DOCUMENT RESUKNE

ED 126 808 : ' -HE 008 102

\
|
AUTHOF Gustafson, B. Kerry; Hawple, Sterhen R. - _ ‘
TITLE _ Enrollment Projection Model. :
INSTITUTION . Maryland Council for Higher Education, Annapolis.
FUB DATE , May 76 :
- NOTE 50p.; Not available in hard copy due 0 marginal
legibility of original document
EDRS PRICE MF-$0.83 Plus Postage. HC Not Available from EDRS.
DESCRIFPTORS Automation; *Computer Programs; Computers; Data

Processing; Educational Planning; *Fnrollment
Projections; -*Enrollment Rate; *Higher Education;
Manuals; *Mathematical Models; Operations Research;
*School Registration; *Statewide Planningj-
Statistical Data

" IDENTIFIERS Maryland

ABSTRACT :
General documentation for the Enrollment Projection
Model used by the Maryland Council for Higher Education (MCHE) is
provided. The manual is directed +toward both the potential users of
the model as well as others interested in enrollment projections. The
first four chapters cffer administrators or planners insight into the
derivation of the council's enrollment projections. They include: (1)
a history of MCHE Enrollment Projection Model usage and reasons for
using the current model; (2) an overview of the model; (3) the
logistic curve used in the model; and (4) a description of the
~calculation procedure. The fifth chapter, on procedures for running
the model, requires a basic understanding of computers and
familiarity with the Univac 1108 system. {Author/LBH)

**************************************************************#** 3 3k ok ok ok k

* Documents acquired by ERIC include many informal unpublished *
* materials not available from other sources. ERIC makes every effort *
* to obtain the best copy available. Nevertheless, items of marginal *
* reproducibility are often encountered and this affects the quality *
* of the microfiche and hardcopy reproductions ERIC makes available * .
* via the ERIC Document Reproduction Service (EDRS) . EDRS is not *
* responsible for the quality of the original document. Reproductions *
* *
* *

supplied by EDRS are the best that can be made from the original.
KKK Kok ook sk skok kKo A okok Kokt ko skok koK okok Skok ok ok Kok ok ok ok ok ok ok o oKk Kok ok o ok ok ok ok ok ok

-




Enroliment Projection '
~ + Model =

HIGH
SCHOOL
GRADS

17297.
19129.
1953k.

20969,
23345,
27215.

30716.
30271.
3255Lk,

39094.
h71sk,
L7223,

L68L3,
L3683,
. 508L5,

528432,
58897.
59336.

59472,
61611,
64428,

»

Maryland Council
For Higher Education




MARYLAND COUNCIL FOR HIGHER EDUCATION

ENROLLMENT PROJECTION MODEL

May 1976

Oy

Maryland Cbunci] for Hi@her Education
93 Main Street :
Annapolis, Maryland 21401

Prepared by B. Kerry Gustafson and Stephen R. Hample

-3




STATE OF MARYLAND

- MARYLAND COUNCIL FOR HIGHER EDUCATION

THE STATE POSTSECONDARY EDUCATION COMMISSION
Under P. L. 92-318

Harry K. Wells
Chairman

Don R. Kendall
Viee-Chairman

Mrs. Gertrude H. Crist
Secretary

William P. Chaffinch
Mrs. Thelma B. Cox

Dr; R. Lee Hornbake

PROFESSIONAL STAFF

Dr. Sheldon H. Knorr
Executive Director

Dr. Monte P. Shepler
Associate Executive Director

Dr. Glenwood ‘C. Brooks, dJr.
Chief, Equal Postsecondary
Education i

Dr. Reynolds Ferrante
Chief, Federal-State Relations

John E. Clayton
Higher Education Systems
Planning

Dr. Stephen R. Hample
Higher Education Research

Dorothy L. Homewood
Equal Postsecondary Education

Edmund C. Mester

‘Jack F. Tolbert

Research- Analyst

ARobert Chester Rogers

Philip Pear
Austin E. Penn

Joseph A. Sellinger, S. J.

Dr. Henry C. Welcome

Ellery B. Woodworth

Deborah Hyatt

Joan Lewis Kinzer
Equal Postsecondary Education

Joseph J. Popovich, Jr.
Higher Education Master '
Planning

K. G. Rob1nson
Higher Education FaCLZLtLeS

Higher Education Finance i

Dr. John A. Sabatini, J-~. /
Higher Education Special Studies

Ty

Eugene Stanley

' Higher Edication Interstate and

Inter-Institutional Relations

Dr. Henry F. Vollmer
Higher &ducation Academic Plahning




TABLE OF CONTENTS

INTRODUCTION ,........... T S R SRR B

CHAPTER I. HISTORY OF MCHE ENROLLMENT PROJECTION.
MODEL USAGE AND REASONS FOR USING THE

. CURRENT MODEL ©uvvviineeeennnss i et e 2
CHAPTER II. AN OVERVIEW OF THE MODEL ....vviineininnnvnnnnn.. DETSREE 4
CHAPTER III.  THE LOGISTIC CURVE USED IN THE MODEL .........cevvunn... .. } 6
CHAPTER 1IV. A DESCRIPTION OF THE CALCULATION PROCEDURE ........cvvvn.. 13
CHAPTER V. PROCEDURES~FOR RUNNING THE MODEL .........coviviiinvnnn.t, 34
APPENDIX A HISTORICAL ACCURACY OF THE MCHE MODEL .................... 39
APPENDIX B 1970 CENSUS DATA i i et eteasaanan ;o8




INTRODUCTION

The purpose of this.manﬁajvjs to provide general documentation for the Enroll-
ment Projection Model used bj-fhe Maryiand Council for Higher Education. It is
d1rected toward both the potential users of the model as well as others 1nterested 4
in enro]]ment projections. The first four chapters of this manuai shou]d*prov1de
educational administrators or planners with a better insight into the derivation
of the Council's. enrollment proaect1ons The 1nd1v1duals respensible for actua]]y
running and updat1ng the model should have a basic understanding of computers and

be familiar with the Univac 1108 system in order to proceed from the instructions'

in Chapter 5.




CHAPTER I

HISTORY OF MCHE ENROLLMENT PROJECTION MODEL
USAGE AND REASONS FOR USING THE CURRENT MODEL

The Mary]and/founcii for Higher Education was originally -established as the

Maryland Adyiépry Council in 1964. Directed to aid in'the planning of higher edu-
cation, the Council realized that such planning couid not be successfully accompiished
_without know1nq what kind of growth in enrollments was to be expected and hence, one
.of the first concerns of the Council was toward establishing a means of re11ab1y pre-
dicting future enrollments. A task force on enrollments was established which devel-
oped projections used in the Council's first Master Plan for Higher Education in Mary-
1and. However, the numerous factors affecting enrollment growth presented a distinct

difficulty and pointed to the need for a computerized model.

‘The first model used by the Council was developed by Peat, Marwick, Mitchell
and Company in 1968. It projected future enrollments by a complex process that de-
pended upon a number of factors including births; incomes;.and elementary, secOndary,

and co]]ege enro]]ments'by grade or year in school. . In attempting to use the model,

the large number of data base revisions required annually resulted in significant
delays and hindered the editing of preliminary data: suppiied to MCHE Additionally,

“the cost of makir tria1 runs with the model proved to be excess1ve

By 1969 the Council had had the experience to know the advantages and disad-
vantages of various projectiOn techniques. It contracted_with Murray Pfefferman,:
an independent contractor, to utilize existing-technoiogy in use at the Federal
level in developino a computerized model. In undertaking this second attempt,
several criteria were established for the State of Maryland. The model was to be
fairly simple to_understand and operate, require data readily obtainable from ﬁtate

and Federa1 sources, and, although based primarily on the continuation of past '

trends, permit modifications to be made to those trends by the user to reflect

changes in policy or changes in observed characteristics of students.




The model which.resulted from this effort has been in use since 1969. It'
has'proven to be an extréme]y useful and reliable tool. Some modifications were
made in 1973 by Dr. Sheldon Knorr.and Mr. Kerry Gustafson of the Council staff to

‘1ncorporate new data ava11ab1e at the State level. However, the basic techno]ogy ,

developed in 1969 mode] was left unchanged.




CHAPTER II
AN OVERVIEW OF THE MODEL

The model as currently. constructed utilizes numerous probab111t1es or ratios and
proaects these ratios into the future using a 1oq1st1c curve which allows a trend to
continue until it is smoothed into a specified upper or Tower 1imit. Two examples

‘of probab111t1es which are proaected in this manner are the probab111ty of a 10th
grader graduating three years later and the probab111ty of an enrolled co]]ege stu-
dent being in the pub11c sector Each of these is proaected based on changes in the
- ratios over a per1od of years.‘ These rat1os are then applied against such data ele~-

ments as the current or projected number of tenth graders or college students.

Throughout this description, the terms ratio and probability are used inter-
changeab]y.' While a discussion of probabilities is more intuitive, certa1n deta11ed
~ poiats may cause the reader some confus1on If th1s occurs, the cons1derat1on of

.

simp]e rat1os between different sets of numbers is suggested.

‘Once appropriate ratios have been determined, this method has the advantage of
being"quite.straightfoﬁward in the ca1cu1ations The curve smoothing and proaect1on
3?fof the ratios in the MCHE model add a vital p1ece of sophistication wh1ch may be mis-

sing in other models of this type.

A1though 11ke most higher educat1on progect1on models, the Council model con-
51ders h1gh school graduates, it also p1aces a heavy emphasis on the number of 10th
graders. It is felt this provides a three year lead time, thereby perm1tt1ng the
model user to anticipate many poss1b1e trend changes three years before students’

show up on campus,,w1thout the effort of following enro1]ments in a11 grades.

Finally, the model ut111zes a global approach 1n that it prOJects the total

co11ege enro11ment for the State and then distributes the tota] number to the seg-

ments and 1eve1s. It is felt this method is super1or to prOJect1ng individual




1nst1tut1ons and then summing them because the tota1 number of students ava11ab1e
is probably somewhat fixed. The tota1 number is based on births, m1grat1on, “high
school graduat1on, and college attendance rates; while the segmenta1 d1str1but1on
s more flexible and depends on such var1ab1e factors as recru1t1ng procedures and

;pub11c policy as re1ated to 1nst1tut1ona1 siZze and offer1ngs

The third chapter contains a detaiied discussion of the logistic curve used in
. the model. Although frequent references.are made to this curve fitting process, the
discussion is intended to be self-contained and may be skipped by the géneral'reader;‘

The fourth chapter steps through the calculations made by the model, while the fifth

chapter consists of technical notes for use in®running the model.




CHAPTER II1

THE LOGISTIC CURVE USED IN THE MODEL

The basic technolon employed in the model is the determination of“appropriate
pred1ct1ve rat1os or probab111t1es and then prOJect1nn these probab111t1es into the
future, Th1s proaect1on is done by a ]og1st1c curve of the type

| | okt |
1+ 8 + bx
7{%§ted to the.historica11y recorded ratioévwith,estimated upper and Tower asymptetesr

‘\), .
i

. For each ratio to be projected, the conStants L] and k2 are entered to serve
as upper and lower ]1m1ts Their effect can be 111ustrated by considering the.
TOT10W1nq 11m1ts, assam1nq in th1s examp]e that b is less than zero: '

As x increases, the value of P(x)»a]so increases, but is bounded above by'kZ:

k., -k
: ’ 2 1
lim P(x) =1im : Ky # ———
X e Xy + : at bx
1 +e
k. -k
_ 2 1 .
AR B
B 1+0 , since (a+bx) eventually become? a veyy larae
negative (b< o) number and e (@ +bX)” pocomes

near]xxzero. Recall that ex?2.718 and that
1
-1

e e = L3679
1 . -
-2 _ - _ '| :
e = 2 = . = .
B ,.’1353
— |
ed3="3=_1 . = nagg
_ e” ~ 20.08
/ . .
] - : ) 4
= k2'




As x decreases, the value of P(x) also decreasas but is bounded below by ki
. : kz - Ky
Tim P(x) = Tim kp + — , .
X AR , : _ g
_~T7 cr,v X—3 - 1.+ 2 + bx o » ' . ' ‘ 7
_ o C _
=k]+ 2 1
-1 + (infinity), since with both b and x neaativF,
. ' {a + bx) eventually becomes a |
very large positive number and
. - e® ¥ DX 4150 becomes very largel
- ~1ncreas1nq without 1limit. :
=-k] + 0, - Since the numerator is f1xed "\
while the denominator becomes ,
infinitely large. - \\
= k

1 | ) ) .

Graphically, this becomes: .
P(X) ’ N , I :

—— e e e

lr\k] .

; — X
€— X decreases —> X increases

After the asymptotes or limits, denbted by k1 and ko, are fixed' the exact <5ape
of the curve is dependent upon the points through which it is expected to pass (or to
,near]y pass). Consideration of these data points determ1nes the values for a and b
. th1ch EStabllit,Eﬂg~§59Ct shape of the curve

Consider the fo]]ow\pq actua1 data

Year Ratio

34 .841 The years are measured from the beginning year of the

35 .846 data base, e.q., year 34 = 34 + 1937 = 1971, )
36 .849

37 | .85 | 12 L . .

-7 -
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Thefe data points may be expressed as a set of (x,P(x)) coordinates

(x,P(x))

, (34,.881)

(1) . (35,.846)
\ (36,.8493

. (37,.850

correspond%ng to the general equation:

(1) P(x) = kg +_Ke -k
, 1 + edtbx -

The determihation of appropﬁiate values for a and b may be gkéat]y 7

simplified by a translation .which is der1ved from the fo]]ow1ng a]gebra1c

man1pu}at1ons of the or1g1na1 equat1on

K, - k. ¢
2 1
; P(x) = k] +
© 1+ @ ¥ bx
k, - k
2 1 .
P(X) - k] _?,————.+_;_
1 + g2 * bX e
a + bx Y
s (1 +e ) (P(x)"- k]) = kz‘- k]
. k uk 0
+ 2
1+ a t+ bx i} ] .
s - P(x) - k_l i
/o, a +mbx; Ko  ky
e M: 2'- ] - ]
P(x) - k]

~ - Kk,
In [ed * DXy o g, 2= .7

(2) . a + bx _.

|
—
=3
| e S
-©
N
x
L]
x
—
1
—t
—_

I """'""'-""'f"-T"'.."’




,For further simplicity, let the right hand member of equatioh'(z)

‘be denoted by z to obtain:

(3) ~ a+bx=z where z = In kg - k1

_T_j_tszf - 11 or»

By means of this translation, the problem of best: fitting the

logistic curve in equation (1) to the (x,P(x)) data points 1is reduced

t

‘to the problem of best fitting the linear equation (4)1to (x,z) coordinates
where values of z are obtained fkom the original P(x ) values by the
relationship in equation (3). Assume the 11m1ts have been f1xed at

ki = .790 and kp =..875.

For P(x) = .841, | _
- 1n(875 - 790 . 17 = 1n(.667) = -.405
z »m[_ 30 ] = ( ) i

S

In: this manner, the set of oriéina1 (x,P(x)).EOOFdinates (i) are

tfansformed inta‘ihe»folTowing (x;z) coordinates:

(34,-.405)
(ii) (35,-.658)
(36,-.819)
(37,-.872)

~ While the trans]at1on Just descr1bed has reduced the original

comp1ex prob]em into a linear sett1ng, there still remains the nroblem

3

of f1nd1ng a stra1ght line in the x,z—p]ane which w111 pass through
-all four points. In all probability, it will hbt be possible to find
such a line and no exact solution will exist.
: . ¢

0
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It therefore remains to assign values to a and b in a manner which "1ves
the “best“ near- solution possible. One of many cr1ter1a for determining which

near-solution is "best" (or least worse) is the method of least squares used extensively

in the field of statistics.

Basically, values for a and b are choser such that the sum of the squares of the
errors is kept tova minimum. a and b are chosen so that if the lengths of the “error”
Tines are squared and added, then this sum W1]] be képt to-a minimum. This procedure
is 11]ustrated in the following graph.

z

'Computationally, these values for'a and b are often found throuah é:+ria1 and
error process A rather sophisticated. tr1a1 and error or searching process is con-
tained in the MCHE model. However, if no greater comp]ex1ty is encountered than in

the example thus far descr1bed, a stra1qhtforward method for calculatina the "best™

(Teast squares) values'for a and b is available: | p
b=NElkz) - (£x)- ( Z)
\ N5%2 - (gx)° |
a=€z-(Ex)b )
N A




g

the number of equations (or data points)

the x values (or years in our example)

the z values (or ratios in our example)

indicates the sum is taken over all the points (or years) involved.

Where:

onon

N
X
z
¢

The derivations and a discussion of this method may be found in many stat1st1cs
textbooks under the topic of regression coeff1c1ents in a two variable ]1near equa-
- tion. Recent models of hand ca]cu]ators (such as the Texas Instruments SR-51A model) -
incorporate this formula so that-one need enter only the data points from a linear

system as in (3) and the values of a and' b will be calculated automatically.

~ Once the values for a and b have been obtéined, they are inserted into the

original equétion for P(x) and the future values of the given ratio are computed.

™

This process is repeated for each set of asymptotes or Timits chosen for the

given-ratio. The entire process is then repeated for each new ratio considered.

One of the ratios'projeeted in this menner‘by the model 1is ‘the ratio of total
public enro11ment to total public and private enro]1ment. For.the past five years
' tnis ratio has’been; 1970-- 83§ 1971--, 859 1972»- 842, 1973--.849, 1974--.851. |
The graph in F1gure 2 of Chapter IV provides an 1nd1cat10n of how the curve is
fitted to the h1stor1ca1 ratios and the -effect of chang1ng the upper asymptote

to_,875 in the first curve, .895 in the secand and .950 in the third.

Ratios projected by this method are used threughout the ‘model. Acceptability
of a particular"curve is determined by how reasonable the assumptions are for the
upper'and_1ower asymptotes as well as now we11'theﬂcurve nas predicted the past.
several years. ~Normaﬂy, the asymptotes are changed little, if at all, and a new .
curve is fitted througn the historic ratios augmented by the new ratios from the
current yeak. In e few cases, however, aprupt changes:in enroliment patterns may

require more detailed consideration.




If the change is in the direction of a continuing but sUddenly sharp increase,
then the value previous1x used for the upper asymptote must be re-examined since it
will determine upper 11mits fbr projected ratios. However, the lower asymptote
should also be recons1dered since increasing its value to approach the historical
data points will increase the steepness of the curve. Similar considehation should
be given to other types of abrupt. changes .

Chanqes in institutional status or other major unpred1ctab1e sh1fts in the
educat1ona1 scene may réquire the revision of data bases or the.use of a correct1on
factor contained within the model.  Recently the University of Baltimore became_e
public institution and historical enrollment. fiqures for this institution\were
transferred from the private sector data base to the Statd college and university
sector data base This type of mod1f1cat1on does not occur very frequently, but

when past trends are obv1ous]y not a va]1d pred1ctor of the future the model

user must recognize it and 1nput an a]ternat1ve means of progect1nq into the future

-

5

"

1y | v
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CHAPTER 1V

A DESCRIPTION OF THE CALCULATION'PRQCEDURE

o e

The MCHE Enrollment ProjeCtion Model consists of three modules. The first
calculates the number of future high school graduates. The second takes \these
calculations and projects the total number of students enro]]ed in Mary]iﬁd colleges.
The third module then takes the total number of college enrollees ayz/ﬁ?ftributes

‘them by level and by segment.

A. THE FIRST MODULE

There are severa] sets of historical data which serve as input to the first .
module. L1ve births are obtained from the Maryland Department of Vital Statistics.
The Maryland Department of Education prov1des total public and private 10th arade
enro]]ment and the number of high' school qraduates. Finally, the Lensus Bureau

publications provide the age distribution of Maryland 10th graders.

"The projected number of 10th qraders is ca]cu]ated'based on births 13 to 18
Ayears earlier adjusted by changing probabilities of be1ng in 10th grader as determ1ned
from Census data and observed chanqes in the popu]at1on of 13 to 18 year .olds,

. These changes are due~to many»factorsv1nc1ud1nq in-migration and out-migration.

Table T shows how censu$ data were used to calculate 10th grade enrolTment

probabilities. The Tast column shows the percent of each age-group enrolled ihr
10th grade during the 1959-1960 schoo] year. Table 2 shows the same data for the
1969-1970 school year, '
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Census enrollments differ slightly from Mary]and State Department of Education

enro]]ments as shown in Tab]e 3.

TABLE 3
Maryland 10th Grade Enrollment

- . ~ 1959-1960 o 1969-1970
Sector : : : : '
Census ' MSDE Census l MSDE
Public | ° 36854 38757 . 65220 | 62533
Private | 5728 4822 8259 7297

Th1s is most 11ke1y due to tre d1fferent report1ng times and the fact that a
»substant1a1 number of Mary]and res1dents attend private schools in Wash1ngton, D.C.
or, out- of-state. The 1ast column 1n Tables 1and 2 were therefore adjusted to 3

ref]ect Mary]and State Department of Educat1on enro]]ments - The adJusted :

probabilities are shown in Table 4.

Looking at 15 and 16 year olds, we seeva‘slight1y decdining tendency to be in“
prtvate 10th grade and a marked 1ncrease in the. percentage of students in pub11c
,10th grade To project: future 10th grade enro]]ment a logistics curveqas deser1bed
_in Chapter III was fitted through the two points for each’ age. Limits were p]aced
- on these curves in the formlof-asymptotes so that the probabilities of being tn

"10th grade woulddchange only s]iphtly.from the 1970 points.

»
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“TABLE 4

Adjusted Probabilities of Being in 10th Grade by Age

Public Private
Age | 1960 1970 1960 | 1970
13 .015 003 {001 | .01
ot . }
14 055 .016 .006 | .002
i o
15 ©.376 1 429 | .056 | .083
16 206 a7 | 026 | 032
‘2 l -7 ) .
Voo 052 070 005 | .004
18% 044 | 024 007, 4 .03 -
| C A | , | |
= t Y
* includes 3-12 year olds anJ&ﬂQ 34 year o]ds as % of
18 year old population.
In this manner a series of h1stor1ca1 and projected prbbab111t1es were 0bta1ned

for each age group show1ng their probability of “being in 10th grade at any po1nt in
time. -By applying these probab111t1es aga1nst the total populat1on of 13 year olds,
14 year olds, etc for a part1cu1ar year, the progected 10th grade ﬂnrollment is
obta1ned for that .year. If there were no deaths and no net 1n%erstate m1grat1ons,
it would be reasonab]e to simply use b1rths from 13 to 18 years ear11er However,
1n—m1grat1on, out-m1grat1on, and chang1ng survival rates do affect future populations.
- Since no def1n1t1ve stat1st1cs are ava11ab]e for the 13 to 18 age group, the adJust-
- ment necessary to increase births to the known population at any part1cu1ar point was
calculated over a perhod of time and a logistic or ngu curve f1tted through these

points. The po1nts used for the 1974 progect1on are in Table 5,

7
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TABLE 5

Net Migration and Other Factors

M e o ie o u e e

Year of Birth

i %change to account
| for growth of Age
|Group 15 yrs.later

!

. , ‘
|
!

1941

| 25.1

1950 . 20.4

. 1952 ; .20
18 19.6

- 1956  19.6

. 1958 - BRI

A 1ower asymptote of 0.0 was used in ca1cu1at1ng future mlgrat1on trends of
'th1s age group This y1e1ded a net increase of 8.7% on the 1967 hirths and a 5.1%
increase on the: 1972 births. These prOJect1ons appear to be in 1ine w1th the f1qures

reported by the State P1ann1nq Department on migration patterns

?he total papu]ation figures by age thus obtained are multiplied by the.
-probabi]ity of being in 10th grade as previous1y~discussed, and.the,results com-
pared wdth actual enroliments. Minor adjustments.are made to the curves as -
necessary and the program ;s‘rerun until the results of the mbdel are in eaose
agreement with both pub11c and pr1vate 10th grade’ enro]]ments over the past sev-

v era1 years |

™

Tota1 10th grade enro]lments are then "ompared to the total number of high
sch001 graduates three years 1ater By d1v;dnng graduates by 10th graders the
probability of,graduat1ng}1s obta1ned. (See column 13wof Tab1e 6.) - Once again,

an "S" curve is constructed and is fitted to'the changing probabi]itfes to 6btain

-t

.- 18 -
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future probab111t1es which are then applied aga1nst the prOJected 10th . graders to |

' obta1n progected h1gh school graduates.

Tab]e 6 is the computer report generated by this first module of the progect1on N :
model. The first column is the year to wh1ch the data on a particular line apply.
The second column is the index used within the computer programs. The third co1umn

conta1ns live births for the particular year as reported by the Department of

o

Vital Statistics. The. fourth column 1nd1cates the size to xh1ch the birth group

of column 3 will grow over a period of 15 years. (Th1s number represents the popu- »\\‘
lation aga1nst which probab111t1es of being in 10th grade will be applied.,) Column fln
5 is the model’s est1mate of pub11c 10th ‘graders. Column 6 is the -actual number of K
"~ public 10th graders as reported by the Department of‘Edu;at1on Column 7 is the

.rat1o of column 6 to column 5, and thus. shows how ‘well, the model 1s est1mat1ng pub11c
10th grade enrollments. Co]umns 8, 9, and 10 are the same as 5, 6, and 7 but app]y '
std‘private 10th graders. Column 11 1s the sum of pub11c and pr1vate 10th graders,
“actual data are used in this sum when they are available but the model’ s estimates are
used when‘the'actua1_datarrun out. po1umn 12 is the_number'of Mary1and high sohoo1i
'graduates]as,reported by.the'Department of Educdtion and CO1umn'l3 isathe ratio of
graduates to.total 10th graders 3 yéars ear1ier Column 14 is the model’ S estimate

" of h1gh school graduates and the 1ast column is the ratio of" actua] graduates to
est1mated graduates The ratlos d1sp1ayed in the final co]umn as well as columns 7
and 10 are displayed so that- the mode1 user can judge the rel1ab1l1ty of the pro-’
Ject1ons at each stage and make adjustments in asymptote ass1gnments until satis-

3

'factory curves are obta1ned

’

The ca]cu]at1on of high school graduates is the f1na1 result of the f1rst module :

in the- est1mat1on model.

O
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- B. THE SECOND MODULE

Thetsecond module of the enrot]meht:brojeetian model takes the hiﬁh
school ghaquates as ‘calculated in the firétlmodU]e and from these nuhbers
Droiects tota1 colleqe enro11ment Once again, Census data pr0\1de the best
f1qures available on the age- composition of Marv-and co]]eqe students.

Tab]es 7, 8 9, and 10.show the bas1c aentus data and the der1ved values for
ma]es and fema]es in the 1960 and 1070 Census. U. S. Census aqe distributions
of college students are emp]oyed to derive a s1mi1ar distributio' of the
official Maryland tota] enrol]ment w1th aqe qrouos representeﬁ by the
correspondana normal year of h gh school graduation. Then, the co]leue and

: un1vers1ty enro]]ments of each aqe group are compared wwth the aopropr1ate

number of high schoo] qraduates for the correvnond1nq vear, in the fovm of a o
simple ratio, assuming 18 is the aqe of high' schoo] graduation, The 1ast ' g
co]umn in TabJe 7, for examp]e 11sts .0003 as the rat1o between (15 year 01d) ';'

males in the 1962 h1qh schoo] graduat1ng class who were enro]]ed in co]leqe
lo - ‘b l.
in 1960 (11) and the total 1962 h1gh schoo] qraduat1nq class (3Q 271). .

~ The 1960 rat1o is then pa1red w1th the correSpond1nq ratio from the Lo

1970 Census, the trend is identified, asymptotes are ass1gned and an~"S"

2

curve is p]otted threugh the po1nts This prov1des a rather exten51ve set

of rat1os There is a d1fferent rat1o/ﬂar~eaéh sex and for each age aroup

b

(24 rat1os are/used/TBF’eagh year In add1t1on, these ratios each change-

.
et “

. ) . o
Note that co]]ege part1c1pat1on rates for ma]es by age aroup (in con-
trast to the.ratios in Table 7) would be compyted by dividing, for each age
- group, male college enrollment by male High school qraduates This model
simply divides, for each age aroup, male college enrsliment by the total high
school graduates. In the example above, the participation rate aé usua]]y
def1ned would be approximately twice that of the 0003 ratio listod.
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from year to year; To calculate the total college enrollment for a nar- .
ticular year, each of the 24 ratios for that year are multiplied bv the
appronriate number of hidh school graduates predicted or historically re-
corded for each group. For example, the 1980 total college enrollment can
be reoresented bv
Tota] Fall enrollment in 1980 = (1980 ratio for
~ . 15 yvear old males x 1983 high school graduates) "
+ (1980 ratio for 15 year old females x,1983 high-
school graduates) + (1980 ratio for 16 vear old
males x 1982 high school graduates) + (1980 ratio
for, 16 vear old females x 1982 h1qh school gradu-
ates)..... etc., for 12 age aroupinas of males and
12 age groupings of females.
The 1981 total colleae enro]]megt projection then uses a slightlv different
set of ratios and applies them against a different groupina of high school
graduates. o ' - : L 'g
. . no L ' f‘\)vk-
The effect of out-of-state enrollment is indirectly considered in! the

model by virtue of the fact that’high sehool graduates from qther states

~ who enroll in Maryland institutions are included in the tdtal college en-

ro]]mentt A more specific censideration of the effect of out-of-state en-
ro]iment could be added to the. model if tadica] changes appear to be occur-
ring in interstate student m1qrat1on patterns Howévers; recent exper1ence
has shown that the present method produces acceptab]e results. |

Tab]e 11 is an examp]e of the repert generated by the second module.

As before, the first column is the ye r and the second is the 1ndex used in

. the programs. The third co]umn contains the h1st0r1ca1,0r proaected number

of high school graduates which was th output of the first module. The
fourth column is the actual number of hen enrolled in all ]etele of college.
The fifth js the model estimate of men enrolled and the sixth column is the
ratio between the estimates and actual enrollments so that the user can

evaluate the reliability of the curve used and change the asymptotes if
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necessary. The 7th, ‘8th and 9th columns contain the séme data for women;
and the 10th 11th, and 12th columns prov1de the data on total male and
female enro]]ments The final column shows  the changing sexual compos1t1on
of the total enrolliment each yéar. |
The projection of the total college enrollments completes the output of this

module of the enrollment model.

C. THE THIRD MODULE ‘ »

Once tﬁe*totaﬁ number of students enrolled in college has been obtained, it ©
remains to determine the segment in which the students will be enrolled, at what
level they w1]1 enroll,and whether they will enroll as full-time or part time stu-
dents.. This is done in the third module. Using data from the nrevious ;1ve
years, a set of conditional probabilitﬁes is ca1cu1ated in the model giving the
11ke1ihood that a étudent would tall“into'ahy of the followina cateaories:

Community College Full-Time Student |

Community College Part-fihe Stedent

B State College Undergraduate Full-Time Student

State Co]]eqe Undergraduate Part-Time Studen v .

State Co]]ege Graduate Full Time Student | l : -

State College Graduate Part-Time Student | i

:University of Maryland yndergradqete Full-Time étudent

“University of Maryland Undergraduate Part-Time Student
- University of Maryland Graduate Full-Time Student

University of Maryland Graduate Part-Time Stueent

Private 2-Year Coliege-Fu]]-Time Student |

Pr1vate 2- Year College Part-Time Student

Pr1vate 4-Year Co]]eqe Undergr duate Full-Time Student

"Private 4-Year College.Undergraduate Part-Time Student

’ .d 33 N ' . | "x.
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_ Private 4—Year College Graduate Fut]-Time Student - }

Private 4-Year Coliege Graduate Part-Time Student

Once aqain ’the “S" curve is used to prO]ect these nrobabidities 1nto ‘the
future Each year the probabilities change and are, of course, app11ed aga1nst
chanq1na year. to year. enro]]ments Asvmptotes are initially assigned by the
model, but may be chanqed by the user to reflect known changes in. enro]]ment :
-trends or to reflect policy decisions wh1ch have been made. Figure 1 'showg how
the total enrollment -is broken down to its component parts. Each set of arrows
represents a set of conditional probabilities. ‘ | ‘

1'he f1rst ratio to be cons1dered is the probab1]1ty of being in a pub]1c

1nst1tut1on In recent years, th1s has been:

1970 .839
o 1971 .839 )
S
1973 .849
1974 - .85]

In fitting a curve«to the e points for the ]974 projection run, an asymptote

of .895 was used; that is, an upper limit of 89. SA was p]aced ‘on the percentaqe
of students who would be likely to attend a public college in'the future. The
‘model.then fit a curve through the 1970 to 1974 points and projected 1nto the
future (but never above 89. 5%) the percentaae of students who would be ]1ke]y to
attend pub]1c 1nst1tut1ons. Other asymptototes of 875 and .950 were cons1dered
as d1scussed in Chapter II and as illustrated in F1qure 2 These percentages
were then applied by the model against the projected total enrollments to give
prOJected public and projected private enro]]ments; This process was continued

until the enrollments were distributed to all the categories listed earlier.:

34
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Table 12 is a sample report from the 1974_mode] run. ‘Headcouht'is

simply the sum of full-time and part—time students while FTE (full-time

equivaient) is defined to be equal- to. the number of full-time students

plus 1/3 the number of part-time students.
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TABU’lE

MEHE ENROLLMENT PROJECTION MODEL-—ENROLLMENT av SEGMENTS
1974 PROJECTED ENROLLMENTS 3
Yo T | | - UNDERGRADUATE STUDENTS |
| o | FULL PART MEAD

. O OTIME TIME - COUNT  FTE

COMMUNITY COLLEGES . = . 24804 38249 63053 37553
STATE COLLEGES - 21873 . 9490 — 31363 25036

_ UNIVERSITY OF wmD, o 31139 13573 . 44712 - 35663
. TOTAL PUBLIC . 77816 61312 139128 98253

- PRIVATE: 4mYR COLLEGES 11499 4756 16256 - 13084
_ PRIVATE 2-YR COLLEGES - RWA 203 qosy 915
TOTAL PRIVATE  q2347 4959 17306 14000

TOTAL PUBLIC AND PRIVATE * = 90163 . 66271 156434 112283 .

GRADUATE STUDENTS

FULL *  PART HEAD ‘
| . TIME - TIME COUNT *. FTE
 STATE COLLEGES | 1275 5551 6826 . 3128
UMIVERSITY OF Mo, . 6216 | 4369 10585 7672
- TOTAL PUBLIC 7491 992p 17411 . 10797
PRIVATF 4-YR COLLEGES - 3082 5188 8240 4781 .
. b

TOTAL PUBLIC AND PRIVATE 10543 15104 25651 15579

.

TOTAL UNDERGRADUATE AND GRADUATE STUDENTS

FULL  PART °  HEAD , N
TINE TIME COUNT . FTE I
COMMUNITY COLLEGES - " 24806 - 38249 63053 37553
STATE. COLLEGES . 23148 15041 38199 28161
UNIVERSITY OF Mo, = 37355 17042 85297 43335
~ toraL PuRLIe 85307 71232 136539 - 309050” \
PRIVATE 4=YR COLLEGES 14581 9944 20498 17865
PRIVATE 2=YR COLLEGES 848 203 1051 . 915
 TOTAL FRIVATE - 15399 10167 ‘25846 - 18784 .
TATAL PURLIC AND PRIVATE 100706 81379 182085 127832 .
: 38~
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CHAPTER v P

N " PROCEDURES FOR RUNNING THE MODEL
o' o - .
Genera]]y, the Mode] is run 1in the winter fo]]ow1ng the rece1pt and ver1f1ca-
tion of the official college open1ng fa]] enro]]ments " The fo]]ow1ng steps are in-
tepded on]y as a genera] descr1pt1on of the operat1on of the model. In order-to |
actua]]y run the mode] the user must be familiar with the COmplete program list- *®
1ng and the Univac 1108 system ‘
hl; Request the last two years of b1rth Stat1st1CS from the Department of
V1ta1 Statistics. “
2. Request pub11c and private 10th grade enro]]ment and total thh schootl
graduates for the past two years from the Department of Educa;1on (Ms. Kris Hogan
~ has supp11ed ‘this 1nformat1on in the past. )J Two years of data are requested so
'that f1naT figures.can be conf1rmed for the previous year,»and to be sure tha+ the- y
data be1ng rece1ved are compat1b1e with the data used for prev1ous years.

3. Compare the most recent data on. @o]]ege enrollments with the previous year's -

~ projections to determine the source of any errors -in the previous year's projectiOn.
-4, AN programs and data f1]es are stored as program e]ements on a c0p -out
'}tape. Put the tape on the system and copy in. the program file. Use the Editor made
to change the data f11es to SDF Format Refer to the System}Flow Chart (Figure3 )
for further steps. ‘ | |
. Update file MDHSGB with the new graduate data.
.'_Update file GRDIOB with pub11c and pr1vate 10th grade enrolliment.

/

Update file BRSTB m}zﬁ/new birth date

© N o w»

If new Census daf/are available, update f11es PRIF and PUBF us1ng the

descr1pt1ve chapter as; a gu1de Then run JOb streams R- PRI and R-PUB to obta1n

'-curves through the new po1nts

9. Run job stream F-H to calculate new 10th grade estimates. - ‘ \:jx

39
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run all new f11es through the SCRF program.

. a State College.

/-

Fo—r

10. Make adjustments tf necessary to PRIF, PUBF, or NMIGAand run any changed7
files through;the SCRF program. Then rerun job stream F-H until 10th grade.projec-
tions are.satisfactory. A \ o 'h\‘ '%5*

11. Add the new probability of graduating to PHSG file. (The prohabi]jty‘is¢
printed cn the report generated by the R-H job stream.) Then run joh stream'R-ﬁHSG
to plot a new curve. | '

12. Rerun job stream F- H, making adJustments to PHSG until the graduate projec-
t1dns are sat1sfact0ry | '

13. If new Census data are available, "update Mi15, M21, F15, and»F21t Then

I4. Update COLENR with new college enro]]ments
The pr1vate 4-year colleges and the state college Figures tor each of the five
years have been adjusted to account for the change in status of the Un1vers1ty Qf

Ba]t1m0re in January 1975. A1l figures assume the University of Baltimore was always

15.° Run JOb stream R- TOT to 0bta1n total co]]ege enrollment prOJect1ons

~16.  Make minor modifications to curves generated from. M15, M21, F15 and F21.

Run changes through SCRF program and rerun JOb stream R- TOT unt1] tota] enro]1ment
prOJect10ns are satisfactory. Note: COR is a fjle that enab]es the user to app]y
a torrection factor to the total prOJect10n (correction factor in the form of an
‘S curve) Thus far it has not been used, it current]y conta1ns a stra1ght 11ne
adJustment of 1.0. If high school graduates to tota] enrollment ratio were changed
to reflect on]y in-state enro]]ment this wou]d be one way to input out-of-state '
enrollment as a changing percentage of in- state enrollment. A . |

17. The file ADJCOL conta’ns college enrollment data for the last five years.
Remove the oldest year and add the new data at the end. Of the 32 lines for each
year, on]y 5 are used4 There are four data entr1es on each ]1ne . The lines used are:
Line 05 Commun1ty Co]]eges

"Field 1 - Blank

41




Field 2 - Blank
Field 3 - Full-Time Enrollment -
Field 4 - Part-Time Enrollment

Line 06 Ugiversity of Maryland

‘Field 1 - Undergraduate Full-Time Enrollment
Field 2. - Undergraduate Part-Time En}o11ment
Field 3 - Gfaduate FU]i—Time Enrollment
Field 4 - ‘

Graduate Part-TiMe Enrollment
Line 07 Private 2-Year Cg]]eges.g '

Fie1d 1 - Blank |

Field 2

Blark o
Field 3 - Full-Time Enrollment |
Field 4

Part-Time Enrollment
Line 09'State'Co11eges'

‘Undergraduate Fu]]-Time‘Enrbl]ment

Field 1 - 3
Field 2 - Un&ergraduate Part-Time Enrollment
Field 3 - Graduate Fui]-Time’Enro]]me;t |

| Field 4 - Graduate Part-Time Enrollment

Line 13 Private 4-Year Colleges

Field 1 - Undergraduate Full-Time Enrollment
Field 2 - Under?raduate Part-Time Enrollment -
Field 3 - Gfadhate\Fuii-Time Enrollment

Field 4 - Graduate Part-Time Enéo}1ment'

18. Change the format statement which assigns indices to the oﬁfput file'in -
- order to provide the appropriate index values for the updated data base.
-19. Run JOb stream R-P to generate an initial f11e of po1nts and asymptotes

(PTFUL) to be used in d1str1but1ng the total enrollments.
,4123
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20. Modify asymptotes in f11e PTFL as appropr1ate and run job streams R-L and
R- REP to get the proaectlon d1str1but1on report. ‘

21, Look over the report and repeat step 18 until the projections are'satis-

, factohy.‘ .

22. Minor changes may be necessahy to programs REP, REP1 and REP2 to get
-year to year formats and to p1ck up the proper year data sets. Some of thé actual
enrollment data contained in f11e ADJCOL may be added to or replaced by part of file
XVXSB to provide one or more years of actual data 1n the reports generated.

23. Change job stream R-REP to run REP1 and REP2 so that the other reports‘
are generated. ’

24. - Put data- f11es into program element format in one program file. Then copy-

-

out fite to tape Check contents of tape before re]eas1ng disc files.




APPENDIX A

HISTORICAL ACCURACY.OF THE MARYLAND COUNCIL
FOR HIGHER EDUCATION ENROLLMENT
' PROJECTION MODEL ‘
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MEAN ABSOLUTE ERROR IN PROJECTIONS
OF TOTAL ENROLLMENT

. YEARS - INTO FUTURE | -% ERROR
1yr. 1.68%
2 yrs. - 2.56%
3 yrs. 0 1.85%
. _
4 yrs. | - 1.54% ) N
5 yrs. | 2.909
49




APPENDIX B

1970 CENSUS DATA

L)

'NQTE: The following three tab]es'were xeroxed from U.S. Department of Commerce, -
Bureau of the Census, Census of Population: 1970, Detailed Characteristics: Maryland,

Final Report PC (1)-D22 (Washington, D.C.: U.S. Government Printing Office, 1972),
pp. 398-400. , - / : ‘
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