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Ihie doctmen | was wei bien tader The ausploes Of o gqrant To The Nattonal Cende
for Higher Cducation Managemend Systome (MCHEMS)  from dhe Mot Tonal bastitule of
Educadion (WHE)Y for the 1980 1 Iscal Year ag part of The Strategic Ploanning
project In The Financing and Pranning Program.  The centrat purpose of the
Plonning and Financlng Program 16 to develop a concepluat foundatlon for
pranning and {inancing I the contoxt of 1he many difterent seltings that

const Iute higher education.  WIHhIn that program, the Stralegic Plannling
project focuses on The interface between an Institution and 116 cnvironment. A
review and Infroduction 1o the |lterature thal Investi aves the cof fects ot
price on students? declslons, trerefore, constitures a bas'c bullding block in
NClLi15 research and development of stravegic planning concepts for higher
education.

This documend L sorve as a star fing point far anyonc who desires 1o
explore this [ldera’re.  As such, the document has several goals:

(a) To provid. = baslc background in fhe economic theory used fo
investigate the —eiatlonship between price and student demand

(b) To categorlize the varlous analytical techniqu: 5 used by reses chers
In the .fleld and to describe some =f the baslic propertlies and
assumptions inierent Ir each methodology

() To review sro: ¢f the major siudies and dlscuss their relationship to
+he economi.~ “heory and . nalytical methodology that they employ

(d  To summarlze some of the findings and concluslons thai are common | v
reported

(¢) To provide a selected bihiloaraphy that | 's the reader to the
| iterature avallable cn +hls oubject,

The document assumes that the rewder Is famillar with muitiple regression
and is comfortable with mailematical notation. In particular, functlonal
notation is used throughoui .nd :veral algebralc and calculus derlvatlions are
Included. A reader who is w.far’liar with the notatlon should skip the
equations and concentrate .n the text~-most of the concluslons and summary
material are nonmathematical. Nevertheless, the literature reviewed in thls
documcrt Is often more technical than the material herein, so 1t was noft
feasible to completely el!minate the technical aspects of the document.

The audience for this dccument Is assumed to include institutional
researchers, at elther puhl.c or private Instituivions, who may be faced wlith
the problem of determini, 1 the effects of price Increases on the enrollment at
their institutions. One of +rr .ounclusions reporfed hcre Is that such
determinations cannot be rade precliseiy. But price doas have an effect, which
differs by frype of <iudent and tvpe of Institution, and an understanding of the
literature will give some guidence fo institutional planners who are trying to
address this probiem.
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fndr oddue b ion

Ao porccondary cdgcatlon moven oo e 198he, Pnetitarions will be oo ing
Pnercaning demogr aphic and coonomic presoure o Phene ce ot il torces are we b
documendod (Carnegic Coune il 1980, Glenny [a80, and Moot ta/a) o but the
appropriate response ol inolitutions To Theae int buences ioonob alear.
[nolt futions will be hying many differend Ciratecions T cope with The
impending decline in T adirtona ] dudents ond the increaned compe L Ton far
Povotscen, wilh o anly Tine and cxperjence foo detorminge yhich otralegios o
cliecavos

In the meantime, the Institutional managers mak ing Theoo decisions will be
looking at whatever literalure s avallable to help them cvatuate the probable
offect of different courses of action. Since there will be prossures 1o
PG duition, fees, and ofher reventc sources as cosds continue 1o
increase, white there will also be a need to ailiacl addliional Sludents 1o
of foet 1The decline in 1he sice of The fraditona | col lege~-galng cohort, The
literature dealing with The impact of price on college attendance (hercoin
referred to as price-respouase | iterature) becomes partlcutarly important.

Unfortunately, thls price~response literature is of a highiy technical
nature, and the interprefation of many of 1he articles requlires some knowledgc
of economic price theory and of techniques cuch as conditional logit analysis.
Many of fhese studles are expioratory analyses, using questlionable data and
experimental techniques, and one danger s that the results of some of these
studies might be picked up and applicd indiscriminately by analysic that do not
ful ly understand the |imitations and conditions nertaining 1o The study.
Alternatively. some useful results might not be used because of the unceriainty
and confuslon of the adminlstrators trying to i :crpret Them.

The purpose of this paper, therefore, is fo provide some of the background
information nccessary for understanding the price-response [iterature. The
infent Is not to go through a study-by-study review and comparison. Several
authors have already provided thls type of literature review (see Chapter |l
for a summary of these reviews), but even those reviews arc sometimes difficult
to understand without an initial orientation to the subject. This paper will
attempt to provide this orientation and wili describe The various rescarch
studies only to the extent that thelr descrip:ion may be instructive. A brief
introduction to prlice theory and its use ir demand studies in higher education
will be presented first. This will be follcowed by a review of the major
expository articles that are avallable. and then the major analytical methods
that are used by researchers in fthis iield will be presented, along with
examples from studies the¥ typify those approaches. Finaliy, a summary chapter
will discuss some of the common results and the degree to which they might ne
appiicable to institutional planning.
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U ool b i dheot sy T dhghe T B P TR TP R R A
Phe bochmbaues en o procdlod chonmge i Phe boiand o bdea o ben heghie
cdue b, o bvens changess baope bee,are e ived Trone o dee Bheea
P dce theory is o dTarge and comple ab ject o bl cnlo e bativety ot por

ol 1t e needed to o understand P Theor et loal founda Plone aeed i adeiwated
CJudicen In higher cdncalion.  This cliapto Wit concentiaie onoe ploining dhe s
Concepte, qiving Fhe 1eader o foundat bone ta Pivcoand g The pr o ooy TN
Pl e et often peterced oo the e e pone Db atar e

[he moot fandamental concept io thal ob o desnand bune Hoao Hhe
Felationship between Fhe cost of o product and The quantity Phat will be
purchased by consumers. In higher cducatlon, Ihle o usually cxpreosed oo The
relationship between The price of atlendance and enrol lment, Though the oot
mieannremen b ovary widely. Enrol hmentd [ of ten exprocsed as o par o fpalion
tale, the raltio of e b of cine Pl baden b T Phee ot iab, obiaind
population, while price can include o var laiy of faclors Clorexanple, Pod b lon,
fees, room and board, Transportalion costs, o fher oul=of-=pockat oponnes

dednction for shudent ala awards, forgone incoie, and o Torth).

A demand functlon that accurately reproesente the rea | worla would cdovo
irzlude many factors other than price-factors such as rhe qual ity ot a nchoot,
the state of The economy, and the avallabillty of joba. Alvo, The dedsnd
relationship would vary according to character © ice of The student. bactors
such as abitity, income, and parent: T cducation qreatty influonce o stadent
qonsitivity to changes In inal itutional price ond overlual coteotion of an
inotitution., Nevertheless, This discusaion will Tocu o o price var fabloe,
since This 15 a common factor throughoul The ludent cemana cider dbare, ond
because It is the price factor That is most Lubject to The controb of on
institution.

The general student demand functlon is represented by the general
equation:

o= (P (1)

where £ is cuiollment, P is price, and { represents the function that retates
price to enroliment and +hat also includes all the otter factors that are
thought tfo Influcnce enrol Iment. Research Into student demand requires that a
specific functional form be selected, followed by The analyslic of historical
data to estlmate the parameters of the function. There arc many possible
functions to choose from, but most of the demand studies use onc of the
following general forms:

E=a+ b (7)

loag £ o= 1o log b (5)

E=a+ b logcl ()
510
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!
he other hand, colleges faclng Inelastic demand wlll have a proportionately
smal ler decline in enro!iment due fo an Increase in the tultion price, such

that the gross tuition revenue w11l inc-ease despite the enrollment drop.
Ordinarily, price elasticlty relates changes In enrolIment at an
“Fitution to changes In tuivion prilcz ar the same Instltution. This is
Cte oo el onpenrieneelasticlty. A closely related concent io
i Clasticos oy, which ralates changes in orice av ofhar instiTusions
L means cooasseprice-elastocivles ars a way of assessing the dsgrse ol
o “iTion between institutlions while own-~price-elastlciiy focuses on The

-_ilationship betwesn poteniial students and a single Instifr-lon,

Price response coefflclents, as opposed to elasticlties, do not have such
a clear-cuf relationship to changes In Institutlional tultion revenues. The

price response coefflclent tells how many students will be affected by an
Increase (or decrease) In price but thls Information alone does not indicate
whether there wll| be an overal: Increase or decrease In revenue. For example,

+wo instl+tutlons could have the same prilce response coefflcient, -.0124/%100,
but one could be Inelastlc at =0.50 and the other could be elastic at ~1.50.
1+ both Institutlons ralsed thelr fultion by $100, they would both leose 1.24
percent of thelr enrol iment, but the first school would have an lncrease In
revenue whlle the second would suffer an overal | decrease.

Another Important polnt, true In both the case of price response
coefflclents and elasticities, Is that after the tultlon prlce has been
changed, the college may well find ltself In a new situation. The nature of
students? preferences for enrolling at a particular college may change along
wlth *the tultion price, and both the prlce response coefflclent value and
elasticity value may change. (Note that In equations 5 and 7 elastlclty and
price response are functions of both current enrol iment an¢ current fuitlon.)
The exact nature of these changes will vary wifth The demand functlon chosen,
and this Is one factor that makes comparabilify across studies so dlfflcult.

Chapter |V discusses each of the major regression demand mode!s and
Indlcates the general characterlstlcs of the elastlcity and price response
coefflcients that are generated by the particular model . Some speclflc studies
are also presented to il lustrate the different polnts. Before proceeding To
that dlscusslon, however, It should be made clear that thls paper Is not
attempting to provide a thorough review of all the ilferature. Such an effort
1s unnecessary since there are several recent articles that provide excellent
| Iterature revlews and comparlsons across studies. These survey articles are
discussed In the next chapter.
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Chapter 111
Review of the Literature on the Effect
of Price on Enrollment

Aside from reports by researchers of thelr actual study results In the area of
student response fo the price of higher educatlion; several scholars have
undertoken the task of reviewing, svnihesizing, and/or critiauing the resuiis
Yoo

of Those research studies. Thesc secondary 5ouIress intormation on pr

response studies are (in chironological order):

1974 {arlson, Farmer, and Weathershy

1975 Dresch

1975 Jackson and Weathersby

1977 MWeinschrott

1978 Cohn and Morgan

1978 Hyde

1978 McPherson

1980 California Postsecondary Education Commlission

. The nature and emphasis of each of these studies Is different--some are
real ly annotated bibl iographles, some contain Incisive criticlisms 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 |iterature from
which they stem, but they usualiy do not provide as comprehensive a discusslion
of the literature as the reviews discussed here.)

Three of these secondary sources-=Carlson et al. (1974), Hyde (1978) and
the Callfornia Postsecondary Education Commission (1980)--provide very brief
summar les of the |ifterature while high-lighting the few universal ly accepted
results: (a) the price of higher educafion does affect enrollment behavior;,
(b) as the price goes up, enrollment goes down 1f all other things remalin the
same; (¢) the effect of price seems +o0 decrease as famlly income goes up. For
example, Carlson, Farmer, and Weathersby present short excerpts from five
studles (Radner=Miller, Barnes—=Erickson=Hi | [-Winokur, Kohn=Mansk I-Mundel ,
Corazzinl-Grabowskl, and Hoenack=Weiler) including tables of results from three
of the studies before discussing the overall | imitations (pp. 149-39).

Hyde has a slightly longer discussion of the research on the Interaction
of price variables with attendance at some postsecondary educational
Instifutions. More studies are mentioned here and two tables are presented
which compare the basic results of fen research studies. The discussion Is
substantive but not exhaustive or very technlical.

The most recent brief literature review Is by the California Postsecondary
Education Commission. Forming a foundation for a model to assess the effact of
student charges on enrollment and revenues, this review attempts to "ccnvey the
strengths and |Imitations of the data and methods used In these studles, as
well as to summarize their findings" (1980, p. 39). The footnotes citing the
Folévant | lterature 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 *hat they are Imperfect but better than

no information at all. :

7 14



‘The most comprehensive recent summary of the price response |iterature in
a journal is by Cohn and Morgan (1978a). They summarize each of 19 widely
known research studies in a paragraph each and go on to mention nine other
studies. They conclude with what seems Y0 be an agreed upon gaution In using
the results of the studies of price resnonse as a tool for educational planning
at this time.

he HitereT tinctly crivical vein,

Two of

o itden inoa dis
(

.lr
Medpachn ot ( shosvudies

cnech-Weiler, Corazzint ei al., gishop,
Kohn-Mansk i-kundel!. and Farnes et al.) to evaluate along five specitic
dimensions. Each study is discussed in relation to (a) its freatment o
ccucation as a consumption versus an investment decision on the part of
potential students, {(b) its identification of alternative cholces open to a
potential college student, (c) its inclusion of some measure of financial aid,
(d) its method of dealing with the possibie 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 additior to the critique of specific articles, Weinschrott
(1977) aiso presents an exhaustive annotated bibliography in the area of price
response studles. Taken together with the extensive reference list in Cohn and
Morgan (1978), these two sources probably cover 99 percent of the literaiure
extant in 1977. ’

Hosnack-i el dna

pa

T highoo

Dresch (1975) Is the other work that examines "the adequacy of available
knowledge" (p. 251} about the research avallable for uge In speclfying ‘
concretely "the essentlal facets of the student and Institutional components of
the postsecondary educational system" (p.254). Anyone serlously considering
the use of research results In academic decisionmaking for more than the most
general purposes should read this ariicle carefully (especlal ly pages 254-71)
in order to understand the problems that beset [esearch in the area of model Ing
the demand for higher education. The references cited here include more on the
topic of modeling In general and are not meant fo exhaust the price response ~
| iterature. -

The remaining two literature reviews actually attempt to compare the
numerlcal 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. (Campbel-Siegel; Hoenack,
Hoenack-Weller-Orvis, Corrazzini et al., Sples, 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 The'.
existence of “a 'typlcal'! Individual with an income of $12,000 in 1974 facing a
col lege cost of $2,000 per year" and by using "the estimate that 26.7 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 contzined In a
book about the private or independent sector of higher ecucation, the
discussion is not limited to studies of private colleges. The most succinc?
summary of the state of the art seems to be McPhersonis statement that:

15



There is probably not a single number In the whcle enrol Iment demand
| Iterature that should be taken seriously by Ifself. But a careful review
of the |lterature will show that there are some important qualitative
findinrs and order-of-magnitude estimates on which there is consensus, and
which do deserve to be taken serlously. There are also some serlous gaps

(1978, p. 180). ‘ : .

fn the discussion, McPherson attempts to support this statement. The only
shortcoming of this review is its length (over fifty pages) and The
civations as fo~tnotes rather tvhan in a single reference

prasentation of &t
TTenpiing To use

Piet.  Svill. significant informai.on ic presenyed {or anyone ai
“he resuits of research about the effect of educational coste on enicol lment.
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Chapter 1V

Price Response Studies Using Regression
as the Analysis Technique

This chapter discusses the price-response studies that estimate the parameters
of a demand function using muitiple regression. The data used in these
regressions represents the attendance behavior of large groups of students,
either over time (longltudinal} or across several instifutions
(cross-sectional). The interpretaton and application of the resulis of fhese

ciudies depends Too@ groat cvient on the form of fhe demand unction (o

= 1o PR P R chaoc - st B ! T T I e e BRI WP S A . ¢ Sy
ssion equartiony cnosen, & ach of b o o commoniy ITTRESAT FES IR S

giscussed separately.

Cegre

[ inear Demand Function: £ = & = hP

&

Perhaps the simplest form of a demand function Is one in which the
enrol Iment is assumed fo respond In a | inear fashion 1o changes in price, The
general form for such a functlon Is:

E=a+ bP+c X + c X, + ... *F cka (8)
where the varlables X, ...X; describe The institution and Its environment. For
the purposes of this discussion, the simpler equation, £ = a + bP, will be used

without 'oss of generality since the X's are held constant when price response
or elasricity are computed. Such a function is represented graphically in
figure 1. As can be seen in the flgure, enrollment is assumet to vary in a
negative linear relationship with price. In these studles, enrol iment Is
sometimes represented as a ratio of enrol led students to a population of
potential students, and sometimes It represents an actual enrol Iment number. A
price of zero would result in nat students enrotling (where "a" stands for all
the other factors that help determine the likel IThood of enrollment) while at
some prlce, -a/b, the enrollment would drop off fo zero. (Here np" js assumed
to be a negative number so -a/b is actually a positive value.)

The price response character istic of such a demand function is very simple
and ls constant for all values of price-—It Is the coefflicient "b". This can
be verified from examlnation of the effect of changlng the price by a smal |
amount, ~AP:

it a + bP

= £
then a + b(P + AP) = £ + AR
(a + bP) + bAp = E + AL
E 4+ bAP = E + AR
and baP = AE (9)

This relationship Is therefore independent of the current price and enrollment
level.? ‘

3Technical ly, the price response is the partial derlivative of the demand
function with respect to price, scaled to & constant change, /P.

1



tnrolliment

Price : -a/b

Fig. 1. Linear Demand function, L = a + bP
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The situtation i3 more ccmplnCaTed, however, for elasticity. In this
formulation the elasiicity depends on the current price level.

The steps for computing the elasticity follow:

from equation 0),

i P
P B

=25

or,

(10

The above formula for ele Icity shows that as the price Increases, the
elasticlty would go from . elastic to elastic. Initlal Increascs In tultion
might Increase revenue, bu: eventually such Increases would cause an overall
drop In revenue (sze table 1). Flgure 2 graphs this relationshiz. Iif one
knows the values of "a% and "b", then the elastlicity can be cumputed for any
given price.

0f course, the above discusslion about the calculation of price response
coeffliclents and elasticiTy assumes that the |inear demand functlion accurately
portrays the reactlion of studert demand Vo changes in price. This is probably
an unjustiflable assumption-—especially over the full range of possible prices.
Such a formulation muy provide a close approximation to actual underlying
demand preferences over a small range o/ price values, but it Is still only one
out of many possible models. Neverthciess, +thls formulation Is used In a
number of studies and elasticities and/or price response coefficients are
reported In some of those analyses. These vaiues should be Interpreted
according to the definitions in equations (9) and (10). A reported price
response value represents the model's estimate for all price levels belng
considered, but the reported elasticities are completely dependent,on the price
used to compute it. Therefore, comparisons of elasticlitles between these
studies would be quite difflcult.

\

One of the earllest and most commonly cited studies fthat used a linear
demand functlon Is Corazzini, Dugan, and Grabowski (1572). They used national
data from Project Talent, collected In the early 1960s, that fol lowed a sample
of 10th graders through their decision fo enroll In college. Corazzini et al.
(1972) cross-sectlonally stratified this data to produce average values for
each state. Thelr regression equation included tultion variables for junior
col leges, four-year public universities, teacher's colleges, and four-year

13 I.g



private universifies. In adcition, they included variebles for average hourly
wage of production werkers, unemployment rate, father's attained educational
level, and student performance on achievement tests. Figure 2 gives thelr
Fresulte for the tcta. sample. (They also ran the regression with the date
divided Into four (ncome quartifes.) All fhe coefiicients in figure 5 are
cigniticant at the .05 level with The exception of the tuition et teacherts
colleges and tho average hour ly wage of procucticn workers.
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Fig. 2. Elasticity of | inear Demand Function
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The coefflici=nis for the four tultion varlables represent their estimate
of price response :oefficlents. As quoted from Corazzini, et al.:

The total en~: Iment rate Is most responsive to tuition changes at
four-year puolic universities, and a decrease of $100 in tuition In 1963 is
assoclated with a 2.65 percent increase in the nation's enroliment based
upon *hese cross—sectlion results. (1872, p.47)

rn overal!l estimate of orice raesponse s unavallal e since there are tour
Pl i ! 5 £ Thouoh Jeckeon and

I~ B ! Sy b o
[RRSN o mre @

‘L
3 GaveTions o
ie proceaure 1¢ highly
; not al
- = 4 X + - \, . -+ - T
Cr 14.43 (-.0. ,TJ ( .027)1u
Percent of junior college 4 year public
1960 10th graders tuition price university
enrolling In Tultion
coliege
+ (-.005)T ST (~.009)T
C p
feacher's 4 year private
college “university
Tuitioi tultion
+ (-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
level test

Fig. 3 Linear Regression Results from Corazzini, Dugan, and Grabowsk i
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No estimate of elasticlty is possible from this study since the origlnal
tuition values are not available and the elasticity of |inear regression
equations is dependent on price. One researcher that did try To estimate
clasticlty, however, was Funk (1972). In Funk's study, the data used was
tongitudinal enrolliment and tuition data for a single university over a fwelve-
year period. The form of fhe linear equation was simple:

Actuai Enro]lmenf = g+ bTuition + cTime

Ceanee netual tuition velues were available, Funk estimated elasticity values

qoovnlnn of ahort

ol TN e oot chiowed A votont o T

S I A U U U S U STON LR O SRR S S SR BRI RSS! SR N S FUE O ST S W R P

N Vs H [T ..
A SR T TS N

Twe other studies using a linear formuletion @re {a) Hopkins (1974) ang
(b) Cohn anc Morgan (1978). Fach of these studics used svate cross~scctional
data in the regression equation and Included a large number of possibie
exp lanatory veriables. Neifther study was highly concerned with price as an
Important factor. For example, fultion Is not directly included In the Cohn
and Morgan equatlons (instead they use an aggregate measure of totai state
support), and Hopkins Is more concerned with a student's decislon between
public and private alternatives than with price response (though price response
is reported In the Hopkins study).

One conclusion to draw from these studles is that a linear regression
mode! Is not an effective way to determine price elasticitles of student
demand. |+ may be useful as a means of measurling important factors Influencing
col iege-going behavlor, but the coefficients produced would not be rellable
Indicators of the effect of a price change on the enrollment at a specific
institution.

Log-Log Demand Functlon; Jog (E) = log (@) + b log (P)

Another commonly used demand function looks much lIike the |lnear model in
equation (8), but logarithms are taken of each varlable:

log (F) = log (a) + blog(P) + cllog(Xl) + ...cnlog(Xn) (11)

As In equation (8), =2ach X stands for some non-price exp lanatory variable, and
for this discussion they will be collapsed Into the constant, log (a), slince
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) o (12)

While the log~log form of (11) Is the regression equation used fo analyze the
date, It Is derived from the demand function:

_ byCiyCo C (13)
£ aP X1 X2 ...Xnn
Equation (11) Is simply the logarithm of equation (13), a transformation that
produces a Iinear equation that can be solved with multiple regression

techniques. Similarly, the reduced form that only considers price Is:
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b
E = aP (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 wpn, % Therefore, when equation (11)
is solved, the coefficient "b* becomes the estimated elasticity. This model is
aleo convenient because the elasticity is independent of current price level .

Unfortunately, This function does not hehave so nicely for computing the price
SUSHSISUNN SR S R R
-
/N
4+
e
Q
£
=
—
(o
S
e
Ll \

. / P
Price

Fig. 2 Enrcliment as a Function of Price in

an Exponential Demand Function E = an

“WThe definition Tor elasticity,€ = ﬁ%* %s is more generally given as:
%% %u Since the der;v?tive ofbaP with respect to P is abe_l, then
c = %%_ %.: abPE P _ abE = b
aP

5In fact, the functional from E = an is the only one where elasticity
remains constant over all values of P. To prove this:

B _odE P
assume € = b = P E
baP _ BE
then B O F
P _ .0k
and b S -

n(a) + bIn(P) = In(E) (where in some constant} O(ln(a) + bIn(P)) = E
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To compute the price response coefficient for a ¢iven price and price
change 'p, the definition, (7), (Jackson and Westhershby 1975, p. 643), can be
used as fol lows:

price response = |

o
Il)
‘
A
S IR CEN PR

e oo chan ooof Poeodbor . C
cnange Tnoprice Trat oy piooe. - VIO SN S T BRI
cn the current price level. Figu, S Coovctarvoonshias o o o
price level, an increase of 3100 s C riiona Y SRR S TS
lerge drop in enroliment, whilt® 7 igh proic el 2 [Ks

is relatively insignificant o ill lead to only a
attendance rate.

Price

!
!
|
|
|
|
}
l

se

Price Respons
(Percentage Change 1n Enrcllment)

Fig. 5 Plot ¢* Price Response Coefficient as a Function
of Price for the Exponential Demand Function
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cribed In this document, the specific numbers reported are not as important
as the common result that changes In price do have a statistically signiflcant
of fect on enrol lment.,
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Chapter V

Individual Choice Studlies

ALl the studies of student demand discussed in the last chapter used multiple
reqression techniques 1o estimate 1he responscs of students to changes In
pricc. While the form of the particular demand equation often varied across
studies, the data always represented the aggregate behavlor of students. For
example, the dependent varlable might represent the percentage of the ellgible
population of students that attended college in a given year, under a speclfied
se+ of condltlons. There are many cases, however, where +he data belng used
represents the behavior of indlviaual students. While the indiviaual data
could be aggregaied intc group data and analyzed with the techniques described
in chapter IV, this would mean glving up much of the richness of information
inherent in Indlvidual level data. Further, the researcher is usuall’ most
concerned with the behavior of individuals ir response fo changes In price or
other environmental conditlons, end an aggregation across Individuals may
obscure some of those relationships.

In fact, many researchers do use individua! level cata. usually collected
from surveys of recently graduated high school students, and there are several .
research reports of this type. The chief characteristic of thils data Is that
the dependent varlable represents dlscrete values. In the simplest case, a
student either attends coilege or doesn't. Mcre general iy, the student has
several discrete cholces, elther one of several dlffereni colleges or of &
noncol lege alternative. :

The objective of an Individual choice study Is to infer an indlvidual's
rule for making declislons ahout college attendance. Thls Is usually done by
comparing the characteristics of the school chosen by a particular Indlvidual,
such as price and selectivity, with the student’'s personal characterlstics,
such as abillty and family Income. The coefflclents estimated for Individual
students are Then generallized fo provide probabil Ity estimates for the entire
population of eliglble students.

These explanatory variable. are also often treated as discrete, rather
than continuous, variables. ror example, schools may be divided into
selectivity .quartiles, according to the range of average SAT scores of thelr
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
difficultles In estimating demand reiationships; In fact, several of The
studies described in chapter 1V include categorical independent variables. The
problem comes when the dependent varlable is discrete. Hanushek and Jackson
(1977) provide an excel lent discussion of This sub ject, and much of the
following explanation is based on the mat-iial presented in chapter 7 of Their
book. Swafford (1980) also préXides a very good . :view of the techniques used
for analysis of individual chdicé data.

The graph in figure 6 illustrates some hypothetical cata with a
dichotomous dependent varlable. As can be seen from thls figure, fhere is no

obvious functional form fhat fifs the data. In particular, any atfempt to 11
a straight |ine through such data -will result in large errors. |f one assumes
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a straichi Line through such dodta witd o resuld Gnlarge ervor s D one s
4 Vo

thai 1he underlying function 1hal describes the druce probeb iy diciribution
i< an S~shaped function, then the Three graephs oo digure [ ochow S ot e
fairly large crrors 1hot mey, oe observed In |incar probabitiiy modeling.
Occasionat ly, the 111 may be moderately closc, ao in qraph (&), but 1iocan al oo
produce a very poor fit, as in graph (c).

0 SNSRI o ¥ Vo Yo ¥y VUPN o ENN o SRR o SRR o i TR Pl
Price
i
Deciviun i
Lo ‘
Lol
) SN AR NENT AN AR A3 AT nooe P
’ Fig. 6. 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 indlvidual choice data. Logistic models will be
discussed in the following sectlon, but first, the digscussion of Iinear
probability models will be further elaborated, since they ere used In This Type
of research.

linear Prebability Models

The-general {orm of & | inear probabitity model, In which there are ontly
twe values for the dependent variable, is glver in equation (19):

A= oot DP e X+ c Xt oo b Cxy
RN A TANt
where A = 1 i¥ a student enr..is in college
= 0 otherwise
F ic price
Fae A represeni other veriables that may influence
¥ . . -
enrol Iment decisions, such as SAT scores,
familv income, race, SEX, religlon, efc.
a,b,c\:...cl are the coefficients tc be estimated. (1¢)
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Dt are T e main pr ol o Wil b medhioas D sty chodistical

Prog by o The e Vo oo an o that The otandad feenl o cionidicance o
S ot Lo tends Gl I oretiotic) i inappropricle and canhot Lo scd do
e e e bocontoitubbon o the model. The crror dorns are b roscedactic,
P wor oo, the var tances Gf the crror derme are nol cquard cach
Gt bon. Second, The predicted probabilitice from cquation (19 can be

[oee fhan coro or gieater thanone, fhie ic pardicularty Fively ifoone e
1o e dhe cquation o predicl Feoulte when the independen variables take ob
values wolt outside the range of the dato used in the sample.  Such prediclors
woula be hard 1o interpret since no probabil ity can be outslide the range of

soro 1o one. Finalbly, fhe R value produced by fhe regréssion cannot be used

A measure e goodness=of =i of the |inear modcl to the data because The

o o deeendde et var fabibe wiltl coanoe the b volue 1o be ebnormal by Tow.
e predictod protability valuee wiltl normally be butween zero and une, o i
Cquarca differences betweon the obuerved data (0 or 1) and the prediclted values

will bo largo.

Spies 2cognlzes these limitaticons to linear probability model ing, but ne
determines fthat the more accurate results that migh' be produced .from other
wethods do not justify their increased costs. His tests on some subsets of his
data indicate that in this case The resulte are cimilar to those in graph (&)
of figure 7.

Spiest roesulis are limited to high-ability students applying to seioct
colleqen.  Hoe s interesteqa in Tho factors that influence a studentis decicion
o apply to different categorics of schools, and as such, he runs a number ol
analyses on his date. His dependeni variables ere ¢lchotomous, being sef 1o |
it a student applies to a certain class of Institutions, which are grouped by
thelr typical tuition level and by the average SAT test scores of fheir
students, and a 0 otherwise. As independent variables, ne includes factors
cuch as the <tudents! SAT score, annual family income, totel tamily savinge,
number of otl + dependent ch:idren in the family, number of years of schooling
of parents, sex, race, and reiigion.

Price was not an important factor ir these regressions because the
groupings of the schools | umped schools with similar tuition levels together.
Spies' complete study included some regressions Of aggregate dafa where fuition
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
mecasured by their SAT scores, wWas +he most significant factor influencing their
application decicion, and that tfor high-ability students, price and income were
much less important. A rouah estimate of his computed price response
coctiicient from his 1978 siudy fis ~0.17 percentage points per $£100 increase (n
nrice, and Jackson anc _athersby report & price rosponsiveness value of -0.06
tor hie 1973 date.

Theae twe studies by Spies w e emong the most informative and well written
tudics aveilable. They cannot be general ized beyond high-ability students and
celect imutitutions, but Spies is & vary clear writer, and his methocology and
renulie arc casy to understand and interpret. His usc of orcdirary least
cquarcs multiple regression +to estimate linear probability models, however,
choule not be ingiscriminately applicd by other rescarchers. Spies found thet
- r methods did not greatly improve hic results, but cther reseachers might
ne. be so 1o o~y. Date from different scmples coulc be gistiributed more like
craphs (D) and (c) in figure 7.-
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Guad ford (1) provides a vary good dinounsion ol [licor g ol by
modeting and concludes fhat Ahe une of quner ol ood Teant squere o s iimaie
The model can produce results That are just asogcelioble ond accu ale oo logi
analyslo.  The generalized Peasl wquiares Tochnicuc adjuste The crror terme
order o compensate for heteroscedas oty and substiTuten a Chbesguored et
of <ignlficance tor lesting the iit o0 The model Tor e data, the mor ¢ gencrol
cane of individual ltevel datla, whero dhe categor foal deponden var labte taked
on more than dwo values, cannol be analyzed with o linear probabil ity model .
There 1s no woy for a linear cquation To predict the probabilities of o studend
applying to several different colleges. This Type of datla must be analyzed
with o non-regression technique, such @ conditional togit analysis.

Locit Mnadyaels

The most sophisticaled lechniques fthat have been used To wtudy student
demand make use of the logistic distribution, A few studics use the normal
distribution Instead, which results In a probit analysis (see Chrlstensen,
Melder, and Weisbred (1975), but Hanushek and Jackson (1977) show that, excepl
at probablility values near 0 or 1, the probit results are almost identical to
1hose produced by a logit analysis (p. 206). The general formula for a
logistic distribution is:

b (11 et (20)

where P stands for a probabillty value (rather ihan price, enrol Iment
woul!d be determined as the ellgibie population times P) and X ;= stands for
a linear sum of products, such as (i, X, + 5, X, + ... %

The advantage of this function is that P ranges from 0 to 1 as X goes from -
to +w. 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 vaiues for the loglstic functicn
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. Ffor
example, 1f X, stands for price, then taking the derivative of the logistic
function in equation (20) with respect to X;--this is equivalent fo LA
in equation (6)--results in:

o an( e )]
i /\/ :1 X 1
]
' fPP(l-PW
- - ,._|;j~,. -

(21)
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o o dormule for oprice responae. therefore, in o togiott formulecions, aho
price elasticity and price response valves are nod Consent aoross didterend
Types of student, different institutional charactoristics. or differenl pice
levels,  This ie such a limitation on any inferpretation of their values do

actual practice that Oum (1979) argues:

that finear loglt models arc inappropriate 1o use for ...demand studies
because They impose many rigid a priori restrictions on The paramcters of
price respensivencss of denand, ... (p,374—43)
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Fig. 8. The Logistic Distribution Function
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One of the analn foolures of foglht analysic T dhe conver sTen ol
probabilifics to odda, which ia ofmply the ratic ol dwo probabilidics.  When
Hhere are ondy cwo al ternatives and B represends the probobil ity of cven A
occuring Couch an deciding 1o attend college) then 1= ie 1he probabit ity of
A not occurt ng, and the odds of A occurring Ts computed as

! ool
A oo A)
e amp e Lid'y O theen o ub0 oA s o (il B s ol don retor e
Foan odds A to 7)., More gencrally, there may be several possibilities,
cuch as opl o s A, B, G, and D, whose probabillities sum to 1.0 (e.g., F + F o,
. Y 1
bty = e dn this case, the odds of A occurring rather than B would

simply be +fhe ratio of Pp/Pp o 1f Py = .30 and Pp = .10, then the odds ot A
over B3 are .30/.10 or 3 to 5. ¥ one staris with an odds value, It is easy to
convert it back to a probability. In the dichotomous case, PA =$)A/\1 TS

A
The conversion to an odds measure is particutarly convenient with the
logietic function since:

~
[

TP - /(v e ™Y as in equation (£0), then

1-p = o M1 e oM
Xp
= 1/(1 + ey (23)

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

; I
L = 1og 75

Al

log P - log(1-?)

Tog(1 + e M) -TT0a(e ™) -T0g(1 ¢ TH)]

Vo (24)
= Af
Therefore, if one is using aggregate data, and has a probabil ity estimate for
the probability of going to college versus not going to college, then a logit
transformation can be made and the f values can be estimated with a linear
regression {(Swafford 1980).

More typically, researchers use individual (data where P is 1 tor college
attendance and Q otherwise) and the ratio P/{1/P) is undefined for P = 1. In
this case, maximum |ikelihood estimation is used to solve for the [ values. A
maximum |ikel ihood estimation technique searches for the values of [ that
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Conalt o dn Ihe o dosend posaible (D o The chocived data (oo Hanushel and
Jackoon, pp. 2000209 0 The formulon o cqualions (20) and (23) e voued o
peca by o tunet ton that prodliots the number of 1'e and QFs observed In the
data, and then o compuler iz od procedure e used to find The values of (- thal
Yoot ot Thoe funcilon.

When Thoe data To polyiomous (the dependent varlablo indicates which
colloge alternative was chosen by the student) then tho loglt model i«
general lzed to examine the odds of a student plcking a particular col lege (or
type of college) versus the other avallable college opllons. Such @ modal 18
refoerred to as a condltional loglt model, and when Individunl data Is uscd, Wi
mied b oolesd with mescimum FiRke D Thood Technbauies.

McFadden (1974) developed a procedure for condtional loglt analysia, and
i1 was {irst applied to educational demand rescarch by Radner and Miller (1975)
and Kohn, Manskl, and Mundel (1976). These studles ploneered The use of This
technique and they lald an Important groundwork for future users of thls
meihod. Unfortunately, there are many serlous problems with the data in both
studles. The blggest problem Is thelr Inabil Ity fo estlImate preclsely the
choice set of viable college alternatives for each Indlvidual student. Also,
+he data is quite otd (from the mld 60's), and It Is dangerous to generallze 1o
today's students. Nevertheless, their results were consistent with other
findings.

The Radner and Miller price response cocfficients have been widely
reported and may be, next to Campbel | and Slegel's, the most widely reported
values In the llterature. 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 natlonal planning mode! research project
developed at the Natlonal Center for Higher Education Management Systems
(NCHEMS) , Huckfeldt, Weathersby, and Klrschling, 1973. The baslc formulation
used by Radner and Miller (1975) included data from Indlvidual students on:

Aij = an academlc abll 4y score for student I

Yj = a measure of family income for student |

Sj = a measure of the selectivity or quallty of option j

C = the out-of-pocket dollar cost to | of optlon j (net equal fo zero
) for the optlion "no school™)

‘where J_ stands for the set of options avallable to I.
i
They then computed a cost-1income ratlo and academic Interaction term,
defined respectlively by:

A.S.
i1

ij ~ 1000

C..
R_':_.j__ , 7
1] Yi

O

30



P construct thetr ol dormulalion, they Pheed doefimed Tyo valuc,
‘ii a1 O P coch b oana g such That

ol b
b M
N
where v and o are the paraneters To be estlmaled.  Then The conditional
probabll ity of I, That student i chooses opllon Kk from The sct J;  of
alternatlve opltlons was glven as

Radner and Miller's formula for the prlice elasticlty (1975 p.68) of student
i for option j is: '

THAVYA -P .
(C /) (P )
Radner and MlIller also compultc cross-price elasticltles, the percentage change

in probabillty of 1 chooslng optlon k after a one percent change in cost of
optlon j. This formula Is glven as

A
Yi ik
for k # J.

Thelr price elasticlity values are all negative, as expecrted, and they confirm
that:

A+ all levels f Income, at all ablllty levels, larger percentage changes
In demand accompany higher~cost Institutlons: demand Is more elastic as
cost rilses (P. 66).

Note also that price elasticlty depends on the current values of all the
Independent varlables because of the presence of Pij in the formula.

Jackson and Weathersby (1975) also compute a price response coefflclent
for Radner and MIller (1975); basically, by applylng the definitlon In equation
(7) and thelr assumed values of $2,000 pricc and 26.2 percent attendance to
come up wlth a price response coefficlent of -0.4 percentage polnts per $100
Increase 'In cost. As usual, however, that estimate Is completely dependent on
the values of all the other varlables In the model.

Two recent studles have faken the condltlonal loglt technlque, and applled
it to more compiete data. Chapman (1979) used student data from a single
Institutlon where he surveyed all the appllicants to get thelr choice set.
Ghall, Mikllus, and Wada (1977) used Hawalian data, where the entire possible
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Chal 1, Mikliue, and Wada (1977) sot about o Mprovide anoentdmate of dhe
clastiolty and crose-clastiebiles ol demand Tor higher cducatbon facing o
tndlvidual Instilutfon™ (pe 478), which In their tudy Tnelude, ol the
hranches of the University of Hawall.  Thelr sample was oo otaesect Ton ol 1970
Hawal fan high school graduates, and they ancumed that cach student made o
series of cholces Involving two alternatives: (1) 1o enrolbl In posteecondary
oducation or notl; (2) If attending, to take academi. coursecs or to go To a
vocatlonal program In a Hawalian community colloge; (3) If “academlc, 1o (o 1o
Hhoe Undves Ty of Hawal T oo o o malntand college o universitys and (4) 1f the
Unlversity of Hawall was chosen, 1o go to ellher the Manoa o HiTo capuatin i
1o an ocademlc program in a Hawallan conmunity college.  They modeloed each
declslon point with a conditlonal logit modecl, the logarithm of tThe odds of
choosing one alternative over the ofher. As was shown In equation (24), fhis
can be expressed as a llinear function of personal and Institutlonal
characteristics. GChali et al. Included family size, famlty lIncome, sex,
abiiity, type of high school, and cost in thelr analysis.

They found that coslt was a signiflicant factor, but that its overall cffect
was falrly low. They report a tuition elasticity of only -0.04 (since tuition
ls only 8.6 percent of total costs, they estimate a total cost clasticlty of
-.48). They do not speciflcally report price response values, but they do
claim that a doubling of fultion in 1970, from $232.50 to $465.00, would have
reduced enrol Iment In the university by 151 students, a reduction from a fotal
frestman enrol Iment (3,684) of 1.76 percent per $100 Increase In price.

Wwhile Ghali et al. have built a nice model that properiy conslders the
cholces avallable to Indlvidual students, thelr computation of elasticitles Is
of questionable vallidity. They do not seem to recognize that in a loglstic
formuiation the elasticity values are dependent on all the independent
varlables, nor do they provide a formula for elasticity as Radner and Mlller
do. in additlon, they estimate elasticity by computing the percentage change
In enrolliment to a 100 percent change In cost. This seems Inapproprlate, since
the elasticlity of a loglstic functlon changes at different parts of the curve.

I f they choose fo estimate elasticlty with that type of calcuiation they should
have used a 1 percent tultlon change.

Chapman used a methodology very simllar to that used by Ghall et al.
(1977), but his data consisted of the freshman applicants to a prlvate
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 varlables for quallty, size,
technlcal orlentation, rurallty, flne artfs orlentation, and liberalness; and
student varlables for the amount of scholarship ald awarded, tuitlon costs,
parental Income, fotal financlal ald awarded, distance from student's home zip
code to campus, and average achlevement score. The analysis was done
separately for hlgh and low Income students and for the three maln colleges of
englneering, -1 lberal arts, and fine arts at the unlversity.

Chapman's anaiyslis was almed at measuring the Importance of these
_varlabies fto the college enrol iment declslon rather than to determine speclfic
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ffect of pricn

Other factors, such oo the student!s oex, can modorate DL
on student demand. For cxample, [Thrasher (1978) found fh:t in expleining malc
FTE enrollments from 1964 to 1975, price was not significant in a wmodel That
included measures of the military dratt, cxpectad benefifs of colleue, parental
education and incowe, and the ability to {inance attendunoe, Price was,
however, significant Ir explaining female FIE enrolinent,  Inoan
wconemic—-demegraphic model of the gerand tor hicher oducation in Michigan, Hoor
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