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CHAPTER 1: THE PROBLEM

In troduc t ion

Since the  r e tu rn  of  the  veterans following World War I I ,  I n s t i t u 

t io n s  of higher educatfon In the United S ta te s  have beer in a period of 

a cce le ra ted  growth, both 1n terms of  enrollment and public  suppor t .  I t  

now appears th a t  growth may be ending and th a t  enrol lment  p a t t e r n s  may 

change. There a re  a l s o  ind ica t ions  th a t  the  publ ic  g e n e ra l ly  and mem

bers  of l e g i s l a t u r e s  p a r t i c u l a r l y  are becoming more conserva t ive  In the 

support provided fo r  I n s t i t u t i o n s  of higher educa tion  fChelt ,  1971).

One r e s u l t  of  these changes has been the  demand for  accura te  p ro jec t io n s  

of s tudent  enrol lment  In co l leges  and u n l v e r s t t l e s ,  p r im ar i ly  for  the  

purposes o f  f i s c a l  planning. The problem of a c c u ra te ly  p ro jec t in g  en

rol lments  has become p a r t i c u l a r l y  acu te  fn I n s t i t u t i o n s  with open ad

mission p o l i c i e s  such as community c o l l e g e s .  Many attempts have been 

made to  develop accura te  fo rec as t in g  models. Models such as the  cohort 

survival*  the  s tudent  flow using Markov t r a n s i t i o n  m at r ices ,  m u l t ip le  

r e g re s s io n ,  nonl inear  growth, t im e -s e r l e s  decomposition, surveys, and 

o the rs  have been used to p red ic t  enro l lment .  I t  appears t h a t  d i f f e r e n t  

techniques have worked 1n d i f f e r e n t  circumstances* and th a t  each Indi

vidual i n s t i t u t i o n  must develop i t s  own model, applying I t s  own special 

c h a r a c t e r i s t i c s .

Community co l lege  enrollments pose d i f f i c u l t  enrollment fo recas t ing  

problems because of c h a r a c t e r i s t i c s  unique to  these i n s t i t u t i o n s .  The 

community co l leg e  1s a mult id imensional ,  open admissions i n s t i t u t i o n  

or ien ted  toward meeting the needs of a p a r t i c u l a r  earmunfty. They serve 

a l l  c i t i z e n s  1n one geographical area ca l led  the se rv ice  a rea .  This

7
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area I s  u s u a l ly  d e s ig n a te d  by th e  S t a t e .  The s tud en t  body 1s no t  com

posed o f  a well d e f in e d  group of s t u d e n t s ,  but Includes  s tu d e n t s  of  many 

ages, r a c e s ,  sex,  and l e v e l s  of academic p rep a ra t io n .  In a d d i t i o n  to  

the  t r a d i t i o n a l  c o l l e g e  p o p u la t io n ,  a d u l t s ,  m i n o r i t i e s ,  slow l e a r n e r s ,  

s tu d e n ts  with academic d e f i c i e n c i e s *  and the e ld e r l y  a re  a t t e n d i n g  

community co l leg es  (H ar r in g to n ,  1977) .  Because of  t h e  d i v e r s i t y  of  the  

s tu den t  populat ion and th e  d i f f e r e n t  p r i o r i t i e s  of  th e s e  s t u d e n t s .  I t  

has been d i f f i c u l t  to  f in d  s t a b le  t r e n d s  1n enro l lm ent .

Changing e n ro l lm en t  p a t t e r n s  have Increased th e  d i f f i c u l t y  of  fo re 

c a s t i n g  e n ro l lm en ts .  Probably th e  l a r g e s t  s ing le  problem 1n p r o j e c t i n g  

enro l lm ents  for  community c o l l e g e s  r e s u l t s  from the  Inc re ase  i n  p a r t -  

time s tudent  e n ro l lm en t  (NCES, 1978) ,  Since p a r t - t im e  s tuden t  e n r o l l 

ment Is Inc reas ing  much more r a p i d l y  than f u l l - t i m e  s tu d e n t  e n r o l lm e n t ,  

headcount enro l lment  Is  In c re a s in g  much f a s t e r  than f u l l - t i m e  e q u iv a le n t  

en ro l lm ent  (FTE). FTE enro l lm en t  1s th e  bas is  on which s t a t e s ,  Inc lud 

ing V i r g i n i a ,  a l l o c a t e  funds fo r  t h e i r  s t a t e  c o l l e g e s  and u n i v e r s i t i e s .  

The l a r g e  Increases  In p a r t - t im e  s tu d e n t  enrol lment a re  due p r im a r i l y  t o  

the  Increase  in the  number of  o l d e r  s tu den ts .  In 1975, fo r  example, o f  

the  18 and 19 year  a id  s tu d e n ts  a t t e n d i n g  c o l l e g e ,  92 percen t  were 

f u l l - t i m e ;  the  p e rc e n ta g e  of  o ld e r  s tu d e n ts ,  on the o th e r  hand, a t t e n d 

ing f u l l  time was 23 p e rcen t  (NCES, 1978). NCES (1978) p r e d i c t s  t h i s  

p a t t e r n  w il l  change because the  p o p u la t io n  p ro je c t io n s  for  th e  y e a r s  

1977 through 1986 I n d i c a t e  t h a t  th e  number of  16 to  22 y ea r  o ld s  wil l  

dec rease ,  and th e  number of  o lder  s tu d e n ts  wil l I n c re a s e .

A second change 1n enrol lment  p a t t e r n s  which has a f f e c t e d  t h e  

community c o l l e g e s ,  and t h e i r  f u l l - t i m e  equivalent  en ro l lm en t  i s  th e
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propor t ion  of female s tu d e n ts .  In community c o l l e g e s  e s p e c i a l l y ,  female  

enrollment has increased  very r a p i d l y ,  and by the end o f  I960 may become 

g r e a t e r  than male enrol lment  (NCES, 1978). F i n a l l y ,  In c reas in g  numbers 

of m in o r i t ie s  and disadvantaged s t u d e n t s  a re  a t t e n d in g  coirniunity co l 

l e g e s .  For th e se  new nontradHlonaT s tu d e n ts  In h i g h e r  educa t ion ,  new 

programs are requ ired .  In order t o  meet the  needs o f  these  n o n t rad l -  

t to n a l  s tuden ts ,  c la s s e s  a re  scheduled 1n th e  evening as well as dur ing  

the  day, and are taught  o f f  campus as well as on campus. These s tu d e n ts  

have required r e f r e s h e r  courses and new te c h n o lo g ic a l  advances in  t e a c h 

ing methods. As a r e s u l t  the cos t  per  s tudent  has r i s e n  {Harrington,

1977). The Increase  In the  c o s t  p e r  s t u d e n t ,  coupled with the  decrease  

(percentage wise) in  t o t a l  public  su p p o r t ,  r e q u i r e s  community c o l l e g e s  

to  p ro jec t  t h e i r  en ro l lments  a c c u r a t e l y .  In maqy s t a t e s ,  such as  

V i rg in ia ,  co l leg e s  are f i n a n c i a l l y  pena l ized  for  ove r  o r  under p r o j e c t 

ing t h e i r  enrol lments  (V irg in ia  A p p ro p r ia t io n  Act, 1978) .

Need f o r  the Study

During the  1960's th e  community c o l l e g e  movement experienced i t s  

g r e a t e s t  period o f  growth, so th e re  was l i t t l e  need o r  incen t ive  to 

develop accura te  procedures for  f o r e c a s t i n g  e n ro l lm e n t .  In the  l a t e  

I9601s ,  however, several  changes took place causing comnunity c o l l e g e s  

and o th e r  i n s t i t u t i o n s  o f  higher educa t ion  to  i n v e s t i g a t e  fo r e c a s t in g  

procedures.  As I n f l a t i o n  increased ,  c o s t s  began r i s i n g  while e n r o l l 

ments tended t o  d e c l in e  (Chelt ,  1971) .  As th e  genera l  public  became 

Increas ing ly  concerned with high t a x e s  and I n f l a t i o n ,  they  began ques

t io n in g  the  value and, 1n tu rn ,  t h e  c o s t  of h igher  e d u c a t io n .  S t a t e  

l e g i s l a t u r e s  came to  examine c o l l e g e  budgets and t o  demand more s p e c i f i c
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many se rv ices  had to  be reduced o r  e l iminated  unt i l  the next budget 

cy c le .  Since the  l e g i s l a t u r e  pena l izes  the I n s t i t u t i o n  for  both over 

p ro jec t ions  and under p ro je c t io n s ,  i t  is c l e a r l y  designed to  l im i t  

"gamesmanship" by the i n s t i t u t i o n s  in t h e i r  quest for  S ta te  funds. I t  

i s  a lso  evident th a t  t h i s  l e g i s l a t i o n  punishes the  I n s t i t u t i o n s  for  

f a l l i n g  to submit accurate  enrollment p ro jec t ions  by requ i r in g  them to 

r e tu rn  funds a lready committed for  f acu l ty  s a l a r i e s  or  o ther  opera t ing  

expenses I f  the p ro jec t ions  are not accurate-  Thus, fo r  the s t a t e  sup

ported I n s t i t u t i o n s  of h igher  education who pursue an open door admis

sions pol icy ,  accurate  fo rec as t in g  of student enrollment presents  an 

e sp e c ia l ly  d i f f i c u l t  problem.

AS the need for  more accura te  enrollment p red ic t io n s  became c r i t i 

c a l ,  1t a lso  became obvious t h a t  the  methods t h a t  had been used In mak

ing these pro jec t ions  were Inadequate.  Through 1970, higher education 

was a growth Industry  [Bowen, 1974). P ro jec t io ns  for  enrollment were 

made by simply assuming the  continuance of the growth trend .  In 1970, 

the  growth r a t e  of enrollments began to  decrease and, 1n 1976, e n r o l l 

ments a c tu a l ly  f e l l  (see f igu re  1, Appendix I ) .  New techniques were 

needed to  provide accura te  p ro jec t io n s  of en ro l lm ent ,  both sh o r t  and 

long term, In order to optimize the  expenditures of a v a i la b le  funds and 

the  u t i l i z a t i o n  of l imited resources .

Purpose

The purpose of t h i s  study 1s to  Id en t i fy  the  f a c to r s  re levan t  fo r  

p ro jec t in g  enrollments and to  develop such f a c to r s  Into a model th a t  

wil l  p ro jec t  enrol lments wlthfn ±1 percent  accuracy fo r  a publ ic  comnun- 

1ty college  using expo fac to  data from a V irg in ia  community co l lege  and
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j u s t i f i c a t i o n  for projected expenditures .  In V irg in ia ,  fo r  example, 

budgetary requests for s t a t e  co l leges  and u n i v e r s i t i e s  must now be j u s 

t i f i e d  on the basis of accu ra te ly  p ro jec ted  enrol lments .  In Its  Appro

p r i a t io n  Act of f978, the  General Assembly o f  V irg in ia  gave the State 

Council o f  Higher Education the  respons ib l l  f ty  for  developing 'p o l ic ie s ,  

formulas, and guidelines for  the f a i r  and e q u i t a b le  d i s t r i b u t i o n  and use 

o f  public  funds among the  I n s t i t u t i o n s  o f  h igher  educa tion ,  taking in to  

account enrollrnent p ro je c t io n s" (Code of V i r g in ia ,  1978, p. 4) .

As a r e s u l t  of t h i s  l e g i s l a t i o n ,  an I n s t i t u t i o n  m^y be required to  

re tu rn  appropriated funds in excess of tho se  j u s t i f i e d  by the actual en

rol lment  to  the  Commonwealth, Thus, i f  t h e  i n s t i t u t i o n ' s  enrollment ex

ceeds the projected enrollment by 1 percen t  or more, " the Governor Is 

authorized to  direct  the  t r a n s f e r  to the  su rp lus  of the  general fund, 

from the appropriation to  tha t  I n s t i t u t i o n  for  educational  and general 

a c t i v i t i e s ,  an amount not exceeding the t u i t i o n  and fees  collec ted an 

account of the enrollment In excess of 1 p e rc en t .  However, the t r a n s fe r  

sha l l  not be made for aqy excess In enro l lment  which Is l e s s  than 50 

f u l l - t im e  equivalent s tudents"  (Virg in ia  Appropria t ion  Act ,  1976, 

p. 166). According to pol icy ,  leniency should be allowed fo r  colleges 

having a la rge  proportion o f  part - t ime s tu d e n ts  (Virginia  Appropriation 

Act, 1978). In 1976, however, Thomas Nelson Community College was re

quired to  re turn  $44,000 to  the D irec to r  g f  Budget as a r e s u l t  of the 

over  p ro jec t ion  of enrollment 1n sp i t e  o f  a heavy propor t ion  of part-  

time students  in the s tudent populat ion.  Host of these  funds had e i t h e r  

been cammftted or already expended for f a c u l t y ,  personnel ,  programs, or  

se rv ice s  before the order  to  re tu rn  some was received. As a resu l t .
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u t i l i z i n g  th e  data  format developed by th e  S ta te  Council o f  Higher Edu

ca t ion  In V irg in ia .

Hypotheses

I f  the  purposes of t h i s  study are t o  be achieved,  I t  i s  necessary  

t o  t e s t  t h e  following hypotheses:

1, Var iab les  can be I d e n t i f i e d  th a t  wi 11 produce accu ra te  f o r e 

c a s t i n g  models w ith in  the  l im i t s  o f  accuracy des ignated  by th e  

V irg in ia  S ta te  L e g i s l a tu r e .

2. Using the  va r iab le s  I d e n t i f i e d  above, fo r e c a s t i n g  models can be 

developed for  p r o j e c t i n g  the  fol lowing c a t e g o r i e s  o f  e n r o l l 

ment:

a .  Fall headcount and summer sess ion  headcount w ith in  ±1 p e r 

c e n t ,  and

b. Total FTE w i th in  ±1 percen t .

D e f in i t io n  o f  Terms and Abbrevia tions

Since t h i s  study involves two f i e l d s ,  higher educa t ion  and s t a t i s 

t i c a l  f o r e c a s t i n g ,  i t  may be helpful  to  d e f in e  severa l  terms which may 

not be f a m i l i a r  to  re sea rche rs  in both f i e l d s .  D e f in i t io n s  and a b b re v i 

a t io n s  of var ious  terms used in t h i s  s tudy are  given In the  s e c t i o n s  to  

follow:

1. Headcount Enrollment Includes every s tuden t  t ak ing  a course  

without  regard t o  the number of c r e d i t  hours  taken .

2. F u l l - t im e  Equivalent  Enrollment {FTE) equals  the  t o t a l  c r e d i t  

hours taken c o l l e c t i v e l y  by the  s tuden ts  d iv ided  by 15 ( th e  

number of c r e d i t s  defined as a f u l l  undergraduate s tu d e n t  l o t  

1n the  quarter  system).
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3.  Open Admissions I n s t i t u t i o n s  a re  those  i n s t i t u t i o n s  who accep t  

a l l  q u a l i f ied  s tudents  who d e s i r e  to  a t tend  and for  whom pro

grams a re  avai lable*

4. College Going Rate Is the r a t i o  of the  number of s tudents going 

to  a p a r t i c u l a r  co l lege  divided by the t o ta l  population In the  

age group from which the s tuden ts  come. A synonym Is Pene tra 

t io n  Ratio,

5. Pers is tence  Rate or Survival Rate 1s the percent  of an o r ig in a l  

group th a t  re tu rns  for  the next s tage  a f t e r  completing a p rev i 

ous stage of a c t i v i t y ,

6 . P a r t i c ip a t io n  Rate Is the percentage of a p a r t i c u l a r  group, 

such as a given populat ion,  th a t  p a r t i c i p a t e s  1n a given a c t i v 

i t y .

7. A Cohort is a group of Ind iv idua ls  having a common c l a s s i f i c a 

t io n  or t r a i t .

8. Universal Access to Higher Education means "the guarantee of a 

place for  every high school s tuden t  who wishes to e n te r  h igher  

education" (Carnegie, 1973),

9. R e la t iv e  Educated Wage 1s the  wage of educated r e l a t i v e  to  un

educated Tabor (Dresch, 1975).

10. The Active Adult Population (AAP) Is the  population between th e

ages of 25 and 64 (Dresch, 1975),

11. The Transverse Progress ion  Theory says th a t  a p a r t i c u l a r

population grows e x ponen t ia l ly .

12. Endogenous Data a re  in te rn a l  data  generated because the  system

e x i s t s .



12. Endogenous Data a re  Internal data generated because the system 

e x i s t s .

13. Exogenous Data a re  data ex te rn a l  to  the systemj the system has 

no e f f e c t  on them,

14. Regressor  Variables are t h e  independent v a r i a b le s  In a r eg re s 

sion equat ion .

15. A Global Model Is one In which the s t r u c tu r e  Is  highly s t a b le  

and the  chosen model Is the  t r u th  about the underlying s t r u c 

tu r e  o f  the  data  (G i lch r i s t ,  1978).

16. A Local Model i s  one In which the s t ru c tu re  Is s ta b le  for  the

sh o r t  run ,  but not  necessa r i ly  1n th e  long run ( G i l c h r i s t ,

1978).

17. D e te rm in is t ic  Models are p e r f e c t  mathematical forms with no 

chance element; I . e . ,  the f o re c a s t  of the next observation 

would be a p e r fe c t  fo recas t .

18. S to c h a s t ic  Models are mathematical forms where the chance e l e 

ment pi Ays a major role.

19. E x p l i c i t  Form Is the mathematical form when a l l  da ta  a re  used 

In the  fo r e c a s t ,

20. Recurrence Form Is a mathematical form in which the new fo re 

c a s t  can be obtained from t h e  old fo recas t  with a minimum

amount o f  e f f o r t  When new observat ions  are added,

21. Forecas t  Error  Form is a mathematical form 1n which a m ult ip le  

o f  the  l a s t  fo recas t  e r ro r  Is  added to the l a s t  fo recas t  to 

ob ta in  the  new forecast.

22. Leading or Lagged Variables r e f e r s  to terms s h i f t e d  forward or 

backward 1n time by one o r  more years or q u a r t e r s .



1 5

24. LEI Is  a composite o f  12 lead ing  economic In d ic a to r s  computed 

by NBER and publ ished in the  Business Condit ions Digests

25. NBER -  National Bureau of Economic Research.

26. NCES - National Center  for  Education S t a t i s t i c s .

27. ’e - the  value of x f o r  which In x a 1.

28. TNCC - Thomas Nelson Community College.

29. VCCS - V irg in ia  Community College System

30. SCHEV - S ta te  Council of Higher Education o f  V irg in ia .

31. SBO - S ta te  Budget O ff ice .

32. SREB - Southern Regional Education Board

Plan o f  Study

In Chapter 1 the  problem to be s tu d i e d —f o re c a s t  1 ng enro l lments  a t  

a community co l leg e —was Introduced along with the  need fo r  the study, 

the  purpose ,  and hypotheses . Chapter 2 reviews the  r e l e v a n t  l i t e r a t u r e ,  

exp lores  the  d i f f e r e n t  fo rec as t in g  techn iques ,  and g iv es  examples where 

each technique  has been applied .  The procedures used t o  develop an 

enrollment fo re c a s t in g  model for  a community co l lege  1s given 1n chapter

3. A V i rg in ia  community co l lege  was used as an example. Although the  

general  procedures f o r  developing a fo rec as t in g  model a re  the same, each 

model must be p a r t i c u l a r i z e d  to  an Ind iv idua l  c o l leg e  because o f  th e  

d i f f e r e n c e  1n c h a r a c t e r i s t i c s .  The optimum f o r e c a s t s  and the models 

producing th e  optimum f o r e c a s t s  are d iscussed  1n c h a p te r  4 along with 

the  r e l e v a n t  s t a t i s t i c s .  Surmnarles, I n t e r p r e t a t i o n s ,  conc lus ions ,  and 

Im plica t ions  fo r  f u r t h e r  s tud ies  a re  d iscussed 1n c h a p te r  5,



CHAPTER 2: PREVIOUS RESEARCH

In troduc t ion

In the  l a s t  decade th e  problem of pro jec t ing  enrol lments  a t  a l l  

l e v e l s  has been s tudied and reported In d e t a i l .  Most I n s t i t u t i o n s  of 

h igher  educa tion  are  I n te r e s t e d  1n enrollment p ro jec t ions  because they 

are  c lo s e ly  r e l a t e d  to I n s t i tu t i o n a l  goals and purposes and are essen

t i a l  to  f in an c ia l  and program planning a t  every l e v e l .  I f  the  resources 

a v a i la b le  to  I n s t i t u t i o n s  of higher education f l u c tu a te  1n the fu tu re  as 

p red ic te d ,  the  problem wil l  become of Increasing Importance.

This chap te r  Is organized Into f ive  major to p ic s :  the scope of the

problem, changing pa t te rn s  1n enrol lment ,  the  f a c to r s  re levan t  to  t h i s  

s tudy,  the  accuracy of past enrollment p ro jec t io n s ,  and a review of the  

methodology c u r r e n t ly  being used to p ro jec t  en ro l lm en ts .  The f i r s t  sec

t io n  reviews cu r re n t  and previous enrollment p ro jec t io n s  a t  the national  

l e v e l .  The second sec t io n  reviews changing p a t te rn s  of enro l lment .  In 

the  t h i r d  s e c t i o n ,  th re e  general ca tegor ies  of f a c to r s  re levan t  to pro

j e c t i n g  enrol lments  a re  discussed:  demographic, economic, and I n s t i t u 

t i o n a l .  A f te r  the  sectfon on relevant  f a c t o r s ,  a b r i e f  d iscuss ion  Is 

a lso  Included on th e  accuracy of  national  enrollment p r o j e c t i o n s .  The 

concluding sec t ion  on methodology includes a review of cu r re n t  methods 

of s t a t i s t i c a l  fo recas t ing  and research design.  S ta te  and I n s t i t u t i o n a l  

s tu d ies  a re  used to I l l u s t r a t e  each research design.

The Scope o f  the  Problem

In the  1970*s the  demands on higher education have Increased,  The 

general c a l l  for  "accou n tab i l i ty '1 has caused educators  to  place much

1 6
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more emphasis on systematic  planning. Because enro l lments  determine 

income from t u i t i o n  and fees as well as funding from public sources, 

en ro l lm e n t  p ro je c t io n s  have become an essent ia l  element in f inanc ia l  and 

program planning for  i n s t i t u t i o n s  of higher education.  In years p r i o r  

t o  1970, t h e  p r o je c t io n  of t o t a l  enrollments at the  national  and s t a t e  

leve l  was a l l  t h a t  was required because growth r a t e s  j u s t i f i e d  the need 

f o r  in c re a s e d  re s o u rces .  In the  sevent ies ,  however, growth p a t te rn s  fo r  

I n s t i t u t i o n s  o f  higher education became uncertain and new trends were 

not  e a s i l y  i d e n t i f i a b l e .  The la rg e  body of l i t e r a t u r e  w r i t ten  1n th e  

s e v e n t i e s  suggest  a range of opinion on future  enrol lments  in higher 

e d u c a t io n .

At the  na t iona l  l e v e l ,  a number of enrollment p ro jec t ions  have been 

made. Bowen (1974) foresees  a high probab i l i ty  o f  enrollments in h igher  

e d u ca t io n  doubling or t r i p l i n g  before the end of the  decade. The 

C arneg ie  Commission p re d ic t s  small decreases 1n enrol lments  In the  e a r l y  

1 98 0 's  and a subsequent period of s t a b i l i t y  In enrol lments  to  the y e a r  

2000. Dresch (1975) and Froomkln (1974) predict  f a i r l y  large  decreases 

1n en ro l lm en ts  in the  ear ly  1980 's .  C a r t t e r ,  "known for h is  record of  

‘most a c c u r a t e '  p r e d ic t io n s" ,  sees  a decl ine  1n enrol lments  In the  e a r l y  

19 8 0 's  and a modest recovery In the l a t e  1980's (L es l i e  and M il le r ,

1974, p. 10), The National Center  fo r  Education S t a t i s t i c s  (1978) 

d i f f u s e s  I t s  p re d ic t io n s  by making three  p ro jec t ions :  high,  low, and

I n t e r m e d ia t e  a l t e r n a t i v e s .  In the  NCE5 low a l t e r n a t iv e  p ro jec t ion ,  

s l i g h t  Increases  are seen un t i l  1981 and then steady decreases u n t i l  

1985. In i t s  high a l t e r n a t i v e ,  steady Increases a re  predicted to  th e  

y e a r  1985 (Centra ,  1980).
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The l a r g e  v a r i a t io n s  among enrollment p ro jec t ions  occurred because 

the  fo re c a s ts  a re  based on d i f f e r e n t  assumptions* The assumptions d i f 

f e r  pr imari ly  because the f o r e c a s t e r s  have d iverse  opinions on the  f u 

t u r e  of h igher  education,  in  the  pas t ,  enrollment p ro jec t ion s  were 

approached from th e  viewpoint t h a t  the  past  was In d ic a t iv e  of the  f u 

t u r e ,  A trend-demographic approach to  enrollment p ro jec t in g  was widely 

used because enro l lments  were assumed to  grow as the population of th e  

18 to  22 year  o lds  grew. In th e  e a r ly  1970's the growth r a t e  o f  the 18 

t o  22 year  o ld s  began to  d e c l i n e  (Carnegie,  1973). At the same time 

th a t  f a l l i n g  enrol lments  were p ro jec te d ,  signs of f in an c ia l  s t r e s s  began 

t o  be ev iden t  (C h e i t ,  1971], I n s t i t u t i o n s  o f  higher education began r e 

examining t h e i r  purposes and g o a ls  which were r e f l e c te d  In t h e i r  e n r o l l 

ment p r o j e c t i o n s .  In the  fo l low ing  paragraphs,  severa l  major enrol lment  

p ro jec t io n s  a re  reviewed In l i g h t  of t h e i r  underlying assumptions*

Howard Bowen, the most o p t im i s t i c  of national  f o r e c a s t e r s ,  f o r e 

c a s t s  a 200-p e rc e n t  increase  1n enrol lments  by the year  2000 (Carnegie, 

1975], He bases  his  p r e d ic t io n  on the  assumption th a t  the  growth of  

h igher  education enrollments w i l l  p a ra l l e l  the  growth In the se rv ice  

s e c t o r  of the  economy ( i t  Inc reased  from 28 percent  t o  60 percent from 

1900 to  I960] ,  Bowen contends t h a t  the re  are a host o f  fac to r s  o ther  

than demographics which could a f f e c t  the  number of s tu d e n ts  a t ten d ing  

i n s t i t u t i o n s  o f  higher e d u ca t ion .  These might Include the number and 

kind of I n s t i t u t i o n s  a v a i l a b l e ,  the  relevancy and a t t r a c t i v e n e s s  of th e  

program, the  convenience o f  th e  times and places a t  which education Is 

o f fe re d ,  the  n a tu re  of the  admission requirements , the  t u i t i o n  charges ,  

the  terms o f  f i n a n c ia l  a id ,  and arrangement for  re le a se  time from work
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f o r  educa t ion .  He contends t h a t  demographers who pro jec t  enrollments 

a re  not Inept,  but human values and behavior are subject  to  seemingly 

unexplainable s h i f t s ,  Bowen b e l ieves  th a t  i f  t h e  p o l i t i c a l  and educa

t iona l  leadersh ip  1n th i s  country will d isplay more Imagination and dar

ing ,  enrol lments  wfll continue t o  r i s e  as they have In the  past  (Bowen,

1974). The expansion p o s s i b i l i t i e s  of higher education are c e r t a in ly  

cons iderab le-  In 1973-74, for  example, only 43 percent of the t o t a l  

enrollment were female -t 1n 1972 only 15 percent of the persons enrol led  

from th e  18 to  24 year  old age group were from very low income fam i l ie s  

(with l e s s  than $3000 t o t a l  Income). Moreover, in some s t a t e s  the re  are 

wide v a r i a t io n s  1n co l leg e  a t tendance .  Georgia, fo r  in s tance ,  had only 

24 percent  of I t s  population 1n the college  age group a ttend ing  college 

in 1970 compared t o  Ariiona with 59 percent .

The Carnegie Conrnlsslon based t h e i r  o r ig ina l  p ro jec t ion  on f ive  

basic  assumptions;  Increas ing  high school graduation r a t e s ;  increas ing  

enrollment ra te s  o f  18 to  19 year  o lds ,  e sp ec ia l ly  white men; Increas ing 

d e g re e -c red l t  enrol lment  (nondegree-credl t  enrollment was not considered 

in th i s  p r o j e c t io n ) ;  Increas ing  graduate res iden t  enrollment; and 

Increas ing  f i r s t - p r o f e s s i o n a l  degree enrol lment .  Since several  of the  

assumptions proved to  be In c o r r e c t ,  the Carnegie Comn1ss1on revised 

t h e i r  o r ig in a l  p ro jec t ion s  In 1973. The following assumptions were 

changed; high school graduation r a t e s  were ad jus ted  downward s l f g h t ly ,  

pos tbacca laurea te  t r a i n in g  was assumed constant  a t  the 1969 le v e l ,

Ser ies  E Census Bureau data was used instead of  Series  D fo r  1990 and 

2000, and nondegree-credl t  enrollment was taken in to  account (Carnegie,  

1973). In 1975 the  Carnegie Commission revised I t s  national enrollment
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pro jec t ions  for  the  t h i r d  time* The new baseline projections assume 

r i s in g  enrollment ra te s  based on past trends for  the following catego

r i e s :  part - t ime s tu d e n ts ,  nondegree-credlt  s tudents ,  students 22 years

of age and older ,  graduate and f i r s t  professional degree students, women 

s tu d e n ts ,  and minori ty students* F ina l ly ,  i t  a lso bases I ts  projections 

on the following judgnents: white male enrollment rates returning to

t h e i r  peak leve ls  by the  year 2000, the Series F Census Bureau popula

t io n  p ro jec t ions  may prove to be more re l i ab le  than Series E, the demand 

fo r  schoolteachers wil l  r e f l e c t  cu rren t  pupi l- to- teacher  ra t ios ,  the  

d r a f t  will not be r e in s ta te d ,  and student aid will continue to Increase 

(Carnegie,  1976).

The NCES gives th re e  groups of  projections which they term a Tow 

a l t e r n a t i v e  p ro jec t ion ,  an in termediate  a l t e rn a t iv e  projection, and a 

high a l t e r n a t i v e  p ro jec t ion .  Three changes 1n enrollment patterns have 

caused them to d i f fu s e  t h e i r  fo recas ts :  the d i s t in c t io n  between degree- 

c re d l t  student and the  nondegree-credit  student 1s so cloudy that  they 

have combined the two ca tegor ies ;  the percentage of full- time and part-  

time s tudents  has been changing; and, f in a l ly ,  the average age of the 

co l lege  population 1s changing. Because the average age of col lege pop

u la t io n s  1s changing, enrollment da ta  were obtained from the U.S. Bureau 

of Census for  age groups 16 to 24, 25 to 29, and 30 to 34, and by sex 

from 1967 through 1976. In the low a l te rna t ive  projection, age-specif ic  

enrollment r a t e  was assumed to remain constant at the average of i t s  

1975 and 1976 r a t e ;  a modest increase was assumed for part-time s t u 

den ts .  The high a l t e r n a t iv e  p ro jec t ion  was based on the age-spedf  1c 

enrollment ra te  from 1967 to  1976 continuing through 1986, and assumed



2 1

a la rg e  in c rease  1n p a r t - t im e  s tu den ts .  The Intermediate  a l t e r n a t i v e  

used the average of the ag e -sp ee1 f ic  enrol lment  r a t e s  fo r  t h e  high and

low a l t e r n a t i v e s  and a lso  assumed an average increase  1n p a r t - t im e  s t u 

den ts .  Between 1976 and 1986, NCES p r e d i c t s  a 21-percent  Increase In 

i t s  low a l t e r n a t i v e  en ro l lm en t  f o r e c a s t ,  a 5 4 - percent  in c re ase  In I t s  

In term edia te  f o r e c a s t ,  and a 90-percen t  Inc rease  In I t s  high fo re c a s t .  

They make no f o re c a s t  beyond 1986*

C a r t t e r  (1973) admits t h a t  he has t r u s t e d  the  past too much In his  

p re d ic t io n s .  He based h i s  f i r s t  e s t im a te s  on the  o r ig in a l  U.S. Bureau 

o f  Census popula t ion  p r o j e c t i o n s .  Using the  l a t e s t  Census population 

p ro jec t io n s  (S e r ie s  F ) ,  he p red ic ted  a small Increase  of  one and a t h i r d

m i l l io n  s tu d e n ts  by 1980 and a drop of 2 ,9  m i l l io n  by 1988. Other

assumptions upon which he bases  h i s  p r e d i c t i o n s  a re :  1) That there  will

be a con tinu ing  Increase In the  propor t ion  of the  age group tha t  gradu

a t e s  from high school ( t h i s  has dropped about  4 percent below what he 

expected);  2) t h a t  the p ro po r t ion  of 18 t o  24 year  olds going to co l lege  

would Increase  by 2.5 p e rcen t  {1t  decreased by 4 p e rc e n t ) ;  and, f i n a l l y ,  

t h a t  the  ac tua l  nunber In c o l leg e  would In c re a se  by ID percen t  by I960. 

He does, however, q u a l i f y  h i s  p red ic t io ns  by s t a t i n g  th a t  h i s  es t im ates  

could be q u i t e  in co r re c t  I f  the  lea rn ing  s o c i e ty  should develop.

In most previous n a t io n a l  f o r e c a s t s ,  the  major assumptions are 

based on demographic f a c t o r s .  As Folger (1974) suggests ,  most e n ro l l 

ment f o re c a s t s  a re  based on a simple r a t i o  o f  enrollment to  co l lege-age  

population o r  to  high school graduates .  He contends th a t  more s o p i s t l -  

ca ted  models should be cons ide red  because th e  planning needs of  higher 

education a re  complex. Increased  s tudent  a id  and a reduced job market,
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coupled with the  p o l i t i c a l  p ressures  to  give equal opportunity to women 

and m ino r i t ie s ,  have a l te red  the  mix of t r a d i t i o n a l  s tudents  a t t r a c te d  

by I n s t i t u t i o n s  of h igher  educa t ion ,  Folger be l ieves  an Inadequate data  

base has not produced s u f f i c i e n t  information on which to base accurate  

p ro jec t ions .  Data,  fo r  example, on postsecondary vocat iona l ,  t r a d e ,  and 

techn ica l  education systems have had low p r i o r i t y  compared to data on 

t r a d i t i o n a l  co l l eg e  programs. The lack of  da ta  In these areas Ind ica tes  

to  Folger  tha t  h igher  education has not ye t  committed I t s e l f  to planning 

and management which must r e l a t e  d i r e c t l y  to  the  very goals of higher 

education.  L es l ie  and H i l l e r  (1974) concur t h a t  the current  data bases 

a re  inadequate f o r  p rec ise  p r e d i c t i o n s ,  but they bel ieve  tha t  knowing 

what students do now may not have any bearing on the fu tu re .  Leslie  and 

M i l le r ,  Froomkln, and Dresch tak e  a d i f f e r e n t  approach to pro jec t ing  en

rol lments  by assuming tha t  economic condit ions  are re la te d  to e n r o l l 

ments and the pas t  1s not in d ic a t i v e  of the  f u t u r e .  In the following 

few paragraphs samples of such enrollment p ro jec t io n s  will be reviewed. 

Following these p ro je c t io n s ,  changing enrol lment  p a t t e rn s  will be 

d iscussed.

Les lie  and M i l le r  (1974) see enrol lments  climbing exponent ia l ly .  

They conclude t h a t  the period of f lu c tu a t io n  which has ex is ted  1n the 

1970's* which they  term "no growth" or  the  "steady s t a t e " ,  will only be 

momentary. A f te r  observing the  t o t a l  growth p ic tu re  from 1890 to  1970, 

thqy have concluded th a t  enrol lments  have grown exponent ia l ly  upward, 

which 1s ca l led  by economists " t r an sv e r se  p rog ress ion" .  Economists 

t h e o r i z e  tha t  c e r t a i n  systems, such as the  growth of the economic system 

and the  Gross National  Product (GNP), follow a l in e  of t ransverse
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p rogress ion*  sometimes o s c i l l a t i n g  above o r  below t h i s  l ine* In the  

c l a s s i c a l  economic model, the economy Is  seen as a s e r i e s  o f  such o sc i l 

l a t i o n s  which a re  c o n t in u a l ly  c o r r e c t i n g  themselves t o  the l in e  of 

t r a n s v e r s e  p ro g re s s io n .  L e s l i e  and M i l l e r  [1974) hypothes lre  t h a t  high

e r  ed u ca t io n  Is  analogous to  our economic system, and the t ransverse  

p ro g re s s io n  curve ,  t h e r e f o r e ,  1s d e s c r i p t i v e  of th e  higher education 

sys tem .  In f a c t ,  t h e  h ig he r  e d u ca t io n  system grows as the  economic sys

tem grows. When such a system f a l l s  In to  a "no growth" period,  the sys

tem must r e v i t a l i z e  I t s e l f .  To accomplish  t h i s ,  c e r t a i n  funct ions  must 

be performed by the  system In o r d e r  t o  resume i t s  natural  s t a te  of 

growth along th e  l i n e  o f  t r a n s v e r s e  p ro g re s s io n .  Poss ib le  funct ions  

a r e :  the  I n t r o d u c t io n  o f  a new good or a new grade of good already in

u se i  th e  i n t r o d u c t i o n  o f  a new method o f  production such as new labor  

s av in g  machinery; the  opening o f  new marke ts ;  t h e  employment of a new 

so u rce  of supply  product ion  f a c t o r s ;  and, f i n a l l y ,  the  reorganiza t ion  of 

an In d u s t ry ,  severa l  i n d u s t r i e s ,  o r  part  o f  an Indus t ry ;  I . e . ,  a monopo

l i z a t i o n  o f  some i n d u s t r y .  L e s l i e  and K i l l e r  {1974) contend t h a t  these 

f i v e  fu n c t io n s  are being applied  t o  h igher  educa t ion  by the addit ion  of 

new degrees  such as th e  a s s o c i a t e  degree in community co l leges  and the 

e x te r n a l  d e g re e ,  by th e  use of media in  higher ed uca t ion ,  by the addi

t i o n  o f  new c l i e n t e l e ,  by using new f i n a n c ia l  sources such as the fede

ra l  government, and, f i n a l l y ,  by th e  use of c o n s o r t i a  to form research 

I n s t i t u t e s  and reduce d u p l i c a t i o n .  As long as s o c i e ty  and the economy 

c o n t in u e  to  grow, L e s l i e  and M111er p re d ic t  t h a t  h igher  education will 

c o n t in u e  to  grow. Usfng the  t r a n s v e r s e  p rogress ion  theory  as t h e i r  

b a s i s ,  they p r e d i c t  a 150-percent  In c rease  in enrol lments  by the year  

2000.
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Froomkin (1974) cons t ru c ts  th r e e  scenar ios  which might be c l a s s i 

f ied  as I n t u i t i v e  approaches. He bases h is  f o r e c a s t  on the  a v a i l a b i l i t y  

o f  jobs for  which college c r e d e n t i a l s  a re  b e l i ev e d  necessary ,  When the  

number of c o l l e g e  graduates exceeds the number o f  Jobs a v a i l a b l e  fo r  

college g radua tes ,  enrollments w i l l  d e c l in e .  Conversely,  enro l lments  

will increase when the a v a i l a b i l i t y  of Jobs in c r e a s e s .  In Scenario 1, 

“Continuation o f  the Sta tus  Quo", Froomkin p r e d i c t s  tha t  the  undergradu

a te  enrollment (Including nondegree s tuden ts )  t r e n d s  of th e  1970*s wil l  

continue u n t i l  1905 with the number of g raduates  In c reas in g  between one 

quarter  and one t h i r d .  He b e l i e v e s ,  however, t h a t  the l e v e l s  of e n r o l l 

ment resu l t ing  from his  f i r s t  scenario  a re  much too  high in r e l a t i o n  to  

the  needs of the  economy for c o l leg e  g radua tes .  In Scenario 2, “Small 

Decline", he p re d ic t s  a 20 p e rcen t  decl ine  In enro l lment  from those  pre

dicted 1n scen a r io  I .  He bases t h i s  decl ine  on th e  percentage of high 

school graduates  en ro l l ing  1n c o l l e g e ,  Even t h i s  dec l ine  wil l  not 

balance the supply of jobs for  co l lege  graduates  with the demand fo r  

Jobs, Scenario 3, "Floor Set by Labor Market Demand", Is  t h e  most pes

simis t ic  of Froomkin1s sc e n a r io s .  Here, he p r e d i c t s  a 50 percen t  de

c l in e  1n enro l lments  from the  1974 leve l ,  This 1s the  d e c l in e  needed 1f 

supply and demand are balanced; I . e . ,  the number of Jobs fo r  co l lege  

graduates equa ls  the  number o f  graduates seeking jo b s  (Carnegie,  1975),

In a demographic-economic model using both cohor ts  and r a t i o s ,

Dresch (1975) p re d ic t s  the g r e a t e s t  decreases In na t iona l  enro l lments  

assuming a s a tu r a t e d  market c o n d i t ion .  He f o r e c a s t s  enrol lments  only 

fo r  24 year o ld s - - n o t  t o t a l  en ro l lm ents .  Between 1970 and 1980 h is  

model predicts  a 40 percent in c re ase  1n en ro l lm e n ts  which he claims Is
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with NCE5 and the  Carnegie Commission. From 1980 to 1990 Dresch pre

d i c t s  a 40-percent c o n t rac t io n ,  and between 1990 and 2000 the model pre

d i c t s  a f u r th e r  12-percent  c o n t r a c t io n .  The basic  assumption underlying 

t h i s  model 1s tha t  the  educational  c h a r a c t e r i s t i c s  of the  a c t iv e  adult  

population [AAP), which is  defined as th e  population between the ages of 

25 and 64, can only be a l t e r e d  in two ways: through educational  a t t a i n 

ments of en te r ing  (25 y e a r  old) cohorts  and through the  educational  

c h a r a c t e r i s t i c s  of persons leaving the AAP (through death or r e t i r e 

ment). Educated members of the  AAP are  defined as those  persons com

p le t in g  4 or more years  of co l lege .  The educational  a t ta inm ents  of the 

AAP are  f ixed a t  age 25 and no change 1n educational  c h a r a c t e r i s t i c s  a re  

permitted a f t e r  th is  age. A second assumption Is th a t  the r e l a t i v e  edu

cated wage Is  Inverse ly  r e la ted  to  the r a t i o  of educated to  uneducated 

members of the AAP a t  any time. The r e l a t i v e  wage Is assumed to ad jus t  

Ins tantaneously  to any change 1n the educa tional  composition of th e  

AAP. F in a l ly ,  the educational  c h a r a c t e r i s t i c s  of e n te r in g  cohorts  are 

determined by educational  wage d i f f e r e n t i a l s  which they observed In 

p r io r  pe r iods ,  s p e c i f i c a l l y  between the  ages of 17 and 24, and by the 

r a t e  a t  which preceding cohorts were educated .  Dresch r e a l i z e s  h i s  mod

el i s  l im i ted  since i t  only applies  to 24 year  o lds .  What he 1s a t 

tempting to  show is  t h a t  educational fo re c a s t in g  has r e l i e d  too heavily  

on past  growth p a t t e rn s  and has not considered o ther  f a c to r s  such as 

economic f a c to r s .  Because of World War I I  and the  postwar baby boom, 

educational  i n s t i t u t i o n s  have grown at a much f a s t e r  r a t e  than they were 

growing before  t h i s  period .  In a sense th e  system 1s simply s t a b i l i z i n g  

i t s e l f .  I t  has overexpanded because of an abnormal growth r a t e .
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Continued growth has Ted to  I n s t i t u t i o n a l  s t r u c tu r e s  in education th a t  

a re  highly dependent on growth fo r  t h e i r  ex is tence  and t h e i r  dynamic 

e f f e c t i v e n e s s .  Many fo re c a s ts  such as those  made by the Carnegie Com

mission and NCES have had to  be rev ised  downward several  times because 

education  1s only condit ioned to  growth and not to contrac t ion  or even 

s t a b i l i z a t i o n .  Like Froomkin, Dresch strongly Implies that  the sa tu ra 

t io n  of the  job market for  co l lege  graduates  must be considered (Dresch,

1975).

Changing P a t te r n s  in Enrollments

Forecas t ing  enrol lments in the 1970's  has hecome Increasingly d i f 

f i c u l t  f o r  a v a r ie ty  of reasons .  F i r s t ,  the average age of persons 

a t tend ing  I n s t i t u t i o n s  of higher education has changed. In 1967, 36 

percent of the  s tuden ts  ranged in age from IB to  19 y e a r s ,  28 percent 

from 2D t o  21 y e a r s ,  16 percent  from 22 to 24 y e a r s ,  and only 16 percent 

over  24 y e a r s  of age. In 1977 the  percentage of 18 to 19 year old 

students dropped to  25, 2D to  21 year  olds to 21 p e rcen t ,  22 to 24 year 

o lds  remained 16 percen t ,  and 35 percent were now over 24 years old 

(Census Bureau, 1978). In the  years  ahead, the number of 18 to 19 year 

o lds  will decrease  even more because the  b i r th  r a t e  has decreased and, 

th e re fo re ,  fewer people wil l  be in the 18 to  19 y e a r  old cohort.  Con

comitant t o  the  age increase  has been a change 1n the  mix of fu l l  and 

par t - t im e  s tuden ts .  Since the o lder  s tudents  usua l ly  are employed and 

married, they  a re  l e s s  l ik e ly  to a t tend  col lege  f u l l  time. In 1963, 67 

percent o f  s tudents  were fu l l  time; 1n 1976 the percentage had dropped 

to  60. NCES (1978) p r e d ic t s  th a t  fn 1986, 48 to  55 percent  of a l l  

s tudents wil l  be fu l l  time. In the  2-year  co l leges  1n 1963, the
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percentage  of fu l l - t fme s tuden ts  m i s  50; 1n 1976 the  percentage  had 

dropped to  42, and the es t imates  for 1986 by NCE5 (1978) fs  34 to  39 

p e rcen t .

In the  la te  1960^s and ea r ly  1970 's  h ig h e r  education moved toward 

un iversa l  access to higher education (Carnegie ,  1971). As a r e s u l t  of 

f ed e ra l  l e g i s la t io n  and fede ra l  funding, more minori ty  and women s tu 

dents  now are  attending c o l leg e  than ever b e f o r e .  In 1963, 38 percent 

of a l l  students  were women; In 1976, 47 p e rcen t  were women, and NCES 

(1978) est imates th a t  1t could be as high as 50 percent  by 1986. In 

1963 1 n the 2-year colleges* 37 percent  of th e  s tudents  were women and 

1n 1976, 49 percent were women; NCES e s t im a te s  t h a t  women could comprise 

54 percen t  by 1986,

Similar  trends have been observed 1n th e  enrol lment  of b l a c k s .

From 1964 to  1970 the number of blacks Increased  from 234,000 t o  522,000 

rep re sen t ing  an increase o f  123 percent  fo r  a l l  I n s t i t u t i o n s  o f  h igher  

educa t ion  (Carnegie, 1971). By 1976 the  t o t a l  black enrol lment  rose to  

over 1,000,000, accounting fo r  9 percent  o f  th e  to ta l  c o l l e g e  enrollment 

(5REB, 1977 and 1978). As the  enrollment o f  b lacks  increased ,  the per

cen tage  of blacks a t tending  predominately black c o l leg e s  decreased from 

60 percent In 1972 to  50 percent  in 1976. F i f t y  percent of a l l  black 

s tu d e n ts  enrolled 1n co l lege  went to  the  community co l leg e s  (Monroe, 

1973), Thirty-one percent o f  the s tuden ts  e n ro l l e d  1n conmunlty c o l 

leges  In 1972 were black (Census* 1973). In a d d i t io n ,  GTenny (1980) 

po in ts  out that  the b i r th  r a t e  of m in o r i t i e s  during the  past  decade has 

been s ig n i f ic a n t ly  higher than for  the  mature white popu la t ion .  This 

wil l  r e s u l t  in a d i f f e r e n t  e thn ic  mix 1n the  c o l leg e  age cohort  and.
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because at tendance p a t t e r n s  wary among ethnic groups* w i l l ,  thereby* 

a f fe c t  both the enrollment s ize and the  programs and courses se le c te d .

Through increased s t a t e  and federa l  aid* more s tudents  from low- 

income famil ies  have been encouraged to attend c o l leg e .  Recent l e g i s l a 

t ion  requ ir ing  i n s t i t u t i o n s  to accept handicapped s tudents  should lead 

to  an increase  from t h i s  group. Since increased numbers of  nontrad i-  

t lone l  s tudents  are a t tending  i n s t i t u t i o n s  of h igher  educa t ion ,  t r a d i 

t iona l  methods of fo rec as t in g  enrol lments  were Inadequate because these 

s tuden ts  have d i f f e r e n t  attendance p a t te rn s  which were not r e f l e c t e d  In 

most previous fo re c a s ts .

While the growth r a t e  in co l leg e  enrol lments i s  dec l in ing  because 

of  the decrease In the normal co l leg e  age cohort* I n s t i t u t i o n s  of higher 

education have begun searching fo r  new types of s tu den ts .  To a t t r a c t  

such s tuden ts ,  new types of c u r r i c u la  have been developed. More occupa

t iona l  and vocational programs a re  now being incorporated i n to  th e  cur

riculum and remedial work Is being o f fe red  by many colleges to  a t t r a c t  

s tudents with academic d e f i c i e n c i e s .  Through fed e ra l  l e g i s l a t i o n ,  the 

U.S. government Is encouraging higher education to  open I t s  doors  for 

"universal  access" (Carnegie, 1973).

One c r i t i c a l  f a c t o r  seems to  have been Ignored In enrollment pro

j e c t io n s  to  date. Glenny (1980), among e th e r s ,  poin ts  up the tremendous 

growth of postsecondary educational  programs sponsored by o th e r  than 

co l leges  and u n i v e r s i t i e s .  This i s  e sp ec ia l ly  t r u e  in the  noncred i t ,  

nondegree programs. Not only i s  the  t o t a l  p o ten t ia l  student population 

decreas ing ,  but the a v a i la b le  cohort  must be more widely shared.
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K1 bb-ee (1973)* In a paper given to the  Associa t ion  of I n s t i t u t i o n a l  

Research, claims th a t  higher education has not recognized the  exis tence  

of c e r t a i n  bas ic  p r in c ip le s  In a democratic so c ie ty .  F i r s t ,  excluding 

people from an opportunity  1n our soc ie ty ,  such as education,  Is In

versely  proport ional  to  the  percentage of the  population th a t  1s Inc lud

ed and to the Importance of  th a t  opportuni ty  for p a r t i c i p a t i o n  In fu ture  

b e n e f i t s  of the  soc ie ty .  Second, excluding people from a b en e f i t  of  our 

s o c ie ty  i s  Inverse ly  proport ional  to  the public  tax d o l la r s  Invested In 

providing t h a t  b e n e f i t .  Expenditures 1n h igher  education exceed 

$30,000,000,000 annually ,  roughly tw o- th i rd s  of which are tax  d o l l a r s .  

Higher education 1s now "big bus iness" .  When an industry  has grown as 

l a rg e  and as f a s t  as higher education,  I t  can hardly go unnoticed and 

th e  demand for  1t increases .

Daniel Bell (1968) a r r i v e s  a t  the same conclusions as Mbbee. but 

bases  h i s  conclusions on "T o cq uev l l le 's  Law", which says ,  "In a soc ie ty  

pledged to the Idea of e q u a l i t y ,  what the few have today, the  many wil l 

demand tomorrow." Higher education is  an example of "Tocquevll le1s Law" 

In opera t ion .  The disadvantaged and those people who for  various rea

sons have not had the opportunity  to a t ten d  I n s t i t u t i o n s  of higher edu

c a t io n  have demanded the oppor tun i ty .  To meet the postsecondary needs 

of  a l l  people who are capable  and who d e s i r e  the opportunity  to a t tend  

I n s t i t u t i o n s  of higher educa tion ,  the  community col lege  was es tab l ished ,  

Community co l leges  are meeting the  needs of people with a wide va r ie ty  

of backgrounds and a b i l i t i e s  ( through a wide var ie ty  of programs). This 

d i v e r s i t y  In the  community co l lege  populat ion makes fo rec as t in g  e n r o l l 

ment In these I n s t i t u t i o n s  very d i f f i c u l t  indeed.
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Enrollment p a t t e r n s  a re  changing because th e  type of  s t u d e n t s  

a t t e n d in g  I n s t i t u t i o n s  of  h ig h e r  education H  changing* The number of 

a d u l t s  a t t e n d in g  c o l l e g e s  and u n i v e r s i t i e s ,  fo r  example. I s  I n c r e a s in g ,  

The Carnegie Commission in 1973 reported t h a t  42 percen t  o f  a l l  s tu d e n ts  

on c o l l e g e  and u n i v e r s i t y  campuses were a d u l t s .  Since a d u l t  s tu d e n ts  

tend to be p a r t - t im e  s tu d e n ts  taking both d e g r e e - c r e d i t  c o u rs e s  and 

nondeg ee -c red i t  c o u r s e s ,  th e  number of s tu d e n ts  e n ro l l e d  in  f u l l - t i m e  

d e g r e e - c r e d i t  programs 1s p red ic ted  to d e c l in e  (Carnegie, 1973) ,  F u l l 

t ime d e g r e e - c r e d i t  courses  a r e  usua l ly  taken  by younger s t u d e n t s  who 

come d i r e c t l y  from high schoo l .  Because a d u l t  enro l lment  1s I n c re a s in g ,  

th e  Carnegfe Commission (1973) p red ic ts  t h a t  by the  year  2000 between 50 

and 54 p e rc en t  of  th e  p o pu la t ion  will have 1 or more y e a r s  o f  c o l l e g e .  

The pe rcen tage  of people  having 4 or more y e a r s  of  c o l l e g e  by th e  year  

2000 Is e s t im ated  to  be between 30 and 34 p e rc e n t .  At p re s e n t  only 

about £0 p e rcen t  have 4 o r  more years  of  c o l l e g e .  I f  " T o c q u e v l l l e ' s  

Law" h o ld s ,  as more people a t t e n d  c o l leg e ,  more will demand th e  r i g h t  to  

a t t e n d .

National  enro l lment  t r e n d s ,  however, have not always been Indica

t i v e  of s t a t e  and i n s t i t u t i o n a l  t rends  (C a rn eg ie ,  1973). Between 1970 

and 1972, f o r  example, n a t io n a l  enrollment  r a t e s  Increased  by 8 percen t  

whi le  severa l  s t a t e  e n ro l lm e n ts  increased by more than tw ice  th e  n a t io n 

al average (Nevada and South Carolina,  33 p e rc e n t ;  Delaware, 19 p e rc en t ;  

and Vermont, V i rg in ia ,  and Wyoming, 18 percent}* In o th e r  s t a t e s ,  such 

as Minnesota, Montana, New Hampshire, and North and South Dakota ,  the 

enro l lm ent  r a t e  s i g n i f i c a n t l y  decreased.  Demographic f a c t o r s  such as 

t o t a l  popu la t io n  were found to  have l i t t l e  r e l a t i o n s h i p  with s t a t e  and
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In s t i tu t i o n a l  growth r a t e s  (Carnegie,  19 /3 ) .  Since national  enrol lment 

pa t te rns  d i f f e r  from s t a t e  and i n s t i t u t i o n a l  enro l lments ,  the  same 

assumptions may not be re levant  to  s t a t e s  and I n s t i t u t i o n s .  At the  1976 

forum of the Associa t ion of I n s t i t u t i o n a l  Research, Norris (1976) empha

s ised  the importance of each I n s t i t u t i o n  developing I t s  own formula fo r  

p ro jec t ing  enrollments because each I n s t i t u t i o n  d i f f e r s  In such charac

t e r i s t i c s  as goals and missions,  types of  s tudents  served,  and admission 

p o l ic i e s .  Since s t a t e  enrollment trends d i f f e r  from na t ional  enrollment 

t rends ,  s t a t e s  l ikewise  may need to con s id e r  basing t h e i r  enrollment 

pro jec t ions  on d i f f e r e n t  assumptions, and, th e re fo re ,  d i f f e r e n t  fac

t o r s .  In the next sec t ion  re levant  f a c t o r s  for  n a t io n a l ,  s t a t e ,  and In

s t i t u t i o n a l  p ro jec t ions  will be d iscussed .

Relevant Factors to  Pred ic t ing  Enrollments

The basic assumptions underlying each enrollment p ro jec t ion  d e te r 

mine the type of f a c to r s  used in  the p ro j e c t io n .  Factors found r e le v an t  

to  p ro jec t ing  enrollments can be grouped in to  th ree  general ca tegor ies ;  

demographic, economic, and i n s t i t u t i o n a l  and a re  l i s t e d  1n Tables 2 .1 ,  

2 .2 ,  and 2,3,  re sp ec t ive ly .  Demographic f a c to r s  have been used In en

rollment p ro jec t ions  more of ten  than arty o ther  category of v a r iab le s .  

Several r esea rche rs ,  such as L es l ie  and H i l l e r ,  Froomkin, Freeman, and 

Dresch, have suggested economic f ac to r s  as a l t e r n a t iv e s  to  using demo

graphic fac tors  s ince  recent enrollment p ro jec t ions  using denwgraphlc 

f a c to r s  have f a i l e d  to produce accura te  p ro jec t io n s .  I n s t i t u t i o n a l  f a c 

to rs  are those f a c to r s  d i r e c t l y  r e l a te d  to the I n s t i t u t i o n ,  Many i n s t i 

tu t io n a l  f a c to r s  can only be su b je c t iv e ly  assessed ,  and, hence, are not 

quan t i f iab le .  I n s t i tu t i o n a l  f a c t o r s ,  such as those suggested by Bowen,
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a re  l i s t e d  in  Table 2*3. Many demographic va r iab le s  could a lso  be c l a s 

s i f i e d  as I n s t i t u t i o n a l  f a c t o r s  i f  they are p a r t i c u l a r i z e d  to  an i n s t i 

t u t i o n .

The use fu lness  of many of  these f a c to r s  by i n s t i t u t i o n s  are sharply 

l im i ted  by the  v a l i d i t y  of a v a i lab le  d a ta ,  or  by the sub jec t ive  nature 

o f  the fac tor*  In addit ion c e r t a in  v a r iab le s  are only re levan t  to cer

t a i n  types of i n s t i t u t i o n s ;  e . g . ,  f i r s t  professional  and graduate en

rollment are r e le v an t  only to  I n s t i t u t i o n s  of higher education with 

graduate  o r  p rofess iona l  schools .  At t h i s  time s t a t i s t i c s  on the d ra f t  

a re  not r e l e v a n t .  As noted e a r l i e r  by Folger (1974), the data  base for  

i n s t i t u t i o n s  of h igher  education needs to  be expanded I f  I n s t i t u t i o n s ,  

s t a t e s ,  and na t iona l  f o re c a s te r s  are to  increase  t h e i r  accuracy,

TABLE 2.1 - DEMOGRAPHIC FACTORS

Fac tor  Researchers

1) College going ra te  Carnegie, Commonwealth of Va.

2) Population Carnegie,  C a r t t e r ,  U.S. Census Bureau

3) Age d i s t r i b u t i o n  Carnegie, Froomkin, Newton, NCES

4) Sex Carnegie

5) High school graduates Wasik, Carnegie,  Froomkin, Newton

6) Bir th  r a t e s  Carnegie, U.S. Census Bureau

7) Racial composition Carnegie, Newton

8) Degree-credi t  enrollment Carnegie, Hollander

9) Par t - t im e  enrol lment  NCES, Carnegie

10} Fu l l - t im e  enrollment NCES, Carnegie
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12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

33

TABLE 2.1 - DEMOGRAPHIC FACTORS (Concluded)

Factor

Number and type o f  I n s t i t u t i o n  

C ol lege  a t tendance  r a t e s  

Graduate  enrol lment  

F i r s t  p ro fess iona l  enro l lment  

Nondegree-* c r e d i t  en ro l lm en t  

P u p l1 - to - te a c h e r  r a t i o s  

D ra f t

Number of c o l leg e  g radua tes

Educat ion  c h a r a c t e r i s t i c s  of  a c t i v e  
a d u l t  populat ion  (AAP)

Educat ion  c h a r a c t e r i s t i c s  of  persons 
l e a v in g  the  AAP

P a r t i c i p a t i o n  r a t e s

P rev ious  schooling

Educat iona l  background of  p a re n t s

P u b l i c  school e n ro l lm e n t

Persons  below p u b l ic  school age

Persons  enro l led  in  o th e r  i n s t i t u t i o n s

Persons  having a degree

Researchers

Bowen

Froomkin, Bowen, C a r t t e r

Carnegie

Carnegie

Carnegie

Carnegie

Conner, C arneg ie ,  Wasik

Froomkl n

Dresch

Dresch

Newton

R usse l l ,  Hoffman

R u sse l l ,  Hoffman

Conner

Conner

Conner

Conner
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TABLE 2 * 2  -  ECONOMIC FACTORS

F a c to r s

1) Number gf  j o b s  avai l  Able

2)  Type of jo b s  a v a i l a b l e

3) Growth of economy

4) R e l a t i v e  edu ca ted  wage

5) Nat ional  economic I n d i c a t o r s

6) Jo b s  in s e r v i c e  area

7) Local unemployment r a t e

R e se a rch e r s  

Froomkin, Freeman 

Froomk1n

Les l1e  and M i l l e r

Dresch

Wasik, S a l l e y

Bowen

Sal l e y

TABLE 2.3  -  INSTITUTIONAL FACTORS

Fac to rs

1) Relevancy and a t t r a c t i v e n e s s  
o f  program

2) Convenience o f  t imes and p l a c e s

3) Admission req u i rem en ts

4) T u i t io n  charges

5} Terms of  f i n a n c i a l  a id

6) Release  t ime from work

7) New degrees

3) A t t r i t i o n  r a t e s

9) Seasonal  f a c t o r s  

LO) P la n s  o f  h igh  school s t u d e n t s

R e s e a r c h e r s

Bowen, Conner 

Bowen

Bowen, Conner 

Bowen 

Bowen 

Bowen

L e s l i e  and M i l l e r  

L l g h t f 1 e l d  

S a l le y

R usse l l  and Hoffman
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TABLE 2.3 - INSTITUTIONAL FACTORS {Concluded)

Factors

11) Degree of Inf luence  of c e r t a i n  
persons

12) Impact of fu tu re  events

13) Student a s p i r a t io n

14) Faculty  s i z e

15) Academic standing

16) Type of community

17) Area Industry

18) Class level d i s t r i b u t i o n s  In 
student flow models

Researchers

Russell and 

Russell and 

Russell and 

Russell and 

Russell and 

Russell and 

Conner

Hoffman

Hoffman

Hoffman

Hoffman

Hoffman

Hoffman

HEEP, L t g h t f l e l d ,  Wasik, 
Koenig, Thonstad, Dletze, 
Caspar, Gan1

Certain  ca tegor ies  of demographic data have had low p r f o r l t y .  In the  

past  decade the goals of higher education have been broadened to Include 

new types of s tud e n ts .  The e ra  of "universal  access" to h igher  educa

t io n  has made the planing of higher educatfon more complex than in pre

vious decades. The number of non trad l t lona l  s tudents  a re  Increas ing  

while the number of t r a d i t i o n a l  co l lege  s tudents  are d ecreas ing .  To 

meet the  needs fo r  more p rec ise  enrollment p ro je c t io n s ,  da ta  bases must 

be broadened to  Include the changing growth pa t te rns  af h igher  educa

t io n .

Accuracy of Enrollment P ro je c t io n s

The accuracy of  enrol lment  p ro jec t io ns  can be Judged only when data  

become a v a i la b le .  For the f o r e c a s t s  of the 6 0 1s such data  are now
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ava i lab le .  In 1961 Ronald Thompson under pro jec ted  1970 enrollments by 

S pe rcen t ;  the  U.S. Census Bureau under p ro jec ted  1970 enrollments by 6 

percent  for  t h e i r  high p r o je c t io n  and 29 percen t  for  th e i r  low projec

t io n ;  and the  U.S. Office o f  Education under projected bachelor degrees 

Awarded by 13 percent, master  degrees by 29 percent ,  and doctor degrees 

by 33 percent {Folger, 1974). This would appear to  point up the Inaccu

r a c i e s  of past  projections and th e  need fo r  more accurate  pro jec t ion  

techniques.

The enrollment p ro jec t ions  made 1n th e  1970’s fo r  the 1980’s cannot 

be Judged by comparison with actual  data because the data are not yet 

a v a i la b le .  However, c e r t a i n  s t a t i s t i c a l  ana lyses  such as the mean 

square error# the  average e r r o r ,  and m ult ip le  c o e f f ic ien t  of determina

t i o n  a re  useful  for evaluating the  accuracy o f  p red ic t ions .  The m u l t i 

ple c o e f f i c i e n t  of determination cannot, however, be obtained for  all  

fo recas t ing  designs, and I s ,  th e re fo re ,  only useful  where app l icab le .  

Since none o f  the enrollment p ro jec t io n  s tu d i e s  reviewed reported these  

s t a t i s t i c a l  q u a n t i t i e s ,  Judgment of the accuracy of the  fo recas ts  Is 

d i f f i c u l t .

Methods of Forecasting

The th ree  generally used methods of s t a t i s t i c a l  fo recas t ing  are In

t u i t i o n ,  causa l ,  and e x t r a p o la t io n .  The c l a s s i c a l  or t r a d i t io n a l  ap

proach is  the  In tu i t ive  method, The e x t rapo la t ion  method, on the other  

hand, has been the method most o f ten  used r e c e n t ly  since most i n s t i t u 

t ions  have assumed a continual  growth p a t t e rn .  The causal methods are 

based on the s c i e n t i f i c  method. Each of th e s e  methods Involve many spe

c i f i c  fo rec as t in g  techniques, some of which wil l  be discussed in th i s
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s e c t io n .  Each technique has advantages and d isadvan tages  fn d i f f e r e n t  

s i t u a t i o n s .  Since the purpose of t h i s  study 1s t o  I d e n t i f y  those  f a c 

t o r s  having the  g re a te s t  Inf luence  on en ro l lm ents  in  a comprehensive 

urban community col lege  and to u t i l i z e  these  f a c t o r s  in a f o r e c a s t i n g  

model, each technique wil l  be examined thoroughly  as  to d a ta  r e q u i r e 

ments, s p e c i f i c  assumptions* and time requirements  to  determine I t s  

app rop r la teness -

The I n t u i t i v e  Method

The i n t u i t i v e  method is a judgmental approach t h a t  covers  the  whole 

gamut o f  nonexplic i t  in fe rences .  I t  was the  most e x te n s iv e ly  used meth

od before  th e  massive accumulation o f  da ta  was made p o s s ib le  by t h e  

development o f  the computer. "Guesstlmatlon" and i n t u i t i v e  hunches were 

th e  most commonly used techniques .  An e x p e r t ' s  opinion or an In d iv id u 

a l ' s  f e e l in g  about a s i t u a t io n  was the so le  b as i s  upon which f o r e c a s t s  

were made. Since the  logic  behind such approaches cannot  be e x p l i c i t l y  

s t a t e d ,  no bas is  e x is te d  for  e v a lua t in g  why a f o r e c a s t  was wrong and 

r a t i o n a l l y  Improving fo recas ts  was n e a r ly  im poss ib le ,  When the  judgmen

t a l  approach, unaided by e x p l i c i t  procedures is  used now, i t s  advocates 

r a t i o n a l i z e  t h a t  the  human mind 1s the  most s e n s i t i v e  and comprehensive 

e v a lu a to r  of complex and d iverse  evidence on what th e  f u tu r e  holds 

(Ascher, 1978), When the logic  behind the  judgmental approach can be 

e x p l i c i t l y  s t a t e d ,  I t s  conclusions are more accep tab le  because l e s s  

chance e x i s t s  for  b ias  such as p o l i t i c a l  or so c io lo g ic a l  p r e ju d i c e s .  

Whether the conclusions are any more r e l i a b l e  can only be determined 

over t im e .  I f  the fo re c a s ts  a re  merely guesses o r  hunches, the  r e l i a 

b i l i t y  of the r e s u l t s  are minimal. When a log ica l  s e t  o f  procedures is
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used In the  judgment fo r e c a s t ,  the  accuracy In c re ase s .  To Increase  the  

forecas ts  made by one exper t  or Ind iv idua l ,  the s in g l e  expert  could be 

replaced by a group of ex p e r t s  who a r r i v e  a t  a group consensus. The 

Delphi Method Is such an approach. An a l t e r n a t i v e  approach for fore* 

cas t ing  co l leg e  enrol lments t h a t  would y ie ld  more r e l i a b l e  r e s u l t s  might 

be a survey of the po ten t ia l  c l i e n t e l e .

The I n t u i t i v e  approach Is In f requen t ly  employed as the  only method 

to  forecas t  enrol lments .  In f a c t  no cases were discovered where the  re 

searcher  admitted to only using t h i s  method. I t  was, however, almost 

always used to some degree In such s tu d ie s .  For example, when v a r ia b le s  

a re  se lec ted  fo r  a causal  model, the  f a c to r s  are  s e le c te d  by I n t u i t i o n ,  

Montgomery College 1n Maryland, for  example, even Incorpora tes  Judgment 

as one of th e  th re e  e s s e n t i a l s  of I t s  model (O . I .R . ,  Montgomery College, 

1977). Although most enrollment  fo rec as t in g  s tud ies  are c l a s s i f i e d  as 

e i t h e r  causal  or e x t r a p o la t io n  approaches, I n tu i t i o n  always plays a 

ro le .  Froomkin and Bowen, as previously  d iscussed ,  a re  examples o f  the 

I n t u i t i v e  approach to fo re c a s t in g .

The Causal Methods

The causal  methods of  s t a t i s t i c a l  fo recas t ing  a ttempt to  f o re c a s t  

e f f e c t s  by determining t h e i r  causes.  The causes may be economic, p o l i t 

i c a l ,  soc io log ica l  or demographic in nature  and m^y be u n pred ic tab le ,  or 

the  time lag  between the cause and e f f e c t  may be so short  tha t  the  In

formation fs  use less  for  p r e d ic t iv e  purposes.  In most Ins tances  mathe

matical and /o r  s t a t i s t i c a l  d e sc r ip t io n s  a re  used to  descr ibe  the r e l a 

t ionsh ips  between the cause and e f f e c t s .  Only those  causes t h a t  can be 

quant1t a t  1vely determined a t  a long enough time period p r io r  to th e
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e f f e c t  occurring can r e a l ly  be helpful  1n fo re c a s t in g .  Techniques 

c l a s s i f i e d  as causal methods a re  c o h o r t - s u r v lv a l , r a t i o ,  m ult ip le  co r re 

l a t i o n  and reg re s s io n ,  path a n a l y t i c a l ,  and systems of equat ions (Wing, 

1974).

Cohort-Survival  Techniques

In the c oh o r t ' su rv iva l  technique,  the cohort  is defined as "a group 

of  ind iv idua ls  having some common c l a s s i f i c a t i o n  t r a i t  or  t r a i t s "  [Wing, 

1974), A cohort  for  the community c o l l e g e ,  for  example, would be those 

young people who come d i r e c t l y  from high schoo l ; another would be those  

s tudents  who re tu rn  immediately following a q ua r te r  In which they had 

been en ro l led .  This technique is  based on the  assumptions t h a t  net mi

g ra t io n ,  m o r ta l i ty ,  the percentage of high school graduates going d i 

r e c t l y  to  the  loca l  connunlty c o l leg e ,  and the  percentage of re tu rn ing  

s tudents  remain constant  over t ime. I f  these  assumptions are not va l id ,  

adjustments must be made. I f ,  fo r  example, the  percentage of high 

school graduates attending the  local conimjnlty college  Is  Increas ing,  

o th e r  causal  or ex t ra p o la t io n  fo recas t ing  techniques must also be used.

The cphort-surv iva l  technique has been used success fu l ly  to pred ic t  

enrollment In the  public  schools  from kindergar ten  through twelf th  grade 

where general p a t t e rn s  of grade repeat ing and the grade progression 

r a t i o s  ( the  f r a c t i o n  of s tuden ts  in one grade level  t h a t  continue to the 

next grade level In the next year)  a re  s t a b le  over time. This technique 

could a lso  be extended to those  f i r s t - t i m e  s tuden ts  at  the  local commu

n i ty  co l lege  who come d i r e c t l y  from high school.

To use t h i s  technique th e  f i r s t  s tep  would be the c a lc u la t io n  of 

the  grade progression r a t i o s  fo r  each grade used in the progression.  I f
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only grades 9 through 12 were used fo r  th e  c a l c u l a t i o n ,  the  general 

assumptions would have a higher p r o b a b i l i t y  of being s t a b l e  over time 

s in ce  the  time lag would be much s h o r t e r .  A second c o n s id e r a t i o n  might 

be th e  se lec t ion  of each high school w ith in  the se rv ice  a rea  o f  the com- 

imjnlty collge versus using the t o t a l  high schools w i th in  each p o l i t i c a l  

subd iv is ion .  Each high school could be used Ind iv idua l ly  or the  sum 

t o t a l  within each p o l i t i c a l  d i s t r i c t  could be used. The f in a l  s teps 

would Include the  ca lcu la t ion  of the high school g raduat ion  r a t e  and th e  

c o l l e g e  going r a t e  (penetra t ion  r a t i o )  for  the  local connunlty  c o l leg e .

A causa l  r e l a t io n s h ip  Is assumed to  e x i s t  between the number o f  Mgh 

school graduates and the number of f i r s t - t i m e  students  e n ro l l e d  in c o l 

lege .  Since a l l  high schools must now keep records o f  th e  number of 

g radua tes ,  the  data  needed are r e a d i ly  a c c e s s ib le .  With th e  

a v a i l a b i l i t y  of computers, the c a l c u l a t i o n s  required in t h i s  fo re c a s t in g  

technique  can be done in very short pe r iods  of time. The major 

disadvantage of fo recas t ing  enrollments by t h i s  technique 1s tha t  It  1s 

usefu l  only fo r  a small segment of th e  enro l  lees  a t  a c o l leg e  because no 

known cohort e x i s t s  for  the adult s tu d e n ts .

At the Univers i ty  of C a l i fo rn ia ,  Berkeley campus, th e  cohor t -  

Survlval technique has proved b en ef ic ia l  in helping the  u n i v e r s i t y  pre

pare f o r  the rushed period a t  the opening of the f a l l  q u a r t e r  as well as  

fo r  long range (5 to  10-year) enro llment fo recas ts  (Suslow, 1977). The 

co h ar t - su rv lva !  method uses c lass  level  a t  the  time o f  admiss ion .  A 

survfval  or pe rs is tence  rate  is obtained f o r  each s tuden t  from fa l l  term 

through each succeeding te rn  until  he e i t h e r  graduates o r  leaves  the 

u n iv e r s i t y .  The pers is tence  ra te  1s determined by the ov e ra l l  behavior
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of th e  e n t i r e  group th a t  c o n s t i tu t e d  the or ig inal  cohort fo r  the  

s p e c i f i c  term being considered,

When a res idual  of cu rren t  enrol lments vas t r ac ed  to cohor ts  e n t e r 

ing IQ, 20, or 30 years  in the p a s t ,  the  f i r s t  Impulse was to  r e j e c t  the 

p o s s i b i l i t y  of  t h e i r  having a s i g n i f i c a n t  Impact on a p ro jec t io n  con

cerned with nearly 20,000 g radua tes .  The model's v a l i d i ty ,  however, 

r e s t s  on I t s  a b i l i t y  to account for  a l l  sources of  current  enro l lments .  

When other cohorts  (no matter  how small t h e i r  con tr ib u t ion )  a re  discov

e red ,  they i r e  Included In the model. P ro b a b i l i t i e s  of surv iva l  a re  

then e s tab l ished  and are applied  to fu ture  incoming c lasses* P e r s i s t 

ence r a t e s ,  however, must be checked pe r iod ica l ly  to  maintain the mod

e l ' s  v a l id i ty  over time. For example, when the f a l l  1955 and f a l l  I960 

cohorts  were compared to the f a l l  1979 through 1974 freshman cohor ts ,  

the l a t t e r  group had higher p e rs i s tence  ra te s .  When the model explored 

a l l  re levant  combi n a t io n s - - f a l l  to  winter ,  winter to  sp r in g ,  and so 

o n - - th e  model revealed tha t  19 percent were freshmen 1 y e a r  l a t e r ,  64 

percent  were sophomores, 1 percent  ju n io r s ,  and one-tenth  percent sen

io r s ,  Since the jumps In 1 y e a r  from freshman to jun io r  or senior level 

a re  obviously not accurate  measurements of student behavior ,  the  model 

revealed adminis t ra t ive  and system problems In making accura te  and time

ly measurements of student records  or changes in those reco rd s .

One of the major problems found with the model at Berkeley 1s th a t  

opening f a l l  enrollment data  cannot be obtained e a r ly  enough to incorpo

r a t e  them In the  next round of fo rec as ts .  Other methods a r e ,  th e re fo re ,  

used as a n c i l l a r y  support for  the  model. The b e n e f i t s  of th e  model are  

twofold: f i r s t ,  I t  depends on measurements of student academic behavior
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r a t h e r  than o f f i c i a l  expec ta t ions  of how undergraduates move through 

t h e i r  c u r r i c u la  toward a degree;  and secondly* the  o r ig in a l  observat ion 

and subsequent confirmations th a t  s tudent  surv ival  r a t e s  e s t a b l i s h e d  

over time are more co ns i s ten t  than the term-by-term v a r i a t io n s  In c lass  

s tanding y ie lded  by a d m in is t ra t iv e  r e g i s t r a t i o n  processes (Suslow,

1977).

The Ratio Techniques

Ratio  techniques are based on the e x is tence  of a r e l a t io n s h ip  be

tween a p a r t i c u l a r  r a t i o  such as grade progression r a t i o s  and some 

e f f e c t  such as a p a r t i c u l a r  segment of the  enrol lment  produced by 1t.

The cohor t - su rv iva l  technique is  a special  case of the r a t i o  technique 

t h a t  has been applied  ex tens ive ly  by the public  schools and 1n some 

cases  very e f f e c t i v e l y  applied to  co l lege  enrollments* To determine 1f 

a r e l a t i o n s h ip  e x i s t s ,  simple c o r r e l a t io n s  a re  computed (Ming* 1974). 

When a r e l a t i o n s h ip  i s  e s t a b l i s h e d ,  other  fo rec as t in g  techniques such as 

m u l t ip le  c o r r e l a t io n  and reg ress ion  or e x t r a p o la t io n  may be needed in 

the  f in a l  p re d ic t iv e  process* I f  the  r a t i o  should be s t a b le  over time, 

i t  could be used as an e n t i t y  in I t s e l f *  as a p re d ic to r  of enrol lments ,  

or as one of several  p red ic to rs  in a more complex model. Should only 

one r a t i o  be needed to obtain a good f o r e c a s t ,  the advantages are obvi

ous: s im p l i c i t y ,  minimal time needed for the  c a l c u l a t i o n s ,  and a mini

mal amount of data  c o l l e c t io n .  Since most r a t i o s  in recent years have 

not been s ta b le  over t in e  and the  r e l a t i o n s h ip s  may prove fo r tu i tous*  

th e  method Is only as powerful as the temporal v a r i a t io n  of the r e l a 

t io n s h ip  between I t  and the  e f f e c t  for  which i t  Is a p r e d ic to r .  In the  

c o h o r t - su rv iv a l  technique the  p e r s i s ten c e  or survival  ra te  1n the public
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schools was highly c o r r e l a t e d  with the  enrollment the  following year  

(W1ng, 1974). Ratios found t o  have causal re la t io n sh ip s  with co l lege  

enrol lments  are p e r s i s t e n c e  ra te s ,  p a r t i c ip a t io n  r a t e s ,  age d i s t r i b u t i o n  

r a t i o s ,  a t t r i t i o n  r a t e s ,  and graduation ra te s .  In most in s tances ,  how

ever ,  th ese  ra t io s  a re  found to  be most e f fec t ive  1n fo recas t in g  e n r o l l 

ments when combined with o th e r  f ac to rs .  Newton (1976), for  example, 1n 

a p ro jec t io n  model f o r  th e  I n s t i t u t i o n s  of higher education in the  S ta te  

o f  Pennsylvania computed th e  p a r t i c ip a t io n  ra te s  fo r  the  two sexes,  two 

r a c i a l  c a teg o r ie s ,  and f i v e  d i f f e ren t  age groups to  a r r i v e  a t  a fo re 

c a s t .

Mult iple  Correla t ion  and Regression Techniques

Since a wide v a r i e ty  o f  causal fac to r s  can be examined using m u l t i 

p le  c o r r e l a t io n  and r e g r e s s io n  techniques,  U  is probably the  most pow

e r fu l  and most widely used method of s t a t i s t i c a l  fo recas t in g  tod^y. In 

fo rec as t in g  community c o l l e g e  enrollments , for  example, the p r o b a b i l i ty  

o f  finding one f ac to r  t h a t  w11l accura te ly  predict enrollments 1s small 

s in ce  the  populat ion 1s so d iverse .  Most of the f i r s t - t i m e  student  

enrol lees  do not come d i r e c t l y  from high school, but a re  o ld e r  s tudents  

who a re  employed and e n r o l l  for  a v a r ie ty  of reasons.  In the r eg re s s io n  

technique,  an attempt is  made to determine the r e l a t io n s h ip  between a 

dependent variable  ( e . g . ,  enrollments)  and one or more va r iab le s  some

times c a l l e d  p red ic to rs  or regressor  va r iab le s .  The general form of the  

reg re ss io n  model fs y ■ f ( x ) ,  where f (x )  Is a func t ion  t o  be d e t e r 

mined. These functional  r e l a t io n sh ip s  may be l in e a r ,  exponen t ia l ,  loga

r i th m ic ,  harmonic, o r  a combination of these  forms. The basic assump

t io n  underlying the model Is  that  there  1s Independence in the sample
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taken fo r  th e  v a r i a b le s  arvd th e  underly ing  da ta  can be rep re sen ted  by 

trends [L o v e l l ,  1971). In most s t a t i s t f c o l  problems where r e g r e s s io n  

techniques  a re  used, the  b a s i c  requirement  i s  the  e x i s t e n c e  o f  a "good 

f i t "  between the  funct ion  and the  past  values o f  th e  dependent v a r i a 

b l e ,  In s t a t i s t i c a l  f o r e c a s t i n g ,  on th e  o th e r  hand, t h e  c r i t e r i a  a re  

not the va r ious  measures o f  f i t  d esc r ibed  In most tex tbooks d e a l in g  with

re g re s s io n ,  but  c r i t e r i o n  such as th e  mean square  fo r e c a s t i n g  e r r o r  t h a t

r e f e r s  d i r e c t l y  to  the  f o r e c a s t i n g  use made o f  the r e g r e s s io n  model 

( G i l c h r i s t ,  1976).

Choosing the  number o f  v a r i a b le s  and the l i k e l y  cand ida tes  f o r  the 

dependent v a r i a b l e s  a re  c r i t i c a l  to  us ing  m u l t ip le  c o r r e l a t i o n  and r e 

gress ion  techniques  for  f o r e c a s t i n g .  Whether a model 1s global o r  local  

s t rong ly  a f f e c t s  the  s e l e c t i o n  of the  v a r i a b l e s .  In a global model the

s t r u c tu r e  i s  assumed to  be s t a b l e  for  a long time per iod  and, t h e r e f o r e ,

wil l  be th e  t r u t h  about th e  underly ing  s t r u c t u r e ,  A loca l  model, on the  

other  hand, i s  one which may be t rue  f o r  the  sho r t  run ,  but not f o r  the 

long run. I f  a global model i s  chosen, th e  v a r i a b l e s  can be chosen on 

th e  fol lowing b a s t s  ( G i l c h r i s t ,  1976):

1. By repea ted  examinat ions of t h e  c o r r e l a t i o n  between th e  f i t t e d  

r e g r e s s io n  equat ion  and the  dependent v a r i a b l e  

By examining th e  changes produced when v a r i a b l e s  are added and 

removed from the  model 

3, By examining the  s i g n i f i c a n c e  o f  th e  va r ious  reg re s s io n  c o e f f i 

c i e n t s

Se lec t ion  o f  r e g re s s o r  v a r i a b l e s  a r e ,  t h e r e f o r e ,  based on such s t a t i s 

t i c s  as the  c o r r e l a t i o n  c o e f f i c i e n t  and the  " t"  s t a t i s t i c  [ G i l c h r i s t ,  

1976),
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In most Ins tances  a loca l  model i s  more useful for  fo rec as t in g  

purposes because experience shows tha t  the  more recent the da ta ,  the 

g r e a t e r  the  p ro b a b i l i ty  of a good f o r e c a s t .  Var iab les  whfch provide the  

best  explanation of  the most recent data  should th e re fo re  be sought, 

r a t h e r  than h i s t o r i c a l  data which may no longer be r e l e v a n t .  When only 

recen t  data are used, the number of observat ions  a v a i la b le  Is usua l ly  

small which l i m i t s  the  number of v a r iab le s  t h a t  can be used in a r eg re s 

sion  model. When the  number of va r iab le s  exceeds the  number of observa

t i o n s ,  the  variances in the  c o e f f i c i e n t s  become so large  th a t  the  

reg re s s io n  model becomes u n re l i a b le  for  f o r e c a s t in g  purposes.

When a local model i s  used, the bas ic  assumptions underlying a glo

bal model will not be va l id .  The c o r r e l a t io n  c o e f f i c i e n t  and "t" s t a 

t i s t i c ,  t h e r e f o r e ,  must be replaced by modified vers ions  based on d i s 

counted or weighted s t a t i s t i c s .  Types o f  va r iab le s  tha t  have been used 

su c cess fu l ly  in loca l  model fo recas t ing  s i t u a t i o n s  a re :  ( G i l c h r i s t ,

1976).

1. Lagged time v a r i a b le s ;  the  inf luence  of a p a r t i c u l a r  v a r i 

ab le  may occur some time p r i o r  to i t s  actual  e f f e c t  taking 

p lace .  For example, the p resen t  cost  of l iv in g  Index may 

well inf luence next y ea r s '  enrolTment.

2. Economic v a r i a b le s ;  i f  an economic v a r ia b le  Is  derived a t  

the  government l e v e l ,  these values may be actual  va lues ,  

fo r e c a s t  values,  or  lagged time va lues .  There a re ,  of 

course ,  many p i t f a l l s  1n using economic va r ia b le s .

3. Variables  t h a t  may react  d i f f e r e n t l y  with the  dependent 

v a r i a b le .  For example, one independent v a r iab le  might vary
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l in e a r ly  while another  va r ie s  exponentia l ly  wfth the  

dependent v a r iab le .

Regression models may e i t h e r  be s t o c h a s t i c  or de te rm in i s t ic .  A 

de termin is t ic  model is  one th a t  has a p e r f e c t  mathematical form with no 

chance or random element to  inf luence  1 t ;  a s tochas t ic  model, on the 

o ther  hand, has chance elements which must also be predicted, A d e t e r 

m inist ic  model r a re ly  d e sc r ib es  the rea l  world, but most models have a 

de te rm in is t ic  element. Autoregress ion models by th e i r  very nature are 

s tochas t ic .  In au toregress ion  a va r iab le  i s  regressed against  I t s e l f  a t  

some prior time with the  reg ressor  va r ia b le  usual ly  given some weighting 

f ac to r .  The weighting f a c to r  Is some func t ion  of the chance element and 

a given parameter. The chance element Is the to ta l  e f fe c t  of the  unpre

d ic tab le  fac tors  in the s i t u a t i o n  at  some time " t " .  Since the  chance 

element must also be p red ic ted ,  the process  Is s tochas t ic  ( G i l c h r i s t ,

1976), In projecting comnunity col lege  enro l lments ,  the f a l l  enrollment 

might well depend on s tuden ts  re tu rn ing  from the sunnier, spr ing ,  winter , 

and previous f a l l  qu a r te rs .  By reg ress ing  f a l l  enrollments aga ins t  pre

vious enrollments, a r e l a t i o n s h ip  may be found to  ex is t  with the chance 

element being the d rop-ins  and drop-outs .

As previously noted, m u l t ip le  c o r r e l a t i o n  and regress ion  techniques 

a re  the most commonly used techniques today ,  espec ia l ly  in at tempting to 

understand student behavior pa t te rn s ;  I . e .  s tudent  demand es t im at ion .  

Mfthout understanding th e  sources of the  demand for  admission by poten

t i a l  s tudents , Wing (1974) be l ieves  tha t  the  chances of being able 

to  develop r e l i a b l e  fo recas ts  in a period o f  change such as has ex is ted  

fn the 1970's are g rea t ly  diminished.
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Wasik (1971) a t  North C aro lina  S t a t e  U n iv e rs i ty  sugges ts  two 

models, one of which Is a r e g re s s io n  model f o r  e s t im a t in g  the  numbers of 

s tuden ts  to  be served by the  community c o l l e g e .  The Independent v a r i a 

bles suggested by Wasik for  Inc lus ion  1n h is  model are :  numbers o f  high

school g raduates  fo r  I  precedfng y e a r s ,  requ i red  loca l  d r a f t  board needs 

for  the 2 preceding years  ( t h i s  v a r i a b l e  may or may not a p p ly ) ,  e s t im a te  

of economic a c t i v i t y ,  and county popu la t ion ,  Mas 1k does not show an 

actual a p p l i c a t io n  o f  his model and I t s  v a l i d i t y  1s d i f f i c u l t  to a s s e s s ,

The National Center f o r  Education S t a t i s t i c s  (NCES, 197fl) uses sim

ple l i n e a r  reg ress ion  fo r  most of I t s  na tional  enro l lm ent  p r o j e c t i o n s .  

S t r a ig h t  l i n e s  are f i t t e d  t o  a r a t i o  such as en ro l lm en t  r a t e s  as th e  de

pendent v a r i a b le  and time 1n y e a r s  as the  Independent v a r i a b l e  un les s  

s t r a i g h t  l i n e  growth appears u n r e a l i s t i c .  When growth r a t e s  appear  ex

p o n e n t i a l ,  f o r  Ins tance ,  a logar i thm ic  growth curve 1s used.

A number of o th e r  re g re s s io n  models a re  c u r r e n t l y  1n u se ,  Wayne 

Smith (1970) o f  the Office  o f  Advanced Planning at  UCLA has been using  

reg re ss ion  models In connection with o th e r  techn iques  t o  develop e s t i 

mates of numbers of s tu de n ts .  The R enssa lae r  Model developed by the 

Renssa laer  Research Corporation (1970) couples  r e g r e s s io n  tech n iq u es  

with a Markovian process to  o b ta in  en ro l lm ents .  Banks (1970) a t  the  

Univers i ty  o f  Georgia uses t h r e e  models, one of which 1$ a simple 

reg re ss ion  model and a second i s  a m u l t ip le  r e g r e s s io n  model to  p re d ic t  

higher educa t iona l  enrol lments  In th e  S ta te  o f  Georgia ,

Path A na ly t ica l  Models

P a th -a n a ly t i c a l  models a re  ex tens ions  of m u l t ip le  c o r r e l a t i o n  and 

reg ress ion  models. The r e l a t i o n s h i p  between th e  dependent v a r i a b l e  and
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the  chosen independent va r iab les  must be e s tab l ish ed  p r io r  to  t h e i r  use 

in the regress ion  equation* I t s  use fu lness  i s  tha t  I t  1s a method of 

e s ta b l i s h in g  the  f a c to r s  as s i g n i f i c a n t  before  t h e i r  use 1n the  fo re 

cas t ing  model. Wing (1974) and Grazfano (1972) in the S t a te  of 

I l l i n o i s ,  Tsai (1973) fn a general s tudy ,  and Bradley and Lehmann (1975) 

fo r  Empire S ta te  College are a few examples of s tud ies  where f a c to r s  

t h a t  l im i t  growth 1n enrollment have been i s o l a t e d .  Some of these  f a c 

to r s  very e a s i ly  could be used 1n p ro jec t io n  s tu d ie s  as In d ica to r s  for 

changing enrollment pa t te rns  e s p e c i a l l y  1n sp e c i f fc  s i t u a t i o n s .  Tsai 

did use the socio logica l  determinants  of co l lege  at tendance which he 

found relevant  In several  causal models.

Sets of Equations

F ina l ly ,  s e t s  of equations may be d e r lv led  to  e s t a b l i s h  a model 

th a t  has as I t s  basis  a causal r e l a t i o n s h i p .  I f  the s e t s  o f  equat ions 

only re ly  on h i s t o r i c a l  da ta ,  they  e re  considered ex tra p o la t io n  

techniques.  I f .  on the other  hand, a causal r e l a t io n s h ip  e x i s t s ,  they 

a re  causal techniques.  Two models which a re  c u r r e n t ly  being used 1n 

fo recas t in g  enrollments and which could be considered systems of 

equations are the s tudent  flow models and the Harkov t r a n s i t i o n  models, 

e i t h e r  of which could be themselves c l a s s i f i e d  as causal or 

ex t rapo la t ion  techn iques ,  depending on the  underlying assumptions*

A Markov model 1s simply a formal mathematical s t r u c tu r e  which con

s i s t s  of t ransformations  from one s t a t e  to  another  during an Increment 

of time. The basic  assumptions underly ing  Harkov t r a n s i t i o n  matr ices 

are  th a t  the t r a n s i t i o n  must depend only on the present  s t a t e  and be 

Independent of the pas t .  A second assumption 1s tha t  the system be



4 9

s t a t i o n a r y ,  A system m*iy be considered s t a t i o n a r y  I f :  (1) The time In

te rv a l  chosen Is small or (2} a change tak e s  place over a long time pe

r io d .  Since changes in  the educational system usual ly  take  place over 

long time per iods ,  the system can be considered s t a t i o n a r y ,  thus obeying 

the  second Markov a s s e r t i o n .

Student flow models may be considered Markov t r a n s i t i o n s  I f ,  and 

only 1 f ,  the  two basic  assumptions are obeyed. When student flow models 

use  Markov t r a n s fe r s  to  forecast  enrol lments ,  p r o b a b i l i t i e s  are calcu

l a t e d  for  th e  movement between two l ev e ls ,  such as the  probable number 

of  freshmen who will become sophomores or the probable number of s tu

den ts  who wil l  re turn  In the winter q u a r te r  following completion of the 

f a l l  q u a r te r .  Since the p ro b a b i l i t i e s  may not remain s tab le  over time, 

they  should be recalcula ted p e r io d ica l ly .  Other s e t s  of equations may 

be developed to  describe  In te r r e l a t io n sh ip s  among enrollments and other 

ex te rna l  and Internal f ac to rs .  When too many equations a re  Included in 

a model, however, the explanation of the model to  high a u th o r i t i e s  may 

become d i f f i c u l t .

Examples of student flow models used for  fo recas t in g  purposes are 

numerous. L lgh t f le ld  (1975) a t  Mercer County Community College devel

oped a t rack ing  system in order to  study a t t r i t i o n  which developed Into 

a multidimensional system, one of I t s  outcomes being enrollment fore

c a s t s .  kasik (1971) a t  North Carolina S t a t e  Univers i ty  developed a flow 

model based on Markov transformations fo r  p ro je c t in g  community college 

enro l lments .  Like his  regression model p revious ly  d iscussed ,  he shows 

no a p p l i c a t io n  of the model, and, th e r e f o re ,  the v a l i d i t y  of the model 

Is  ques t ionab le .  The Office of Program Planning and Fisca l  Management
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fn the  S t a te  of Washington (1970) has developed a s tudent  flow model 

which uses th e  Markovian t ran s fo rm a t io n s  to  p r o j e c t  undergraduate  en

rollment* The Higher Education Enrollment P r o je c t io n  Model (HEEP) Is an 

I n t e r l n s t i t u t l o n a l  as well as 1 n t r a i n s t i t u t i o n a l  model. One s tu d e n t  

flow model developed for  a s t a t e  system 1s the  Michigan S t a te  Model de

veloped by Koenig j i t  a l  (196B). Fore ign  r e s e a rc h e r s  such as Thonstad 

(1967) In Norway, D ie t i e  (1969) and Caspar (1969) 1n Germany, and Gan1 

(1963) In A u s t r a l ia  have developed s tudent  flow models using Markov the

ory  as long as 15 years  ago* All s tuden t  flow models are not developed 

f o r  the primary purpose of p red ic t ing  enro l lm en ts ,  however. In most 

cases  enrol lment  p ro jec t ing  1s a secondary outcome. The primary purpose 

o f  most s tuden t  flow models 1$ for  planning purposes since i d e n t i f y i n g  

th e  way s tu d e n ts  move through an I n s t i t u t i o n  may reveal  a g r e a t  deal  of 

useful  information.

E x tra p o la t io n  Methods

E x trapo la t ion  methods are based on the continuance o f  past  t r e n d s .  

An Im p l ic i t  assumption e x i s t s  th a t  the  pas t  Is I n d ic a t iv e  o f  th e  f u 

t u r e .  The main advantage of e x t r a p o la t io n  methods Is th a t  the  only In

put data requ i red  Is h i s t o r i c a l .  These methods a re  genera l ly  used In 

two s i t u a t i o n s :  when t rends  fn the p a s t  w i l l ,  1n f a c t ,  con t inue  in the

f u t u r e  and when too l i t t l e  i s  known about r e l a t i o n s h i p s  to  permit  th e  

developnent o f  causal models (Wing, 1974). E x trap o la t io n  methods In

c lude  severa l  curve f i t t i n g  techniques:  the  global  constant  mean model,

the  local constant  mean model (sometimes c a l le d  th e  moving averages 

model) ,  the  exponentia l  smoothing model, the  l i n e a r  t rend  model, th e  

polynomial model, the exponential model, and sp e c t ra l  a n a l y s i s .  Curve
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f i t t i n g  models may even be used to fo rec as t  parameters  for  causal 

models. In a l l  these  models, the resea rche r  i s  looking fo r  t rends  tha t  

appear to  f i t  s p e c i f i c  curves. Although many of these  techniques a re  

s i m i l a r  to  causal techniques,  the d i f f e ren c e  i s  the r a t i o n a l e  behind the 

models. In curve f i t t i n g  models no r a t i o n a l e  e x i s t s  fo r  t h e i r  use 

while* in the causal  models the  basic assumption is t h a t  a recognizable  

cause e x i s t s  which produces an e f f e c t .

Constant Kean Model

In the  cons tan t  mean model, the  mean of past  da ta  Is the fo rec as t  

fo r  the  next time period. The constant  mean model may be expressed in 

th ree  forms: th e  e x p l i c i t  form, the recurrence  form, and the  e r r o r  c o r 

re c t io n  form. Where a l l  the da ta  Is e x p l i c i t l y  included 1n the  mean, 

the  e x p l i c i t  form 1s used. The new fo recas t  1s simply the  mean of a l l  

the  da ta—old and new. When data are Included on a continuing b a s i s ,  

t h e  recurrence  form 1s used. The new f o r e c a s t  can be obtained from the 

old fo rec as t  and the newly obtained data  by simply adding the  new obser

va t ion  to  a m u l t ip le  of the old fo recas t  and d iv id ing  by the t o ta l  num

ber  of observa t ions  to obtain a new mean. In the e r r o r  co rrec t ion  form, 

a m u l t ip le  of th e  forecas t  e r r o r  ( the  d i f f e r e n c e  between the  fo rec as t  

and the  actual  observat ion when obtained) Is added to the l a s t  fo recas t  

t o  o b ta in  the new fo re c a s t .  The m ult ip le  used is  one divided by the  

t o t a l  number of observat ions.  As th e  number of fo re c a s t s  in c reases ,  the 

new fo rec as t  becomes le s s  s e n s i t i v e  to fo rec as t in g  e r r o r s .  A la rg e  

change in s t r u c tu r e  would produce la rge  e r r o r s ,  but the  fo recas t  change 

would be small due to  the Targe number of o b se rv a t io n s .  The averaging 

o p e ra t io n ,  th e r e f o r e ,  has the e f f e c t  of reducing the  random v a r ia t io n
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and le a v in g  an es t im ate  o f  the mean. Since the averaging takes  place 

ove r  a l l  t h e  d a ta ,  the model is considered global. For a global model 

fn arty form, the  v a r i a b le  to be forecas ted  ( e . g . ,  enro l lments)  must be 

c o n s t a n t  over time. Since a trend such as enrollments i s  un l ike ly  to  be 

c o n s t a n t ,  the  use of a global mean model for fo rec as t in g  i s  genera l ly  

not  cons idered  to  be a good choice. Understanding the  basic concepts  

under ly ing  t h i s  model a r e  important since these concepts are used in the  

next  two models to be d iscussed—the local  constant  mean mode! and the 

ex p on en t ia l  smoothing model (G i l c h r i s t ,  1976),

The s t r u c t u r e  fo r  th e  global constant  mean model and the local  con

s t a n t  mean model are the  same and no real empirical d i f f e r e n c e s  e x i s t  

a l though  the bas ic  assumption of the two models d i f f e r s  from the  local  

model. In th e  local  model, the mean need only be cons tan t  fo r  the  time 

per iod  ove r  which the average is taken. A local Fiwdel*, th e r e f o re ,  tends 

t o  be a b e t t e r  ba s is  fo r  forecasting purposes than a global model be

cause  i t  responds to s t r u c tu r a l  changes. In the loca l  constant  mean 

model, t h e  da ta  Is  d iv ided  into successive groups. Each success ive  

group a f t e r  the  f i r s t  group adds the most recent observat ion  u n t i l  a l l  

o b s e r v a t io n s  a re  used. When the mean of each group i s  determined, 1t 

can only be regarded as an estimate of the mean at the cen te r  o f  I t s  

group. Since these  averages move from the e a r l i e s t  to  the  most recent  

d a t a ,  they  are of ten  r e f e r r e d  to as "moving averages” (Wing, 1974). A 

r e c u r r e n c e  form can be used If  new observations are o b ta ined .  Only when 

th e  moving averages a re  constant  or only varying s l i g h t l y  can t h i s  model 

be used fo r  fo rec as t in g  purposes, I t s  most p ra c t ic a l  use Is to  smooth 

da ta  or manipulate  d a ta .  At the option of the resea rch e r ,  the  number of
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h i s t o r i c a l  po in ts  to  be Included in th e  averages or th e  number of a v e r 

ages to  be considered can be changed. A moving average may show, t h e r e 

fo re ,  where a s t r u c tu r a l  charge occurs ,  and when a new model o r  t e c h 

nique Is needed ( G i l c h r i s t ,  1976],

I f  t h e  most recent  d a ta  used in  a local  cons tan t  mean model 1s 

weighted, the  technique Is much more useful  for  the  purpose of f o r e c a s t 

ing .  When d a ta  a re  weighted In s t a t i s t i c s ,  the  technique  Is c a l l e d  d i s 

counting or d iscounted s t a t i s t i c s .  Although there  a re  many ways 1n 

which th e  moving averages can be weighted, the  most a p p ro p r ia te  method 

and the  one most o f ten  used Is an exponentia l  set o f  weights . Since 

f o r e c a s t in g  i s  u su a l ly  a continuing process  where new da ta  are co n t in u 

a l ly  added, the  recurrence form of exponentia l  weighting appear to  be 

the  b e s t  form to  use  [ G i l c h r i s t ,  1976). When t h i s  form is  used, the  

equat ion i s

New F o re ca s t  - [[1 - a) x New Observation]  + [a x Old Forecas t ]  

where a Is  a constant  whose value ranges from 0<a<l, Since a I s a  

fo re c a s t in g  parameter as d i s t i n c t  from a parameter of the  model, 1t Is  

u sua l ly  chosen so as to  minimi re the  mean square e r r o r  of fo re c a s t in g  

over a t r i a l  p e r io d .  When a 1s sm all ,  only the  more recen t  da ta  In

f luences  the  f o r e c a s t .  As a approaches 1, e a r l i e r  d a ta  begin to  In

f luence th e  f o r e c a s t .  At a ■ 1, the  o ld e r  data have th e  most Impact on 

the  f o r e c a s t .  I f  the  f o re c a s t  e r ro r  Is Included 1n the  recurrence equa

t i o n ,  the  equat ion  becomes more s e n s i t i v e  to changes in  the  d a ta .  The 

new f o r e c a s t  can be obtained from the old fo recas t  by adding a f r a c t i o n  

1 - a of th e  l a s t  e r r o r  made in the  f o r e c a s t .  In t h e  global co n s tan t  

mean model, 1t w i l l  be remembered, the  e r r o r  term d iv ided  by the  number
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of observa t ions  was added to  the  old forecas t  to ob ta in  the  new one. As 

the number of observat ions  becomes la rg e ,  the fo rec as t  becomes l e s s  sen

s i t i v e  to  fo rec as t  e r r o r s .  Since a i s  Independent of the number of 

obse rva t ions ,  the e r r o r  co r re c t io n  form of the exponential smoothing 

technique Is much more s e n s i t i v e  to forecas t  e r ro r s  and, t h e r e f o r e ,  to  

changes t h a t  occur 1n the population.  Unless the researcher  Is c e r t a i n  

t h a t  a con s tan t  mean model has applied in the past  and will continue  to  

apply 1n the  fu tu r e ,  exponentia l  smoothing Is sa fe r  to  use than the  o r 

dinary mean ( G i l c h r i s t ,  1976).

Polynomial Models

In polynomial models, the assumption underlying the  f i r s t  t h r e e  

models d iscussed  1s re laxed ;  I . e . ,  t h a t  the dependent v a r iab le  (1n t h i s  

case ,  enro l lments)  wil l  he constant  over time. A r e s t r i c t i o n  common to 

a l l  polynomial models Is t h a t  there must be a t  l e a s t  as many h i s t o r i c a l

data  po in ts  a v a i lab le  as th e re  are parameters to  be estimated (W1ng,

1974). [n the  f i r s t  o rder  polynomial, the l in e a r  trend model, h i s t o r i 

cal data 1s matched to a s t r a i g h t  l in e  based on the  method of l e a s t  

squares. The general form of the l in e a r  trend model 1$

x - a + bt + e,o 1

where a and b a re  parameters to  be estimated, t  r ep resen ts  t ime,  ef 

Is a sequence of independent random variables  with expectat ion equal to 

G and x 1s the  new f o r e c a s t .  The method 1s e s s e n t i a l l y  the same as 

th e  l in e a r  reg re ss io n  model except t h a t  no causal r e l a t io n s h ip  Is a s 

sumed to  e x i s t .  When f  0 the model Is biased and the  process be

comes s t o c h a s t i c .  At t  -  0, the l i n e a r  trend model reduces to the
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c o n s tan t  mean model;  i . e . ,  a 1s simply the  mean 1n the cons tan t  mean 

model ( G i l c h r i s t ,  1976). The general form for higher order polynomials 

Is

7
x -  a + bt  + c t  + ................  + t jo i

where a, b. and c, e t c ,  a re  again parameters to  be estimated from h i s 

t o r i c a l  d a ta  by the method o f  l e a s t  squares .  A higher order polynomial 

should only be used when the  da ta  show strong indications of continuing 

along a p a r t i c u l a r  c u rv e .  In many cases the data trend may change over

n i g h t ,  making the  model u s e l e s s .  For enrollment trends. Wing (1974) be

l i e v e s  h ig h e r  o rder  polynomials  have l i t t l e  applicat ion as a forecas t ing  

method fo r  e n ro l lm e n ts .  The technique fo r  solving higher o rder  polyno

mials i s  t h e  same as f o r  m u l t ip le  reg ress ion .

Nonlinear  Growth Models

Logar i thm ic ,  e x p o n e n t ia l ,  Gompertz, and lo g is t i c  models are exam

p les  o f  n o n l in e a r  growth models of which the exponential Is the  most Im

p o r t a n t .  Marty examples o f  exponential  growth patterns can be found 1n 

economics and sc ience .  E s s e n t i a l l y ,  the  exponential model Is  a specia l  

case o f  the lo g a r i th m ic  model to  the base e. This class of models d i f 

f e r s  from p o ly n om ia l  models in  t h a t  they show regions of very rapid  

change and o f  maximum ( o r  minimum) values [G i lch r i s t ,  1976). Since more 

examples o f  t h e  exponent ia l  model e x i s t  and the c h a r a c te r i s t i c s  of th i s  

whole c l a s s  o f  models a re  s i m i l a r ,  only the  exponential model wil l  be 

d iscussed  In d e t a i l .

Exponent ia l  models a re  nonl inear  models th a t  assume the  time ra te  

of growth ( o r  decay) o f  a fo rec as t  Is d i r e c t l y  proportional t o  the value 

of th e  f o r e c a s t  v a r i a b le  i t s e l f .  Because enrollment growth has varied
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in  the 1970 's ,  t h e  a c tu a l  enro l lm ent  t rend  has become c o n t r o v e r s i a l .  

According to  Wing [1974),  exponent ia l  models have l i t t l e  value fo r  pur^ 

poses o f  f o r e c a s t in g  enro l lments  because the exponentia l  growth curve i s  

one t h a t  con tinues  t o  grow with g r e a t e r  and g r e a t e r  r a p id i ty ,  and the 

growth r a t e  of en ro l lm en ts  in  the  1970 's  has lev e le d  off  and even de

c l ined .  L e s l i e  and M i l le r  (1974),  on the o th e r  hand, see the  growth in 

enrol lments  t ied  t o  the  economy which 1s th eo r ized  by many economists as 

growing e x p o n e n t ia l ly .  The growth p a t t e r n  of enrollments In the  1970^5 

1s Just  a minor p e r tu r b a t io n  1n th e  t o t a l  growth p a t t e rn ,  and the  growth 

In enrol lments  wil l  very sho r t ly  resume an exponentia l  growth p a t te rn .  

The general form of  an exponentia l  model Is

btKt  -  ae + e,

where a and b a re  parameters t o  be e s t im ated ,  t  rep re sen ts  time, ei  

Is  the random e r r o r  which i s  assumed t o  be 0 In a d e te rm in i s t i c  model 

and f  0 in  a s t o c h a s t i c  model and xt  1s t h e  fo rec as t  a t  some time 

t .

The exponent ia l  model can be very good at  producing sh o r t  term 

f o r e c a s t s ,  but  the  accuracy o f  lo ng er  term f o r e c a s t s  is ques t ionab le  be

cause an element of  doubt must e x i s t  t h a t  any r e a l  s i t u a t io n  wil l  con

t in ue  to  Increase  I n d e f i n i t e l y  with g r e a te r  and g r e a t e r  r a p id i ty  

( G i l c h r i s t ,  1976). In t h e  I n i t i a l  s t a g e s  of development, a new product 

which competes with o th e r  s im i l a r  p roduc ts ,  wil l  o f ten  expand I t s  market 

from 0 t o  some value u n t i l  i t  a c q u i r e s  a c e r t a i n  percentage o f  the  mar

ke t .  This i n i t i a l  growth period may follow some exponential growth mod

el  un t i l  1 t  achieves a given percen tage  of the  market ( G i l c h r i s t ,  1976).
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When In v e s t ig a t in g  enrolTment p a t t e r n s ,  the exponential model 

should be considered at l e a s t  when the system 1s 1n I t s  I n i t i a l  growth 

period* Since th e  community co l lege  movement i s  r e l a t i v e l y  young In I t s  

development, the p o s s i b i l i t y  e x i s t s  th a t  t h e i r  enrollments may follow an 

exponentia l growth curve.  Individual I n s t i t u t i o n s ,  when f i r s t  e s t a b 

l ished  may, l ik e w ise ,  follow an exponential growth p a t te rn  in t h e i r  en

ro l lm en ts .  The in f lu x  of s tudents  Is g r e a te s t  In the f i r s t  years  a f t e r  

the  establ ishment  of a conmunlty co l lege  and l e v e l s  o ff  as the i n i t i a l

demand is  s a t i s f i e d .  Individual  segments of the  co l lege  population a lso

might continue along an exponentia l  curve. The number of par t - t im e  s tu 

d e n ts ,  fo r  example, i s  Increas ing  a t  a rapid r a t e  and may well follow an 

exponentia l growth curve.

Spectra l  Analysis

Spectral  a n a ly s i s  Involves the use of harmonic funct ions ( s in e  and 

cos ine  functions} in the  model. In sp e c t ra l  an a ly s is  a large number of 

d a ta  po in ts  a re  f i t t e d  to an i n f i n i t e  s e r i e s  of sines and cosine func

t i o n s .  Since the  model r e q u i r e s  a t  l e a s t  25 h i s t o r i c a l  data poin ts

(Wing, 1974}, the  p o s s i b i l i t y  of using sp e c t ra l  analys is  Is l im i ted  due

t o  the  lack of s u f f i c i e n t  h i s t o r i c a l  da ta .  P r i o r  tq 1967-68, Jellema 

(1972) repor ted  t h a t  13 percent  of  a l l  I n s t i t u t i o n s  had no data on 

freshman app l ica n ts  or the  number admittedj 5 percent could not even 

supply headcount enrol lment .  Also, when 25 da ta  points  are required,  

the  data  becomes too f a r  removed to be useful  in fo recas t ing  (a second 

disadvantage to  spec t ra l  a n a ly s i s} .
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The Tfme Series Decomposition Model

The time s e r i e s  decomposition model 1s an ex trapo la t ion  model which

assumes t h a t  some p a t t e r n  o r  combination o f  p a t t e rn s  a r e  recurring over

t im e .  Two f a c t o r s  In t h i s  model a re  Important:  the s e r i e s  to be fore

c a s t  and the  per iod  o f  time under study (Wheelwright and Makrldalus,

1977),  In most Ins tances  the  b a s ic  time s e r i e s  contains  subparts which

must be I d e n t i f i e d  t o  o b ta in  an accura te  f o r e c a s t .  This s i tua t ion

occurs  when a seasonal p a t t e r n  Is  p resen t .  The basic pa t te rn  must then 

be d iv id ed  In to  I t s  subpar ts  and Is  of ten  broken Into four  parts:  the 

t r e n d  f a c t o r ,  the  c y c l i c  f a c t o r ,  the  seasonal  f ac to r ,  and the error fac

t o r  (Wheelwright and Makrldalus ,  1977). These fac to rs  may be additive 

o r  m u l t i p l i c a t i v e ;  I . e . ,

F - T x C x I x S o r  

F - T  + C + T + 5 

where F Is  the  f o r e c a s t ,  T Is  the  t rend  p a t t e r n ,  C Is the cyclic 

p a t t e r n ,  I Is the  I r r e g u l a r  or e r r o r  term, and $ 1s the  seasonal In

dex. P a t t e r n s  m^y e x i s t ,  however, when one o r  more of these  factors are  

not p r e s e n t .  The t r en d  f a c t o r  I s  usual ly  the  time s e r i e s  portion of the  

b a s i c  p a t t e r n ;  th e  c y c l i c  t e r n  i s  p resent  when the  p a t te rn  shows period

ic  upward and downward swings. I t  1s used to  describe  movements which 

a re  slower and much l e s s  p r e d i c t a b l e  than th e  seasonal component 

( G i l c h r i s t ,  1976) ,  such as economic or bu s iness  t rends .  The seasonal 

f a c t o r  1s p resen t  when a r e p e t i t i v e  na ture  e x i s t s  over some short period 

o f  t ime (a month or q u a r t e r ) .  To remove the  seasonal v a r ia t io n ,  a mov

ing average 1s used t o  o b ta in  a seasonal index which Is then used to ad

j u s t  f o r  the  seasonal v a r i a t i o n ,  S a l ley  (1979) used t h i s  approach 1n
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fo rec as t in g  enrol lments  a t  Georgia S t a t e  Univers i ty* He found th a t  a 

time t r e n d ,  a c y c l ic  f a c t o r ,  and seasonal  f a c to r  e x i s t e d  In the  da ta .  

Cred i t  hours per q u a r t e r  were seasonal  1 zed using th e  moving average 

technique.  When the seasonal v a r i a t i o n  and the b a s ic  time t rend  were 

removed, a cyc l ic  p a t t e r n  emerged t h a t  c o r r e l a t e d  h igh ly  with two NBER 

Ind ices ,  These Indices  were composites o f  leading  and coincident  eco

nomic Ind ica to rs  of th e  business c y c le  and are published In the  Business 

Condition Digest monthly.

Enrollment P ro je c t io n s  Employing E x t r a p o la t io n  Methods

Because higher educa t ion  has h i s t o r i c a l l y  beer  a growth indus t ry ,  

most I n s t i t u t i o n s  of h ig h e r  educa t ion  and t h e i r  na t iona l  agencies have 

fo re c a s t  enrollments by e x t r a p o la t in g  pas t  enrollment t rends  upward 

[Bowen, 1974). T r a d i t i o n a l l y ,  en ro l lm en ts  have been considered a func

t io n  o f  h i s to ry .  Enrollment p a t t e r n s  of the  1950 's  determined the pro

j e c t i o n s  of the  1960's and enro l lment  p a t t e r n s  of th e  I9 6 0 's determined 

the p ro jec t io n s  of the  197Q's. Trends In the 1950 's  underestimated the  

enrol lments  of the  1960 's  whereas the  t r e n d s  of th e  1960's overest imated 

the enrollments o f  the  197Q's {Mangelson, 1974). Many studies  were in

accura te  because they were based on in c o r r e c t  assumptions where, fo r  ex

ample, the col lege  going age would con t inue  to  be 18 t o  22 years  or 

where th e  b i r th  r a t e s  would con tinue  to  be 2.7  b i r t h s  per woman. The 

average college going age is In c re a s in g  because more o ld e r  s tudents  a re  

a t t en d ing  col lege  (Carnegie ,  1973). Since 1960 th e  U.S. Bureau o f  Cen

sus has revised b i r t h  r a t e s  downward t h r e e  times to  a low of 1 .7  b i r t h s  

per woman (Mangelson, 1974).  In t h e  l a t e s t  Census population pro jec

t io n s ,  the  f e r t i l i t y  r a t e  was assumed t o  be 2.1 (Carnegie ,  1975), Many
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enrollment p ro jec t io n s  based on th e  U.S. Bureau of Census population 

p ro jec t io n s ,  th e r e f o re ,  have had to be r ev ised ,  and new methods employ

ed. For national  enrollment p r o j e c t io n s ,  th e  U.S. Bureau of Census now 

uses the cohort method, the r a t i o  inethod, and surveys. NCES {1978} uses 

regress ion ,  double exponential smoothing, and r a t i o  techniques as a bas

i s  for  t h e i r  f o r e c a s t s .  E x trapola t ion  techn iques ,  there fore*  are s t i l l  

the  major techniques  used for  na t ional  f o r e c a s t s .  Many s t a t e s  such as 

the  Commonwealth of Virginia  use techniques s im i la r  to the national  

agencies.  V irg in ia  bases i t s  fo re c a s t s  on the  co l lege  going r a t e  and 

s t a t e  population p ro jec t ions  for  the  13 to  34 age group (5CHEV, 1974).

The trend demographic model by Hollander {Mangelson, 1974) i s  an 

In te r e s t in g  fo rec as t  used for  p re d ic t in g  f u l l - t i m e  graduates  In the 

S ta te  of New York, He p red ic ts  a 20 percent or g r e a te r  d ec l in e  In t r a 

d i t io n a l  undergraduate enrol lments by 1990. He I s o la te s  the  demographic 

e f f e c t  on t r a d i t i o n a l  undergraduate enro l lments  and ap p l ie s  regional 

v a r ia t io n s .

Basis of Forecast ing

In s t a t i s t i c a l  fo re c a s t in g ,  the basic  requirement 1s the  exis tence  

of a s tab le  s t r u c tu r e  over some time per iod .  The s t r u c tu r e  may be math

ematical and/or  s t a t i s t i c a l  1n na tu re .  In sc ience  both s t a b le  s t a t i s t i 

cal and mathematical s t ru c tu re s  e x i s t .  The s t a b i l i t y  of s t ruc tu re*  how

ever,  does not requ ire  a p rec ise  law or r e l a t i o n s h i p .  I f  the  chance 

element i s  cons tan t  over time, an equation or formula m^y be derived 

th a t  has a c e r t a i n  p ro b ab i l i ty  of being c o r r e c t  at l e a s t  p a r t  of the 

t ime.  The smaller  the  chance element* the b e t t e r  the  p ro b a b i l i ty  of hav

ing a r e l i a b le  f o re c a s t .  For example* a l l  the molecules of a i r  1n a
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room, a t  l e a s t  1n p r i n c i p l e ,  have a f i n i t e  p r o b a b i l i t y  of leaving th e  

room at  th e  same time* That p r o b a b i l i t y  i s ,  however, very, very small* 

S ince  the  chance e lement 1s very small and s t a b le  over time, a s t a t i s t i 

ca l  equa t ion  can be d e r ived  t h a t  p r e d i c t s  the number of molecules 1n the 

room a t  ar^y given t ime with extreme accuracy .  Thus, I f  an accu ra te  

f o r e c a s t  i s  t o  be achieved a s t a b l e  s t r u c t u r e  must e x i s t  over time and 

aqy chance element must be small and s t a b l e  over t im e .

S c i e n t i f i c  F o re ca s t in g  Procedures 

Basic S teps

The s c i e n t i f i c  approach to  f o r e c a s t i n g  u s u a l ly  co n s i s t s  of f i v e  ba

s i c  s t e p s :  a l l  da ta  r e l e v a n t  t o  a p a r t i c u l a r  s i t u a t i o n  a re  c o l l e c te d

and reduced t o  a b a s ic  minimum ( c a l le d  da ta  r e d u c t io n ) ,  the most bas ic  

d a ta  a re  s tu d i e d  1n dep th  fo r  p o ss ib le  t r e n d s  o r  r e l a t i o n s h i p s ,  a model 

(or  models) Is  c o n s t ru c te d  from the  s t r u c t u r e  Implied by the In-depth 

study* and f i n a l l y  a f o r e c a s t  Is  made us ing  the  c o n s t ru c ted  model 

{ G i l c h r i s t ,  1976),

Data a re  u su a l ly  d iv id ed  I n t o  two types:  endogenous and exoge

nous. Endogenous d a ta  a re  In te rn a l  to  t h e  system whose behavior 1s de

termined by th e  model I t s e l f ;  exogenous d a ta  a re  ex te rn a l  and are not 

a f f e c t e d  by th e  system. Exogenous data a re  predetermined by some o ther  

model o r  system. In maqy Ins tances  only endogenous data  are  needed to  

c o n s t r u c t  an accu ra te  f o r e c a s t i n g  model. Endogenous data fo r  an e n r o l l 

ment f o r e c a s t i n g  model might Include  f i r s t - t i m e  s t u d e n t s ,  re tu rn ing  s tu 

d e n t s ,  d ro p o u t s ,  or g ra d u a te s .  Exogenous data  would Include demograph

i c ,  economic,  p o l i t i c a l ,  and so c io lo g ic a l  f a c t o r s .  Se lec t ion  of da ta  

can only be made on the  bas is  o f  a thorough unders tanding  of the
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s i t u a t i o n .  In f a c t .  I n t u i t i o n  very o f t e n  plAys a dominant r o l e  In d a ta  

s e l e c t i o n .  I f  the s e l e c t i o n  is  poor* t h e  f o r e c a s t  w i l l  most l i k e l y  be 

poor.

Data are reduced to  a minimum fo r  two basic  re a so n s :  I d e n t i f i c a 

t i o n  of  s t ru c tu re  and r e d u c t io n  of  e r r o r .  Each v a r i a b l e  has I t s  own in

h e ren t  Inaccuracies. I n c r e a s in g  th e  number o f  v a r i a b l e s  must* t h e r e 

f o r e ,  Increase  the In accu racy  of  t h e  model .  The c r i t e r i a  f o r  da ta  r e 

d u c t io n  are relevancy, r e l i a b i l i t y ,  and recency .  Endogenous da ta  more 

o f t e n  s a t i s f i e s  these  c r i t e r i a  as they d i r e c t l y  a f f e c t  t h e  s i t u a t i o n  and 

a re  e a s i e r  to obtain. When th e s e  da ta  have been th o ro ug h ly  s tu d ie d  and 

th e  behavior  c l e a r ly  unders tood ,  a mathematica l  or s t a t i s t i c a l  model Is 

th e  outcome. I f  no s im ple  s t r u c t u r e  a p p e a r s ,  more da ta  may need to  be 

Included and s tud ied .  Exogenous da ta  may now be c o n s id e r e d  f o r  i n c l u 

s io n  In the model or a t  l e a s t  used to  i n t e r p r e t  th e  endogenous da ta  as 

to  causes of change ( G i l c h r i s t ,  1976).

Ident i fy ing  s t r u c t u r e s  and b u i ld i n g  models can be very  com pl ica ted  

and d i f f i c u l t .  The most  Important s t e p  and f i r s t  s t e p  a f t e r  da ta  red u c 

t i o n  1s the graphing o f  the  data  to  I n v e s t i g a t e  f o r  s imple  t r e n d s .  Af

t e r  a comprehensive, f n - d e p th  s tudy of  t h e  da ta  f o r  t r e n d s  I s  accom

p l i s h e d ,  the r e s e a rc h e r  should be ab le  t o  fo rm ula te  assumptions  or hypo

t h e s e s  on which to b u i l d  a model. The model i s  s imply  a mathematical  or 

s t a t i s t i c a l  d e sc r ip t io n  o f  the behav io r  of the  d a t a .  The c h o ice  of a 

model i s  basic to th e  f o r e c a s t i n g  p r o c e s s ,  and o f t e n  th e  most b a s ic  

models are the only ones  needed fo r  f o r e c a s t i n g .  Sometimes, however, 

t h e  need will a r i s e  t o  combine or modify them to  a p a r t i c u l a r  s i t u a t i o n  

( G i l c h r i s t ,  1976).
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Models have c e r ta in  b a s ic  common c h a r a c t e r i s t i c s .  These general 

c h a r a c t e r i s t i c s  will now be considered. As noted previously* models may 

be global or l o c a l .  In a global  model the  s t r u c tu r e  fs highly  s t a b le  

and the  chosen model Is assumed to be t r u e  fo r  a l l  t ime. In a local  

model* the s t r u c tu r e  Is assumed t ru e  only fo r  the shor t  run.  Short term 

fo recas t ing  1s usually  considered to be <2 y e a r s  and long term fo re 

c as t in g  for more than 5 years  (Ascher* 1978). For most fo rec as t in g  pur

poses, the local  model Is probably p re fe rab le  since such models wil l  be 

more l i k e l y  to  pick up changes In trends more qu ick ly .  A local model 1s 

an approximation valid only lo c a l ly  In time. Some p r a c t i c a l  s i t u a t i o n s  

in which local models are used a re :

1. Where not enough data  are ava i lab le  to study the  s i t u a t i o n  1n

deta i  1;

2. Where* for  reasons of s im p l ic i ty ,  econoiriy, or  time a simpler 

model than may be Indica ted  Is  used;  and

3. Where the  fac tors  being fo recas t  a re  known to be uns tab le ,  but

the changes occur In a r e l a t i v e l y  slow fashion  ( G i l c h r i s t ,  

1976).

When local  models are used, the  following methods are used in descending 

order :  the i n t u i t i v e  method, the causal method and, f i n a l l y ,  an in d i 

c a to r  approach. The In d ica to r  approach Is the  use of p rese lec ted  t rends  

as leading s ig n a ls  of change In the s i t u a t i o n .  E x trapo la t ion  techniques 

are considered u n a t t r a c t iv e  for  use when the  time span covered Is sh o r t .  

They are ,  however, used as benchmarks In eva lua t in g  the performance of 

o th e r  shor t  term techniques. Although e x t r a p o la t io n  techniques  m^y do
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the  job  b e t t e r ,  p rac t ic in g  fo re c a s te r s  tend to use more complex tech

niques tha t  Incorpora te  more information,  theory, and in tu i t i o n  (Ascher,

1978).

Local Forecast ing Models

Numerous loca l  models have been developed for  various purposes.

The major types have been described In a previous sec t ion ;  the  d iscus

sion  here will  be l im i ted  to  th re e  models which have unique c h a r a c t e r i s 

t i c s  and have enjoyed some success in p red ic t ing  enrollments fo r  

c o l le g e s .

In 1971, when enrol lments dropped at the u n iv e r s i t i e s  In the Prov

ince of Manitoba, the  Univers i ty  Grant commission reexamined t h e i r  meth

ods of fo rec as t in g  enrol lments and a rr ived  a t  a Postsecondary Demand and 

Enrollment Model which proved to be accura te  within Z percent (Russel l ,  

Hoffman, 1976). The model e s s e n t i a l l y  surveys a sample of s tudents  in 

grades 10, 11, and 12 as to  t h e i r  plans a f t e r  high school.  The survey 

items include:  the postsecondary plans of 10th, 11th ,  and 12th grade 

s tu d e n ts ;  the  degree of Inf luence  tha t  Ind iv idua ls ,  pa ren ts ,  high school 

a c t i v i t i e s ,  and circumstances had on s tu d en ts '  d ec is io n s ;  the impact of 

fu tu r e  events  on s tu d e n ts '  d ec is io n s ;  th e  s tudents '  a s p i r a t io n s ,  expect

ed c a re e r  choices and long range p lans ;  background quest ions concerning 

f a c u l ty  s i r e ,  previous schooling,  and type of community where s tudents  

grew up; s tu den ts '  academic s tanding;  t h e  s tudents '  choice of I n s t i t u 

t io n s  and programs; opt ional  quest ions  concerning p a re n t s '  education and 

family Income; the  f inanc ia l  s i t u a t i o n  1n the province and the s tu d e n ts ’ 

f in an c ia l  p rospec ts ;  and reasons for  s tuden ts  In grades 10 and 11 not 

completing high school. The model provides an Intermediate range
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fo re c a s t  for  per iods  of 3 years which a re ,  1n t u r n ,  a ttached to  t r a d i 

t io n a l  fo rec as t in g  methods for y e a r s  4 through 15. One of the v i r t u e s  

o f  the  model i s  I t s  a b i l i ty  to show major s h i f t s  in  s tudent demand and 

1t allows the I n s t i tu t i o n  to make adjustments  before  such s h i f t s  occur 

{Russell ,  Hoffman, 1976).

A model being devised for the  I n s t i t u t i o n s  o f  higher educa t ion  1n 

th e  S ta te  o f  Pennsylvania e s s e n t i a l l y  d i f f e r e n t i a t e s  among segments of 

the  population {Newton, 1976). The basic assumption of the model 1s 

t h a t  an Id e n t i f i a b l e  segment of th e  general popula t ion  possesses  a s e t  

of demographic c h a r a c te r i s t i c s  t h a t  d i s t in g u i s h e s  i t  as unique from a l l  

o th e r s  and th a t  associated with each segment 1s a se t  of p r o b a b i l i t i e s  

which descr ibes  U s  d is t r ib u t io n  among various types  of organized  educa

t io n a l  a c t i v i t i e s .  For th is  model, the  populat ion  was divided by sex,  

r ac e ,  and age groups. The p a r t i c ip a t io n  ra te s  o f  each of th ese  ca tego

r i e s  were f u r t h e r  divided by type o f  attendance and f ive  d i f f e r e n t  l e v 

e l s  of study. For these l a t t e r  c a teg o r ie s  they used national  f ig u re s  

obtained from NCES and the U.S. Bureau of Census t o  obtain t h e i r  p a r t i c 

ip a t io n  r a t e s ,  assuming the Sta te  o f  Pennsylvania would fol low na t iona l  

t r e n d s .  By mult iplying the number of each segment of the p op u la t io n  by 

I t s  p a r t i c ip a t io n  r a t e ,  the number of persons p ro jec ted  f o r  enrol lment  

from t h a t  category Is determined, Then, by adding a l l  the c a l c u l a t e d  

p ro jec t io n s  to g e th e r  for each populat ion segment for  a p a r t i c u l a r  y ea r ,  

they  a r r iv e  a t  a fo recas t .  They do, however, have to  re ly  on the  accu

racy o f  the population forecast for  t h e i r  p ro jec te d  enrollments t o  be 

accura te  (Newton, 1976).
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A unique and d i f f e r e n t  p e r s p e c t iv e  on e n ro l lm en ts  1s the  approach 

taken by Aiken Connor (1971) who views en ro l lm ents  as the  product  o f  the  

demands fo r  educat ional  s e r v i c e s  by the  s tuden t  p o p u la t i o n ,  mediated by 

th e  o p e ra t io n s  o f  the  c o l l e g e .  By e l im in a t in g  those  people who cannot  

a t t e n d  th e  c o l l e g e  fo r  va r ious  r ea so n s ,  th e  maximum en ro l lm en t  th e  c o l 

lege  can expect  Is o b ta ined .  Some o f  the  l im i t i n g  f a c t o r s  ( those  f a c 

t o r s  t h a t  e l im in a te  people from a t t e n d in g  the  c o l l e g e )  t h a t  would be 

considered  a re ;  a l l  persons e n r o l l e d  1n the  publ ic  s c h o o ls ,  a l l  persons 

below p u b l ic  school age, persons e n r o l l e d  in  o th e r  i n s t i t u t i o n s  o f  h igh

er  ed u ca t io n ,  persons who a l ready  have a degree e q u iv a le n t  or above th a t  

o f fe red  by the  c o l l e g e ,  and th e  admiss ions p o l i c i e s  o f  th e  c o l l e g e  t h a t  

might e l im in a te  c e r t a i n  segments o f  the  population* S t im u la t in g  f a c t o r s  

might be t h e  d r a f t  law t h a t  exempted c e r t a i n  persons from m i l i t a r y  s e rv 

ice  1f a t t e n d in g  c o l l e g e ,  the  program o f f e r i n g s  o f  th e  c o l l e g e ,  and the  

na ture  and amount of In du s t ry  In th e  a r e a .  When a l l  th e  l i m i t i n g  f a c 

t o r s  and s t im u la t i n g  f a c t o r s  a re  a pp l ied  to  the  p o p u la t io n ,  a r a t i o  of  

the  ac tua l  t o  th e  p o te n t i a l  enro l  l e e s  i s  used as one of the  f a c t o r s  t o  

f o r e c a s t  en ro l lm en ts .  Not only i s  t h i s  a unique procedure  fo r  f o r e c a s t 

ing e n ro l lm e n ts ,  but  i t  o f f e r s  th e  a d m in i s t r a t io n  a unique look a t  th e  

popula t ion  t h a t  I t  r e a l l y  has some chance o f  a t t r a c t i n g .  How well t h i s  

model would p red ic t  e n ro l lm e n ts ,  however, 1s q u e s t io n a b le  s ince  Connor 

(1971) d id  not t e s t  i t .

Model Bui ld ing

The b a s i s  o f  any model 1s t h e  behav iora l  e qua t ion .  Each b eh av io ra l  

equa t ion  has th r e e  d i s t i n g u i s h in g  c h a r a c t e r i s t i c s :  th e  n a tu re  o f  th e  

v a r i a b l e s ,  th e  form of  the  equat ion  (o r  e q u a t io n s ) ,  and va lues  o f  th e
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c o n s ta n t s  {parameters} Involved fn th e  equat ion.  Since parameters are  

u sua l ly  chosen to fo rce  the  model to  conform to  some se t  of h i s to r i c a l  

da ta  p o in t s ,  the model i s  u sua l ly  accu ra te  for  the  parameter es t im at ion  

period ,  blit may not be accura te  fo r  fo rec as t in g  the fu tu re .  The number 

of behaviora l  equations determines the  In t r ic ac y  of the  model and the 

type of va r iab le s  determines the t h e o r e t i c a l  o r i e n t a t i o n s ;  i . e . ,  whether 

the  model 1s based on In ternal  f a c t o r s  o r  external  f a c t o r s .  Two th eo 

r i e s  e x i s t  concerning the appropr ia te  s ize  of a model. Some t h e o r e t i 

c ia n s ,  e sp e c ia l ly  fn the  f i e l d  of economics, be l iev e  t h a t  the more com

plex and complicated a model, the b e t t e r  chance I t  has of expla in ing the 

behavior of a system s ince  most systems are  complex. Some economic mod

e l s ,  f o r  example, have as many as 368 equat ions (E c k s t e in ' s  ORI model of 

the  e n t i r e  economic system); other  t h e o r e t i c i a n s  be l iev e  s im p l ic i ty  1s 

supe r io r  s ince i t  excludes the exogenous va r iab le s  which may cloud the 

e f f e c t s  o f  Important endogenous v a r i a b le s  (Ascher, 1978).

Models may be d e te rm in i s t i c  or s to c h a s t i c  or a combination of the 

two. A model Is d e te rm in i s t i c  i f  no chance element operates or Where 

random sequences (chance elements) occur but are s c a t te re d  randomly 

above and below zero such th a t  the  chance element can be taken as zero . 

In a s to c h a s t i c  model, the chance element plays a dominant ro le i  I . e . ,  

i t  does not equal zero.  The chance element of the  l a s t  fo recas t  1s 

Influenced by the previous chance element and so on down the l in e .  The 

chance element may a lso  have to be f o r e c a s t .  D e te rm in is t ic  models 

r a r e ly  desc r ibe  the  real  world ( G i l c h r i s t ,  1976).

Accuracy o f  Forecasting

A fo rec as t  can only be considered va l id  I f  the model constructed 

s u c c e s s f u l ly  p red ic ts  the  fu tu r e .  Through an 1n-depth study of the
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d a t a ,  the  r e s e a r c h e r  has chosen th e  var iab les  and s e le c te d  th e  model o r  

models to use* Prov ided  the  b a s i c  assumptions o f  the  model a re  v a l i d ,  a 

f o r e c a s t  Is made. The accuracy of  the p r e d ic t i o n  can obvious ly  be 

e v a lu a ted  when d a t a  a re  a v a i l a b l e  fo r  the f o r e c a s t  pe r iod .  At th e  time 

t h e  p re d ic t io n  i s  made, however, no method e x i s t s  which wil l a b s o l u t e l y  

de termine  the  a c c u ra c y  of  the  p re d ic t io n s ,  bu t  t h e r e  are c e r t a i n  key 

s t a t i s t i c s  which c an  be developed th a t  are h e l p f u l  to  the  r e s e a r c h e r  fn 

e v a lu a t in g  Ms p r e d i c t i o n .  Since a l l  s t a t i s t i c s  a re  based on p r o b a b i l i 

t y  th eo ry ,  even t h e s e  i n d i c a t o r s  m<y be i n c o r r e c t .

The s t a t i s t i c a l  c r i t e r i a  f o r  successful f o r e c a s t i n g  a re  based on 

th e  actual  e r r o r s  between th e  p red ic t io n  and t h e  o b s e r v a t io n s .  When the  

e lementary  s t a t i s t i c a l  f e a t u r e s  o f  the s i t u a t i o n  a re  s tu d ie d ,  however, 

t h e  s t r u c tu r e  must be assumed s t a b l e .  These s i g n i f i c a n t  s t a t i s t i c a l  

f e a t u r e s  a re  the  mean e r r o r ,  e", t h e  mean a b s o l u te  e r r o r  (MAE}, and th e  

mean square e r r o r  (MSE). The f o r e c a s t  e rror  Is de f in e d  as the  d i f f e r 

ence  between th e  o b s e r v a t io n  and I t s  fo rec as t ;  I . e . ,

where 1s th e  f o r e c a s t  e r r o r  a t  some time t ,  Is the  o b se rv a t io n  

a t  some time t ,  and Is th e  forecas t  fo r  t im e  t .  The mean e r r o r ,  

e ,  Is  simply th e  sum of a l l  th e  fo recas t  e r r o r s ,  e ^ , d iv ided  by th e  

number of  e r r o r s  c o n s id e r e d ,  n.

A

I f  t h e  average e r r o r  i s  p o s i t i v e ,  the  fo recas t  t a g s  behind th e  t r e n d ;  1f  

n e g a t iv e ,  the  f o r e c a s t  leads th e  t rend .  The f o r e c a s t  Is su sp ec t  1f th e
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mean error  becomes la rg e  because th i s  Ind ica tes  an in c o r re c t  ana lys is  of 

the s t ruc tu re  of the da ta .  When the fo recas t  e r r o r  sy s tem at ica l ly  devi

a te s  from zero ,  the fo recas ts  a re  said to have a b ia s .  Normally, the  

mean should be near zero since the actual  e r ro rs  will be both negative 

and posi t ive  and will tend to cancel ( G i l c h r i s t t  1976),

The spread of the data can be measured by the mean absolute  e r ro r  

or the mean square e r r o r .  The mean square e r r o r  places more emphasis on 

large  errors than does the mean absolute e r ro r .

Both of these methods e l iminate  the s ign from the e r r o r  terms. For com

p a ra b i l i ty  the square root of  the mean square e r r o r  (RMSE) must be used 

In order to make the un i ts  the  same. Where a bias Is found to e x i s t ,  

the spread should be measured about the average of  the e r r o r  r a th e r  than

The standard devia tion 1s the square root  of the variance.  From a s t a 

t i s t i c a l  point of view, a good fo recas t  can be determined by requir ing  

the average e r ro r ,  the mean square e r r o r ,  or the abso lu te  e r ro r  to be 

smal1.

about zero. The sample variance, s^, would replace  the mean square 

e r ro r :

2 2 - 2  o r  s ■ MSB -  T -

S u w n a r y

Most I n s t i t u t i o n s  of higher education are I n te r e s t e d  1n enrollment 

projections because they are c lose ly  r e l a te d  to I n s t i t u t i o n a l  goals and
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Missions and a r e ,  th e r e f o re ,  e s s e n t ia l  to f inan c ia l  and program planning 

a t  every lev e l .  In the  1970's the demands on higher education have in 

c reased ,  The general  ca l l  for  " accou n tab i l i ty "  has caused educators  to  

place much more emphasis on systematic  planning.  In years  p r io r  to 1970 

the  p ro jec t ion  o f  t o t a l  enrol lments at the  national  and s t a t e  level  was 

a l l  t h a t  was requ i red  because growth ra te s  j u s t i f i e d  the  need for  in

creased resources .  In the  s e v en t ie s ,  however, growth p a t te rn s  for  In

s t i t u t i o n s  of h igher  education became uncer ta in  and new trends did not 

emerge. The same methods of p ro jec t ing  enrol lments in the  1960's did 

not produce accu ra te  enrollment p ro jec t io ns  in the 1970's  and probably 

will not produce accura te  enrol lment  p ro jec t io n s  In th e  1980's because 

enrollment p a t t e r n s  In i n s t i t u t i o n s  of higher education are changing.

The number of t r a d i t i o n a l  co l l eg e  s tudents  a re  d e c l in ing  while non trad l -  

t lo n a l  students a re  Increas ing .  As i n s t i t u t i o n s  of h igher  education 

were expanding t h e i r  missions and goals  to include the  new types of s t u 

dents to i n s t i t u t i o n s  of higher educa tion ,  the  da ta  base on which en

rol lment  p ro jec t io n s  were made did not expand and change as rap id ly  as 

t h e  growth p a t t e r n s  changed. The assumptions on which enrollment pro

j e c t i o n s  were based c a l led  fo r  the  use of f a c to r s  for  which da ta  were 

not ava i lab le ,  Accuracy In enrollment p ro jec t io n s  will  not Increase for  

i n s t i t u t i o n s  of h ig he r  education unti l  da ta  Is reported for  a l l  catego

r i e s  required by the  multidimensional educational  system which Includes 

both higher educa tion  and postsecondary educat ion .



Chapter 3: METHODOLOGY

Purpose

The purpose of t h i s  study is  to  I d e n t i f y  the fac to rs  re levant  fo r  

projecting enrol lments  and to  develop such fac tors  in to  a model th a t  

will project enrol lments  within 1 percen t  accuracy for a public conriunl- 

ty  college using expo fac to  data from Thomas Nelson Community College 

and u t i l i z in g  the  data format developed by the State Council of Higher 

Education for  V i rg in ia .  Publicly  supported i n s t i t u t i o n s  of postsecond

ary education in Virg in ia  are required t o  submit 10 year enrollment pro

j e c t io n s ,  updated at  1 year  In terva ls*  These long range fo re c a s ts  must 

Include p ro jec t ions  of f a l l  headcount enrollment and t o ta l  FTE e n r o l l 

ment and are used for  c ap i ta l  out lay  p lanning (VCCS Policy Manual*

1979). In a dd i t ion ,  p ro jec t ions  of f a l l  headcount and summer sess ion 

headcount en ro l lm en ts ,  each divided in to  f u l l - t im e  and par t - t im e  c a teg o 

r i e s ,  and the t o t a l  FTE enrollment must be submitted to  the  V irg in ia  

S ta te  Budget O f f ice  [SBO) during the  y e a r  preceding the even-year s e s 

sion of the V i rg in ia  General Assembly f a r  the 2 years of the  coming 

biennium along with actual  data for  th e  curren t  biennium. Thus, except 

for  long term planning for  c a p i ta l  o u t l a y ,  the role of enrol lment  fo re 

cast ing  In the  f i s c a l  system adopted by the  Commonwealth of V irg in ia  Is  

primarily to provide a basis fo r  f i n a n c ia l  planning over a short term 

(up to  3 y e a r s ) .  Fall qu a r te r  headcount enrollments (sum of f u l l - t im e  

and part- t ime s tuden ts  r eg i s te red )  p rov ide  the basis for a l l o c a t io n  of  

c l a s s i f i e d  p o s i t io n s  In l o g i s t i c a l  s e rv ic e s  and funds required fo r  main

tenance and ope ra t ion  o f  plant f a c i l i t i e s .  All other budget l i n e  Items 

dependent on s tudent  enrollment a re  a l l o c a t e d  on the ba s i s  of the  number
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o f  f u l l - t im e  equ iva len t  s t u d e n ts  e n ro l l e d  (Appendix M, S t a t e  Budget Man

u a l ) .  Enrollment p ro je c t io n s  a re  a lso  used by the Ind iv idua l  conmunlty 

co l leges  and the  VCCS to  guide e d u c a t i o n a l » f i s c a l ,  and a d m i n i s t r a t i v e  

planning (VCCS Pol icy  Manual).  Public  c o l l e g e s  and u n i v e r s i t i e s  in 

V irg in ia  a l so  use these  same enrol lment  p r o j e c t i o n s  fo r  In te rn a l  p lann

ing.

The c a t e g o r i e s  of data  a v a i l a b l e  fo r  p r o je c t in g  e n ro l lm e n ts ,  t h e r e 

f o r e ,  must correspond to  those developed by SCHEV and th e  S t a t e  Budget 

Off ice .  The S t a t e  L e g i s l a tu re  In I t s  1978 A ppropr ia t ions  Act s e t  th e  

l im i t s  o f  accuracy for  these  p r o j e c t i o n s  a t  t l  pe rcen t .

Hypotheses

I f  the purposes of t h i s  s tudy are t o  be achieved,  i t  fs  necessary  

t o  t e s t  the  fo l lowing hypotheses:

1, Var iab les  can be I d e n t i f i e d  t h a t  w i l l  produce a cc u ra te  f o r e 

cas t in g  models w ith in  th e  l i m i t s  o f  accuracy d es ig n a ted  by t h e  

V irg in ia  S t a t e  L e g i s l a t u r e .

2. Using th e  v a r i a b le s  I d e n t i f i e d  above,  f o r e c a s t i n g  models can be

developed fo r  p r o j e c t in g  the fo l low ing  c a te g o r i e s  of e n r o l l 

ment,

a. Both f a l l  and summer sess ion  headcount w i th in  ±1 percent

b. Total FTE with in  ±1 percent

Se lec t ion  of V ar iab les  

In troduct ion

As Indicated  p rev io us ly ,  t h i s  study Involves  the development of  

fo rec as t in g  models fo r  a comprehensive p u b l ic  community c o l l e g e .
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Because every co l lege  has I t s  own unique c h a r a c t e r i s t i c s *  a fo rec as t in g  

model must be p a r t i c u l a r i z e d  to an Individual  co l lege .  In t h i s  study 

p a r t i c u l a r  a t t e n t i o n  is  given to  p ro jec t io n s  in enrollment for  compre

hensive public  conmunity co l leges  within  the context  of the  Virg in ia  

Community College System, using Thomas Nelson Conmunlty College (TNCC) 

da ta .  As developed In the  l i t e r a t u r e  review, two general types of fore

c as t ing  models e x i s t ,  causal and e x t r a p o la t io n  models. Development of 

both types of models r e q u i r e s ,  as the f i r s t  s tep ,  the s e le c t io n  of  inde

pendent (p red ic to r )  and dependent v a r i a b le s .

Dependent Variables

Dependent va r iab le s  of any model a re  determined by the  nature o f  

t h e  fo recas t .  In th i s  s tudy,  fo r  example, th ree  dependent va r iab le s  are 

suggested by the  data s t r u c tu r e  required  of the s t a t e  co l leges  and uni

v e r s i t i e s  by SCHEV and SBO. They are:

1. Fall headcount enro llment

2. Summer sess ion headcount enrollment

3. Total FTE

Since each of these  c a teg o r ie s  can be subdivided, several subcategories  

were a lso  se lec ted  for  study and are  Included as dependent v a r ia b le s  as 

fol lows:

1. F i r s t - t im e  and re tu rn in g  s tuden t  enrollment 

Z~ Pa r t - t im e  and fu l l - t im e  enrollment

3, Hale and female enrollment

4.  Veteran and nonveteran enrollment  

6. Average annual headcount enro l lment
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Independent Variables

Most fo re c a s t in g  models have s p e c i f i c  requ irem ents  fo r  the number 

and kind of  independent v a r i a b le s  which can be used. Models may be 

l im i te d  by the  data  a v a i l a b l e  to the  r e s e a r c h e r .  Thus, one o f  the f i r s t  

t a s k s  1n t h i s  study t o  determine th e  a v a i l a b l e  d a t a .

Data a v a i l a b l e  for  the  VCCS f a l l s  i n t o  two genera l  ca teg o r ie s :  

"census da ta"  and "o ther  d a ta " .  Only d a ta  r e p o r t e d  in  th e  VCCS Student 

Enrollment Booklet (1979) or  recorded on magnetic  t a p e  in the  centra l  

systems o f f i c e  of  the  VCCS 1n Richmond a re  c o n s id e re d  "census  data". 

Since 1974 the  VCCS has had a comprehensive automated system for  r ep o r t 

ing  s tu d e n t  enro l lment .  From 1969 to  1974 t h e  VCCS in fo rm at ion  system 

was in the  developmental s tages  and e n ro l lm e n t  da ta  were recorded manu

a l l y  a t  th e  individual  c o l l e g e s .  In 1972 w i th  the  f i r s t  pub l ica t ion  of 

th e  VCCS Student  Enrollment Bookle t , en ro l lm en t  da ta  were s tandardized .  

As of t h a t  d a t e ,  en ro l lm ent  data  fo r  a l l  i n s t i t u t i o n s  of  th e  VCCS were 

recorded as of the same census date  and th e  en ro l lm ent  c a te g o r ie s  were 

def ined  in  th e  same way. Categories  a re  s t i l l  being added or  deleted as 

th e  needs change. Age d a ta ,  fo r  example, d i d  not become "census data" 

u n t i l  1977, "Other da ta"  sources a re  m ain ta ined  by t h e  Individual  com

munity c o l l e g e s  and may or may not be drawn from th e  same base as "cen

sus d a t a " .  As a r e s u l t ,  "census data" a re  more r e l i a b l e  and accurate  

than  " o th e r  data" sources and are comparable f o r  a l l  u n i t s  of  VCCS a f t e r  

1972.

Data were divided i n t o  endogenous and exogenous. Endogenous data 

a r e  da ta  In te rn a l  to the  system whose b e h a v io r  i s  de termined by the 

system i t s e l f .  Exogenous da ta  a re  p rede term ined  by some o th e r  model or
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system. Since endogenous data  a re  the  most r e l e v a n t » i t  u su a l ly  pro

duces the  most a cc u ra te  fo recas ts  ( G i l c h r i s t*  1976). A s tuden t  flow 

model was, t h e r e f o re ,  constructed  t o  determine the  most r e l e v a n t  endoge

nous d a t a  and to  understand how s tu d e n ts  progress through TNCC (see  Fig

ure 5 .1  on the fol lowing page). The poss ib le  Input and ou tpu t  v a r i a b l e s  

Included In the s tuden t  flow model were then s e le c te d  as p o ss ib le  inde

pendent o r  p red ic to r  v a r ia b le s  for  the  dependent v a r i a b l e s  using the 

fo l lowing c r i t e r i a :  (1) A v a i l a b i l i t y  of accurate  d a t a ,  (?) th e  number

of y e a r s  comparable da ta  a re  a v a i la b le ,  and (3) whether  the  da ta  were 

from "census" or " o th e r 4’ sources. All Input data except  fo r  ca tegory  IV 

(v e te ran  o r  nonveteran enrollment) were "census da ta "  and, t h e r e f o r e ,  

a v a i l a b l e  for a t  l e a s t  9 yea rs .  Enrollment data  f o r  ca tegory  IV was 

a v a i l a b l e  for  6 years  from the  Off ice  of Veterans A f f a i r s  a t  TNCC.

Exogenous Independent v a r iab le s  were se lec te d  f o r  t r i a l  on the  bas

i s  of one of the  foUowfng c r i t e r i a :  (1) Var iab les  found su ccess fu l  In

p rev io u s ly  developed fo recas t ing  s tu d ie s  and (?) s p e c i f i c  requirements  

of  va r ious  models p rev ious ly  discussed In the  l i t e r a t u r e  review. Tables 

3.1 and 3 .?  show demographic and economic data  cons idered  f o r  use In 

t h i s  s tudy .  The use of the  to ta l  popula t ion  In th e  s e r v i c e  a rea  and 

se rv ice  area age d i s t r i b u t i o n  data were se lec te d  as p o s s ib le  dependent 

v a r i a b le s  because NCES (1979) used them with some su ccess  1n t h e f r  

na t iona l  enrollment f o r e c a s t s .  Serv ice  area high school g raduates  were 

s e l e c te d  as a p o ss ib le  Independent v a r i a b le  because they  a re  one o f  th e  

known cohorts  fo r  f i r s t - t i m e  s tudent enrol lment .  The U.S. enro l lment  

da ta  f o r  a l l  I n s t i t u t i o n s  and for 2 y e a r  I n s t i t u t i o n s  were s e l e c te d  fo r  

comparison purposes.
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Figure 3 .1 :  Student Flow Model f o r  Thomas Helson Caitnunlty College

Si . INPUTS \ SYSTEM V OUTPUTS....... 7 " 7 V 7

I .  Poss ib le  Input Categories for  Total Headcount Enrollment Per 

Quarter  

A* Category I

1. F1r$t-t1me Student Enrollment

a. Direc t ly  from High School

b. Transfer  Students

c.  Other Students

2. Returning Student Enrollment

a. From Previous Quarter

b. From a Quarter Other than the  Previous  qua r te r

6 .  Category II

l« P a r t - t im e  Student Enrollment 

2. Fu l l - t im e  Student Enrollment 

C. Category I I I

1. Male Enrollment

2. Female Enrollment 

0 ,  Category IV

1, Veteran Enrollment

2. Nonveteran Enrollment

II* The System 1$ Thomas Kelson Comtiunity College 

H I .  Outputs

A» Dropouts Throughout the  Quarter

B. Graduates

C. Students Completing the  Quarter
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TABLE 3 .1 :  INDEPENDENT EXOGENOUS VARIABLES -  DEMOGRAPHIC DATA

Independent Variables Years of A v a i la b i l i ty Source

Total Popula t ion  In 
S e rv ice  Area

S erv ice  Area Age 
D i s t r i b u t i o n s

U.S. Enrollment:
All I n s t i t u t i o n s  
2-Year I n s t i t u t i o n s

S e rv ice  Area High School 
Graduates

1970 - 7B (Yearly)
1979 - 2000 Estimated 
In 5-year  In te rv a ls

1975 - 82

1968 - 85 
1968 - 85

1970 - 79
1980 - 82 (Estimated)

Pop. P ro je c t io n s ,  Va. 
Counties and C i t i e s ,  
I960 - 2000

5CHEY

NCES f 1978 - 79)
HCES (1978 - 79)

Facing Up
Local School Board

TABLE 3 .2 :  INDEPENDENT EXOGENOUS VARIABLES - ECONOMIC DATA

Independent Variables Years of A v a i la b i l i ty Source

Local Unemployment 1970 - 79 Va. Employment 
Coomlslon

Composite Coincident 
Economic In d ica to r

1960 - present Business Condition 
Digest

Composite Coincident 
Economic In d ica to r

1960 - present Business Condition 
Digest

In a study by Sa l ley  (1978) a t  Georgia S ta te  Univers i ty* the eco

nomic v a r i a b le s  l i s t e d  were successfully  used In a t im e -s e r i e s  decompo

s i t i o n  model to  projec t  q u a r te r ly  FTE enrollment. Although Salley sug

g e s ted  exp lo r ing  local economic data such as the unemployment r a t e ,  he 

d id  not produce ar^y accura te  r e s u l t s  using these  local economic v a r i a 

bles* Table 3.3 gives the  coijjosi tlon of the coinc ident  and leading
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TABLE 3 .3 :  COMPOSITION OF THE COMPOSITE COINCIDENT AND LEADING
ECONOMIC INDICATORS AS PUBLISHED BV NBER IN BUSINESS 
CONDITIONS DIGEST

I ,  Composite Coincident Economic Ind ica to r  {a composite o f  A 
c o in c id e n t  economic In d ica to rs )  - Series  No. 920*

1. Employees on nonag r lcu l tu ra l  p a y ro l l s ;  s e r i e s  no. 41
2. In d u s t r i a l  production ( t o t a l  Index)i  s e r i e s  no. 47
3. Personal Income le s s  t r a n s f e r  payments (1972 d o l l a r s ) ;  

s e r ie s  no. 51
4 .  Manufacturing and t rad e  sa le s  (1972 d o l l a r s ) ;  s e r i e s  no. 57

I I .  Composite Leading Economic In d ica to r  (a composite of  12 leading 
economic In d ica to rs )  -  Se r ies  No. 910*

1. Average workweek, production workers, manufactur ing (h ou rs ) ;  
s e r i e s  no. 1

2 .  Layoff r a t e ,  manufacturing (per 100 employees); s e r i e s  no. 3
3 .  New Orders fo r  consumers goods and m a te r i a l s  (1972 d o l l a r s ) ;  

s e r i e s  no. B
4 .  Net bus iness  formation (Index); s e r i e s  no 12
5 .  Stock p r i c e s ,  5DQ common stocks ( Index) ;  s e r i e s  no. 19
6 .  Contrac ts  and o rders  fo r  plant  and equipment (1972 d o l l a r s ) ;  

s e r i e s  no. 20
7. New b u i ld in g  perm its ,  p r iv a te  housing un i ts  ( in d ex ) ;  s e r i e s  

no. 29
8 .  Vendor performance, percent  of companies rep o r t in g  slower 

d e l i v e r i e s ;  s e r i e s  no, 32
9 .  Net change in in v en to r ie s  on hand and on o rder  [1972 d o l l a r s ) ,  

smoothed with a 4 - te rm  moving average [with weights 1 ,  2 , 2 , - 1 )  
s e r i e s  no. 36

10. Change In s e n s i t i v e  p r i c e s  (p e r c e n t ) ,  smoothed as 1n 9 above; 
s e r i e s  no, 92

11. Change In t o t a l  l i q u id  a s s e t s ,  smoothed as in 9 above;  s e r i e s  
no. 104

12. Money supply (1972 d o l l a r s ) ;  s e r i e s  no. 105

* The s e r i e s  numbers r e f e r  to  th e  Department of Commerce l i s t i n g s  as 
found In t h e i r  Business Conditions Digest (BCD) p u b l i c a t i o n s .

economic I n d ic a to r s  which were computed by the National Bureau for  Eco

nomic Research (NBER) and publ ished 1n the  Business Condit ions D iges t . 

The composite co inc iden t  and lead ing  economic in d ic a to r s  were the  eco

nomic v a r i a b le s  Sal ley  used to  produce h is  most accura te  p r o j e c t i o n s .  

These indices were a lso  found useful  In t h i s  study. Attempts were a lso
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inode to  use the  local  unemployment r a t e .  Which of the economic v a r i a 

b le s  were used and which r e je c ted  will  be d iscussed under the  sec t io n  on 

th e  Development of Forecast ing Models.

Variables were f i r s t  se lec ted  or re jec ted  f o r  inc lus ion  in f o r e 

c a s t in g  models on the bas is  of simple c o r r e la t io n s  and the  F r a t i o .  

Tables IA through U ,  Appendix II show these c o r r e la t io n s  and the s ig 

n i f ic a n c e  l e v e l .  From these c o r r e l a t io n s  f t  quickly  became evident  t h a t  

most of the endogenous and several  of the exogenous va r iab le s  were 

s t rong ly  r e l a t e d  to  the dependent v a r iab les .  Variables  not showing 

st rong  r e l a t i o n s h i p s  with the dependent va r iab les  were f i r s t - t i m e  s t u 

dent en ro l lm en t ,  local  high school graduates, and the economic ind ica 

t o r s .

Since many of the var iab les  with high c o r r e l a t i o n s  lacked aqy time 

lead with respec t  to  the  dependent va r iab les ;  I . e . ,  they only became 

a v a i l a b l e  a t  th e  1 1 me as the  dependent va r ia b le s ,  they could not be used 

to p re d ic t  enro l lments  using many of  the most common fo rec as t in g  tech

niques such as l i n e a r  and m ult ip le  regress ion ,  and nonl inear  growth 

models. To attempt a fo recas t  using these v a r i a b le s ,  t h e r e f o re ,  r e 

qu ired  t h a t  they be p ro jec ted .  Thus, attempts were made to fo rec as t  re

tu rn in g  s tudent  enrollment because i t  showed the highest  c o r r e l a t i o n s  

with th e  dependent v a r ia b le s .  These forecas ts  and the models used for  

the  f o r e c a s t s  are shown in Table E, Appendix I I I .  Since these  fo re c a s ts  

had a t  l e a s t  a 1-percen t  e r ro r ,  they  were r e j e c t e d  for  use a t  t h i s  time 

In f o re c a s t in g  the  dependent v a r i a b le s .  A s i m i l a r  r e s u l t  was noted when 

t o t a l  population in the  se rv ice  area  {5.A.) , popula t ion ,  age 18-24 years 

In 5 . A., and natfonal  two year co l leg e  enrollments were used to p red ic t
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th e  dependent v a r i a b l e s .  For the se  three  variables,  p ro jec t ions  had 

been made by the  agencies  r ep o r t ing  the d a ta .  When these  pro jec t ions  

were used in  f o r e c a s t i n g  model s (1n th is  case ,  l inear  reg ress ion  and 

n o n l in e a r  growth models) ,  the  most accurate  forecast had an e r r o r  of 2 

pe rcen t  when compared to  actual  enrol lments .  I t  appears, t h e r e f o re ,  

t h a t  p r o j e c t i o n s  based on da ta  which must be projected are u n re l iab le .  

The e r r o r s  will be compounded.

When an event  occurs ,  i t s  e f f e c t s  may not be f e l t  immediately, but 

a t  some l a t e r  t im e .  In several  cases ,  I t  made sense to  s h i f t  the Inde

pendent v a r i a b le s  forward in time, and Invest igate  the p o s s i b i l i t y  of 

p a s t  e v en ts  a f f e c t i n g  present  enrollments.  Because pa r t - t im e  students  

normally a t tend  c o l leg e  f o r  several  years ,  the effects  on enrollments 

f o r  p a r t - t im e  s tu d e n ts  m^y be f e l t  for  several  years. A recess ion  t h i s  

y e a r  may a f f e c t  en ro l lm ents  next year  or even at a l a t e r  d a te .  Since 

p a r t - t im e  s tuden t  enro l lment  and economic conditions in previous years 

might a f f e c t  p re s e n t  enro l lment ,  these variables  were sh i f t ed  forward In 

t im e  and c o r r e l a t e d  with t h e  dependent va r iab le s .  To determine when the 

e f f e c t  betweeen th e  v a r i a b le s  was a maximum, the sh i f t  was made for 

va r ious  t im e s .  The c o r r e l a t i o n s  were then examined to  determine when 

th e  maximum a f f e c t  occurred .  Figure 3,2 shows the c o r r e l a t io n s  between 

two v a r i a b l e s ,  one of which was sh i f t ed  forward in time, th re e  to  e igh t  

q u a r te rs*  The maximum c o r r e l a t i o n  c o e f f ic ien t  occured when the  economic 

v a r i a b l e  (unemployment r a t e ,  in t h i s  case) was shifted forward seven 

q u a r t e r s ,  i n d ic a t i n g  I t s  nrcxlmum e f fe c t  on enrollments occurred seven 

q u a r t e r s  l a t e r .  The unemployment ra te  was, therefore ,  s h i f t e d  forward 

seven q u a r t e r s  and l a t e r  used 1n a t im e-se r ie s  decomposition model.
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Other va r iab les  sh i f t e d  forward In time and c o r r e l a t e d  with the  

dependent va r iab le s  were f i r s t - t i m e  student enrol lment ,  and fu l l - t im e  

s tudent  enrol lment .  Tables HA through I I J ,  Appendix II show the 

r e s u l t s  of these c o r r e l a t i o n s .  The c o r r e l a t io n s  a c tu a l ly  Increased fo r  

f f r s t - t l m e  s tuden t  enrol lment  and the na t ional  economic in d ica to rs  when 

these Independent va r iab les  were s h i f t e d  forward In time. C orre la t ions  

for  o ther  Independent v a r ia b le s  such as p a r t - t im e  student enrollment and 

f u l l - t i m e  student  enrol lment  decreased,  when s h i f t e d  forward in time, 

but were s t i l l  h igh ly  c o r r e l a t e d  with the dependent v a r ia b le s .

Dependent v a r iab le s  were a lso  s h i f t e d  forward In time and c o r r e l a t 

ed with themselves to  determine I f  p r io r  enrollments were a f f e c t in g  

present enrol lments .  Total headcount enrollment l a s t  y ear ,  fo r  example, 

may heavily  in f luence  present  enro l lments .  When a variab le  Is s h i f t e d  

1n time and c o r r e l a t e d  with i t s e l f ,  the process Is cal led  a u to c o r re la 

t io n  a n a ly s i s .  Average annual headcount enrol lment  was such a v a r ia b le  

tha t  was highly c o r r e l a t e d  with i t s e l f  when sh i f t e d  forward In time. 

Table 11A* Appendix II gives the  a u to c o r re l a t io n s  for  average headcount 

enrol lment .

Further s e l e c t i o n  and r e j e c t i o n  of the  Independent va r iab les  wil l  

be discussed as they are used In sp e c i f i c  models In the next sec t ion  on 

re levan t  f ac to rs  not used 1n t h i s  s tudy. Variables  with lower c o r r e l a 

t io n s  used In various fo rec as t in g  models because of the sp e c i f i c a t i o n s  

of th e  model wil l  a lso  be discussed in the  following two sec t ion s ,

Relevant Factors Hot Used In This Study

Relevant f a c t o r s  used In o th e r  s tu d i e s ,  and l i s t e d  In chap te r  2 , 

Tables 2 .1 ,  2 ,2 ,  and 2 ,3 ,  but r e je c ted  In t h i s  study are l i s t e d  1n
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Table 3.4 to  follow along with the  reasons for re jec t ion .  Table 3.5

l i s t s  the va r iab le s  se lec ted  for  study and the reasons they were

r e je c te d .

Development of the  Forecasting Models 

Int roduc t io n

Forecast ing models were se lec ted  for  Investigation for various rea

sons; a v a i l a b i l i t y  of da ta ,  s t reng th  of the simple correlat ion c o e f f i 

c i e n t s ,  sp e c i f i c a t i o n s  of the models, and trends In the data. Models 

s e lec te d  on the s t reng th  of the c o r re la t io n s  discussed in the previous 

sec t io n  were the m ult ip le  regress ion  models (Including l inear  and non* 

l i n e a r  r e l a t i o n s h ip s )  and the  student flow model using Markov t rans i t ion  

m at r ices .  The cohort-surv iva!  model was re jec ted  because of the weak

ness of the  c o r r e l a t i o n  between f i r s t - t i m e  student enrollment and the 

loca l  high school graduates .  An attempt was also made to use the con

s t a n t  mean model to pred ic t  f i r s t - t i m e  student enrollment because yearly

f i r s t - t i m e  s tudent  enrollment had been f a i r l y  constant (within ±60 s tu 

dents )  s ince  1972. (See Figure  I I I ,  Appendix I) When quarterly head

count and FTE enrollment were graphed (See Figure IV, Appendix I) ,  I t  

became evident th a t  a seasonal f a c to r  was present.  The seasonal varia

t io n  1n headcount and FTE enrollments suggested the use of the tlme- 

s e r l e s  decomposition model. These models will be thoroughly discussed 

in the  sec t ions  following the sect ion on S t a t i s t i c a l  Tests for Selecting 

Forecast ing Models. The s t a t i s t i c a l  t e s t s  which appeared to hove the 

po ten t ia l  for  s e lec t in g  the most accurate  forecas ts  will be discussed 

next.
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TABLE 3 .4 :  RELEVANT FACTORS USED 
THIS STUDY

IN OTHER STUDIES, BUT REJECTED IN

Factor 1 Reason fo r  Reject ion
I . Age d i s t r i b u t i o n  o f  s tudents  

I n s t i t u t i o n
1 Data not a v a i la b le  at

t . Type o f  I n s t i t u t i o n Not q u a n t i f i a b l e
3. Graduate enrollment Not re le v an t  to  i n s t i t u t i o n
4. F i r s t  p ro fess iona l  enrollment Not re le v an t  to  I n s t i t u t i o n
5* Non-degree-credit  enrol lment Not considered by s t a t e  for 

enrollment p ro jec t io n s
6. Pupil to teache r  r a t i o s Not re levan t  1n open admission
7. M il i ta ry  d ra f t Not re le v an t  a t  t h i s  time
8. Education c h a r a c t e r i s t i c s

of AAP Local data  not ava i lab le
9. Education c h a r a c t e r i s t i c s  of

persons leaving th e  AAP Local da ta  not av a i la b le
10. College a t tendance ra te s Concept not c l e a r
11. Public school enrol lment Not deemed re levan t  f o r  study
12. Previous co l lege  exper ience

of  s tudents Data not a v a i la b le
13. Educational background of

parents Data Incomplete
14. Persons from area In o ther

i n s t i t u t i o n s Data not a v a i l a b l e
15. R e la t ive  educated wage Data not a v a i l a b l e
16. Persons in area having degree Data not a v a i l a b l e
17. No. o f  jobs a v a i l a b l e Included as unemployment ra te
18. Type of jobs a v a i la b le Service area complex not used 

th i s  study
19. Jobs In se rv ice  occupations Too r e s t r i c t i v e  for  study
20. Relevancy and a t t r a c t i v e n e s s

of programs Data not a v a i la b le
21. Convenience of t imes and

places Sub jec t ive ,  not q u a n t i f i a b l e
ZZ. Admission requirements Open admissions I n s t i t u t i o n s
23. Tuit ion  charges Vlas not a p p l ic a b le  to  models 

considered
24. Terms of f inanc ia l  a id Data not a v a i la b le
25. Release time from work Data not a v a i la b le
26. Plans of high school s tudents Data not a v a i la b le
27. Degree of inf luence  o f  c e r t a i n

persons Data not a v a i la b le
28. New degrees Data incomplete
29. Impact o f  fu tu re  events Sub jec t ive ,  not q u a n t i f i a b le
30. Student a s p i r a t io n Sub jec t ive ,  not q u a n t i f i a b l e
31. Faculty  s i z e Not app l icab le  to  models 

considered
32. Adademlc standing Data not a v a i la b le
33. Type o f  cornunlty Sub jec t ive ,  not q u a n t i f i a b l e
34. Area industry S u b jec t iv e ,  not q u a n t i f i a b l e
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TABLE 3 .5 :  RELEVANT FACTORS EXPLORED, BUT REJECTED

Factor Reason fo r  Rejection

1. College going rate Constant,  no co rre la t io n  
P ro je c t io n s  produced had 
la rg e  e r r o r s

2. Population of se rv ice  area

3. Sex of student body P ro je c t io n s  produced had 
l a r g e  e r r o r s

4. High school graduates Low c o r r e l a t io n s  with 
enrollments

5. Birth r a t e Did not consider  in th i s  
Study-constant

6. Racial composition Did not consider  in th i s  
s tudy-cons tan t

7. Par t - t ime enrollment P ro je c t io n s  produced were 
not within  t  1%

8. Local unemployment r a t e P ro je c t io n s  produced were 
not within  t  1%

9. F i r s t - t im e  student enrollment P ro je c t io n s  produced had 
g r e a t e r  than 5 t  e r ro r

10. Returning student enrollment P ro je c t io n s  produced were 
not  within t

11. No. o f  graduates P ro je c t io n s  produced were 
not  within  i  1%

12. No. o f  dropouts P ro jec t io n s  produced were 
not within  * 1%

13. Veteran enrollment No method was found to 
a c c u ra te ly  pro jec t

S t a t i s t i c a l  Tests  fo r  Se lec t ing  Forecast ing Models

The s t a t i s t i c a l  t e s t s  used for  optimizing the fo rec as t in g  models 

were the  mean square e r ro r  (MSE), the average e r ro r  ( e ) , the mult iple  

c o r r e l a t io n  c o e f f i c i e n t  (R), th e  m ult ip le  c o e f f i c i e n t  of determination 

[R2 )* and the simple c o r r e l a t io n  c o e f f i c i e n t  { r} t a l l  o f  which have been 

examined 1n chapter  2 .  The mean square e r r o r  1s a measure of the v a r i a 

t io n  between the actual  data and those produced by the model. The aver

age e r r o r  1s an Ind ica t ion  of th e  bias between the fo rec as t  and the ac

tu a l  da ta .  The m ul t ip le  c o r r e l a t i o n  c o e f f i c i e n t  Ind ica tes  the q u a l i ty
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of the  r e l a t i o n s h i p  between the dependent variab le  and the independent 

v a r i a b le s ,  The m u l t ip le  c o e f f i c i e n t  of determination measures the 

amount of the  v a r i a t i o n  explained by the  model. Thus, I f  a model pro

duces an accurate  fo rec as t  the mean square e r ro r  should be law, the av

erage  e r r o r  should be very c lose  to zero,  and the mult iple  co rre la t ion  

c o e f f i c i e n t  should be high {as c lose  to 1 as poss ib le ) .  In the context 

of t h i s  study the  MSE would need to average 1 percent . For the MSE to 

average 1 p e rcen t ,  the average d i f f e ren c e  between the actual enrollment 

and the  forecas ted  enrollment  must be ±1 percent of the actual e n r o l l 

ment. The only t r u ly  va l id  t e s t  of  a f o r e c a s t ,  however, Is a comparison 

with actual  data as they become a v a i lab le .

M ul t ip le  Regression Models

Probably the  most powerful and most widely used methods of s t a t i s 

t i c a l  fo rec as t in g  today are m ul t ip le  c o r r e l a t io n  and regression tech

n iques .  These techniques were In v es t ig a ted  because mar\y variables can 

be quickly  explored In many d i f f e r e n t  combinations through their  MSE and 

m u l t ip le  c o r r e l a t i o n  c o e f f i c i e n t .  With modern computers, regressor var

i a b le s  (independent va r iab les )  can be added and removed from a model and 

r e s u l t i n g  changes examined. Se lec t ions  of regressor  variables for each 

of  the  dependent v a r ia b le s  was based on the  previously discussed simple 

c o r r e l a t i o n  c o e f f i c i e n t s  and the  F r a t i o .

Mult ip le  c o r r e l a t io n  and regress ion  techniques were used to d e te r 

mine whether a r e l a t i o n s h i p  ( l i n e a r  or nonl inear)  ex is te d  between inde

pendent and dependent va r ia b le s .  The Independent va r iab les  having the 

h ighes t  c o r r e l a t io n s  with the dependent va r iab le s  were added and removed 

from the  reg ress ion  equation on the bas is  of four c r i t e r i a :  the
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mult ip le  c o r r e l a t io n  c o e f f i c i e n t ,  the  number of r e g r e s s o r  v a r i a b le s  

Indicated, the to le rance  le v e l ,  and the s ig n i f ic a n c e  level  o f  the F r a 

t i o ,  When the  to le ran ce  level ( th e  propor t ion  o f  th e  var iance  not ex

plained by the Independent v a r i a b le  a lready 1ft the  reg re s s io n  equat ion)  

becomes less than 0 .1  percen t ,  no add it ional  Independent v a r i a b le s  were 

entered into the  equation.  The minimum s ig n i f i c a n c e  leve l  chosen for  

the  F ra t io  was 0.1 (N1e» 1975). In one in s tance  f i f t e e n  re g re s s o r  var

iab les  were se lec ted  before the to le ran ce  level and th e  minimum level  

f o r  the F r a t i o  were reached, (see  Table A, F o recas t  2,  Appendix I t )

The number o f  r eg re sso r  va r iab le s  should never exceed the  number o f  ob

servat ions because the  variances 1n the  c o e f f i c i e n t  become so la rge  th a t  

the  model 1s un re l iab le  for  fo re c a s t in g  purposes ( G i l c h r i s t ,  1976). In 

t h i s  Study the number of observa t ions  for  q u a r t e r ly  enro l lm ent  p ro je c 

t io n s  were l imited to  16 or 20 (16 I f  1978-79 da ta  were not Included) 

because enrollment p a t te rn s  changed r a d i c a l l y  in  1974-75 with the  la rge  

Inf lux  of veterans .  When y ear ly  data  were used the  number o f  observa

t i o n s  were e i t h e r  10 o r  11 (10 I f  1978-79 data were not  in c lu ded ) .  In 

each case, the maximum observat ion  a v a i la b le  were used because l im i t in g  

the  number of observat ions  would tend to Increase  t h e  MSE and reduce the 

F r a t i o  below an acceptable  s ig n i f ic a n c e  l e v e l .

Forecasts using mult ip le  c o r r e l a t i o n  and r e g r e s s io n  techniques a re  

present In Table A through E 1n Appendix C. Four of the  f i v e  most accu

ra t e  forecasts  for  f a l l  headcount enrol lment  were produced using m u l t i 

p le  regression a n a ly s i s .  In a d d i t io n ,  a l l  of the most accu ra te  f o r e 

c a s t s  for annual FTE enrollment were produced using t h i s  method. The 

most accurate of these fo re c a s ts  will be thoroughly  d iscussed  In c h a p te r
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4, A m ul t ip le  c o r r e l a t i o n  and regress ion  ana lys is  combined with a tlme- 

se r le s  decomposition model also produced the  most accu ra te  fo re c a s ts  fo r  

f a l l  headcount enrollment.

honl lnear  Growth Kodels

L e s l i e  and K i l l e r  (1974) suggest  th a t  enro l lment  grow expo n en t ia l ly  

upward In a manner s im i la r  to  the growth of the economy (see chapter  

Z), C e r ta in  TNCC enrollments such as headcount* FTE, re tu rn in g  s tuden t ,  

pa r t - t im e  s tud en t ,  male, and female enrollment appear to  grow nonline- 

a r ly  with time (see  Figures I I ,  I I I ,  V, VI, VII, Appendix I I I ) ,  Instead 

of matching the ex is t in g  data to a l i n e a r  r e l a t i o n s h i p ,  nonl inear  r e l a 

t io n sh ip s  such as exponent ia l ,  logar i thm ic ,  or power were f i t t e d  to  the  

data .  Independent va r iab les  used were time* p a r t - t im e  enrol lment ,  f u l l 

time enrol lment ,  and f a l l  headcount enro l lment .  Forecasts  using the 

previously  l i s t e d  independent va rfab les  are shown in Appendix C with 

re levant  s t a t i s t i c s .  One fo recas t  using nonl inear  r e g re s s io n  ana lys is  

was within  the l im i ts  required by the ConmonweaUh. This fo rec as t  will 

a lso  be discussed in d e ta i l  in chap te r  4.

Markov T ran s i t io n  Matrices Applied t o  the Student Flow Model

Markov t r a n s i t i o n  matrices applied  to s tudent  flow models a re  used 

by mapy co l leg es  for  p ro jec t ing  enrol lments .  In a Harkov t r a n s i t i o n  ma

t r i x ,  p r o b a b i l i t i e s  are ca lcu la ted  based on what a s tuden t  can be ex

pected to do the  following q u a r te r .  Two basic  assumptions u n de r l i e  

Markov t r a n s i t i o n  matr ices :  f i r s t ,  the t r a n s i t i o n  between any two

s t a te s  must depend only on the present  s t a t e  and be Independent of the 

the past  and second, the system must be s t a t i o n a r y ;  i . e .  s t a b le  over a
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period of t ime.  Both assumptions underlying Harkov t r a n s i t i o n  matrices 

a r e  d i r e c t l y  v io la ted  by TNCC headcount and FTE enrol lments .  The s tu 

den ts  at an urban community co l lege  do not n e ce ssa r i ly  re tu rn  from the 

previous q u a r t e r ,  but may stop  for  a qu a r te r  or  more before re turn ing ,  

Returning s tuden t  enro l lment ,  th e re fo re ,  does not depend on the previous 

q u a r t e r s '  en ro l lm ent .  The second assumption was v io la ted  because the 

p r o b a b l l i t i e s  computed were not s tab le  over time. Table 3 .6  on the 

following page shows the  p r o b a b i l i t i e s ,  the standard d e v ia t io n s ,  and the 

standard e r r o r s  fo r  each p ro b a b i l i t y .  The high standard devia t ion  and 

standard e r r o r s  In d ica te  the  I n s t a b i l i t y  of the p r o b a b i l i t i e s .

Although enrol lments  In general v io la t e  the  basic  assumptions un

der ly ing  the Markov t r a n s i t i o n  matr ix ,  many co l leges  have found tha t  

good r e s u l t s  were obtained using t h i s  model. The s tudent  flow model 

previously  d iscussed  was used to determine the p r o b a b i l i t i e s  needed for 

th e  Harkov m atr ix .  P r o b a b i l i t i e s  were computed for  f i r s t - t i m e  student 

enrol lment ,  t r a n s f e r  enro l lment ,  r e tu rn ing  student enro l lment ,  the num

ber of graduates ,  and the number of dropouts.

The p r o b a b i l i t i e s  were percentages of the t o ta l  enrollment in each 

category  averaged fo r  the  4 y e a r s ,  1974-75 to 1978-79 (see Table 3 ,6 ,  

P a r t  A). When a fo rec as t  was attempted using these  p r o b a b i l i t i e s ,  the 

e r r o r s  1n f a l l  and winter  headcount enrol lments f o r  1978-79 are  6.4 per

cent  and 2 , 8  pe rcen t ,  r e s p e c t iv e ly .  A second fo recas t  was attempted 

using percentages based on the  previous years  enrol lments (see  Table 

3 .6 ,  Part B), The e r r o r s  for  fo recas ts  of summer, f a l l ,  and winter  en

rol lments were 1.4 p e rcen t ,  4 .4  percent ,  and 2.7 percen t ,  r espec t ive ly .  

Because f o r e c a s t s  were not within  the l im i t s  of accuracy required by the
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TABLE 3.6: AVERAGE PROBABILITIES FOR THE INPUTS 
STUDENT FLOM MODEL USING THE ACADEMIC 

1974-75 TC 1978-79

AND OUTPUTS OF THE 
TEARS

Quarte rs

Input-ou tpu t S t a t lS t i c Summer Fall W1 n t e r Spring
P a r t  A: P r o b a b i l i t i e s  computed from the t o t a l  enro l lment  in a given

q ua r te r

F i r s t - t im e P 0.143 0.305 0.132 0.127
Student
Enrol 1ment O 0.023 0.024 0 .0 2 2 0 .0 2 2

Std. Er. 0,011 0 .0 1 2 0 .011 0 .011
T ran s fe r P 0.049 0.068 0.037 0.038
Enrollment G 0.024 0.029 0.018 0 .0 2 0

Std, Er. 0 .012 0.014 0.009 0 .0 1 0
Returni  ng P 0.808 0.628 0.831 0.835
Student C 0.024 0.009 0.004 0.028
Enrollment Std, Er. 0.012 0.004 0 ,0 0 2 0.014
Graduates P 0.027 0.008 0.007 0.064

a 0.011 0.030 0 .002 0.005
Std. Er. 0.005 0.016 0.008 0 ,0 0 2

Dropouts P 0.165 0.256 0.149 0.213
o 0.028 0.031 0,013 0.035

Std, Er. 0,014 0.015 0.006 0 .0 2 0

Part  B: P r o b a b i l i t i e s  computed from the to t a l  enrol lment  the  prev ious
q ua r te r

Returni  ng P 0.427 0.726 0.734 0.845
Student o 0.036 0.043 0.028 0,014
Enrollment Std, Er. 0.018 0.019 0.019 0.061

Comtionwealth, s tudent flow models using Markov t r a n s i t i o n  matr ices  were 

r e j e c t e d  as poss ib le  forecas t ing  models f o r  TNCC e n ro l lm e n ts .  The o ther  

Inp u ts  shown In the student flow model were not used in a Markov t r a n s i 

t i o n  matrix because no method was discovered to  de termine  what th e s e  

s tu d e n ts  would do the following q u a r t e r .

The Cohort-Survlval Model

Two poss ib le  cohorts for f i r s t - t i m e  student e n r o l l e e s  are s e rv ic e  

a re a  high school graduates and age groups within  t h e  se rv ice  area
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populat ion.  Accurate fo re c a s ts  were not  poss ib le  using e i t h e r  group o f  

cohorts . Between 1975 and 1978 approximately 30 percent  of the f i r s t 

time student  enrol lees  came d i r e c t l y  from high school (TNCC S t a t i s t i c a l  

Abs trac t ,  1978-79). The simple c o r r e l a t io n  c o e f f i c i e n t  between serv ice  

area high school graduates and f i r s t - t i m e  student  enrol l e e s  was very low 

a t  0,32 and was only s ig n i f i c a n t  at the 0 .3  leve l  (see Table ID, Appen

dix I I ) ,  The only known cohort for  the  remaining 70 percent  of the

f i r s t - t i m e  student enrol lees  is the age d i s t r i b u t i o n  data  for the  se r 

vice area population,  but age da ta  f o r  TNCC f1 rs t - t1m e  student  e n ro l l e e s  

were Inadequate as previously  noted. The cohor t - su rv lva l  model was, 

th e re fo re ,  r e je c ted  as a poss ib le  fo recas t ing  model f o r  TNCC enro l lments  

a t  t h i s  time.

Constant Mean Model

A constan t  mean model was the  most accurate  fo rec as t in g  model found 

for  f i r s t - t i m e  enrollments a t  TNCC, Since 1972 f i r s t - t i m e  enrol lments  

a t  TNCC has been f a i r l y  cons tan t ,  ranging from 313 to  92Q s tudents  as 

the  year ly  average (see Figure  I I I ,  Appendix I ) .  Using the  average over

the 7 years  as the fo r e c a s t ,  an e r r o r  of 5.B percent  was obtained .  All

o ther  fo re c a s ts  produced l a r g e r  e r r o r s  (see Table G» Appendix I I I ) .

Since to ta l  enrollment 1s the  sum of f i r s t - t i m e  and re tu rn in g  student  

enrol lment , these two c a teg o r ie s  were considered as a method of o b ta in 

ing a fo recas t  for t o t a l  enrol lment .  This method was r e j e c t e d ,  however, 

when i t  became evident t h a t  f 1r s t - t 1ine enrollment could not  be p ro jec ted  

with any degree of accuracy using t h i s  model. Furthermore, the simple 

c o r r e la t io n s  between f i r s t - t i m e  s tudent  enrollment and the  se lec ted  In 

dependent va r iab le s  were nuch lower than between the o th e r  se lec ted
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dependent v a r iab le s  and the  same Independent v a r iab le s  (see  Table 10, 

Appendix I I ) .  The low c o r r e l a t i o n s  (Table I I I )  Ind ica te  t h a t  o ther  de

pendent va r iab le s  should produce b e t t e r  fo recas ts  than f i r s t - t i m e  s t u 

dent enrollment.

Quarter ly  f i r s t - t i m e  enrollment was a lso  examined for  fo recas t ing  

purposes. Although annual f i r s t - t i m e  enrollment was f a i r l y  con s tan t ,  

q u a r t e r ly  f i r s t - t i m e  enrollment was very e r r a t i c  (TNCC S t a t i s t i c a l  Ab

s t r a c t ,  1978). No s t a b le  p a t te rn  was discovered for  q u a r t e r ly  f i r s t 

time enrol lment . When f1rs t - t1m e f a l l  enrollment dropped, f i r s t - t i m e  

enrol lment  would increase  In the w in ter  and/or spring q u a r t e r s .  When 

f i r s t - t i m e  enrollment was high fn the  f a l l ,  i t  dropped 1n the  winter  

and/or  spr ing .  Thus, over the year  the  average was f a i r l y  c o n s tan t ,  but 

not  cons tan t  enough to  meet the  fo rec as t in g  nequlrements of the  Common

weal th .

Hme-Ser1es Decomposition Models

A t im e -s e r i e s  decomposition model was used by Sa l ley  (1979) at 

Georgia S t a t e  Univers i ty  for  fo rec as t  q u a r te r ly  enro l lments .  The model 

assumes t h a t  some pa t te rn  or combination of pa t te rns  are  r e c u r r in g  over 

t ime.  The model 1s d iv ided  Into four  basic  parts :  A seasonal f a c t o r ,  a 

t rend  f a c t o r ,  a cyc l ic  f a c t o r ,  and an e r r o r  f ac to r .  P a t te rn s  may e x i s t  

when one or more of these  fac to rs  a re  not present .  The fo rec as t  simply 

combines the  p a r t s  by add i t ion  or m u l t ip l i c a t io n .  By using the inverse 

op e ra t io n ,  th e re fo re ,  t h e  model 1s decomposed Into  i t s  p a r t s .  The f i r s t  

s tep  Is to remove the  seasonal f a c to r  i f  one e x i s t s .  Headcount and FTE 

enrol lment  per q ua r te r  were seasona l1jed by computing a centered four 

q u a r te r  moving average* Textbooks such as Wheelwright and Makridalus
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(1977) give s tep  by step procedures for  seasonal Iz ing  d a ta .  The r a t i o  

of actual data  to  the  moving average was then averaged for  each qu a r te r  

to  obtain the  seasonal  Index and then m ul t ip l ied  by the  seasonal 1 zed 

da ta .  SeasonalIzed and actual headcount enrollment are shown 1n Figure 

3.3 on th e  next page. The plot with la rge  v a r i a t io n s  Is  the  unsea- 

sonallzed d a ta .  Af ter  the seasonal f a c to r  Is removed, the  v a r i a t i o n s  

a re  much sm a l le r .  The next factor  removed 1s the  trend f a c to r ,  I f  one 

e x i s t s .  The t rend  fa c to r  Is removed by using simple c o r r e l a t i o n  and re

gress ion  a n a l y s i s .  E ssen t ia l ly  the assumption Is made th a t  enrol lments  

Increase with t i n e .  The res idual ,  which is  the d i f f e ren c e  between en

rol lments p red ic ted  by the  l in e a r  reg re ss io n  equation ar>d the seasonal -  

1zed enrol lments  ( th e  dependent variab le  In the  reg ress ion  a n a ly s i s ) ,  Is 

then c o r r e l a t e d  with se lec ted  cycl ic  f a c t o r s .  Cyclic f a c to r s  suggested 

by Sal ley  (1979) were the economic Ind ica to rs  published by NBER d i s 

cussed p rev io us ly ,  and the local unemployment Index. Table 3.7 shows 

the  c o r r e l a t i o n s  between the res iduals  and the  Ind ica to rs  s h i f t e d  In 

t ime. The economic ind ica to rs  were s h i f t e d  1n time because past econom

ic  condit ions  were assumed to  a f fec t  present enrol lments .  Present  eco

nomic c o n d i t ion s  should then a ffec t  l a t e r  en ro l lm ents .  Since th e  c o r r e 

l a t io n s  shown in Table 3.7 were very low and the fo recas t  produced (See 

Table A and D, Appendix 111) were not within  the  accuracy required  by 

the  Commonwealth; t h i s  part  of the model was r e je c te d .  What t h i s  r e a l ly  

Implies Is  t h a t  TNCC enrollments do not appear  to  have a cyc l ic  f a c t o r .  

By confclning t h i s  model, without the c y c l ic  f a c to r ,  with a m u l t ip le  

reg ress ion  model, the  most accurate fo recas t  was obtained.  A thorough 

d iscuss ion  o f  the  most accurate fo recas t ing  model will a lso  be found in 

chapter  A.
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TABLE 3 .7 :  CORRELATION COEFFICIENTS BETWEEN THREE CYCLIC FACTORS AND
RESIDUALS IN THE TIME-DECOMPOSITION MODEL

A: Dependent V ar iab les :  Total c r e d i t s  seasonally  ad jus ted
Trend Factor:  Time

Time Unemployment Rate Coincident Ind ica to r Leading Ind ica to r

Lead Difference Quotient D iffe rence Quotient Difference Quotient

t+3 -0,1572 -0,1991 -0.0025 -0.0279 0.1672 • 0.2021
t+4 0.0783 0.0093 0.1678 0.14B7 -0.0834 -0.1150
t+5 -0.3528 -0.3603 0.3872 0.3805 0.1121 0.0842
t +6 -0-4254 -0.4470 0.5924 0.6044 0.4111 0.3991
t+7 -0.5359 -0.5735 0.5432 0.5863 0.5872 0.6068
t+fl -0,0361 -0.0838 0.31G3 0.3704 0.4661 0.5126

B: Dependent Variable :  Headcount enrollment seasonal ly  adjus ted
Trend Factor:  Time

Time Lead Unemployment Rate Coincident  Ind ica to r  Leading In d ica to r

t+3 0,0172 0.0023 -0.0191
t+4 0.3149 0.0612 -0.0142
t+5 0.0673 0,0123 - 0.0012
t +6 0.1681 0.0285 0.0150
t+7 -0,4100 0.0667 -0.0180
t +8 -0.2369 -0.2159 -0.1099

Note: Only the d i f fe ren c e  was co rre la ted  here because the  c o r r e la t io n
c o e f f i c i e n t s  between the d i f f e r e n c e  and q u o t ien ts  were so very c lose .

Summary

From t h i s  study th re e  types of models were found to produce fo re c a s ts  

which were p o t e n t i a l ly  w ith in  the  l im i t s  of accuracy prescr ibed :  m ult ip le

reg ress ion ,  nonlinear  growth, and t 1me-ser1es decomposition in conjunction 

with m u l t ip le  r eg re ss ion .  Further  d lscu ss fo n  of these  models will be found 

In chap te r  4.
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The dependent v a r i a b l e s  were determined by the  n a tu re  of  th e  study* 

Using the  s tu d e n t  flow model* the  Independent endogenous v a r i a b l e s  were 

Iden t i f ied *  The Independent exogenous v a r i a b le s  were I d e n t i f i e d  from 

past  s tu d ie s  o r  were s p e c i f i e d  by the model. The Independent v a r i a b le s  

were then s e l e c t e d  f o r  I n c l u s i o n  1n f o r e c a s t i n g  models on th e  b a s i s  of 

the  simple c o r r e l a t i o n  c o e f f i c i e n t  and the  F r a t i o .  The low c o r r e l a 

t io n s  between f i r s t - t i m e  s t u d e n t  enro l lm ent  and se rv ice  a re a  high school 

graduates a long with  the  l i m i t e d  TNCC student  age data  a v a i l a b l e  e l im i 

nated the  c o h o r t - s u r v i v a l  model from c o n s i d e r a t i o n .  Because th e  bas ic  

assumptions u nd e r ly ing  Harkov t r a n s i t i o n  m atr ices  were v i o l a t e d  by TNCC 

enrol lments  and th e  e r r o r  1n th e  f o r e c a s t s  produced by t h e  model were 

g re a te r  than 1 p e r c e n t ,  f o r e c a s t i n g  models based on Harkov t r a n s i t i o n  

matr ices  a p p l i e d  to  t h e  s t u d e n t  flow model were a lso  r e j e c t e d .



CHAPTER 4; ANALYSfS OF RESULTS

Introduction

rn t h i s  chapter the optimum fo recas ts  produced fo r  f a l l  headcount 

enrollment and annual FTE enrollment will be discussed along with the 

s ig n i f i c a n t  s t a t i s t i c s  and the  methodology u t i l i z e d .  A fo recas t  f a r  

summer session headcount th a t  Is accurate  w ith in  ±1 percent Is a lso  In

cluded since forecas ts  of summer headcount enrollment were very recently  

added to  the requirements of SHEV and SBO, Only the p red ic ted  e n r o l l 

ments with t l  percent were Included In t h i s  chapter .  Forecasts  from 

other  models a re  Included 1n Appendix C.

Fall Headcount Enrollment

A model t h a t  u t i l i z e d  a combination t im e -se r ie s  decomposition and 

m ult ip le  regression produced the optimum fo rec as t  for  TNCC's f a l l  head

count enrollment.  The o r ig ina l  fo recas t  p red ic ted  the  f a l l  I97B head

count enrollment within an accuracy of ±1 percen t .  Two updates for  the 

model have been made: one for  f a l l  1979 and the  second fo r  f a l l  1980.

The or ig inal  fo recas t  and I t s  f i r s t  update have now been t e s te d  against  

actual enrollments.  For f a l l  headcount f o r e c a s t s ,  both the  o r ig in a l  

fo recas t  and the f i r s t  update predicted f a l l  headcount enrollment within 

the required t l  percent. The second update 1s ye t  to  be t e s te d  since 

I t s  projections are for  f a l l  1980 headcount enrol lment .

In th i s  fo recas t  equation,  the dependent va r iab le  was seasonal 1 zed 

headcount enrollment per q u a r te r .  (See Tfnte-Series Decomposition Model, 

Chapter 3, for a descr ip t ion  of seasonal1z1ng d a ta . )  The Independent 

variab les  were time expressed In qu a r te r s ,  NBER's national  composite

97
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coincident  economic in d ic a to r  s h i f t e d  forward In time 5* 6 , 7, and 8 

q uar te rs  and NBEft's national  composite leading economic in d ic a to r  s h i f t 

ed forward 4 and 8 q u a r t e r s .  The degree of s h i f t  by the  economic v a r i a 

bles  was determined by the m u l t ip le  c o r r e l a t io n  c o e f f ic ie n t*  the  F ra 

t i o ,  and the to le ran ce  l e v e l .  S h i f t s  from 4 to  10 q u a r te r s  for  each 

economic in d ic a to r  were included as poss ib le  Independent v a r i a b le s .  The 

composition of the  economic In d ica to r s  a re  given In Table 3 .3 ,  Chapter

3 . The seasonal 1 zed q u a r te r ly  headcount enrolIrrant along with the Inde

pendent v a r iab le s  was then used in a multfple  r e g re s s io n  a n a ly s i s .  Data 

used In the o r ig in a l  fo rec as t  included the years  1974-75 through 1977- 

78; in  the f i r s t  update data were added fo r  1978-79 and In the  second 

update data f o r  1979-80 were added. Data for  the spring q u a r te r  1980, 

however, were not  y e t  a v a i la b le  fo r  Inc lus ion .  The optimum fo rec as t in g  

equations determined In t h i s  study Are as follows:

Original  Forecast :

H -  32.Q1T + 33.77Ci - 16.32C2 +■ 104.38C3 - 19.55C* - 14.304 * B*® l 2 ~ 88 4*30' 

F i r s t  Update:

H - GL36T + 33.77Ci -  12.90C? + 85.87C3 + 3.15(4 -  25.234 ~ 52^61^ - 851.46. 

Second Update:

H - 67.9CT + 38.4Xi " 3***2 + 51,4403 - 17.72<4 - 3B.104 - 5.49L2 + 3334.75. 

where, K - seasonal1zed headcount enrollment;  T - t ime In q u a r te r s  (T *

1 fo r  summer 1974, T - 2 f o r  f a l l  qu a r te r  1 9 7 4 . . . . t  » n for  the ntfl 

q u a r t e r ) ;  Ci, Cg, C3 , and C4 a re  the  national  composite co inc iden t  

economic ind ica to r  s h i f t e r  forward 1n time 5, 6 , 7 , and 8 q u a r t e r s ,  

re spec t iv e ly ;  and L} and Lg are  the  national  composite leading economic 

in d ic a to r s  sh f f ted  forward by 4 and 0 quarte rs*  r e s p e c t iv e ly .  Table 4,1 

and Figure 4,1 show the  r e s u l t s  of the  th ree  fo r e c a s t s .
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To place these  fo recas ts  1n proper pe rspec t iv e ,  several s t a t i s t i c a l  

a sp ec t s  of the  models must be d lscussd .  An e r r o r  an a ly s is  for  these  

models i s  given In Table 4.Z which Inc ludes :  the mean square e r r o r

(MSE), the average e r r o r ,  e ,  the  m u l t ip le  c o r r e l a t i o n  c o e f f i c i e n t ,  R, 

and several o th e r  s t a t i s t i c a l  parameters f o r  the o r ig ina l  fo rec as t  and 

th e  two updates. As noted p rev ious ly .  In the  Ideal case ,  MSE -  0 ,  

e" ^  0 ,  and R ~  1 . As shown 1n Table 4 .2  fo r  the  o r ig ina l  fo r e c a s t ,  

based on 1974-75 through 1977-78 d a ta ,  s ince  the MSE was 1463 (which 1s 

<1 percent)  and R ■ 0.9884, the  o r ig in a l  fo rec as t  1s, t h e r e f o re ,  consid

ered  to be s t a t i s t i c a l l y  r e l i a b l e .  For the f i r s t  update, the MSE has 

degraded s i g n i f i c a n t l y  to about 8 . 8  percent  and although the model fo re 

c a s t s  f a l l  1979 headcount enrollment w ith in  t l  p e rcen t ,  I t  does not have 

th e  s t a t i s t i c a l  r e l i a b i l i t y  assoc ia ted  with the  o r ig in a l  model. For the 

second update, the MSE was a lso  approximately 9,1 percen t—1t too  must 

be regarded with cau t ion .

I t  should be noted tha t  these  equations can a lso  be used to  y i e ld  

p red ic t ion s  not only for  f a l l  headcount enro l lment ,  but a lso  fo r  th e  

w in te r ,  spr ing ,  and summer q u a r t e r s .  The reader  1s cautioned, however, 

t h a t  these fo rec as t  equations did not meet the  p red ic t iv e  c r f t e r f a  for  

any but the f a l l  q u a r te r .  As a specia l  case , a fo recas t  for the sumner 

q u a r t e r  using the  same type mode! w i l t  be d iscussed In a l a t e r  se c t io n .

In addit ion  to the model j u s t  d iscussed ,  th ree  other  models were 

developed which would p red ic t  f a l l  enrol lment  within  ±1 percent .  A l i n 

e a r  regress ion model u t i l i z i n g  only time as the  independent v a r i a b le  and 

unseasonalized f a l l  headcount as the  dependent va rfab le  was found to  

p r e d i c t  f a l l  headcount enrollment f o r  1979. This fo recas t  might prove
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TABLE 4 .2 :  ERROR ANALfSIS FOR OPTIMUM FALL HEADCOUNT FORECAST

STATISTICAL
PARAMETER

ORIGINAL
FORECAST

FIRST-UPDATE 
FORECAST

SECOND-UPDATE 
FORECAST

MSE 1463 14 940 16294

MSE** 1622 1697 1793

Std. Dev. 38 122 128

e 4.8 3.9 21,3

R 0.9884 0.9943 0.9930

R2 0.9769 0.9843 0.9861

t  E rror  in 
Fal l  Forecast 0.08 0.4

♦Average MSE for i l - p e r c e n t  accuracy

t o  be th e  best  long range predic tor  and should be f u r t h e r  t e s te d .  The 

e r r o r  a n a ly s i s  fo r  t h i s  model 1s shown In Table 4.3 on the  following 

page. The o ther  two models that p red ic ted  fa l l  headcount enrollment 

were m u l t ip le  regress ion  models. Both of these  models used time as one 

o f  the  Independent va r iab le s .  In the  f i r s t  case , the  o ther  dependent 

v a r i a b le  was the  national  composite co inc ident  economic In d ica to r  s h i f t 

ed forward 3 years  while the second model used the national  composite 

leading  economic In d ica to r  sh i f ted  forward 3 years as I t s  second Inde

pendent v a r i a b le .  The e r ro r  ana lys is  for  the two models Is also shown 

1n Table 4 .3 .  All three  of these models had very high MSE's Ind ica t ing  

low s t a t i s t i c a l  r e l i a b i l i t y .  In both models 1t  should be noted th a t  the 

economic In d ica to r s  u t i l i z e d  were s h i f t e d  3 years .  In the  model fo r  

sunnier se ss ion  headcount enrollment, to  be discussed next,  the economic
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I n d i c a t o r  u t i l  1 ted was s h i f t e d  2.5 years .  The ques t ion  must be asked, 

what happened Z t o  3 years  ago tha t  would a ffec t  enrol lment?  Fur ther  

d i sc u ss io n  on t h i s  phenomenon will  be found 1n Chapter 5.

Summer Session Headcount Enrollment

The fo rec as t  fo r  summer headcount enrollment was produced whfle ex

p lor ing  for  models to fo recas t  f a l l  headcount enro l lment .  As previously  

noted,  summer se s s io n  headcount enrollment 1s a lso  requ i red  by SCHEV. 

E s s e n t i a l l y ,  the  same model used for p ro jec t ing  f a l l  headcount e n r o l l 

ment a lso  produced the  fo re c a s t  for summer headcount enrollment w ith in  

t h e  ± l -p e rce n t  accuracy l im i ta t io n .  As for  f a l l  headcount enrollment, 

the  dependent v a r ia b le  was seasonal 1 zed headcount en ro l lm ent .  The inde

pendent va r iab le s  fo r  the summer headcount f o r e c a s t ,  however, were time 

and the  na t ional  co in c id en t  economic In d ica to r  s h i f t e d  forward 1n time 

by 10 q u a r t e r s .  As with the optimum fo recas t  for  f a l l  headcount e n r o l l 

ment, the  model was updated twice since the o r ig ina l  f o r e c a s t .  The 

o r ig in a l  fo recas t  (summer 1978) and i t s  update (surrmer 1979) have now 

been t e s t e d  ag a in s t  ac tual  enrollments. The o r ig in a l  fo rec as t  and I t s  

f i r s t  update have predic ted  summer headcount enrollment within  i l t .  The 

second update 1s ye t  to  be t e s t e d  since I t s  p ro jec t io ns  a re  for  sutimer 

1980. Data used in the  o r ig in a l  forecast  Included the  years  1974-75 

through 1977-78; 1n the  f i r s t  update data were added f o r  1978-79 and In 

the  second update da ta  fo r  1979-80 were added. As 1n the  f a l l  headcount 

f o r e c a s t ,  da ta  f o r  the  spring q ua r te r  1980 were not a v a i l a b l e  fo r  In c lu 

s ion .  The fo re c a s t in g  equations determined In the study a re  as fol lows:
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O rig ina l  Fo recas t :

H -  49.13T + 26.89C + 123.01.

F i r s t  Update:

H -  47.91T + 17.08C + 103.38.

Second Update:

H -  51.48T + 24.B2C + 3 39 .88 . 

where H i s  t h e  seasona l Ized  headcount enrol lment ,  T - time 1n quar

t e r s ,  and C 1s the na t iona l  composite coincident  economic Ind ica to r  

s h i f t e d  forward 1n time by 10 q u a r t e r s .  Table 4 .4  and Figure  4 .2  show 

th e  r e s u l t s  o f  the  th ree  f o r e c a s t s .

The e r r o r  a n a ly s i s  f o r  t h i s  model Is given 1n Table 4 .5 ,  Although 

th e  model a c c u ra te ly  p re d ic t s  summer headcount enrollment a ccu ra te ly  for  

Z c o nsecu t iv e  y e a r s ,  the  MSE Ind ica te s  that  the  forecas ts  should be r e 

garded with some cau t ion .  For the  original f o r e c a s t ,  the f i r s t  update 

and t h e  second update ,  the  KSE's showed an accuracy of 21 pe rcen t ,  17 

p e rc e n t ,  and 16 p e rc en t ,  r e s p e c t iv e ly .  It  is  i n t e r e s t i n g  to  note th a t  

t h e  f o r e c a s t s  fo r  th e  o th e r  q u a r te r s  are not w i th in  the prescr ibed  accu

rac y .  This was a l so  t rue  f o r  the optimum fa l l  headcount. Perhaps 1t 

su gg es ts  t h a t  d i f f e r e n t  combinations of va r iab les  will be needed to  ac

c u r a t e l y  (w i th in  ±1 percent)  fo re c a s t  the o ther  q u a r te r s ,  but  s ince 

5CHEV and SBQ on ly  req u i re  f a l l  and summer se s s io n  headcount f o re c a s t s ,  

a c c u ra te  f o r e c a s t s  were not Inves t iga ted  1n d e t a i l  for the winter and 

sp r ing  q u a r t e r s  a t  t h i s  time.

FTE Enrollment

The optimum fo recas t  f o r  t o t a l  FTE enrollment was produced by a 

m u l t i p l e  re g re s s io n  model. The Independent v a r ia b le s  were f u l l - t i m e
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TABLE 4 ,5 :  ERROR ANALYSIS FOR SUMMER HEADCOUNT ENROLLMENT

STATISTICAL
PARAMETER

ORIGINAL
FORECAST

FIRST-UPDATE
FORECAST

SECOND-UPDATE
FORECAST

MSE 34670 29469 27029

MSE f 1622 1697 1793

Std. Dev, 184 170 164

e 28.5 23.7 0.2

R 0.985 0.97 0,99

0.97 0.94 0.98

% Error In 
Sumner Forecast 0,5 0.7

enrol Intent and the  na t ional  composite coincident  economic Indicator 

sh i f t e d  forward 3 y e a r s .  The original  fo recas t  and the f i r s t  update 

have both been t e s t e d  against  actual  FTE enrollments. In both in 

stances* the e r r o r s  between the forecast  and actual enrollments for 

1978-79 and 1979-80 were 0.03 percent and 0.05, respectively. The sec

ond update is ye t  to  be t e s te d  since I t s  projections are for 1980-B1 FTE 

enro l lments .  The f o r e c a s t  equations are as follows:

Original  Forecast (1978-79);

FTE • 1 .OIF + 37.93C - 2885.95

F i r s t  Update (1979-80):

FTE - 1 .OIF + 37.93C - 2888,34 

Second Update (1980-81):

FTE - 1 .OIF + 37.B9C - 2874.59
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where FTE 1s t h e  t o t a l  FTE enro l lment  fo r  1 y e a r ,  F 1s f u l l - t i m e  s t u 

dent enrollment s h i f t e d  forward 3 y e a r s ,  and C 1s the  na tional  compos

i t e  co inc iden t  economic In d ic a to r  s h i f t e d  forward 3 y ea rs .  Table 4 .6  

shows the  f o r e c a s t s  and ac tual  e n ro l lm en ts ,  and th e  percentage o f  e r r o r .

When the s t a t i s t i c a l  t e s t s  a r e  applied t o  the  optimum FTE fo recas t*

the b a s i s  for c a u t io n  emerges. As may be seen In Table 4 .7 ,  the  MSE's

are extremely h igh  (over 100 p e rc en t )  in d ic a t in g  the  p o s s i b i l i t y  o f  a 

large  v a r i a b i l i t y  e x i s t i n g  between th e  fo re c a s t s  and actual  FTE e n r o l l 

ment. The m u l t ip le  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  lower than might be de

s i r a b l e ,  and th e  m u l t ip le  c o e f f i c i e n t s  of de te rm ina t ion  in d ic a te  th a t  at 

l e a s t  20 percent  of the v a r i a t i o n  1s unexplained by the  v a r i a b le s  

u t i l i z e d  In the f o r e c a s t .  The average  e r ro r s  In d ic a te  th a t  th e r e  Is  no 

bias 1n the fo r e c a s t i n g  model. In conclus ion ,  t h i s  model produced the 

optimum fo recas t  on the bas is  of th e  e r ro rs  produced between th e  fo r e 

cast  and actual e n ro l lm e n ts ,  When th e  s t a t i s t i c a l  t e s t s  are a p p l i e d ,  

however, the model must be viewed with caut ion .

Only one o t h e r  model (Forecas t  3, Table C, Appendix I I I ) ,  a nonl in

ear growth model produced f o r e c a s t s  with le s s  than U p e rce n t  e r r o r ,  In

th i s  c a se ,  the independent  v a r i a b le  was average y e a r ly  headcount e n r o l l 

ment sh i f t ed  forward 1 y e a r .  In th e  o r ig ina l  f o r e c a s t ,  the e r r o r  be

tween the  f o re c a s t  and ac tua l  en ro l lm en ts  was 0 . 8  pe rcen t .  In th e  f i r s t  

update,  the e r r o r  had Increased to  3.3 pe rcen t .
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TABLE 4 . 6 :  OPTIMUM TOTAL FTE FORECAST

Year Actual
Enrollment

Original
Forecast

Percent
E rror

F i r s t
Update

Forecast
Percent

Error

Second
Update

Forecast

1978-79
1979-80
1980-81

3229
3470

3230
3437

0,03
0,04 3437 0,4

3720

Figure 4 .3 :  Graphical Represen ta t ion  of FTE Forecast  and
Actual Enrollment

4000

3000

2000

n
□  Actual FTE Enrollment

Original  Forecas t

F i r s t  Update 

Second Update

78-79 79-0Q 80-01

Year
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TABLE 4 , 7 :  ERROR ANALYSIS FOR OPTIMUM TOTAL FTE ENROLLMENT FORECASTS

STATISTICAL
PARAMETER

ORIGINAL
FORECAST

FIRST-UPDATE
FORECAST

SECOHD-UPDATE
FORECAST

MSE 103,598 90,589 80,613

MSE1 573 619 775

Std ,  Dev. 322 301 284

e - 0.1 0 0 ,8

R 0.8847 0.8723 0.8936

Rz 0.7827 0.7609 0.7986

t  E rro r  in 
F a l l  Forecas t 0.03 0,4

The MSE f o r  t h i s  f o r e c a s t  was lower a t  35 percent  than for  the optimum 

FTE f o r e c a s t .  The m u l t ip le  c o r r e l a t i o n  c o e f f i c i e n t  for t h i s  fo recas t  

was 0 .9 8 ,  a g a in  much h igher  than f o r  th e  optimum fo recas t .  The s t a t i s 

t i c a l  t e s t s  f o r  t h i s  model i n d i c a t e  a much more r e l i a b l e  fo recas t  than 

the  s t a t i s t i c a l  t e s t s  fo r  the optimum f o r e c a s t .  Forecasts were consid

e red  optimum when th e  e r r o r s  between th e  f o re c a s t  and actual  enrollment 

were a minimum.

D iscuss ion

The f a l l  and summer headcount f o r e c a s t  models can be c l a s s i f i e d  as 

both an e x t r a p o l a t i o n  and causal  model. The t lm e - s e r i e s  port ion of 

th ese  models Is  cons idered  an e x t r a p o l a t i o n  because It assumes some pa t

t e r n  o r  combination o f  p a t t e rn s  a re  r e c u r r in g  over time. Two pa t terns  

a re  p re sen t  1n the optimum f o r e c a s t s  f o r  f a l l  headcount enrollment and 

summer s e s s i o n  headcount en ro l lm e n t ,  t h e  seasonal pa ttern  and the  trend
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pattern. The trend was t im e - s e r i e s .  The seasonal p a t t e r n  was evident 

from examining the r e p e t i t i v e  nature of  headcount enrol lment  over the 

four q u a r t e r s  o f  success ive  sessions (see  Figure  3 ,3 ,  Chapter 3 ) .  Once 

the seasonal fac to r  Is removed, the t ren d  f a c to r  becomes ev iden t ,  espe

c ia l ly  from 1976 to  p r e s e n t .  Time and seasonal  f a c t o r s  by themselves,  

however, d id  not produce s u f f i c i e n t l y  accu ra te  f o r e c a s t s  (see Table A, 

Forecast 6 , Appendix I I I ) .  Since no pe r io d ic  swings appeared when the 

seasonal f a c t o r  was removed, a cyc l ic  f a c t o r  did not appear to e x i s t .  

Furthermore, when the r e s i d u a l s  from th e  t lm e - s e r i e s  port ion  of the mod

el were c o r r e l a t e d  with economic f a c t o r s ,  the  c o r r e l a t i o n  c o e f f i c i e n t s  

were very low. This a l s o  Indicated th e  absence of th e  cyc l ic  f ac to r  

{see Table 3 .7 ,  Chapter 3 ) .  When th e  t im e - s e r i e s  p o r t io n  of the  model 

Is combined with m ult ip le  reg re ss ion ,  a f o re c a s t  was produced w ith in  ±1 

percent. The mult iple  regress ion  p o r t io n  o f  the model 1s causa l .  The 

cause -e f fec t  r e l a t i o n s h ip  between q u a r t e r l y  headcount enro llment and ec 

onomic f a c t o r s  Is somewhat obscure, however, because t h e  economic Indi

cators which produced th e  most accura te  f o r e c a s t s  were s h i f t e d  forward 

In time from 4 to  10 q u a r t e r s .  The simple c o r r e l a t i o n s  between these 

economic In d ic a to r s  and enrollment were much lower t h a n  for  o ther  inde

pendent v a r i a b l e s .  When these  economic In d ica to r s  were s h i f t e d  In time, 

however, t h e  simple c o r r e l a t i o n s  did Improve. An ex p lana t ion  fo r  the  

sh if t  in t ime might Involve the d i f f e r e n t  age groups en ro l led  a t  TNCC. 

Since the  s tu d e n ts  range In age from 17 t o  70, various age groups may be 

affected d i f f e r e n t l y  by economic c o n d i t io n s .  When economic condit ions  

worsen, f o r  example, i t  rtiqy be that  th e  younger people go back to  

school, whereas the o ld e r  students  " s to p  out*. This c a u s e - e f f e c t
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r e l a t i o n s h i p  could not be t e s te d  a t  th i s  time because age da ta  have not 

been av a i la b le .

The optimum fo recas ts  of t o t a l  FTE enrol lment  were produced by a 

m ult ip le  regress ion  model. The Independent v a r i a b le s  were the  national  

composite co inc iden t  economic In d ica to r  s h i f t e d  forward 3 years  and 

f u l l - t i m e  student enrol Intent was s h i f t e d  forward 3 y e a r s .  As with the 

models f o r  f a l l  and summer sess ion  headcount en ro l lm ent ,  the  cause- 

e f f e c t  r e l a t io n s h ip  Is obscure because the v a r i a b le s  are sh i f t e d  forward 

1n time. No explanat ion could be found for  t h i s  p a r t i c u l a r  time s h i f t .  

I t  i s  noteworthy, however, tha t  th ree  of  the o th e r  fo re c a s t s  th a t  met 

th e  ±1 percent accuracy c r i t e r i a  a lso  had v a r i a b le s  sh i f t e d  forward 2.5 

o r  3 y e a r s .

Although many of the Independent v a r iab le s  s e lec te d  for  study did 

not en te r  Into the actual  fo rec as t in g  equat ions ,  apparent  c a u se -e f fe c t  

r e l a t i o n s h ip s  e x i s t  between several Independent and dependent va rfab les  

and are Ind ica ted  by the high simple c o r r e l a t io n s  produced. Veteran en

ro l lm en t ,  f o r  example, s trongly  Impacted en ro l lments  between 1974 and 

1978. I t  c o r r e l a t e d  highly with average annual headcount enro l lment ,  

f a l l  headcount enro l lment ,  t o t a l  FTE enrol lment ,  and re tu rn ing  student  

enrol lment .  When 1978-79 data were Included,  the  c o r r e l a t i o n s  were much 

lower Ind ica t ing  t h a t  veteran enrollment Is not having the same e f f e c t  

on enrollments now tha t  I t  did p r i o r  to 1973.

Other Independent va r iab les  having high c o r r e l a t i o n s  with the  dep

endent va r iab le s  were re turn ing  s tudent  en ro l lm ent ,  p a r t - t im e  student 

enro l lment ,  f u l l - t i m e  student en ro l lm ent ,  male enrol lment ,  female en

ro l lm ent ,  population in the se rv ice  area (age 13-24 y e a r s ) ,  and to ta l
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populat ion In the  se rv ice  a rea .  Obviously these  independent variables 

a f f e c t  enrol lments .  No accura te  method was developed th a t  allowed ut 11 - 

1 r a t  Ion of  th e s e  v a r fa b le s ,  however.

The rea l  l a b i l i t y  of  p ro jec t ions  is  determined by the s t a b i l i t y  of 

the  f a c to r s  used 1n the fo r e c a s t .  S t a t i s t i c a l l y  based forecasting mod

e l s  can only pro jec t  within  the  l im i t s  of  the s t a b i l i t y .  Those respon

s ib l e  for  fo rec as t in g  enro l lments ,  th e re fo re ,  must con t inua l ly  examine 

the  data  fo r  changes th a t  w i l l  destroy th i s  s t a b i l i t y .  Examples of 

changes a t  TNCC may 1n the  f u t u r e - - o r  have 1n the pas t--destroyed th i s  

s t a b i l i t y  are:

1. The large  fnf lux  of veterans 1n 1974 and 1975

2, Opening new campuses 1n 1978 and 1979

8 . Discontinuing scheduled c la sses  a t  an e a r l i e r  date because of

in s u f f i c i e n t  enro l lment ,  a matter of adm in is t ra t ive  policy 

4 .  Discontinuance of f e d e r a l ly  financed programs within the I n s t i 

tu t i o n

Factors  such as those  l i s t e d  above make both a p o s i t iv e  and negative im

pact on enro l lments .  Id en t i fy in g  these f a c to r s  and the d irec t ion  and 

ex ten t  of the  Impact by the  dec is ion  makers may well determine the ac

curacy o f  any f inal  fo r e c a s t .

Test o f  Hypotheses

Hypothesis. -  Variables can be Id en t i f ied  tha t  will produce accurate 

fo recas t ing  models within  the  l im i ts  of accuracy designated by the 

Virg in ia  S ta te  L e g is la tu re .



Independent (p re d ic to r )  va r iab les  u t i l i z e d  in the  enrol lment  fo r e 

cas t in g  models were i d e n t i f i e d  through the  l i t e r a t u r e  review and th e  

student  flow model* The optimum f o r e c a s t s  (which will be discussed un

de r  hypothesis  2) were w i th in  the  l im i ts  o f  accuracy. The va r iab le s  

u t i l i z e d  in  these models were se lec ted  on the  following b a s i s :

1. Simple c o r r e l a t io n s  and the F r a t i o

2 . Repeated examinations of the c o r r e l a t i o n  between the  f i t t e d  re 

gression equation and the dependent va r iab le ;  i . e . ,  by examin

ing the m ult ip le  c o r r e l a t i o n  c o e f f i c i e n t

3. By examining the  changes produced when va r iab le s  a re  added and 

removed from the  model; I . e . ,  by examining the MSE, e» the  F 

r a t i o  for R» and the  to le ran ce  Tevel ( the  percentage  of unex

plained variance)

The following Independent va r iab le s  were u t i l i z e d  in  t h e  optimum 

forecas t  models of the t h r e e  major dependent va r iab les :

For the  optimum fa l l  headcount fo recas t :

1 . Seasonal f ac to r

2. Time trends

3. The national composite co inc iden t  economic i n d i c a t o r  sh i f t e d  

forward 5, 6 , 7, and 8 qu a r te r s

4. The national composite heading economic i n d i c a t o r  sh i f ted  f o r 

ward 4 and B q u a r t e r s

For the  summer session headcount fo re c a s t :

1. The seasonal f a c t o r

2. Time trend

3. The national composite c o in c id en t  economic I n d i c a t o r  sh i f t e d  

forward 10 q u a r t e r s
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For the  optimum t o t a l  FTE fo rec as t :

1 , Fu l l - t im e  head count enrollment sh i f t e d  forward 3 years

2 . The national  composite co incident  economic In d ic a to r  s h i f t e d  

forward 3 years

For f a l l  headcount enro l lment ,  fo recas ts  were a cc u ra te ly  produced 

fo r  1 year  and for  summer sess ion headcount and t o t a l  FTE enrol lment ,  

fo recas ts  were accu ra te ly  produced for  2 years  w ith in  1 percen t .  On the 

bas is  of very short  range fo recas ts  (_<2 y e a r s ) ,  hypothes is  1 Is accepted 

because Independent v a r iab le s  were Id en t i f ie d  and u t i l i z e d  1n f o r e c a s t s  

within  the prescr ibed  accuracy. Although Independent v a r iab le s  were 

id e n t i f i e d  and u t i l i z e d  1n longer range fo re c a s ts  (>2 y e a r s ) ,  the fo re 

c a s t s  were not within  the required accuracy. Thus, on the bas is  of 

fo recas ts  f o r  >2 yea rs ,  hypothesis  1 1s r e j e c t e d .

Hypothesis 2 . -  Using the va r iab le s  Id e n t i f ie d  in hypothes is  i ,  f o r e c a s t 

ing models can be developed fo r  p ro jec t ing  the  following c a t e g o r i e s  of 

enrollment:

1. Fall and summer sess ion  headcount wfthln *1 percent

2 . Total FTE within  t l  percent

The bas is  f o r  acceptance or r e j e c t io n  of hypothes is  2 was made 1n 

context  with the f i s c a l  system adopted by the Commonwealth of V1rg1nfa 

for  the d i s t r i b u t i o n  of publ ic  funds to the  s t a t e  c o l leg e s  and u n i v e r s i 

t i e s .  In the Commonwealth of V irg in ia ,  enrollment p ro jec t io n s  fo r  the  

s t a t e  colleges and u n i v e r s i t i e s  are required  before  funds a re  a p p ro p r i 

a ted .  P ro jec t ions  for  f a l l  headcount, summer sess ion headcount, and to

t a l  FTE enrol lments must be submitted during the year  preceding th e  even
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year sess ion of the  V irg in ia  General Assembly for  the  2 years  of the  

coming biennium. Updates of th e se  p ro jec t io ns  may be made or even re

qu ired  annually .  Thus, f o r e c a s t s  for  the  1982-84 biennium are  based on 

1979-80 enrollment da ta .  Since p ro jec t io n s  must be made using data 3 

years p r io r  to  the  f o r e c a s t s ,  f o rec as t in g  models must p ro jec t  e n r o l l 

ments for  3 y e a r s  within 11 pe rcen t .

Although th e  V irg in ia  s t a t e  co l leges  and u n iv e r s i t i e s  a re  permitted 

to  update the 3-year  f o r e c a s t s ,  the  o r ig ina l  d i s t r i b u t i o n  of funds for 

the  biennium Is based on those f o r e c a s t s .  B as ica l ly ,  the updates are 

used to  ad jus t  the d i s t r i b u t i o n  of  funds when actual  enrol lments are 

more than  1 percent  over or under p ro jec t io n s  f o r  th a t  s e s s io n .

Forecas t ing  models for  f a l l  and summer sess ion headcount and to ta l  

FTE enrollment were developed t h a t  pro jec ted  enrollments f o r  1 or 2 

years  within  ±1 percent accuracy. The optimum f a l l  headcount fo re c a s t ,  

a combination t 1me-ser1es decomposition and m u l t ip le  reg ress ion  model, 

has been updated twice.  The o r ig in a l  fo rec as t  and the f i r s t  update have 

been t e s t e d  ag a in s t  ac tual  enro l lments  and found to  accu ra te ly  pro jec t  

f a l l  headcount enrol lment  for  1 y e a r  within  t l  pe rcen t .  The second up

date  has not been t e s te d  aga ins t  actual  enrol lments s ince I t s  p ro jec 

t io n s  a re  for  f a l l  1980, The s t a t i s t i c a l  t e s t s  (MSE and "e) fo r  the 

o r ig in a l  fo rec as t  were e x c e l l e n t  but d e te r io r a te d  somewhat fo r  the two 

updates although the  p ro jec t io n s  from the updates s t i l l  were with in  the 

l im i t s  of accuracy required.

The simmer sess ion  headcount f o r e c a s t ,  a lso  a combination tlme- 

se r le s  decomposition and m ul t ip le  regress ion  model, has been updated 

twice .  The o r ig in a l  fo rec as t  and the  f i r s t  update have been t e s t e d
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aga ins t  actual  enrollments and found to  a c c u ra te ly  p ro jec t  summer head

count enrollment for 2 years to within  ±1 percen t .  The second update is 

ye t  t o  be t e s t e d .  Some caution must be exercised  with the  summer se s 

sion headcount fo recas t  because the s t a t i s t i c a l  t e s t s  (MSE and ¥)  In d i 

cated poss ib le  v a r i a b i l i t y .

The optimum forecas t  for t o t a l  FTE enro l lment ,  a m u l t ip le  r eg re s 

sion model, has also been updated tw ice .  The o r i g i n a l  f o r e c a s t  and 

f i r s t  update have been tes ted  aga ins t  actual  enro l lments  and found to 

a cc u ra te ly  p ro jec t  to ta l  FTE enrol lment f o r  2 y e a r s  to with in  ±1 per

cent .  The second update cannot be t e s t e d  until  s p r in g  1981. Caution 

must a l so  be exercised in the u t i l i z a t i o n  of t h i s  model because the s t a 

t i s t i c a l  t e s t s  Indicated possible v a r i a b i l i t y  between the  f o r e c a s t s  and 

actual enrol lments .

The fo recas t ing  model produced for  f a l l  headcount enrol lment  can be 

u t i l i z e d  for  the  year ly  updates which may be req u i re d  by the  S t a te  Coun

c i l  o f  Higher Education of Virginia o r  needed fo r  adjustment In p r o j e c t 

ing enro l lm ents .  The summer session headcount and FTE enrollment fo re 

c a s t in g  models can be u t i l i z e d  fo r  the y ea r ly  updates  and p ro je c t io n s  

for  t h e  f i r s t  year  of the  biennium. On the  basis  o f  the y e a r ly  updates ,  

hypothes is  2 1s accepted for f a l l  and summer se s s io n  headcount e n r o l l 

ment p ro j e c t io n s .  On the basis o f  p ro jec t io n s  fo r  the  f i r s t  y e a r  of the  

biennium, hypothesis  2 1s accepted for  summer se s s io n  headcount and 

to t a l  FTE enrollment pro jec t ions .

Hypothesis 2 is re jec ted  for  f o r e c a s t s  beyond 2 years  fo r  f a l l  and 

summer sess ion  headcount and to ta l  FTE enrollment p r o j e c t io n s .
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F o re ca s t in g  models which p ro je c te d  fo r  more than  2 y e a r s  were not w i th in  

th e  p resc r ib ed  accuracy  ( se e  Appendix C).

Summary

F o recas t in g  models fo r  f a l l  headcount enrol lment  p r o j e c t i o n s  f o r  1 

y e a r  were produced t o  w i th in  ±1 p e r c e n t ;  f o r e c a s t i n g  models f o r  summer 

sess ion  headcount and t o t a l  FTE en ro l lm en t  were produced f o r  2 y e a r s  to  

with in  11 pe rcen t .  Thus, both hypo theses  1 and 2 were a ccep ted  f o r  

sho r t  range f o r e c a s t s  [<2. y e a r s ) .  Both of the  hypotheses  were r e j e c t e d  

f o r  long er  range f o r e c a s t s  {>Z y e a r s ) .

F o re ca s t s  f o r  y e a r ly  p r o j e c t i o n s  up t o  10 y e a r s  a re  a l s o  r e q u i r e d  

by 5CHEV. Since th e s e  f o r e c a s t s  may be updated p e r i o d i c a l l y ,  th e  accu

racy 1s not  as c r i t i c a l  as for  th e  y e a r ly  updates and th e  f o r e c a s t s  fo r  

th e  biennium. F o re ca s t in g  models which p ro je c t  f a l l  and summer s e s s io n  

headcount and t o t a l  FTE en ro l lm e n ts  fo r  10 y e a r s  were produced f o r  t h i s  

s tudy but  none were w i th in  the  p r e s c r ib e d  l i m i t s  o f  accu racy .



CHAPTER 5 : SUWiART AM) IMPLICATIONS FOR FUTURE RESEARCH

Summary

The S ta te  L e g is la tu re  of V i rg in ia  gave to  SCHEV th e  r e s p o n s i b i l i t y  

for  d i s t r i b u t i n g  the  public  funds for  the  I n s t i t u t i o n s  of higher educa

t io n  of V irg in ia  f a i r l y  and eq u i tab ly .  To provide a bas is  for  such a 

d i s t r i b u t i o n ,  the  i n s t i t u t i o n s  of higher education were required to  pro

j e c t  t h e i r  enrollments to with in  t l  percent  Hm fts  of accuracy*

The purpose of t h i s  study was to  i d e n t i fy  the f a c to r s  re levant  fo r  

p ro je c t in g  enrol lments and to  develop such f a c to r s  in to  a model th a t  

wil l  p r o j e c t  enrol lments to  with in  1 percent accuracy for  a public  conn 

munlty co l leg e  using expo fac to  data  from TNCC and u t i l i z i n g  the data 

format o f  the  S ta te  Council of Higher Education fo r  V i rg in ia ,

To achieve the se  purposes, the  following hypotheses were t e s t e d :

1. Variables  can be i d e n t i f i e d  t h a t  wil l  produce accu ra te  fo re 

c a s t in g  models within the  l im i t s  of accuracy designated  by the 

Virg in ia  S t a t e  L eg is la tu re

2. Using the var iab les  I d e n t i f i e d  above, fo rec as t in g  models can be 

developed for  p ro jec t ing  the following c a te g o r i e s  of e n r o l l 

ment:

a* Fall headcount and summer sess ion  headcount to  within  ±1 

percent

b. Total FTE to  wfthin t l  percent 

Two general types of s t a t i s t i c a l  fo rec as t in g  models e x i s t —causal

and e x t r a p o la t io n ,  Development of both types of models r e q u i r e ,  as the 

f i r s t  s t e p ,  the s e l e c t io n  of independent [p red ic to r}  and dependent v a r i 

ab le s .  The dependent va r iab les  were determined by the  na ture  of the

1 2 0
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fo recas t  * in  t h i s  case* by the  s t ruc tu re  required of the s t a t e  co l leges  

and u n iv e r s i t i e s  by SCHEV and the Virginia 5B0. They were:

1. Fal l  headcount enrollment

2. Summer session headcount enrollment

3. Total FTE enrol lment

Independent variables  u t i l i z e d  in the enrollment fo recas t ing  models were 

i d e n t i f i e d  through the  l i t e r a t u r e  review and from the s tudent  flow model 

for  the I n s t i t u t i o n .  Optimum forecas ts  for  the  previously l i s t e d  depen

dent va r iab le s  were produced by t lm e-ser ies  decomposition and m u l t ip le  

regress ion  models- The independent variables  u t i l i z e d  In th ese  models 

were se lec ted  on the fol lowing basis :

1. Simple c o r r e l a t io n s  and the F r a t i o

2. Repeated examinations of the c o r r e l a t io n  between the f i t t e d  r e 

g ress ion  equat ion and the  dependent va r iab le !  i . e . *  by examin

ing the m ult ip le  c o r r e l a t i o n  c o e f f i c i e n t

3. By examining the changes produced when va r iab le s  are added and

removed from the  model; i . e .*  by examining the MSE, "e, the  F

r a t i o  for  R, and th e  tolerance level ( th e  percentage o f  unex

plained variance)

The following Independent variables  were u t i l i z e d  In the  optimum 

fo recas t ing  models:

For the optimum fa l l  headcount fo recas t :

1. The seasonal f a c to r

2. Time trend

3. The national  composite coincident economic In d ica to r  s h i f t e d  

forward 5* 6 , 7 t and a quarters
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4. The na t iona l  composite  l e ad in g  economic i n d i c a t o r  s h f f t e d  f o r 

ward 4 and 8 q u a r t e r s  

For th e  summer se s s io n  headcount f o r e c a s t :

1 . The seasonal f a c t o r

2. Time t rend

3. The na t iona l  composite c o in c id e n t  economic I n d i c a to r  s h i f t e d  

forward 10 q u a r t e r s

For the  optimum t o t a l  FTE f o r e c a s t :

1. Ful l - t ime en ro l lm ent  s h i f t e d  forward 3 y e a r s

2 ,  The na t iona l  composite c o in c id e n t  economic I n d i c a to r  s h i f t e d  

forward 3 y e a r s

Independent v a r i a b l e s  which were r e j e c t e d  on the  b a s i s  o f  th e  s 1m- 

ple c o r r e l a t i o n  c o e f f i c i e n t s  and th e  F r a t i o  were s e r v i c e  a rea  high 

school graduates and f i r s t - t i m e  s tu d e n t  en ro l lm en t ,  Other  Independent 

v a r i a b le s  such as r e t u r n i n g  s tu d e n t  enrol lment  and v e te ra n  en ro l lm en t  

were re jec ted  because no method was found to  p r o j e c t  them w i th in  th e  

p resc r ibed  accuracy. Since age range  da ta  f o r  TNCC s tu d e n ts  only  became 

a v a i l a b l e  In 1977, th e  age data  a v a i l a b l e  were co n s id e re d  I n s u f f i c i e n t  

to  se rv e  as a ba s is  f o r  a r e l i a b l e  f o r e c a s t  a t  t h i s  t im e.

Forecas t ing  models (w i th in  ±1 pe rcen t  accuracy)  were produced f o r  1 

year  fo r  f a l l  headcount enro l lm ent  and fo r  2 y e a r s  f o r  summer s e s s io n  

headcount and t o t a l  FTE e n ro l lm en t .  For f a l l  and sunnier s e s s io n  head

count enrollment* a model combining H m e -s e r f e s  and m u l t f p i e  r e g r e s s io n  

produced the optimum f o r e c a s t s .  For t o t a l  FTE e n ro l lm e n t ,  the  optimum 

f o r e c a s t  model was a m u l t ip le  r e g r e s s io n  model. Each model has been up

da ted  twice;  for  the  f i r s t  update ,  t h e  p ro je c t io n s  produced f o r  each
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model were within the p rescr ibed  accuracy. The second update has not 

been t e s t e d  because actual  enrollment da ta  are not y e t  a v a i la b le .  

Discussion of the hypotheses will be given In the  next sec t fon .

The bas is  fo r  acceptance or r e j e c t i o n  of the hypotheses was made in 

context with the f i s c a l  system of the  Commonwealth o f  V irg in ia  for  the 

d i s t r i b u t i o n  of public  funds to the s t a t e  co l leges  and u n i v e r s i t i e s .

The f i s c a l  system was e s t a b l i s h e d  p r im ar i ly  to  provide a bas is  fo r  f i 

nancial planning over 3 y e a r s .  The s t a t e  co l leges  and u n i v e r s i t i e s  must 

submit f a l l  and summer sess ion  headcuunt and t o t a l  FTE enrollment pro

j e c t io n s  to  the Virg in ia  SBC during the y e a r  preceding the even y ea r  

sess ion of the V irg in ia  General Assembly fo r  the  2 y e a r s  of the  coming 

biennium. In a d d i t io n ,  the  s t a t e  co l leges  and u n i v e r s i t i e s  must submit 

10-year  enrollment p ro je c t io n s  for the  same c a teg o r ie s  of enrollment  to  

SCHEV. All p ro jec t io n s  may be updated p e r io d i c a l ly .

Forecast ing models were produced f o r  1 year  fo r  f a l l  headcount en

rollment and for 2 y e a r s  f o r  summer sess ion  headcount and to ta l  FTE en

rollment to  within ±1 p e rc e n t .  The f o r e c a s t in g  model produced for  the  

f a l l  headcount enrollment can be u t i l i z e d  f o r  the  y e a r ly  updates which 

may be required by SCHEV or needed fo r  a d ju s t ing  the  enrollment projec

t ions  for  the  upcoming biennium. The summer sess ion  headcount and FTE 

enrollment fo recas t ing  models can be u t i l i z e d  for  the  y ear ly  updates and 

p ro jec t ions  fo r  the f i r s t  y e a r  of the biennium. On the  bas is  of the 

yearly updates ,  both hypotheses were accepted for  p ro jec t io n s  of f a l l  

and summer sess ion headcount enrol lment .  On the b a s i s  of  p ro jec t ions  

for  the f i r s t  year  of th e  biennium, both hypotheses a re  accepted for  

summer sess ion  headcount and to ta l  FTE enrollment p ro j e c t i o n s .  Both
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hypotheses a re  re je c ted  on the  b as i s  of fo re c a s ts  beyond 2 years  fo r  

f a l l  and summer session headcount and t o t a l  FTE enrollment pro jec tions*  

Forecasts fo r  year ly  p ro jec t ion s  up to  10 years  which a re  required by 

SCHEV were produced, but  not w i th in  the  prescr ibed  accuracy. Since th e  

10-year fo re c a s ts  may be updated p e r i o d i c a l l y ,  the accuracy 1s not as 

c r i t i c a l  as fo r  the y e a r ly  updates and the  fo recas ts  f o r  the biennium.

In conclusion,  very short  range f o r e c a s t s  (<2 years)  can be pro

duced within the  prescribed accuracy fo r  f a l l  and summer session head

count and t o t a l  FTE enro l lments .  Longer range fo re c a s t s  [>Z years)  were 

not produced within  the prescr ibed  accuracy*

Conclusions

Based on a review of  past  enrol lment  p ro jec t io n  s tud ies  a t  the na

t i o n a l ,  s t a t e ,  and I n s t i t u t i o n a l  l e v e l s ,  c e r t a in  b a s ic  conclusions were 

reached which should be app l icab le  to postsecondary enrollment p ro jec 

t io n s  in general :

1. The la rge  v a r i a t io n s  between various enrollment p ro jec t ions  a t  

the  national  level have occurred because the  fo recas ts  have 

been based on d i f f e r e n t  assumptions.  Since fo rec as te r s  a re  es

s e n t i a l l y  examining the same da ta  base ( th e  U.S. Bureau of Cen

s u s ) ,  the assumptions on which the  fo re c a s ts  are based are p r i 

mari ly  responsib le  for  d i f f e r e n c e s  among the  various f o r e c a s t s .

2. Enrollment p ro jec t ions  have been made for  I n s t i t u t i o n s  o f  high

e r  education with d iverse  goals  and missions.  Separating in 

s t i t u t i o n s  of h igher education Into  ca tego r ie s  of I n s t i t u t i o n s  

with s im i la r  goals  and missions may f a c i l i t a t e  the I s o la t io n  of 

re levan t  f a c t o r s .  Fac tors  re le v an t  for one type i n s t i t u t i o n  of
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higher education are  not always re levant  to  a l l  i n s t i t u t i o n s  of 

higher education.

3. Present da ta  bases are inadequate to produce accurate  e n r o l l 

ment projections fo r  the following reasons:

a. Pa t te rns  of student enrollment vary among geographical 

areas and among types of i n s t i t u t i o n s -

b. There are inadequate data re la ted  to pa t te rns  of  enrollment 

for various age groups, e spec ia l ly  beyond 24 years  of age

c. Data re la ted  to the minority segment of the s tuden t  cohort  

are Inadequate.

4. Most enrollment p ro jec t ions  are not s u f f i c i e n t l y  r e l i a b l e  fo r  

planning purposes. Decause key s t a t i s t i c s ,  such as the mean 

square e r r o r ,  the  average e r r o r ,  and m ult fp le  c o e f f i c i e n t  of 

determination,  have not been reported f o r  Individual  s tu d i e s ,  

the overall  potential  accuracy of p ro jec t ions  cannot be evalu

ated s t a t i s t i c a l l y  pH or to the time th a t  "hard data" become 

ava i lab le .

Since there 1s a need for  accurate  enrollment p ro jec t ions  a t  all  

l e v e l s  of postsecondary education,  an in-depth study for  one component 

of  the higher  education system (a multidimensional urban community c o l 

lege) was conducted to determine what problems ex is ted  in producing en

rollment forecas t ing  models within the accuracy l im i ta t io n s  prescr ibed  

by one s t a t e  (Virg in ia ) .  Based on th i s  s tudy,  the  following set  of 

general conclusions were reached:

U I t  appears tha t  accurate  pro jec t ions  of enrollment fo r  comnunl- 

ty  colleges will requ ire  use of da ta  in p ro jec t io n s  not
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coordina t ing  boards.

When the Impact of the  seasonal v a r i a t io n s  In enrol lment  among 

q u a r te r s  is s t a t i s t i c a l l y  removed, the I d e n t i f i c a t io n  o f  r e l e 

vant fac to rs  becomes l e s s  d i f f i c u l t .

T rad i t iona l  p ro jec t io n  models, u t i l i s i n g  cohort survival  and 

Markov t r a n s i t i o n  m atr ices ,  are not a p p l ica b le  In community 

c o l leg e s  with open admissions and a non trad i t lona l  s tuden t  pop

u la t i o n .

Accurate s t a t i s t i c a l  f o r e c a s t in g  models, using techniques such 

as m ult ip le  reg ress ion  or t lm e -s e r i e s  decomposition, can be de

veloped which will  be accura te  for  periods of nearly 2 years* 

but accuracy becomes qu es t ionab le  fo r  longer  periods of t ime. 

Since V irg in ia  i n s t i t u t i o n s  are requ ired  to make enrol lment 

p ro jec t ions  which are cons iderab ly  longer than 2 yea rs  fo r  

b iennia l  budgets* i t  appears th a t  the cu r re n t  l im i ts  o f  accur

acy of ±1 percent  for  such p ro jec t ions  a r e  u n r e a l i s t i c .  How

ever* annual updates of b ienn ia l  p ro jec t io ns  should be poss ib le  

within  these l im i t s .

Resu l ts  of t h i s  study support  the concept tha t  a p p l ica t io n  of 

s t a t i s t i c a l  techniques fo r  v e r i f i c a t i o n  of the  accuracy of pre

d i c t i o n  models Is va luable  In eva lua t ing  the po ten t ia l  accuracy 

of new models*

In I n s t i t u t i o n s  with r e l a t i v e l y  uns tab le  enrollments,  such as 

community c o l l e g e s ,  the f a c t o r s  Impacting the t o ta l  enrol lment  

a re  cons tan t ly  1n f lux ;  t h u s ,  the models for  p ro jec t ing



enrol Indents In such I n s t i t u t i o n s  must be c o n s ta n t ly  evaluated 

and /o r  reformufated to  Iden t i fy  and Incorporate  changing trends 

as they occur.

8 . This study suggests th a t  male enrollment has reached I t s  zenith 

(see Figure VII. Appendix A), Female enrollment 1s continuing 

to  Increase  but a t  a s l ig h t ly  lower ra te ,  This may Indicate 

th a t  female enrollment i s  also approaching i t s  z e n i th .  Female 

enrollment passed male enrollment In 1978. Glenny (1980) also 

observed the same p a t te rn  1n na tional  enrollment t ren ds .

In Chapter 2 the relevant f ac to rs  Id en t i f ie d  In previous research 

involving enrollment projec tions were grouped into th r e e  major catego

r i e s :  demographic fac to rs ,  economic f a c t o r s ,  and I n s t i t u t i o n a l  factors.

Each of these  ca tegor ies  Is b r i e f l y  discussed in tenns of th e  findings 

o f  t h i s  study:

1. The t r a d i t i o n a l  demographic f ac to rs  Involved in the  research of 

C a r t t e r  (1973), NCES (1978), and Carnegie (1978) have not 

proved to  provide an adequate base for  accura te  p ro jec t ions  of 

enrol lment .  More recent research, such as the work of Glenny 

(1980),  Indicates a need for  r e d e f in i t io n  o f  these fac to rs .

The r e s u l t s  of t h i s  study seem to  support t h i s  concept 1n such 

areas  as student age d i s t r i b u t i o n ,  enrollment of m in o r i t ie s ,  

and the  changing proport ion of men and women in the student 

body*

2 . The research  of Dresch (1975), Froomfcln (1974), and Leslie and 

M il le r  (1974) u t i l i z e d  economic fac to r s  1n enrol lment  largely 

based upon employment and employment oppo r tun i t ie s .  Salley
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(1978) added the  use of t h e  NBHR economic i n d ic a t o r s  as p re d ic 

t o r s  o f  enrollment change. The models developed fo r  t h i s  s tudy 

u t i l i z e  these  economic I n d ic a to r s ,  t h e re b y ,  suppor t ing  S a l l e y ' s  

r e s e a r c h  and broadening I t s  a p p l i c a b i l i t y  t o  Include comnunity 

c o l l e g e s  with open admissions.

3, Two f indings  r e l a te d  to the  use of I n s t i t u t i o n a l  f a c t o r s  were 

r e f l e c t e d  In the  f ind ings  of t h i s  study:

a .  The t r a d i t i o n a l  s tudent  flow models o f  Wastk (1971) ,  

L lg h t f i e l d  (1975), and others a re  not a p p ro p r ia te  f o r  In

s t i t u t i o n s  with open admissions and a l a rg e  p ropor t ion  of  

pa r t - t im e  s tud en ts .

b. This study provided s t rong  support  fo r  the  r e sea rch  of  

Norris  (1976) and o th e r s  t h a t  each I n s t i t u t i o n  must con

s t a n t l y  study and reeva lua te  the  r e l a t i v e  Impact o f  a l l  

r e le v an t  f a c to r s  on th e  enrollment of th e  i n s t i t u t i o n .

Im p l ica t ions  f o r  .Fu tu re Research

hew enro l lm ent  p ro jec t io n  s tu d i e s  a t  a l l  l e v e l s  o f  h igher  educa t ion  

are an e s s e n t i a l  part  of I n s t i t u t i o n a l  planning. As the  Importance of  

e f f e c t i v e  I n s t i t u t i o n a l  planning I s  recognized,  the  n e c e s s i ty  o f  c o n t in 

uous p rocesses  o f  updating,  r e v i s in g ,  and exp lo r ing  new techniques  of  

p ro je c t in g  enro l lments  a l so  become eviden t .  F o re ca s t in g  models which 

give r e l i a b l e  r e s u l t s  now may not be e f f e c t i v e  for  i n s t i t u t i o n a l  p lan

ning 1n th e  fu tu re  because enrollment p a t t e rn s  a re  changing. New and 

d i f f e r e n t  types  of s tuden ts  are a t tend ing  c o l l e g e ,  e s p e c i a l l y  community 

co l leges  and multidimensional  u n i v e r s i t i e s  with open admissions p o l i 

c i e s .  F a c to r s  now re le v an t  to  enrol lments  a re  l i k e l y  to  change in the
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fu tu r e .  For these  reasons, new s tud ies  are needed. S p e c i f i c a l ly ,  more 

s tu d ies  a re  indicated  at t h i s  comprehensive urban comnunity college  to 

c o n t in u a l ly  update the e x i s t in g  models and to  Increase  the  r e l i a b i l i t y  

of the models,

Enrollment p ro jec t ion  s tud ies  for  I n s t i t u t i o n s  of higher education 

should be categorized to determine the f a c to r s  re levan t  to s p e c i f i c  

types of I n s t i t u t i o n s ,  I t  1s suggested th a t  c a t e g o r ie s  considered com

parable  include I n s t i t u t i o n s  with s im i la r  goals  and missions.

Because key s t a t i s t i c s ,  such as the mean square e r r o r ,  the  average 

e r r o r ,  and m ult ip le  c o e f f i c i e n t  of  determination  have not been reported 

1n previous enrollment p ro jec t io n s ,  the  o v e ra l l  accuracy of these stud

ies  cannot be evaluated for  accuracy and r e l i a b i l i t y  by higher education 

p lanners .  I t  Is  suggested th a t  in the  fu tu re  these  key s t a t i s t i c s  be 

derived  and reported for all  enrollment p ro jec t io n  s tu d ie s .

Not only have enrollment f o re c a s te r s  given l i t t l e  a t t e n t i o n  to  the  

s t a t i s t i c a l  accuracy and r e l i a b i l i t y  of t h e i r  p ro j e c t i o n s ,  but higher 

educa t ional  planners have not developed a c l e a r  p ic tu re  of t h e i r  accura

cy requirements f o r  enrollment p ro jec t io n s .  A poss ib le  area of fu tu re  

research  1s c l e a r l y  a study of the  accuracy o f  enrollment p red ic t ions  

required  by higher educational  planners a t  a l l  l e v e l s .

New s tu d ie s  should a lso  Include an In v e s t ig a t io n  of age da ta .  Pos

s ib l e  r e l a t io n s h ip s  might e x i s t  between age groups and economic f a c to r s .  

The younger s tu d e n ts ,  for example, might go to  co l lege  when poor 

economic cond i t ion s  e x i s t ,  such as a poor job market; o lder  s tudents  

might drop out under these same condit ions  because they  could not afford  

to  a t ten d  co l leg e .  In a poor Job market, both work s i t u a t i o n s  have been
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observed;  i . e . ,  both Increas ing  and decreasing enro l lm en ts .  Age data  

f i r s t  became avai lab le  as census data for V irg in ia  I n s t i t u t i o n s  In 1977- 

78. At th e  t im e  of t h i s  s tudy ,  there fore ,  1 n s t r f f I d e n t  age data  were 

a v a i l a b l e  to  In v es t iga te  e x i s t in g  re la t ionsh ips  between 1t  and the 

Independent va r iab les  se l e c te d  for  study.

A number of other s p e c i f i c  studies to  Improve the  accuracy of en

ro l lm ent  p re d ic t io n s  f o r  open multidimensional urban contnunlty co l leges  

have been suggested by t h i s  work. Among the se  a re :  Improved fo rec as ts

for  g radua tes  o f  high schools 1n the service  area (cohor t-surv lval  

techniques  have t r a d i t i o n a l l y  been very successfu l  a t  the high school 

l e v e l ) ,  1n-depth  examination of attendance p a t t e rn s  and personal 

c h a r a c t e r i s t i c s  of " s to p -o u ts 0 (students who leave co l lege  fo r  a term or 

more but r e t u r n )  as opposed to  "drop-outs" ( s tu d en ts  who never r e t u r n ) ,  

and improved understanding of the motivation and attendance pa t te rns  of  

n o n t r a d l t l o n a l  students  who enrol l  for one or more terms pr imari ly  to  

Improve t h e i r  academic o r  vocational s k i l l s .  Veteran enrollment 

c o n s t i t u t e s  s t i l l  another  re levan t  factor which has s i g n i f i c a n t l y  

Influenced h ig he r  educational  enrollment 1n three  Ins tances  over the 

l a s t  35 y e a r s —and tnay s t i l l —as a large source o f  e r r o r  In p ro jec t ing  

en ro l lm en ts .  F ina l ly ,  t h i s  work strongly suggests t h a t  researchers  

c lo s e l y  examine economic f a c t o r s  related to  higher education enrollment 

to  e s t a b l i s h  sp ec i f ic  cause and effec t  r e l a t i o n s h ip s  In o rd e r  to give 

c r e d i b i l i t y  t o  t h e i r  use in  forecasting.

In conc lus ion ,  a ccu ra te ly  projecting higher educational  enrollments 

Is  l i k e l y  t o  become a d i f f i c u l t  process 1n the  f u t u r e .  Economic f a c t o r s  

could assume more Importance than they have 1n the  past and trends In
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enro l lm en t  p a t t e r n s  may not remain s t a b le  for  long periods of time, 

N on trad l t lona l  s tuden ts*  m i n o r i t i e s ,  and women with n o n t rad f t lo n a l  moti

va t iona l  p a t t e r n s  a r e  l i k e l y  to  become more Important elements of an In

s t i t u t i o n ' s  enrollment* p a r t i c u l a r l y  1n mult idimensional  I n s t i t u t i o n s  

with open admissions p o l ic ie s  such as community co l leges*  These t r e n d s  

wil l  p l a c e  Increased emphasis on more precise p lanning  at  a l l  l e v e l s  1n 

h igher  educa tion  and, thereby ,  p lace  Increased emphasis on a cc u ra te  pre

d i c t i o n  o f  enrollments*



APPENDIX I 

GRAPHS PERTAINING TO ENROLLMENTS

1 3 2
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Figure  I :  Tota l  Enrollment 1n In s t i tu t io n s  of  Higher Education
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Figure IV: Total FTE Enrollment Per Quarter
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APPENDIX II  

SIMPLE CORRELATIONS 

BETWEEN

THE DEPENDENT AND POSSIBLE INDEPENDENT VARIABLES

The tab les  1n Appendix II i r e  the  simple c o r r e l a t i o n s  between the  

dependent and Independent v a r i a b le s  s e l e c te d  fo r  s tu d y ,  and were used to  

e s tab l ish  If r e l a t i o n s h i p s  ex is te d  between the  v a r i a b l e s .  In some cases  

the  independent and dependent v a r i a b le s  were s h i f t e d  forward in t ime to 

determine i f  p a s t  events a f fec ted  p resen t  e n ro l lm e n ts .  The time s h i f t s  

were in qua r te rs  o r  yea rs .  The s i g n i f i c a n c e  level  f o r  the c o r r e l a t i o n s  

1s given a t  the  bottom of  each t a b l e .  D e ta i led  d is c u s s io n  of the  f o l 

lowing tab les  i s  found In chapter  3.

140
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TABLE I  A : FACTORS AFFECTING AVERAGE ANNUAL HEADCOUNT ENROLLMENT

Independent Variables  C or re la t io n  C o e f f ic ie n t s*

Not Including Including
  1978-79 Data 1978-79 Oata

1. F1rst-t1me s tu d e n t  enrollment 0.7132 0.4592
2 . Returning s tuden t  enrollment 0.9979 0.9975
3* Part- t ime s tu d e n t  enrollment 0.9977 0.9977
4. Ful l - t ime s tu d e n t  enrollment 0.9850 0.9836
5. Male enrol lment 0.9838 -----------
6 . Female enrol lment 0.9835
7. Veteran enrol lment 0.9556 0.8191
8 . High school graduates  In S.A. 0.B013 0.8359
9. Total populat ion 1n S.A. 0.9142 0.9310

10, Population,  age 18-24 y r s ,  in S.A, -0.9567 -0.8878
11 . National two y e a r  college  enrol lment 0,9916 0.9931
12 . Composite co inc iden t  economic

In d ica to r 0.8110 0.8406
13. Composite lead ing  economic

in d ic a to r 0.7243 0.7829
14. Local unemployment Index 0.7533 0.7B47
15. Time 0.9799 0.9813

^Signif icance  level f o r  a l l  v a r i a b le s  repor ted  Is  l e s s  than or equal to 0.05
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TABLE HA: FACTORS AFFECTING AVERAGE HEADCOUNT ENROLLMENT SHIFTED
 _________ FORWARD 1. 2 .  3. and 4 YEARS____________________________i _____  ■ . .... -r--1 hnnw___ _

Factors C orre la t ion  C oeff ic ien ts*
1 . Average annual headcount enro l lment

a . 1 yea r 0,9795
b. 2 y e a r s 0.9298
c. 3 y e a r s 0.8762
d. 4 y e a r s 0.8019

2 . F i r s t - t im e  s tuden t  enrollment
a .  1 yea r 0.9168
b. 2 years 0.8998
c .  3 years 0.7763
d. 4 years 0.4873

3. Par t - t im e  s tu d e n t  enrollment
a- 1 yea r 0.9874
b. 2 years 0.9437
c.  3 years 0.0757
d. 4 years O.B3O0

4. Fu l l - t im e  s tu d e n t  enrollment
a .  1 yea r 0.9392
b. 2 years 0.8714
c .  3 years 0.8490
d. 4 years 0.9072

5. Composite na t iona l  co inc iden t  economic 
In d ic a to r
a .  2 years 0.9209
b. 3 years 0.8875
c.  4 years 0.9262

6 . Composite na t iona l  leading economic 
In d ica to r
a .  2 yea rs 0.9109
b. 3 years 0.8684
c . 4 years 0.8980

*S1gn1f1cance leve l  f o r  a l l  v a r i a b le s  1s less  than o r  equal to  0,05



143

TABLE I B :  FACTORS AFFECTING FALL HEADCOUNT ENROLLMENT

Independent Variables  C o r re l a t io n  C o e f f i c ie n t s*

Not in c lud in g  Inc lud ing
„___________1978-79 Data  1976-79 Data

1 . F i r s t - t im e  s tuden t  enrollment 0.8529 0.8389
2 . Returning s tuden t  enrollment 0.9920 0.9934
3. Part- time s tuden t  enrollment 0.9894 0,9909
4. Full- time s tuden t  enrollment 0.9880 0.9866
5. Male enrol lment 0.9253
6 . Female enrollment 0.9834
7. Veteran enrollment 0.9153 0.8641
8 . High school graduates in S.A. 0.7884 0.8250
9. Total population In S.A. 0.9236 0.9385

1 0 . Population* 18-24 yrs.»  in S.A. -0.9379 -0 .8728
1 1 . National 2 y e a r  college enro l lment 0.9945 0.9953
1 2 . CEI 0.7920 0.8260
13. LEI 0.7107 0.7715
14. Local unemployment Index 0.7896 0.8154
15. Time 0.9814 0.9820

♦S ign if icance  level fo r  a l l  v a r i a b le s  i s  le s s  than  o r  equal to  0 .0 5
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TABLE IIB- FACTORS AFFECTING FALL HEADCOUNT ENROLLMENT SHIFTED 
FORWARD 1, 2. 3, and 4 YEARS________________________■ ^ - i  ’ ------- —

Factors C orre la t io n  C o e f f ic ien t*

I . Average Annual Headcount Enrollment
a . 1 year 0.9313
b. 2 years 0.9462
c, 3 years 0.6916
d, 4 years 0.8660

2. F1rst-t1me Student enrollment
a.  1 year 0.8928
b. 2 years 0.9113
c.  3 years 0.3174
d. 4 years 0.587?

3* Part- t ime student  enrollment
a. 1 y ea r 0,9867
b. 2 years 0.9606
c.  3 years 0*8925
d. 4 years 0,8476

4* Ful l - t ime student  enrol lment
a. 1 year 0,8913
b, 2 years 0.8362
c. 3 years 0.8607
d. 4 years 0.6739

5. Composite national  co inc iden t  economic 
Ind ica to rs
a ,  2 years 0.9136
b. 3 years 0.3964
c .  4 years 0.9317

6. Composite na t ional  leading  economic 
Ind ica to rs
a. 2 years 0.8956
b. 3 years 0.8698
c „ 4 years 0.9143

*S1gn1flcance level fo r  a l l  v a r ia b le s  1s le s s  than or equal to  0*05
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TABLE IC: FACTORS AFFECTING RETURNING STUDENT ENROLLMENT

Independent Variables Corre1a t lo n  Coeff1c i e n t s *

1. P a r t - t im e  s tuden t  enro l lment 0.9853
2. F u l l - t im e  s tuden t  enro l lment 0.9919
3. Male enrol lment 0.9647
4. Female enrollment 0.9679
5. Veteran enrol lment 0.9775
6. Total popula t ion  in S.A 0.9112
7. Population* age 18-24 y e a r s ,  in  S.A. -0.9822
a. CEI 0.6203
9. LEI 0.4970

10. Local unemployment index 0.8094
11* Time 0.9517
12. National two year  co l leg e  enrol lment 0.9826

♦S ign if icance  leve l  f o r  a l l  v a r i a b le s  repor ted  i s  l e s s  than or equal to 0.05
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TABLE IIC: FACTORS AFFECTING RETURNING STUDENT ENROLLMENT
SHIFTED FORWARD 1, 2 ,  3, AND 4 TEARS

Factors C or re la t ion  C o e f f ic ien ts*

1. Average annual headcount enrollment

a. 1 y e a r  0,9640
b. 2 y e a r s  0.8734
c. 3 y e a r s  0,8133
d. 4 ye a r s  0.8286

2. F i r s t - t im e  student enrollment

a. 1 y e a r  0.8413
b. 2 y e a r s  0.9130
c. 3 ye a r s  0,8337
d. 4 y e a r s  0.S430

3, P a r t - t im e  student enrollment

a. 1 y e a r  0.9774
b. 2 y ea r s  0,9080
c ,  3 y e a r s  0,8310
d, 4 y e a r s  0.7996

4, F u l l - t im e  student enrollment

a. I y e a r  0,8994
b. 2 y e a r s  0.7511
c* 3 ye a r s  0,7347
d, 4 y e a r s  0.8674

5, Composite national  coincident 
economic In d ica to r

a. 2 y e a r s  0.9402
b. 3 y e a r s  0.8915
c. 4 ye a r s  0,9150

6. Composite na tional  leading 
economic in d ic a to r

a. 2 y e a r s  0,9240
b. 3 ye a r s  0,8808
c .  4 y e a r s  0.8909

♦Signif icance level  fo r  a l l  variables reported 1s_<0.05.
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TABLE ID: FACTORS AFFECTING F IR S T -T IM E  STUDENT ENROLLMENT

Factors C orre la t io n  C o e f f i c ie n t s*

1. Population, age 18-24 years in  S. A. -0.SD45
2, Total population 1n S, A. 0.T493
3, Ful l - t ime student  enrollment 0,7994
4* Part - t ime student enrollment 0.B699
5. Male enrollment 0.8501
6. Female enrollment 0,8575
7. National 2-year  co l lege  enrollment 0.8442
8 .  High school graduates  In S. A. 0.3176
9, CEI 0.7660

10. LEI 0.7695
11. Local unemployment Index 0.4362
12. Time 0.B236
13. Veteran enrollment 0.6002

♦Signif icance level _<0.3» Most were a t  0 .2 .

TABLE HD: ECONOMIC FACTORS AFFECTING FIRST-TIME STUDENT ENROLLMENT
SHIFTED FORWARD 2,  3, AND 4 YEARS

Factors C orre la t ion  C oe f f ic ien ts*

1. Composite national  coincident 
economic In d ica to rs

a,  2 years 0.7311
b. 3 years 0,7949
c. 4 years o.eooi

2. Composite national  leading economic 
ind ica to rs

a. 2 years 0.7144
b. 3 years 0.7535
c,  4 years 0.7903

♦Signif icance level ■ 0 .3 .
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TABLE I E :  FACTORS AFFECTING TOTAL C R E D IT S OR FTE ENROLLMENT*

F a c t o r s _______  C o r re la t io n  C o eff ic ien ts**

1. F i r s t - t im e  s tu d e n t  enrol lment 0,8295
2. Returning s tudent  enrollment 0,9946
3. Average annual headcount enrollment 0.9938
4 . Fall headcount enrollment 0.9913
5. Veteran enrol lment 0.9779
6 . Total populat ion  in S. A. 0.8989
7. Full- tfme s tuden t  enrollment 0.9942
8 . Par t- t fm e s tuden t  enrollment 0.9816
9, Female enrol lment 0.9716

10. Male enrol lment 0.9724
11. High school graduates 0.3610
12. CEI 0.7821***
13. LET 0.7326***
14. Local unemployment Index 0,8344****
15. Population,  age 18-24 yea rs ,  1n S, A, -0.9968
16, Time 0.9445

*FTE enrol lment  - t o ta l  c r e d i t s /4 5
**S1gn1f1cance leve l  fo r  all  va r iab les  except *** <0.05

***S1gn1f1cance leve l  fo r  economic fac to rs  - 0.3
****S1gn1f1cance leve l  - 0.02
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TABLE HE: FACTORS AFFECTING TOTAL CREDITS SHIFTED FORWARD
1, 2 ,  3 1 AND 4 YEARS

_________________ Fa c to r s___________________ C o r re l a t io n  C o e f f i c i e n t s *

1. Average annual headcount e n ro l lm e n t

a.  1 y ea r  0 .9553
b. 2 yea rs  0.8721
c.  3 y e a r s  0 ,8198
d. 4 yea rs  0,9226

2. F i r s t - t i m e  s tud en t  enrol lment

a,  I yea r  0.7668
b. 2 y e a r s  0.9238
c,  3 yea rs  0.7853
d. 4 years  0.2474

3. P a r t - t im e  s tu den t  enro l lment

a. 1 year  0 .9656
t>. 2 y e a r s  0.914B
c, 3 years  0 .8075
d. 4 y e a r s  0.8867

4. F u l l - t im e  s tu den t  enro l lment

a. 1 y e a r  0.8754
b. 2 years  0.6762
c .  3 yea rs  0.8432
d.  4 yea rs  0.9201

5. Composite n a t io n a l  c o in c id e n t  
economic In d ic a to r

a.  2 yea rs  0.9817
b. 3 yea rs  D.7QQ7
c. 4 yea rs  0,5740

6.  Composite n a t io n a l  l ead ing  
economic I n d i c a to r

a. 2 years  0.9400
b. 3 y e a r s  0.8573
c.  4 yea rs  0.6014

♦S ign if icance  level  1s j<0.1.
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TABLE IF : FACTORS AFFECTING PART-TIME STUDENT ENROLLMENT

Factors Corre la t ion  Coeffic ients*

1. Veteran enrollment 
2* Total population in S. A.
3. High school graduates In S. A.
4 .  CEI
5. LEI
6* Local unemployment index

0.9666
0.9224
0.9362
0.7580
0.6394
0.7129

♦Significance 1 evel i s  ^0 .05 .

TABLE IIF: ECONOMIC FACTORS AFFECTING PART-TIME STUDENT ENROLLMENT
SHIFTED FORWARD 1 AND 2 YEARS

Factors Correla t ion Coeff ic ien ts*

1. Composite national coincident  
economic Indicator

a. 1 year
b. 2 years

2. Composite national leading economic 
Indica tor

a. 1 year
b. 2 years

♦Significance level 1s <0.05

0.7585
0.7863

0.8255
0.8066
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TABLE 1G: FACTORS AFFECTING FULL-TIME STUDENT ENROLLMENT

Factors C orre la t io n  C oeff ic ien ts*

1. Veteran enrollment
2. Total population In S. A.
3. High school graduates in S. A*
4. CEI
5. LEI
6. Local unemployment Index

0,9730
0.8638
0.9571
0.5647
0.4252
0.8345

♦Signif icance leve l  i s  <0.01 except for  f a c to r s  4 and 5 which were not 
s i g n i f i c a n t

TABLE IIG; ECONOMIC FACTORS AFFECTING FULL-TIME STUDENT ENROLLMENT
SHIFTED FORWARD 1 AND 2 TEARS

_________________ Factors__________________  C o r re la t io n  C o e f f i c ie n t s *

L. Composite national  co in c id e n t  
economic in d ic a to r

a .  1 year  0.8205
b, Z years  0,8883

2. Composite na t ional  lead ing  economic 
Ind ica tor

a,  1 y ea r  0.6504
b. 2 years  0.8505

♦Signif icance  level  fs <0.05
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TABLE IH: FACTORS AFFECTING MALE ENROLLMENT

Factors C or re la t ion  Coefficients*

1. Veteran enrol Invent Q.9S54
2. Total population i n  S. A. 0.8063
3. High school graduates In S, A, 0,9891
4 .  CEI 0.6170
5. LEI 0.4595
6. Local unemployment Index 0,6978

‘ S ign if icance  level 1s_<0.01 except fo r  f ac to r  5 which Is not s i g n l f i c a n

TABLE IIH: ECONOMIC FACTORS AFFECTING KALE ENROLLMENT
SHIFTED FORWARD 1 AND 2 YEARS

Factors  ̂ C o r r e la t  1 on C oeff ic ien ts*

1. Composite national co incident  
economic indica tor

a. 1 year  0,8728
b, 2 years 0.8833

2. Composite national leading economic 
in d ic a to r

a, 1 year  0.7391
b. 2 years 0.9067

‘ S ign if icance  level 1s <0.05
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TABLE I I :  FACTORS AFFECTING FEMALE ENROLLMENT

Factors C o r r e l a t i o n  C o e f f ic ie n t s*

1. Total populat ion In 5. A.
2. High school graduates  In  S. A.
3. CEI
4 .  LEI
5. Local unemployment index

0.6603
0.8754
0.6170
0,4595
0.6978

♦S ign if icance  level  Is <0.01 except  fo r  f a c t o r  4 which i s  not s i g n i f l c a n

TABLE II I: ECONOMIC FACTORS AFFECTING FEMALE ENROLLMENT
SHIFTED FORWARD 1 AND 2 TEARS

_________________ Factors__________________  C o r r e l a t i o n  C o e f f i c i e n t s *

1. Composite na tional  co inc iden t  
economic In d ica to r

a. 1 y e a r  0.7605
b. 2 y e a r s  0.7610

2, Composite na t ional  l ead ing  economic 
In d ica to r

a, 1 year  0.7008
b. 2 y e a r s  0-6936

•S ig n i f ic a n ce  level  1s <0.1
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TABLE I J :  FACTORS AFFECTING VETERAN ENROLLMENT

Factors Corre la t ion  C oe f f ic ie n t s*

1.  Total population 1n S. A. 0,0086
2. Popula tion ,  age 19-24 years 1n S, A, 0.9639
3. National 2-year  co l lege  enrollment 0,9598
4. Time 0.9062
5. CEI 0.5951
6. LEI 0.4339
5. Local unemployment Index 0.7436

♦S ignif icance  level 1s <Q,Q5

TABLE I I J :  ECONOMIC FACTORS AFFECTING VETERAN ENROLLMENT
LAGGED 1* 2 ,  3 , AND 4 TEARS

Factors    C orre la t ion  C oef f ic ien ts*

1. Composite national  coincident  
economic In d ica to r

a. 1 year
b. 2 years
c, 3 years
d, 4 years

2 .  Composite national  leading economic 
in d ic a to r

a. 1 year 0.7036
b. 2 years 0.9131
c. 3 years 0.7511
d. 4 years 0,4952

♦S ign if icance  level 1s <0,5 except for  both f a c to r s  lagged 3 and 4 years  
which a re  i n s i g n i f i c a n t

0.9566
0,8979
0.5770
0,5357



APPENDIX I I I  

ENROLLMENT FORECASTS

The t a b l e s  In Appendix III a re  the  fo recas ts  produced for  the  de

pendent va r iab le s  se lec te d  for study* The Independent va r iab les  used 1n 

th e  fo re c a s t in g  model a re  l i s ted  along with the re le v an t  s t a t i s t i c s .  

Unless sp e c i f i e d  In the  t a b l e s , the fo rec as t in g  model was multfple  re

g ress ion .  In several  Ins tances ,  the Independent v a r i a b le s  were s h i f t e d  

forward fo r  several  time s h i f t s  (1n qua r te r s  or years)  1n the same equa

t i o n s .  When a v a r ia b le  1s shif ted  forward for  more than  one time s h i f t  

In the  same equat ion,  the variable  Is l i s t e d  once with the  various time 

s h i f t s  In parentheses .  CEI's (t+6, 7, 0 ,  9 ) ,  t h e r e f o r e ,  ind ica te s  tha t  

the co inc iden t  economic Indica tor  was used four  times In the same equa

t i o n  with forward time s h i f t s  of 6, 7 ,  8, and 9 q u a r t e r s .  The t ab le s  in 

Appendix I I I  a re  thoroughly discussed in chapters  3 and A.
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TABLE A I :  FORECASTS AND ACTUAL ENROLLMENT BY QUARTER

Quarter Actual la lb 2 3 4 5

Summer 1978 2374 2316 2348 2401 2395 2357 2391

Fall  1970 5312 5316 5331 5446 5441 5357 5377

Winter 1979 4728 4895 5004 4927 4968 4996 4839

Spring 1979 4918 4815 4894 4723 4887 4927 4807

Summer 1979 2579 2713 2807 2617 2751 2802 2600

Fall 1979 6045 5831 6069 5548 5914 6133 5860

Winter 1980 5517 5945 5693 5329 5817 5963 5287

Spring I960 5286 5474 5991 5279

Summer 1980 3152 2823

Fall  1980 6868 6386

Winter 1981 5768

Spring 1981 5766

Summer 1981 3088

Fall  1981 6826
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TABLE BI: FALL HEADCOUNT ENROLLMENT FORECASTS AND ACTUAL
ENROLLMENT -  ANNUAL DATA USED

YEAR ACTUAL
FORECASTS

4 5 6

1968-69 1236 1257 1255 1270
1969-70 1832 1667 1702 1703
1970-71 2220 2104 2135 2135
1971-72 2305 2596 2575 2567
1972-73 2676 3022 3014 3000
1973-74 3399 3328 3429 3432
1974-75 4034 3 859 3852 3864
1975-76 4959 4421 4303 4296
1976-77 4616 4914 4756 4729
1977-78 5161 5146 5170 5161
1978-79 5312 5416 5558 5593
1979-00 6045 6022 6008 6025
1980-81 ■ ™ M- 6526 6455 6458
1981-82 6996 6906 6B90
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ABSTRACT

Most i n s t i t u t i o n s  o f  h igher  educa tion  a re  i n t e r e s t e d  in en ro l lm ent  
p ro je c t io n s  because th^y  a re  c l o s e l y  r e l a t e d  t o  I n s t i t u t i o n a l  goa ls  and 
missions and* a re ,  th e re fo re *  e s s e n t i a l  to  f i n a n c ia l  and program p lan 
ning a t  every  l e v e l .  This s tudy was undertaken to  de te rmine  1f r e l e v a n t  
f a c to r s  could be i d e n t i f i e d  and used In a s t a t i s t i c a l  f o r e c a s t i n g  model 
to  p r o j e c t  e n ro l lm en ts  in a mult id imensional  urban community c o l l e g e  
within  the accuracy l i m i t a t i o n s  Imposed by a s t a t e  such as V i r g i n ia  
(who r e q u i r e s  S ta te  I n s t i t u t i o n s  o f  h ig h e r  e d u ca t ion )  t o  p r o j e c t  t h e i r  
enrollment w ith in  * 1 p e rc en t .

Two general  types  of s t a t i s t i c a l  f o r e c a s t in g  models,  causa l  and ex
t r a p o l a t i o n  models were explored f o r  use In f o r e c a s t i n g  f a l l  and summer 
headcount* and t o t a l  FTE en ro l lm ents  w ith in  the  p r e s c r ib e d  accuracy 
l i m i t s .  The r e l e v a n t  f a c t o r s  fo r  p o s s ib le  In c lu s io n  1n th e  models were 
I d e n t i f i e d  from prev ious  s tu d ie s  and a s tuden t  flow model f o r  the  I n s t i 
t u t i o n .  The r e l e v a n t  f a c t o r s  used in  the  f i n a l  models were s e l e c t e d  on 
the b as i s  o f  simple c o r r e l a t i o n  c o e f f i c i e n t s ,  the mean square  e r r o r ,  and 
average e r r o r  as v a r i a b l e s  were added and removed from the  models.

The optimum f a l l  and summer headcount f o r e c a s t s  were produced by a 
combination t im e - s e r l e s  and m u l t ip le  r eg re s s io n  model. The independent  
v a r i a b le s  used in f a l l  and summer headcount f o r e c a s t s  were a seasonal  
f a c t o r ,  a t im e- t rend  f a c t o r ,  and n a t io n a l  economic I n d i c a t o r s .  In th e  
optimum t o t a l  FTE f o r e c a s t ,  produced by a m u l t ip le  r e g r e s s io n  model, t h e  
re le v an t  f a c t o r s  were f u l l - t i m e  enro l lment  s h i f t e d  forward t h r e e  y e a r s  
and n a t io n a l  economic I n d i c a to r  s h i f t e d  forward t h r e e  y e a r s .  The b a s i s  
for  acceptance or r e j e c t i o n  of the  models was made 1n con tex t  with the  
f i s c a l  system of t h e  Cornnonwealth o f  V irg in ia  for  t h e  d i s t r i b u t i o n  o f  
pub l ic  funds to the  s t a t e  co l leg e s  and u n i v e r s i t i e s .  The f i s c a l  system 
was e s t a b l i s h e d  p r fm ar i ly  to  provide a b as i s  fo r  f i n a n c i a l  p lann ing .  
Forecas t ing  models were produced f o r  1 y e a r  fo r  f a l l  headcount e n r o l l 
ment and f o r  2 y e a r s  fo r  summer headcount and t o t a l  FTE enro l lment  w i th 
in t  1 p e rc en t .

On the  b a s i s  o f  t h i s  study c e r t a i n  general  co nc lu s io n s  were reach
ed: th e  l a rg e  v a r i a t i o n s  between n a t io n a l  enro l lment  p r o j e c t i o n s  r e s u l t 
ed from d i f f e r e n t  assumptions;  enro l lment  p r o j e c t i o n s  have been too  gen
e r a l i z e d  f o r  I n s t i t u t i o n s  with d iv e r s e  goa ls  and o b j e c t i v e s ;  p re s e n t  
da ta  bases a re  inadequate  to  produce accu ra te  en ro l lm en t  p r o j e c t i o n s ;  
and most p r o j e c t i o n s  a re  not s u f f i c i e n t l y  r e l i a b l e  f o r  p lanning pur
poses. More s p e c i f i c  conclus ions  reached were: s t a t e  da ta  bases a re  I n 
adequate fo r  mult id imensional  I n s t i t u t i o n s ;  removfng q u a r t e r l y  seasonal  
v a r i a t io n s  permits  th e  I d e n t i f i c a t i o n  o f  r e l e v a n t  f a c t o r s ;  t r a d i t i o n a l  
p ro je c t io n  models such as the  cohort  su rv iv a l  and Markov are  not  a p p l i c 
able  1n mult id imensional  I n s t i t u t i o n s  such as comnunlty c o l l e g e s ;  models 
such as t im e - s e r i e s  and m u l t ip le  r e g r e s s io n  can be developed t o  acc u r 
a te ly  p r o j e c t  en ro l lments  fo r  l e s s  than  two y e a r s ;  t h e  c u r r e n t  l i m i t s  of  
accuracy f o r  V i rg in ia  mult id imensional  i n s t i t u t i o n s  a r e  u n r e a l i s t i c ;  
v e r i f i c a t i o n  o f  the  accuracy of p r e d i c t i o n  models i s  v a luab le  f o r  e v a lu 
a t in g  f o r e c a s t in g  models; and models f o r  mult id imensional  I n s t i t u t i o n s  
must be rev ised  p e r i o d i c a l l y  because nelevant  f a c t o r s  a re  c o n s t a n t ly  1n 
fl ux.
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