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ABSTRACT
Two quanfitative enrollment prolection techniques and

tEe metLods used by researchers a+ the Ohio Board of Regents (OBR) -

are discussed. Two quantitative approaches that are typically used
for enrollment projections are curve-fitting techniques apd Causal
models. Many state forecasters use curve-fitting techniques, a
popular approach because only historical data are required. If
enrollment trends are unstable, however, curve-fitting techniques are
less useful and may be inappropriate. Causal models look at cause and
effect relationships between irdependent factors and enrollment
patterns. In Ohio, enrollment proiection through 1992 for public
higher education institutions !s based on a dual approach. One, based
on demographic information, !s he Demographic Simulation of Ohio
(DS), and the other, the veaents Enrollment Forecasting System
(REFS), is based on high school graduate pools by county,
matriculation rates, institutional market silares, and historical
enrollment patterns in public postsecondary institutions in Ohio. A
description of these methods and heir advantages and disadvantages
are provided. Comparison cf full-time and part-time projections is
also discussed. (SW)
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METHOIXWO(; Y AND LIMITATIONS OF
OHIO ENROLLMENT PROJECTIONS'

Enrollment projections are matte at various levels. includ-
ing national. regional. state. school division, and institutional .

When statisticians. economists, or mathematicians design
enrollment projection models for postsmondary education, cer-
tam histoncal information about enrollment patterns at the
elementary, secondary, and postsecondary levels is necessary at
the onset of the project. Researchers must also know the current
milieu. political issues. economic trends, institutional missions.
These same researchers then must select apprupnate analytical
techniques. scrutinize available information and data, make
subjective judgments about enrollment predictions, and incorpo-
rate national and statewide demographic trends, including fertil-
ity. migratory. and mortality rates.

The selected techniques may vary depending on the use 44
the prediction (e g.. planning or budgetary analyses). level of
the projections (e.g . national, state, or institutional). the exper-
tise ot the researchers (and their users), and, tinally, the kind,
quantity. and quality of available data.

Enrollment pmjections are also the basis for additional
nredictums. as illustrated helow.

-4.
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Po3rwcondarl ennPlitnent aAsurnptrons
Number of full- and part time students in postsecondary
institutions
Number of associate, bachelor, and advance degrees to
he gramed
Number of female and male students enrolled in higher
education institutions
Number of students enrolled in two- and tour-year post-
secondary programs.

Staffing assionpoont
Number of persons available to teach in elementary.
secondary. and %peewits areas (e . special education,
speech therapy, occupational therapy )
Number of full-time professional faculty and personnel
needed.

Ez id as1 umption3
Total geivral fund expenditures
Current fund expenditures by programs

Researchers have created an entire hierarchy of predictions
based upon enrollment forecasts. Each level of indiction is built
uptm earlier assumptions and estimations, which may or may not
be reliable Consequently, state and institutional planners need
to underVand the basis for enrollment forecasting if they are to
interpret projected data accurately and outline future needs aod
goals adequately
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Enrollment Projectioselbehnlques

'avo quantitative approaches are typically used for enroll-
ment projections curve-fining techniques and causal models.
Many state forecasters use curve-fitting techniques, a popular
approach because enly historical data are required. If enrollment
trends are unstable, however, curve-fining techniques are less
useful and may be inappropriate, unless these instabilities are
predictable and necessary adjustments can be calculated. Causal
models are usually preferable because they tend to be more
accurate than curve-fining techniques. Causal models look at
cause and effect relationships between independent factors and
enrollment patterns, such as graduating high school seniors and
entering college freshmen.

It should he noted, however, that one method may be
appropriate for national enrollment projections but unacceptable
for a local institutional projection. The appropriateness of a
projection technique may vary from state to state, region to
locality, or locality to school. Consequently, it is impossible to
prescribe a single methodology. Moreover, the availability of
data may be the real determinant of which technique or combine-
tion of techniques is selected. As any model becomes more
sophisticated, the historical data become more exacting and
extensive. The accuracy of any projection is dependent upon the
accuracy and completeness of historical data, the theoretical
model used (inCluding the assumptions), and the continuances of
a relationship from the past to the future. The use of sophisticated
methodologies must be balanced against the practical realities of
modeling costs and future uncertainties.

Curve-fitting teehnkpats. Mend analysts assume that
political, social, and economic trends that have influenced
student enrollment in the past will continue to affect future
enrollment patterns. Mathematical techniques are employed ro
determine the effects of these trends on future enrollments.
Simple linear regression models fit the "hest straight line to the
given data points by minimizing the squared deviations of the
actual points from the straight line. In enrollment projections.
regression lines are fitted to the data, using years as independent
variables and percentage(s) as the dependent variable(s). Linear
regression techniques, such as moving averages, frequently
cause overestimation of expected enrollments.

Several types of curve-fitting techniques are used in en-
rollment projections, including simple averages, moving aver-
ages, exponential smoothing, polynomial models, exponential
models, and spectral analysis. Each of these curve-fitting
techniques is summarized with limitations and assumptions in
Thhk I.

Causal models. Although it is mathematically possible to
view enrollment as a function of time alone, curve-fitting
techniques do not account for any other effects on enrollment
hecause certain variables, such as per capita income, tuition
rates, and other socioeconomic factors, may have been con-
sidered hut not incorporated into enrollment factors. Moreover,



predktions based on these variables art themselves difficult, as
described in Tab lel.

The most frequently used and historically satisfactory vari-
able, in addition to time, has been the relationship of the
college-age population to enrollment. The colkge-age popula-
tion can be determined from the following data bases: (a) birth
data or fertility rates for the appropriate time period. (b) number
-of high school graduates, and (c) population data. including
moitality and migratory rates. Estimates of future high school
graduates and future populafion groups are dependent upon the
extension of birth data from earlier years.

At the onset of enrollment projections, certain con-
siderations am essential in causal model development. Inves-
tigators need sa ascertain what causal relationships exist between
independent factors and enrollment. For example, does the
number of high school graduates relate directly to the number of
entering freshmen? Does the number of nontraditional students
contspond to the divorce rate? In order to rely on thew causal
relationships, the actual relationship between the independent
variables and enrollments must be recognizable, stable, and
predictable, and not be primarily speculative.

Among existing causal models, the most common are
cohort-survival techniques;ratio methods. the Markov Transi-
tion Model, multiple correlation and regression methods, path-
analytical models, and systems of equations. h should be noted
that the Markov Wansition Model is also a curve-fining
technique because it relies on previous enrollment dara.

Qualitative Judgments

When selecting projection techniques, researchers must
consider available data, accuracy of information, use of projec-
tions, and other known variables and, on this basis, choose the
approach to he used. Wheelwright and Makridakis (1973) noted:

In any modeling effort there is a choice. We can either
construct a single =del which may not completely dupli-
cate reality or we .can build a highly sophisticated and
complex model which can he accurate but which also
requires a large amount of effort and resources to be
developed and manipulated. Even if the most sophisticated
model could be developed, there would still be some pan of
reality that could not be explained by the model. The

lliefutique Descrils#al_

Simple aveniges

Moving averages

Expimemsal smoothing

Palyntional models

number of factors in real life phenomena is infinite. (pp.
80-81)

With these winds of caution, subjective judgment becomes
essential during enrollment projections, especially when data are
missing or certain variables are inuntasurable. 'Militia* fre-
quently is coupled with quantitative results in order to ensuie
realistic and logical projectkins. The sekction of the forecasting
methodology may be based on cenain hown information, but
the final selectimi is usually rooted in some subjective decision.
Two types of qualitative methods popularly compkment enroll-
ment projections: intention surveys and Delphi surveys. Inten-
tion surveys, as used by the Denver Public Schools. Florida
Board of Regents, and the Virginia Depamnent of Education, are
usually follow-up questionnaires distributed to high school
graduates to determine their postsecondary school plans. A
Delphi survey consists of a "panel of experts" who interpret the
enrollment projections in light of possible future changes; the
National Center for Higher Education Management Systems
used this approach in 1972 to iktermine future trends in higher
education.

Enrollment Projection Methods in Ohio

Researchers at the Ohio Board of Regents (OBR) employ a
dual approach in projecting enrollments through 1992 for public
higher education institutions in Ohio. One, based on demo-
graphic information, is the Demographic Simulation of Ohio
(DSO). The other, the Regents Enrollment Forecasting System
(REFS), is based on high school graduate pools by crittncy.-
matriculation rates. institutional market shams, and historical
enrollment patterns in public postsecondary institutions in Ohio.

DSO, using an interactive computer pmgram, combines the
numbers of future Ohioans with anticipated college-going rates
by age and sex to project enrollment tri the year 2000. In the
initial phase of the DSO program, the number of men and
women in 1970 between the ages of birth and 84 years are placed
in a 2 x 84 matrix (sex = 2 rows and ages = 84 columns),
making 168 cells. Submodel programs incorporate the mortality,
fertility, and migration rates specific to Ohio by comparing
Ohio's experiences with national norms.

Morralirr Prwcams. Based on the national mortality
tables, OBR demographic researchers can estimate the

TABLE I
Curve-Fitting Thchniques

(Nies the mean of past enrollments as the enrollment
forecast for the next time period Depending on the
availability of past enrollment data, the average can bc
'lased on long or short time periods.
Is similar to simple averages technique, except that a fi xed
number of past enrollment figures are used to estimate
future enrollments.

Is a variation of averaging techniques; most recent
historical enrollment figure is weighted most heavily and
each successively earlier data point is weighted less than
the previous one .
Uses a struidazd kW squares estimation for thee orders of
polynomials: linear. quadratic, or some more complex
order.

Exponential models Pirametcrs arc multiplied together rather than added.

Spectral analysis Is a special form of the polynomial model using
trigonometric fimctions (sine and cosmt )to replace 1.

Limitations and Assumptions

Generally not a good zhoice because enrollment is not
consistent from year to year.

Appropriate for short-range forecasting; less rigid than
simpie averages. As emollmem trends become mom
pronounced, fewer data points should be included. In times
of continued expansion (or contraction) of entollments.
moving-average technique is inappropriate.
Appropriate for s.hart-rsnge forecasting: similar difficulties
as avetaging techniques during periods of continued
expansion (or contraction) of enrollments.

No guarantee dial the curve will not change shape
substantially for the forecast years. Number of data points
must be as least equal to the number of parameters to be
estimated. Difficult to determine beforehand appropriate

=al ceder.
mare accurately some situations in which rate of

shrinkage of enrollment is constant\CZor

for enrollment pnijections beisfuse ii
requires a minimum of approximatety 25 historcal`dato
points.

Source Descriptions and Iimaanons adapted from Wing, P . Higher Edgetatopi f.nnaltriterg Forecasting .4Manual fur Stair.trwl Agencies Boulder. CD National Center for
Higher Educatani Manarment Systems. 1974
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probable death rate by age and sex in Ohio.
Feniliry figments. The Census Bureau .ptesently uses
three fertility moilels, labeled as Models I. 11, and 111 for
predicting birth rates. When demographic researchers
superimpose the national trends on Ohio data, the results
are mow optimistic than considered reasonable, espe-
cially for Models I and II. In contrast, Model ILl is too
pessnnistic: To balance these extremes, the OBR
researchers have developed a model which lies between
Models 11 anti III.
Migration fiariums. To complete the migration esti-
mates thy age cohort), chronological ages are gmuoed
into tive-year increments form birth to, age 85 ;ears.
These seventeen age groups are further divided by sex; a
migration rate is specified for each age-sex cohort.

Given this infoonation. the computer can add awl subtract the
predicted number of Ohioans who might be born, move, or die in
Ohio each year.

To develop postsecondary enrollment projoetkins. OBR
researchers rely on trends from the 1960s and 1970s. They divide
the potential colkge-hound populatkm into nine age groups:

I it 19 years
21; 21 yeari
22 24 years

25-29 years
;0-34 years
35-39 years

40-44 years
45-49 years

50+ years

Each age group is divided further by sex and full- or part-time
status. The entire Main , by age group, sex, and enrollment
status. makes a 9 .K 2 X 2. or three-tier, matrix of Mr cells.
Enrollment figures for this 9 x 2 x 2 matrix are available for
the last eight years (1971 through 1971i ) and thus permit eight
data points in time for each of the 16 cells. A similar matrix is
developed 'with participation rates in the cells, calculated by
dividing the number of students in a particular aw-sex cohort by
thr number of Ohioans in that cohort. Currently, the DSO data
are being further subdivided among public and private two- and
four.year institutions, which makes a new tive-tier matrix ti.e.
9x2x2x2s 2). including age group, sex, full-/part-
time. publicipnvate. and two-/four-year status.

Each cell becomes a homogeneous information sector for a
particular age-sex cohort. For eXample. the data show the
percentage (or participation rate) of eighteen-/nineteen-year-old
Ohio women who attended college on a full-time basis during
1971 through 197K. OBR researchers assume that recent data are

Model Description

Cohort, %or-sisal tettniquc

Rms. methods

Markin transition model

Multiple correlation and
regression methods

Path analytical models

Systems ot equanons

mote reliable and more indicative of fugue 01211311113011 trends
than earlier data. Crassequently, thesesearchers apply weighted
least squares (.86) with each year value weighted according to
its pmximity.to the cunent ymir. Parexample, the 1978 participa-
114m rate is weighted with a value of 1: 1977 as .8; 1976 as .64:
1975 as .512 and so fotth.

A Coefficient of Determination (14) is calculated for each
tupe SefiCS in each cell in the 9 x 2 x 2 matrix. A linear model

applied using the described weighting (.8"). Whenever the
Coefficient of Determination is at or greater than eighty potent,
the OBR researchers assume that the future college attendance
rate is predictable by a statistical extrapoletion technique (i.e.,
weighted least squares) for the next four years. In Ohio, the
majority of the cells (approximately 24 ca. 25 cells) sue at or
greater than the eighty percent cut-off point, indicating stability
and consistency fnun 1971 through 1978. Estimates of forecasted
participation rates for the =mini% cells (approximately 12
cells) are made by using various staiistical techniques, such as
weighted least squares, linear regressions, expiment)al smooth-
ing, weighted averages, and sueight avdrages. From these
aralytes, the OBR researchers establish optimistic and pessimis-
tic sets of enrellment projections. Fmally, the participation rate
data in the 36 cells (i.e., the 9 x 2 x 2 matrix) ate combined
with Ohio population data divided by sex and the nine age groups
( ,e . , 2 x 9 . 18 cells) in order to develop enrollment forecasts.

REFS uses (1) information regarding the historical and
forecasted number 3f high school graduates in each of the 88

`Tounties in Ohio and (2) the participation rates (or college-going
rates) for each county in Ohio (e.g.. the number of full-time
freshmen at public postsecondary institutions as compared to the
number of high school graduates). Currently, these participation"
rates range from a high of seventy percent in Montgomery
County to a low of fifteen percent in Gallia County. Weighted
least square projections are made for each county in order to
forecan the future participation rates by county.

Historical market shares indicate the percentage by institu-
tion of full-time freshnwn from a particular county who attend
any of Ohio's public postsecondaty institutions. These data
show the proportion of the "potential college market" from high
sclera( graduating classes that each public postsecondary institu-
tion attracts.

With nese estimated market shares, institutional planners
can determine their share of a certain county's college market,
such as the number of students from Cuyahoga County who

TABLE 2
Causal Models

Identities a gmup of indivvivals with common traits, such
A% gra& level or year of birth. This group is aged through
the 'educational system by the:

g rade- progres.ron or class-succession method; or
age-survival method.

Nes time series data to cakulate the ratio between rhe total
population by age groups. These extrapolated values of
ratios are then used for enrollment pmjections,
llses a (ransit ton matrix to estimate number:to( students
enrolled at each level in the next time period. Model is
applied successively for forecasting purposes.
Determines relationslUp between enrollments (dependent
variable) and one or more independent variables, such as
high school graduates, per capita income, ethnic
background , and student demand estimation. Includes
autocostelation and mukicollinearity techniques.
E %tension of multiplecorrelation and regression models.
eiCcept usesapriori identification of causal relationships .

lies a series of equations to link different parameters of
interest, such as optimizatitm, simulation, or student flow
models.

Limitations aid Assumptkpna

Net migration, mortality, and school attendance patterns
will remain stable over time .

!Rs% itiVirraiC than cohort-sarvival techniques because the,
ratios aa insensitive to nocent changes which are compiled
with historical dna.
Assumes that enrollments inane year ase dependent only
on enrollments of the previous year. Can design student
flow models,
Permits development of econometric models of student
behavior patterns le .g, , incrane . tuition, draft laws).

Best suited far student demand, and not direct enrollment
projections .
Few models developed

and !mutation% adap1cd [(Inn Wing . P . Orr fin arum t rmilmrfo om g 4 lefametd Stair Les rI lgrni tri Boulder, Co Sauna& Center ftlf
HIghrf at tn Management Stcnt.. 1474
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anenckd University a Akron in 1974. These market shares are
=iodated *the SS counties and fizt the 66 pub& postsecond-
ary institutions in Ohio. thus 'making an 88 it 66 mania of
s.sqs cells for each year in a seven-year period. By applying
weighted least squares, fixecasts arc made for die neat detade.
After these initial forecasts urc made, the data we normalized so
all county totals equal 100 percent. The number of college-hound
freshmen is calculated for each county from the following
formula:

Fotecasted county x Number of = Forecasted number
participation rate forecasted of college-bound

high school freshmen
graduates

These forecasted market share numbers are then used to allocate
college-hound freshmen among die public postsecondary institu-
tions in Ohio.

The pmjecid number of out-cif-state freshmen by institu-
tion is also calculated based on the percernage of out-of-state
freshmen during the last eight years. Only one institution,
Central State, has more than twenty percent of its students from
out of state; seven institutions druw more than ten percent; and
approximately 39 institutions have mare than one percent from
Old of state. The out-of-state freshmen projections are added to
the in-state projections to determine the size of freshman classes.

Forecasts we then made for the sophomore, junior, and
senior years by using the historical attrition patterns between
college classes at individual institutions. The attrition rates ate
analyzed for the past seven years by comparing changes in
emollment between the sophomore and freshman years, junior
and sophomore years. and senior and junior years. Approxi-
mately 41 patent of the full-time students attending public
postso.fondiuy imaitutions in Ohio are firshmen. These attrition
nends av projected by college ClaSs and by institution, making
enrollment projections instOtanikvecific. Similarly, graduate
and professional school inrolhnenti are compared with each
institution 's undergraduate enrollment. These manipulations are
unnecessary with certain professional school enrollments (e.g.,
medkal, dental, veterinary medicine) because of fixed enroll-
MOO figures that are SC1 by institutional may.

These REFS forecasts at the institutional level arc summed
and compared with the rtSuitli of the DSO pmgram. If the REFS
and DSO differ, the OBR researchers Adjust the county-specific
participation rate data in REFS to mum agreement and consis-
tency. The full-time estimates are summed by institution and
compared with state-level DSO projections. In general. full-time
projections are strongly dependent on high school ennallment
project ums, which are generally stable because they are based on
known birth. migratkin, and mortality rates.

In contrast, pan-time projections are not easily derived
from state-level projections because pan-time enrollment is
dependent on regional events, especially die local economy.
Frequently, pan-time enrollment is determined by uncontrolla-
ble and unpredictable variables, such as unemployment rates,
as when a plant shuts down or a new showing mall opens.
In order to refine further the part-time enrollment projections,
ORR researchers have analyzed characteristks of part-time
students at eachtablic postsecondary institution in Ohio for the
last seven years. Certain part-time snitkat characterinks, sum-
marized in an insWutional pan-time muffle document, include
(a) student ages. (b) student ranks. (c) numbei of credits tate%
(d)berofdanreveningasseand(e)cdunzyofongin.

Based on historical data. the OBR researchers determine.
through exponential smothing, a set of pan-time entailment
forecasts based on part-time historical enrollment patterns.
These ilart-hme forecasts. torther with the institutional part-
time student profiles, ate then disseminated to ado public
postsecondary institutional administrators with questionnaires to
determine die efficacy of these projections. Using the question-
naives . institutional planners can submit additional information.

4 The Prtiessiond File

such as new adveninirm campaigns or incressed safety in the
'nuking Iota, whkh might ithuultde Incanted rri-lime emvU
mats. In the final analysis, however. the OBR researchen must
speculate about the impact of recruinnem redivides. program
expansions, or flicility improvemeMs on future pan-time en-
rollmern trends. Finally, pan-dme enrollment projections by
institution are readjusted to agree with part4ime totals from the
DSO data.

OBR researchers are concerned dust the process may be-
UMW too mechanized and overly quantified. Consequently,
senior OBR staff members are also asked to study the enrollment
projections to lend a statewide perspective to the analyses.
Furthermore, whenever there are deviations from the enrollnuin
projections. ORR reseanters scrutinize the economic, social.
and political nen& in order to pinpoint causes for unexpected
fluctuations in the enrollment projections.

Advantages of the Ohio Entailment Ptedeetion Methods

Although other states have conceptualized sophisticated
widen and have written cmnplex computer programs for pro-
jecting enrollment figures, few states haye coupled these efforts
with the detailed data base as Ohio has. Because of limited data
bases, other states must rely on highly aggregated estimates. In
Ohio for the last fifteen years, every studcm who enrolled in any
public postsecondary institution in the state completed a
compares card with personal background information, listing
age, sex, credit hours attempted, credit hours achieved, place of
origin, etc. These infonnation computer cards SVS1C then entered
into the OBR data base. Therefore, during the last decade. OBR
resInuthers have acquired a sizable data pool on degree students
in public postsecondary institutions.

By using live to ten years of axumulated historical data,
unique occurrences, which deviate statistically but lack impact
on overall trends, can be filtered. At the same time, consistent
trends can be identified and incorporated into enrollment projec-
tion procedures. Moreover, by distributing data among small
cells (e.g., an 88 x 66 Innis), wherein homogeneity is in-
creased, stability and reliability are also made possible. (Unfor-
tunately, as there is no similar systematic means few collecting
like data for private higher education institutions, only limited
and incomplete intimation is eunemly available for Ohio%
independent colleges and universities.)

In a natkmal survey on enrollment projection techniques
during the' 1950s, Lins (1960) found that in states where the
majority of WfiverSities and colleges were private, statewide
projections were not made because of the differences between
public and private postsecondary institutional concerns. Since
then. -nearly every state has made envolhnent projectioni for
postsecondary institutions, using a variety of methods. Many
states are hindered, however, by the difficulty of obtaining
accurate historical high school infonnation. especially for pri-
vate high schools. Population data gathered for other imposes
frequently do not contain appropriate ars for du college-age
group and are usually only estimates. In contrast, most states
maintain kcurate birth records which are available for project-
ing at least eighteen years of college enrollments. Consequently,
the ust of birth data in a forecast model is the most reliable
variable for determining the college-age population.

limitations of Enrollment Predections

The most persistent problem that researchas confront is the
lack of other appropriate data. Local data can only molt in
generalizations to a panicular learde. Few state-kvel data collec-
tion agencies have the degree of accuracy and consistency
necessary for empirical research or enrollment prediction.
Consequently, many researchers turn to the Census Bureau and
Department of Labor in order io look at nationwide patents.

Afthough the largest and most comprehensive data mike-



tion is the national censuieconducted each decak pie data
.become kss useful foe Predictions as time passes. For cum*.
during 1979, mein:hers must use 1970 census data in miler to
make predictions for the t980s because the next decade's census

has not yet begun and will not be fully compiled until 1983. In the
interim, many economic. political. and sociological events have
iwcuried that have Altered the American way of life from the
early to the late 1970s,

While the sampk size of the monthly Claire liopulation
Repotts (CPR) looks impressive (N approximately 55.000).

irr.actuality, it is not lerge enough for SOME national or most

sMgIe stele studies. In national studies. the National Center. for
1Aucation Stetistics (NCES) discovered that whep9CER-data
were disinbuted among cells in matrices. them were not etiOugh
datalloints fiw &laded analyses. These problems would become
magmhed if the data wero distributed among the tifty states in
order to study Ohio alone.

State and institutional administrators must weigh the ad-
vantages and limitations of enrollment projeciions when plan-
ning postsecondary programs. budgets. end capital needs. One
advantage is that enmIlment pmjections can provide statistical
intormation to guide decision making.

Enrollment projections are not saired, however, and are
dependent untie many internal and external factors. Has acollege
expanded its program offerings? Has the mditary draft been
reinstated? Has a major manufacturer shut its plant? Much
depends upim assumptions. definitions, unemploynwm rates.
migration. admission policies.. part-time estimates, and other
influencing factors.

For any given year, the actual emollment counts may fall
ahove or below the enrollment projection line but, themetically.
It the differences (positive and negative errors) were totaled for
several years. actual counts would equal projection estimates.
11w most pervasive limitation, however, of any enrollment
.pniwetsm analysis is the fact that researchers become kicked
into basic assumptions that may or may not apply in the futere.
The tollowmg lot d.ins. MO. pp. 31-32) is illuiarative of
common assumptions which may he necessary when making
enrollment projections.

Counties tor panshesi in which a high proportion of
youth attend high school will continue to graduate a higher
proportion of high-school-age youth than will the remainder of
the state

There w ill he no major c hanges in academic or admission
requirements dunng the period covered!

Facilities and staff will he provided to meet the needs of
the pmjected student body.

maim and fees will not change markedly in relation to
the value of the consumer dollar.

The various forms of financial benefits available to
students will he expanded at a rate roughly commensurate to the
increase in enrollment. Financial benefits will continue to in-
clude scholarships. fellowships, assistantships, loan funds, and
job opportunities while attending college.

These will he no major war or other Muer catastrophe
and no major change in the requirements and practices relative to
compulsory military training.

The federal or the state government will not provide new
forms of subsidies for men discharged`frum the armed forces.

Ilwri will* no great change in mortality and migration
mums.

Economic conditions will remain substantially the same
as at the present time.

The retemam rate and transfer rde from class to class
will remain shoo the same as during the past few years.

No new major curricular programs will be added or
droPPed.

For example. in Ohio, in order to complete pmjections
through 1992. based on collected data and enrollment trends
frum 1971 through 1978, OBR researtters assumed that the
market shams and county participation rates, in terms of absolute

numbers, windd remain constant after 1982; contenuell4 al-
, projections were kss Min* as ptrijected bother he.
yond the cumin year. The range between the optimistic and
pessimistic enrollment projections is marginal during the first
few" years of estimatkno. Aft: a few years, the range increases
for each succeeding year. When higher education institutional
planners review enrollment projections, they should consider du
impact of this incased erne range in the later years.

Moreover, Most enrollment projection models roe not struc-
tured for a:erections. If an assumption needs alteration, the
computer pingram requites modifications and new computer
runs are necessary for adjusting enrollment projections. In Ohio,
certain assumptions are made from a statewide perspective and
historical perceptam of enrollment trerAi for all sixty-six institu-
tions. In reality, there may be true differences among urban
institutions and other education facilities or among four- and
two-year colleges or technical schools. For example, how do
enrollment projections accommodate incensed nontraditional
enrollees in urban areas? How do enmilment projections adjust
for economic recessions or inflation? How does a lower un-
employment rate affect postsecondary emolhoenta in rural
areas?

The flexibility of these assumptions is essential, especially
in consideration of the enrollment patterns of the last decade.
The composition and distribution of the postsecondary student
body have changed by age, race, and sex groupings. The number
of pawns aged 35 years or okkr has increased 66 percent firm
1972 (thc first year data Were collected on this age groUp) through
1978. (The Census Bureau estimated that approximately
850,000 women and 460,000 nwn 35 years and older were
enrolled in colleees and universitks during 1978.) Since 1975,
approximately one million blacks, comprising ten percent of the
1978 student body, have enrolled in colleips and tlisi-isiabilits. hi
contrast. only six percent of the college-inirolkd studeta body
was black in 1968. showing a 135 perceet increase in the size of
black enrollment during the last decr.de. Similar changes have
occurred in the number of females enrolled in college. Between
1968 and 1978, the number of college-enmIled femaks untkr the
age of 35 years increased by 76 percent, but the emollments of
their male counterparts increased only 24 percent. Women
compfised 39 petrent of the college student body in 1968 and 48
percent by 1978.

Attrition patterns have also varied duringthe last decade,
especially because of these shifts in age, race, and sex distribu-
tions. According to a recent Bureau of the Census report (1979).
,-although the proportion of 18- and 19-year-olds entolled in
college was as large for women as for men in 1978, the
proportion of women 20- and 21-yeaes-old in college remained
significantly lower than that for riwn in the same ages (26 percent
for women competed to 31 peirent for men). . . . This suggests
thin. in 1978. women were as likely as men to enter college but
were not as likely to continue on to graduatirm." (p. 2)

Another major problem in enrollment projections at the
national, state, and local levels is the inconsistency in defining
terms. Moreover, institutions may have defined terms, such as
full- or pan4ime status, but subsequently have changed the
criteria. The following list is illustrative of terms requiring
uniform definitions for emollmem information.

Insrinulons (e.g.. public, private, four-year, two-year.
regional, extension)

Stutkrus (c.g.,auditcus. new students. transfer Widellis,
re-entering students, advanced-standing students, continuing
students)

Degree Credit Pmgrants (e.g., associate. baccalautrate,
first professional, graduate. doctorate)

Student Classification (e.g., undergradmee. wofes-
skins!. graduate, other)

Problems persist because of inconsistent terminology and
imprecise definitions at the state levels. The emblem becomes
further complicated because little information is available on
private and out-of-state students. In addition to the use of
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Meats terminology, thew Is link cooperative effort to share
itsformation about students who are mailed in oat-of-stata
postsecondary schools or even in Winne hualtutions Within the
home state.

Recently, resean:hers haye begun studying the relationship
between unemplayment rates and patticipetion rates. Aa indi-
vidual who is laid off a job may then enroll in a postsecondary
ptogram because of expectations that new skills will enhance his
or her ability to reenter die labor market or to ccanplete a college
education. A depressed economy also tends to encourage per-
sons to attend college immediately after high school as a means
of ifnproving their employment prospects, although tt-zy may
face personal financial hardships. Cenversely, a booming
economy tends to discourage immediate college entrance after
high school because job oppoounities we mom appealing.

.Urban schools are most susceptible to fluctuations in
employment rates (a plant closes, an industry expands its pro-
duct line. promotional opportunities begjn, saks hit a record
high), especially in heavily industnalized areas. Cettain age
categories also tend to be more vulnerable to unemployment
fluctuations. Consequently, employment rates and college par-
ticipation rates of the last seven years may or may not reflect the
actual trends during the next decade hecause of unpredictable
economic shifts at the local, state, and national levels.

Another problem, especially prevalent in Ohio, is the
frequent transfer of students among colleges Lad universities
within a state. (It was intereiting and somewhat suovising that
when OBR researcher's investigated the rate ot transfer between
two- and four-year institutions, they discoveited a reverse migra-
tion from tour-year univerSities and colkges to two-year com-
munity colleges. ) At poem. based on ethnic origins, various
segments of the Ohio population refer certain public post-
secondary institutions. Certain schools attract urban blacks
while other institutions attract niral Appalachians or eastern
European suburbanites. Internal migration mublems become
prevalent when there ate many comparable inoitutinns, as in
Ohio, a circumstance which enables students to transfer easily.
Enrollment projections become inaccurate if there are no availa-
ble wens for nicking these internal migratory habits. For
example. because of one university's prestige and selectivity
among its fellow Ohio institutions, it attracts tamtfer students
from other, less competitive schools. The moo feasible tracking
method would he a computer sort of postsecondary stucknts, for
the lastseven years, based on social security numbers. This type
of computer sort would identify the number and segment of the
population that is transferring among colleges and universities.

Within thc next decade, migratary habits may have an even
more drarriatic impact on national and certain state enroll:sant
projections, especially those for southwestern states. Scant
estimations indicate that the actual number of kgal immigrants
and the estimated number of illegal aliens exceed the U.S.
birthrate. fluring the 19110s. many of these immigrants, includ-

. ing increasing numbers of Spanish-speaking residents, may be
studems enrolling in postseccmdary institutions for the first time.
This new influx of students will have the greatest impact on
Fiblie community colleges in the southwestern United Stales,
especially as English-as-a-second-language programs become
widespread. la contrast. Ohio is leading the nation in the rate of
outward migrationa dominant factor 'causing net losses in
Ohiti population.

'Closed and open achnissions policies directly affect paten-
tial enrollment. For example ...certain professional schools (e.g.,
medicine or law) determine the number of openings almost
exclusively by pedal, rather than demographic demands. In
other seksaive institutional settingi, the number of available
openings is fewer than die number of applicants. hi these
sekctive instances, the enrollment micelles, is based cm the
numher of available Or _nings.

In contrast. at universities with open admissions policies,
loathe number of applicants is equal to or less than the number of

openings. Because the number of openings exceeds the number
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of applicants, these institutions mast focus on applicants and
student demand for admissions. If a school changes its admis-
sion policy (e.g., from closed to open admissions or vice versa),
this policy change will greatly alter enrollment calculations.

Ccunparison cd Full- and Part-lime Projections
Reliable causal relationships exist fir predicting full-time

student enrullment, such as the number of high school graduates
and the number of entering freshmen. These figures are prodict-
abk because the number of high school graduates is ably
estimated using fertility, cohm-survival. migratory, and mortal-
ity rates based cm elementary and secondary school monis.
Currently, there is a predicted and observable downward trend at
the secondary level. During 1978, there were 16.4 million high
school students (aged 14 to 17 years) compared to 16.6 million in
1977. Approximately 94 percent of this age group wero enrolled
in school. Bureau of the Census researchers (1979) concluded
that ". . . there is no indicition frnm trends of the past few
years that enrollment rates at the high school level will increase
further . . Thus, high schools will increasingly experience the
decreases in enrollment thathave been occurring in elementary
schools for several years. " (p. 2) Concurrently, colleges and
umsersities will also be affected by this downward trend.

The causal relationships of part-time entellment are less
known and, thus, more abstract and unclear. Although the
traditional college-age mow (IS- to 21-year-old population) is
an excellent base far full-time enrollment projections, it is an
unroasonable, inapproFiate, and inexact base for part-time
preektions. Even the character of the traditional college-age
map is changing. The Census BweaL frpMed that in 1970,
seventeen percent of the college students wero part-time enroll-
ees; by MS twenty-four pacers were part-time. Because many
investignors assume that pan-time suglents seldom travel king
distances to take classes, the sunounding 113V8S of postsecondary
institutions are usually targeted as concentrations of potential
partaime enrollees.



When estimating the number of part-tinte students1 the
influential Work both Weald and external rabbles, sue mom
complex than simple travel distance. Table 3 displays potential
internal factors that may influence part-time enrollment. Certain
internal factors, such as program offerinp and convenience. are
consideted highly influential while other internal factors. such as
personal counseling servicei. have marginal influence. Manx
changes in the institutional miss an may appeal to a diffetent
group of students. Changes in cost may attract or discourage
stUdents.

Table 4 shows the potential external factors whieh may
influence pan-time enrollments. As an example of influencing
external factors, a chansw in out-of-state charges or student aid
will affect the number of out-of-state students attending a post-
secondary institutive.

At a given point in time, cenain factors are trlevant:
however. because of changes in social, economic, or political
metals these same factors later become inekvant. For example.
because of the selective service draft in the 1960s. enrollment
projections based on trends during the 1950s were too conserva-
tive . Many male mudents enrolled in school in the mid- and late
sixties to postpone the draft. Similarly. many of the enrollment
projections made in the 19Ws for the 1970s were too optimistk
because the Vietnam War and military draft ceased to be factors.
Consequently. influential variables are dynamic and mey
dramatically influence one time period but have minkmd impact
im another.

Current (hio enrollment projections do not include certain
akmitiers. which may prove trouhksome if causal relationships
exist between postsecondary enrollment, attrition rates.
socioeconomic background; urban environment, and ethnic oti-
gin Other influential variables include changes in tuition, stu-
dent financial aid, or veterans' benefits. For esarmile. during the
l979- HO academic year, the federal government extrthed Bask
Educational Opportunity Grant (11E0G) fumling to middle in-
come families. How will this change in federal financial aid
funding affect enmlIntem projections? At kast two unknowns
persist: it) How many middle class families will take advantage
or this extension? t 2) Will there be enough federal monies for all
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qualified applkatus? With these two unknowns alone, the hapset
of this thaamial aid biding dump an pomenodsly ago&
ments is indeterminable tad remains only speculative.

There are many other incident situadons or qualita-
tive changes that affect postsecondary enrollments but semen
Unfledged, unrealized, or immeasurable. Impromd safety and
additional spaces in a college s parking lot attract new students .

A new posiseamdary institudon opens and competes for the
same students. A neighboring institution closes. Other influen-
tial factors include community recreation programs, winning
streaks in intercollegiate sports, image changes, to program
expansions (or eliminations). Changes in state law, such as
residential requirements, and federal law, such as selective
service, also affect enrollment trends.

When selecting factors that influence enrollment projec-
&Ins, forecaster; must realize that these variables are dynamic
and, thus, reqUire periodic review and analysis. As new van"-
aides are identified, they need to be incorporated into the
emollmnot projection model and, as yet other variables become
obsolete they need to be eliminated. Rte example, minority
students with Hispanic surnames currently have the highest
attritkin rate of all college student subgroups. The federal
government, especially the National Infitute of , is
concentrating its efforts, monks, and program on in-
creasing the colkge comphrtion rates of Spanish-speaking stu-
dents. If these efforts am successful, enrollment projections will
again be altered, and although some of these projections will
therefore appear inaccurate, in reality, they will have served as
benchmarks for pnigium effectiveness in changing attrition
trends.

I V.

Conclusions

Enrollment projections are commonly used for planning
capital budgets, operating expenses for instructional pagans,
and support costs. In order tu make these future plans, state and
institutional administrators often study estimations, such as
future faculty needs and mg= alte.ations, which are out-
growths of these enrollment projections. Because of cestain
predictions, smh as declining enrollments. institutional *inners
may implement new programs which eventually cause a shift in
predicted enrollments. Although the original enrollment projec-
tions air erroneous, they do .serve a useful pmpose in the
pkuming process.

The sekcted enrollment forecast techniques vary depend-
ing on whom the predictions are for, where they are being
conducted, and what data are available. Most quantitative ap-
proaches are either curve-fitting techniques or causal models.
Many states select curve-fating techniques because historical
data are necessary. When possible. causal models are preferred
because certain infltwittial factors, such as per capita income,
tuition rates, and other socioeconomic variables, can be incorpo-
rated . Ideally. any quantitative approach should be com-
plemented with subjective judgnient.

No matter how saphinkated the projection model or how
large the dam pool, however, there are definite limitations in
enrollment projections. These limitations are essential to know
when planning fume expectationsBask to any enrollment
projection is the selectitm of assumptions affecting the predk-
lions. Researchers too easily become locked into a set of
assumptions and overlook new conditions or changing trends.
State and institutional planners must also be awine thin as
enrollment predictkins am projected beyond the current year. the
range between optimistic and pessimistic forecast& increases.
Consequendy, state emoliment projeitioes for the nest four years
may have a lIVIrow raw of fluctuathan (e.g.. several hundred
stuckurs) and, in ten years may have a wide range of potential
cm* (e.g.. seveml thousand students).

Researchers am still UnCeitain as to how unemployment
rates affect college entollments, especially in urban colleges and
Universities. In times of unemployment, high school seniors tend
to enroll in college upon paduaticon in hopes of acquning skills
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to eater the job masket. In times of commie boom, jobs are a
strofterenticemast than academic pursuits. Migration also has a
definite impact on postsecondary participation tarts but, because
the effects of migration me difficult to identify. most state mtd
national studies assume thin it is a marginal factor.

Both observable and unretognizabk changes influence
enrolknent projections. Such changes -include program oiler-

admiunin policies, academic standmds, federal and state
laws, tuition. financhd aid, veterans' benefits. institutional fa-
cilities, neighboring schools, and school image. Part-time en-
rollment is mare difficult to foresaw than full-time enrollment.

OBR researcbeis use various quznfitative approaches (e.g..
weigined least squasts, exponemial smoothing. cohort-survival
rates) when fosecasting eturIlments. By reconciling differ-
ences and incosporating state and instnational expert judgments,
the final projections me refined. An sikkd advantaim to Ohio
enrollment projections is the conmrehenSive data base which has
beep compiled during the last fifteen years. Because of the
magnitude of the dina base and availabk student infatuation.
multi-tier matrices can be analyzed with safficient data in each
cell to create added stability and reliability. Reliability is ensused
furtherAy employing a variety of enrollment projection
methodologies as counterchecks for precise refinement.

In comparison with other state and national enrollment
projections. the OBR approach has several advantages. The
histmical and market share analyses permit OBR resemehers to
look at consistent and efriak enrollment trends at the county and
institutional levels. Futthennott, for the last ten years. OBR
researchers have systematically collected personal background
information on every undergraduate and OF:tante student en-
rolled in public higher education institutions in Ohio. Data
classifications have boen defined consistently among public
institutions so that like data are compared. Ovendl. because of
the data pool and years of model refinement, enrollment projec-
tions far the State of Ohio are r: advanced. if not more so, than
those in any other state.
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Certain investigstkins are hindered became of die un-
availability of praise, compithensim mid aPpmprlate data,
especially for singk nate studies. Cettain data are suspect; other
data, such as those from the 1970 national anus, are too
outdated fan' predictive purposes. Mose current national data are
inexact for refined analyses and projections. prknarily because
of the small size of the monthly data pools.

Rekremees

Bureau of the Census. Currem poptilmkm mon (Populaticm
Characteristics Scales P-20, No. 333, U.S. Department of
Commies). Washington, D.C.: U.S. Government Print-
ing Mice, April 1979.

Lins, Li. Att chodology of enrollment pmjechons fir colleges
and universtne.. Washington. D.C.: The American Aso-
Chinon of Collegiate Registrars and Admissions Officers,
1964

Wheelwright. S.C. & Makridakis, S.,Forecasting methods for
management. New York: John Wiley and Sons, Inc., 1973,
pp. 80-81.

The AIR Professional Fik is pulzlished by the Associa-
tion for Institutional Research, 314 Stone Building.
Flotida State University. Tallahassee: FL 32306. Di-
tributed as an insert to the AIR Newsletter. the Profes-
sional File is intended as a presentation of papers which
synthesize and interpret issims. operations, and research
of interest in fir field of institutional reseanch. Paper
authoo: are responsible for material presented. The edi-
tor is Richard R. itny. Associate Vice Resident for
Academic Affairs, The University of Toledo. 2801-
W. Bancroft, Toledo, OH 43606.

)1979 The Association for Institutional Research

^OF

-


