the only one where elasticity

remains constant over all values of P. To prove this:

assume c = b =
a.E P

DP E

then
bDP DE

P E

D
and b I

P
= -EE

ln(a) + bln(P) = ln(E) (where in some constant)
e
(1n(a) + bln(P)) = E

aP
b

= E
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To compute the price response coefficient for a riven price and price

change :p, the definition, (7), (Jackson and Westhersby 1975, p. 643), can he

used as follows:

price response -

i

'lq

ch,,in 01

n,-Jr;g,:: in 1:-ice -ii at

en the current price level.

,

-Isw H.,ws t-

vrice level, an increase of :T.,1(T
wi] I

large drop in enrollment, cji Si 10'6 Hcrca:

is relatively insignificant Jill lead to only a decrease.:

attendance rate.

Price

Fig. 5 Plot W' Price Response Coefficient as a Function

of PriLe for the Exponential Demand Function
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(J-ibed in this document, the specific numbers reported are not as important
as the common result that changes In price do have a statistical ly sIgnIfIcant
effect on enrollment°

27
21



Chapter rl

Individual Choice Studies

All the studies of student demand discussed in the lust chapter used multiple

t--ression techniques to estimate lhe responses of students to changes in

price. While the form of the particular demand equation often varied across

studies, the data always represented the aggregate behavior of students. For

example, the dependent variable might represent the percentage of the eligible

population of students that attended college in a given year, under a specified

set of conditions. There are many cases, however, where the data being used

represents the behavior of individual students. While the individual data

could be aggregated into group data and analyzed with the techniques described

in chapter IV, this would mean giving up much of the richness of information

inherent in individual level data, Further, the researcher is usualf; most

concerned with the behavior of individuals in response to changes In price or

other environmental conditions, end an aggregation across individuals may

obscure some of those relationships.

In fact, many researchers do use individual level oata, usually collected

from surveys of recently graduated high school students, and there are several

research reports of this type. The chief characteristic of this data Is that

the dependent variable represents discrete values. In the simplest case, a

student either attends college or doesn't. More generally, the student has

several discrete choices, either one of several different colleges or of a

noncollege alternative,

The objective of an individual choice study is to infer an individual's

rule for making decisions about college attendance. This is usually done by

comparing the characteristics of the school chosen by a particular individual,

such as price and selectivity, with the student's personal characteristics,

such as ability and family Income. The coefficients estimated for Individual

students are then generalized to provide probability estimates for the entire

population of eligible students.

These explanatory variable_ are also often treated as discrete, rather

than continuous, variables. 1:..r example, schools m* be divided into

selectivity_quartiles, according to the range of average SAT scores of their

enrolled studentS, or the student data may also be divided into discrete

groups, depending on the level of variables such as family income or SAT score.

The presence of discrete independent variables, however, does not cause any

difficulties in estimating demand relationships; In fact, severai of the

studies described in chapter IV include categorical independent variables. The

problem comes when the ,dependent variable is discrete. Hanushek and Jackson

(1977) provide an excellent discussion of this subject, and much of the

following explanation is based on the matsrial presented in chapter 7 of their

book. Swafford (1980) also pr tides a very good of the techniques used

for analysis of individual chOlce data.

The graph ln figure 6 illustrates some hypothetical oata with a

dichotomous dependent variable. As can be seen from this figure, there is no

obvious functional form that fits the data. In particular, any attempt to fit

a straight line through such data will result in large errors. If one assumes
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a straighl line 1hrouHh `RUCK dala \Hi 1I in .

i oft,. ,5.,H111!(Th

that 1 i,c. underlying funclion ti al to true prohat. disli ihulion

an S-shaped funclion the Three graphs in JHUI-- / frhow (n. the

fairly large errors -Heil ma observed In I i non; phobabilily model log,

Occasionally, the fit may be moder:Aely close: ip graph (a), hiri eau al

produce a very poor fit, as ln graph (c),,

uLthjoa
to

tnroll

Price

C. U'_17:."

Fig. G. Observed Data With A Dichotomous
Dependent Variable

The S-shaped curves in figure 7 represent a logistic function and logistic

models are often used to fit individual choice data Logistic models will be

discussed in the following section, but first, the discussion of linear

probability models will be further elaborated, since they are used in this type

of research.

Linear Preba_bility Mot 1s

The general form of a linear probability model, in which there are only

two values for the dependent variable, is given in equation (19):

A = a -1- bP r,, c X + c X.. 1- ... c,(,r

here: A 1 if a student onf-is in college

0 otherwise

is price

represerci other varlaPles tha- may influence

enrollment decisions, such as SAT scores,

family income, race, sex, religion, etc.

a,b,c,...c are the coefficients to be estimated. (19)
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( i l(*()Nd (:(1 .1( Ii prOLdri .1 j 1)0 tflINJ-11( 11 I I (J) MI H.

111,11 : (0 all (aft:. Ihi is, i;r1 yr I t ly if 4-1c tr i(.H

on .1 prc!dic I t-e0.0 I H when indep(mdent lakL on

v,Alues wc.11 outside the range -I the data used in the sample. Such predIctoim

would he lo interpret since no probability can be outside the range of

lo rune. Finally, the P; value produced by the regression cannot be used

ure goodno,-,s -of -fit of the linear model to the data because the

nt V, l CC/11H: 111:: t(' he abnormal ly

i'redicied prot:ability -.:lue!
will normally be hetweon zero and one so III(.

,..quarec differences belwen the oip.r.;erved data (0 or 1) and the predicted valuer.

will be large.

Spies JcognIze5 -these limitations to linear probability modeling, but he

determine, that the more accurate results that might be produced.from other

methods do not justify their increased costs. His tests on some subsets of his

(ata indicate that in this case -the results are i rn i I ar to those in graph (a)

figure 7.

reul-:f are limited to high-ability student,ia applying to sch(.:t

c(Alego,:,. Hu is interesieo in the factors that influence a student,s decision

to apply to different categorics of schools, and as such, he runs C number of

Ina I y sess, on his data. His dependeni variables are
dichotomous, being set to 1

if a student applies to a certain class of institutions, which are grouped by

their typical tuition level and by the average SAT test scores of their

students, and a 0 otherwise. As independent variables, he includes factors

Lich as the Y'-udents' SAT score, annual family income, total family saving,:,

number of otf a dependent children in the family, number of years of schooling

of parents, sex, race, and religion.

Price was not an important factor in these regressions because the

groupings of the schools lumped schools with similar tuition levels together.

Spies, complete study included some regressions on aggregate data where tuition

price was included, but his results indicated that, for select schools, price

was not an important factor. He found that the ability level of students, as

measured by their SAT scores, was the most significant factor influencing their

application decision, and that for high-ability students, price and income were

much less important. A rouch estimate of his computed price response

coeffic-lent from his 197F !,ludy is -0.17 percentage points per $100 increase in

price, and Jackson an,' ,iathersby report a price responsiveness value of -0.06

for his 1073 dala,

Thee two studies by Spies bce among the most informative and well written

:,tudies avhilable. They cannot be generalized beyond high-ability students and

irwtitutions, but Spies is a very clear writer, and his methodology and

re':ul-ls are eL:sy to understand and interpret, His use of or least

square multiple regression to estimate linear probability models, however,

bhoulc not be indiscriminately applied by other resarchers. Spies found that

c- r me -thud" did not qroatly improve his results, but. ether reseachers might

nu; be so h ,y. Data from different samples could be distributed more like

graphs (h) and (c) in figure 7.-
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Ci.1!:,(I of Individual I eve! data, where Ili categor i cal aapendeini v< 1ab take,

on more than two values, cannol III analyzed wilh a liwf-11- probabilily model.

lhere is no way Hr a linear equation lo predict the ca of a stildocri

applying to several different colleges. This type of dela must be analyzed

wilh a non-regression technique, such conditional logil analysis..

na I

The most sophisticated leLhniques that have heon used to study ,Audent

demand make use of the logistic d i str i but i on. A few studies use the normal

distribution instead, which results in a probit analysis (see Christensen,

Molder, and Weisbrod (1975), but Hanushek and Jackson (1977) show that, except

at probability values near 0 or 1, the probit results are almost identical to

those produced by a logit analysis (p. 206). The general formula for a

logistic distribution is:

P , 1:(1 e-X')
(20)

where P stands for a probability value (rather Than price, enrollment

would be determined as the eligible population times P) and X stands for

a linear sum of products, such as HX, + X2 + + X
k k

The advantage of this function is that P ranges from 0 to 1 as X r' goes from

to Figure 8 graphs a logistic distribution function, which is the basic

S function shown in the graphs of figure 7.

The price elasticity and price response values for the logistic function

can be computed, as usual, by applying the definitions in equations (6) and

(7). While the specific results will depend on the particular formulation used

(see the discussion of Radner and Miller's study in the following pages), in

both cases they will depend on the current values of all the X values. For

example, if Xi stands for price, then taking the derivative of the logistic

function in equation (20) with respect to XI this is equivalent to 'P /^X,

in equation (6)--results in:

)P T /(1 + e X )]

(, P)

f(1 -P)):
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Fig. 8. The Logistic Distribution Function

= 1/(1 + e)
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A rio4 oecnri Hcir and the 00(1,_ of A occnrr ng i comp/l ed os

AA

,Imp ; rt.\ 11,11 A ( '11rt 1-1.1- (T.-C.(1

I odd5 !, to ?) More general I y there may be several puss ibi I it les,

ialeh as opi . As A, L, and 0, whose probabilities sum to 1.0 (e.g., P8 r

-I- Pp " 1 A. In this case, the odds of A occurring rather than B would
simply be His ratio of PA/Pk . If PA = .30 and PB = .10, then the odds of A
over B are .30/.10 or 3 to 1. If one starls with an odds value, It is easy to

convert it back to a probability. In the dichotomous case, PA =Y.,Ahl AH!.
A'

The conversion to an odds measure is particularly convenient with ihe
logistic function since:

P t/(1. e ) in equation (20), then

-Xi -X0,
1-P - e '/(1 e )

= 1/(1 + 012').

The logarithm of the odds ratio, P/(1-P), is called a logit, and is

computed as:

L = log f-F

= log P log(1-P)

- -log(1 e 4)-rlon(e-XV)-log(1 e XV)]

= X(i2

(23)

(24)

lherefore, if one is using aggregate data, and has a probabil ify estimate for
the probability of going to college versus not going to col lege, then a logit
transformation can be made and the fl values can be estimated with a linear

regression (Swafford 1980).

More typically, researchers use individual (data where P is I for college
attendance and S2 otherwise) and the ratio P/(1/P) is undefined for P = 1. In

this case, maximum likelihood estimation is used to solve for the P, values. A

maximum likelihood estimation technique searches for the values of u that
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.1.,(4,,;(;;; ;)0(r:;'or;), I he fomonla'. in equation!. (A) and (;)3) ai e inxd

Hpe( Ily a i1111(-1jOli that prwHol!, the number of P"., and observed In the

(1,11o, and thon 0 (.-ompnferl/ed prockire is used to find the value:. of that

"maxlmi-:e" lhe

When fho data I
pohlomons (the dependent variable Indleate which

college alternative was chosen by the student) then the logll model 1!.

generalized to examine lfie odds of a student picking a particular college (or

type of college) versus the other available college options. Such a model is

referred to as a conditional logIt model, and when IndlviduEll data Is used, 11

d,e(I ,;:111) malmum likelihood foohnique!-

McFadden (1974) developed a procedure for condltionol logit analysis, and

it was first applied to educational demand research by Radner and Miller (1975)

and Kohn, Manskl, and Mundel (1976). These studies pioneered the use of thls

technique and they laid an important groundwork for future users of this

method. Unfortunately, there are many serious problems with the data in both

studies. The biggest problem Is their Inability to estimate precisely the

choice set of viable college alternatives for each individual student. Also,

the data is quite old (from the mId 60's), and it is dangerous to generalize to

today's students,. Nevertheless, their results were con:.istent with other

findings.

The Radner and Miller price response coefficients have been widely

reported and may be, next to Campbell and Siegel's, the most widely reported

values In the literature. They were used by the National Commission on the

Financing of Postsecondary Education (1973) to forecast the effects of changes

In tuition on the enrollment in different segments of postsecondary education,

and were also incorporated into a national planning model research project

developed at the National Center for Higher Education Management Systems

(NCHEMS), Huckfeldt, Weathersby, and KirschlIng, 1973. The basic formulation

used by Radner and Miller (1975) included data from individual students on:

A.. = an academic ability score for student I

1J

Y. = a measure of family Income for student i

S. = a measure of the selectivity or quality of option j

C.. = the out-of-pocket dollar cost to i
of option j (net equal to zero

1,3 for the option "no school")

where J. stands for the set of options available to I.

They then computed a cost-Income ratio and academic interaction term,

defined respectively by:

C
ij

A.S.

-0 Y1 7-ij 1-666R.
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where ,t and are lhe parameters to be ostimafed. 11,-n lhe

probability of Pik that student i chooses opt I on k irom The sot Ji of

alternative options was given as

I .

Radner and Miller's formula for the price elasticity (1975 p,6g) of studont

i for option j is:

(C ../Y.) (1-P..)

Radnor and Miller also compu1A cross-price elasticities, the percentage change

in probability of I
choosing option k after a one percent change in cost of

Option j. This formula is given as

C.

p1kYi

for k / j.

Their price elasticity values are all negative, as expected, and they confirm

that:

At all levels income, at all ability levels, larger percentage changes
In demand accompany higher-cost institutions: demand Is more elastic as

cost rises (P. 66).

Noie also that price elasticity depends on the current values of all the

Independent variables because of the presence of P
ij

in the formula.

Jackson and Weathersby (1975) also compute a price response coefficient
for Radner and Miller (1975); basically, by applying the definition in equation

(7) and their assumed values of $2,000 prico and 26.2 percent attendance to

come up with a price response coefficient of -0.4 percentage points per $100

increase in cost. As usual, however, that estimate Is completely dependent on
the values of all the other variables In the model.

Two recent studies have taken the conditional logit technique, and applied

It to more complete data. Chapman (1979) used student data from a single
institution where he surveyed all the applicants to get their choice set.
Ghall, Miklius, and Wada (1977) used Hawaiian data, where the entire possible
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Mil ond Wodo (1(/1) obonl k) "prevlfh on (.iiM,Ite el lilt

ilv ond of demand higher edhcolion to( ino

indivIduol (p. 4/8), which in ihoir study inc ,III Iht

hronche', of iho Univetsily of Howoll. their wars, C cross. se( lion of lu/u

Hawai ian high school gt aduotes, and they o,,sumed ihnri ooch stndent mode o

series of choices involving two aiternolives: (1) it enroll in po!-,1!econdoty

education or not; (2) If attending, to take acodemi courses or to go to C

vocollonol program in a Hawaiian communily college; (3) if academic, to go to

itY Of Howoll ut (--) mdinlend 011iVtly7 and (4) II HI,

University of Howoll was chosen, to go to either tho Monoo vi Hilo lfl

to on ocademic progrom In a Hawolion community college. They modeled eoch

decision point with a conditional logit model, the logarithm of -the odds of

choosing one alternative over the other. As was shown in equation (24), 1h is

can be expressed as a lineor function of personal and Institutional

characteristics. Ghall et al. included family size, family income, sex,

ability, type of high school, and cost In their analysis.

They found That cost was a significant factor, but that its overall effect

was fairly low. They report a tuition elasticity of only --0.04 (since tuition

is only 8.6 percent of total costs, they estimate a total cost elasticity of

-.48). They do not specifically report price response values, but they do

claim that a doubling of tuition in 1970, from $232.50 to $465.00, would have

reduced enrollment in the university by 151 students, a reduction from a total

freshman enrollment (3,684) of 1.76 percent per $100 increase In price.

While Ghall et al. have built a nice model that properly considers the

choices available to individual students, their computation of elasticities Is

of questionable valle,ity. They do not seem to recognize that In a logistic

formulation the elasticity values are dependent on all the independent

variables, nor do they provide a formula for elasticity as Radner and Miller

do. in addition, they estimate elasticity by computing the percentage change

in enrollment to a 100 percent change in cost. This seems inappropriate, since

the elasticity of a logistic function changes at different parts of the curve.

If they choose to estimate elasticity with that type of calculation they should

have used a 1 percent tuition change.

Chapman used a methodology very similar to that used by Ghall et al.

(1977), but his data consisted of the freshman applicants to a private

university In Pennsylvania in Fall 1973 and Fall 1974. He surveyed the

admitted students to determine family history, student background, and other

schools applied to. He included Institutional variables for quality, size,

technical orientation, rural ity, fine arts orientation, and liberalness; and

student variables for the amount of scholarship aid awarded, tuition costs,

parental income, total financial aid awarded, distance from student's home zip

code to campus, and average achievement score. The analysis was done

separately for high and low income students and for the three main colleges of

engineering, --liberal arts, and fine arts at the university.

Chapman's analysis was aimed at measuring the importance of these

,
variables to the college enrollment decision rather than to determine specific
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logil analys,is, price wan noon a!, an iii, Orion fdnfor influencing Hfudent

demdnd; as price goes up, demand I a lno effect of price varle',, however,

dopending on both the type of of 1 type of ire,tilution. When a group of

institutions of simper price levels, are heing compared, then faclont, OI.I(' an

we match heiween student ability Hull in. dtional gualily [nor.;

icipor tan ( A loe, the lie no.1 e I In. ean nj )11-1,
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and Miller 1975).

Other factors, ouch an the ntudonlY, o, Ci11111 modr,11(..; H teci A prico

on student demand. For example, [Fran her (19/8) found lttit in exhHiniflg male

FtE enrollment!, from 1964 to 1975, price was not significant in a model fildt

included mea5ures of the military draft, expected honefil n or colfede, parental

education and income, and the ability to finance aftenddnce. Price woo,

however, significant ir explaining female FVE enrollment. In an

economicdemographic model of the oemahe tor higher education in Michigan, Moor

(1971; found that "male participation wan, without exception, unrcla:(1 ;e

re I H i ye price char ger:, I
t ono I role of uden !: "lOCH 1,111,1 Hvu ;

reel income trends. Cl nor fcmalos, however, appodr lc he much more ro!,ponsiy,

to price !-,timuli end also exhihif wlnific,eril, al-Heu(j; drrefic,

(p. 52).

Switching t rem sex to nienli tin ntuditn-P," H;isdlop ang iii

(1977) also found that 'adul t !,tudents, arc i v II. III iti on lvc'I
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