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Pre'fa e\

'
This study is }undertaken pursuant

I

tO contract NIE-9-81-0073. The
.

contract calls for a 60 page Fina Report describing the projected

supply and demand for vocational educat'on teachers by level pf education.

The contract also stipula'tes thatIa prUl inary report be prepared and ,

submitted prior to the.completion of the 'nal Report. The preliminary

report was submitted June 22,..1981.

The Final Report is presented below in t ree sections. The first

ction (1,0, Background) defines the purposes pf the study, research

estions and methodology. Subsequent sections describe trends in voca-

tional education (Section 2.0), and the Vocation Teacher Supply/Demand 4

Model (VTS1d14) (Section 3.0). Technical assistance was provided by

Dr. Barry M. Richmond, Center for Resource Policy, iartmouth College,

in the design and testing of the VUD modal.
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1.0 BACKGROUND41

1.1 Purposee of theStudy

-This study is Undertaken to review and. interpret existing trend data

on vocational education enrollments and teachers. The parameters ,of'study%

r, agtfolrows: (a) trend data'are national in scope, and not ntended to

Inform local or state planning; (b) dati-analysis'pertains to bers of

students enrolled in vocational program6 and numbers of teachers of voca-

tional programs, and is not intended to issued of equity,-quality

or relevanCe of programs and courses, preparation of instructors or ade-

quacy bf teaching; and (c) initial projections of daty:(Section 2.0) take

the form of simple linear eArapolations based on 1970's data provided by
-

a

il

the National Center for Educational Statistics, National 'Center for ResearCh

in Vocational Education and other sources. 'Misr- the initial work is de-

scriptive (i.e., how many students and teachersat what levels, in what
o

subjects). This descriptive work constitutes the first of two
4
phases of

the study. -The second phase of the study provides an analysis of the data

by using sys)zem dynamicsby to examine trend data under varying con-

ditions (Section 3.0). The purpose of phase two, dynardic modeling, is to ,

test assumptions about (a) the full range of parameters under Which th$

system operates to geneate observed trends, and (b) what an n

expected in those tren4p-given:. 1

(i)4assumptions about resource allocations;

X (ii) assumptions about the formation ofs human eapitil rewired

to effect a change in the. numberl of students and .teachers

in vocational education;

(iii). assumptions about the internal dynamics of the system and

various 'choices of policies.

In afec, phasq two'is a.statement. about expected IrendS, altered by

varying. assumptions and policy, objectives.

-1.2 .Research Questions

4

The purposes of the study, as described above, lead to the formulation

of certain research estions:

%
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(i), What are the curren levels of vocational education.enroll-
. -

ments and- teachers by subject and sector (secondary-post-

secondary) and wha t are the expected levels, given a con-

tinuation of-present trends?

(ii) What are the current occupational demands for students

preiared.in vocational education programs,and what are

the expected demands, given)a continuation of present

.ttends?

(iii) .Under the various conditions below, what changes would b

produced'in voatiOnal eduCation enf011Ment and face

.trends?

, increase in job demand above that
.

extrapolated data

e decrease in job demand below that

extrapolated data

. increase in allocations of

o' decrease in allocations` of

time delays built into the

these conditions

expected from

*

expected from

programmatic fundS

ptogramm tic funds

system under any of

v) What are the dynamic responses of the system under the

.above conditions? For example; if additional demand

builds up for programs and faculty, how longwillix

take the system to respond, given that (a)' more courses

require pore teachers; (b) more teachers require more

,teachers of teachers; (c) increased derdand from jobs

2 also, increases-the attractiveness of private sector
.41

emplOyment for vocational teachers; and (d) resources

,must.be reallocated at several levels,

' (v) What are the levels of resourqf allocation ,required
4....,

.

, under the above conditions, i.e., given -more, or less,

demand than expected based on simple extrapolations,
c

and what shifts (rdalloca'tions) will occur and how

will those shifts affect other policy Objectives?-
.

ImpliCit in these questions (especially iii, iv and v) is a dynamically .

'

Opgiating system with finite-resources and at leasttnowabit parameters-

I

/ '
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. which determine flows of people and resources over time. it is assumed

that if resources are incrqsaed at the fediral level to meet demand for
:A

vocational education, whether demand is stipulated (i.e., by policy) or

.represents.e'real response to job.pressures.or both, the increase in voca-

tional, edAtion funds will'represent.a decrease in regular eduCation

funds. -That:is, we assume a zero-sum budgeting process in which there

will be winners And losers. One of the expected outcomes.of more voca-

tional education funds would be some decrease in the numbers of academic,

general-vd special students progressing through the system. These points

lead us to,a preliminary discussion of modeling:

1.3 The Model

The modeling procedures used in this study differ from the,standard

approach of point-in-time predictions. Such approaches anticipate con-
.

stancy in conditions:- SysteM dynamics models are explicitly causal, but
De e

the structure of the model is guided by but not determined by historically

observed relationships. The purpose ofthe model is to be'able to test

conditional changes over broad ranges Of model perimeters and to,under-
.-',

stand shifts-from initial operating points-to a position outside of his-

torically observed operating ranges. By implication, and as a starting

point, anz extrapolation of trend data,.consistent with the model's

causal structure, means some flow of people and resources through a system.

which requires time to respond A If, the system is to, expand vocational en-

rollments, the will take ti(me to prepare teachers, hire teachers and

adjust a chain of interrelate d variables-including resource reallocations
0

at both the level of expansion and at,the next levelS where instructors

. are being prepared. !That in turn sets in motion a second order system

-which prepares instructors and the faculty required tokteach instructors.

If thethe system is to expand at the postsecondary-level, that expansion will

require expaugjon below and above that point; i.e.., more high schiol gradU-
'". -

.ates must befprepared to enter the postsecondary system -- which in turn

calls for mAkstructors-at the high school level, at 'the postsecondary

level to accomodate expansion, and a new cycle of instructor preparation

for both levels.

el

Our appraech to, applying system- dynamics modeling In this study will!'
-

%

,

7-
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be to first illustrate the parametep of model output, given extrapolated

demand fpr vodationally trained high school and postsecondary (two -year)

-graduates. 'We will see in some detail what the levels of resource commit-

mts, numbers of teachers and numbers Of-teachers of,teachers would have

to be'under a scenario of "no surprises ". We will then test the model to
1

illustrace'what the'output of graduates would be if the'equired resources

are not forthcoming (i.e., given decisions to lithit the'allocation of

vocational funds). We 'will also 'test the, model to estimate the likely

'outputs of graduates, demand for teaehers and teaChera of teachers under

various assumptions that depart from extrapolated

For exampler one of the likelyd5CenarioS for

is the reestablishment of the Selective Service.

what would be the expected effects on the system:,

into postsecondary vocational education programs; (b) some switching of

interest fromlvocationai education and into the four-year college track

job,demand.

the next 10 year period

Given the military- draft,

(a) Same.initial delay

(assuming deferments), (c) some time-delayed build-up of vocational demand

. (aisuTing. a "GI benefits'; policy wouldprOvide a stimulus for college par-,

ticipation following military service). Theseexpected effects'wiil be
,'

I , .... , ,..40
..

'tested in model runs.
. .-

1.3.1 The System. The system is defined aggregatively'as the public
.

.

elementary-Secondary School system, two-year colleges and four-year col--
.

i .

le&es and universities. We will not include strictly proprietary schools

'And institutes, nor will we include adult vocational-training. This defi-

nition of the system roughly corresionds with the commonly referred td'

"edtcation system ". T}e model will be parametered with national data on4
.

..

.

enrollme S, teachers s and expenditures.
o

We-will not in the modeling phase

be conce ed with system details such as the total numbers of courses and:I

programs. Students and teachers will be in an academic track or a voca-

tional track at teach level of the 'system. Expenditures in the - system will

be represdhted by a per pupil cost based on historical and projected data.

The system will include a jobADarhmeter, aggregated as vocational

and academid. The model will not.create jobs, however. Job demand will

be a function 'of extrapolated occupational positiOns seperated by acadethic

and vocationafl'ameters. In short., jobs will be an exogenous variable
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but will be adjusted.to reflect assumptions of,higher.or lower demand

than eltpocted from linear.extrapolation.

1.4 Model Assumptions.

Implicit in our definition of the system and model are certain'

assumptions: :.
_ . ., ..

1.4.1 Student Flows . t-

(i) The number/ of students whO can enroll in high school' .

4

vocational programs is some fraction.of the total high

b

,schoctl population.

(ii) That fraction (of the total high school population) is

determined by:

job demand -- created'exoenously and based on occur

pationa6rojections for employment in jobs calling

for vocational and academic preparation

fraction of students -- enrolling in vocational

A programs isa function of job prospectsi
;

and other

factors:

lL

(a) job prospects in occupations,calling:for

vocational preparation

(b) job prospects in occupations. calling for

academic preparation

(c) capacity consideraciona: here it is en-

visioned that teachers/administrators may

% compete for students if students are in

(d)

short supply (built in bias will favor

_the academic track)

available resources -- the fraction of

students who can be enrolled in vocational,

programs (regardless.of demand) will be

determined by resources available (fraction,

of total expenditure)

The fradtion of high school students'entering postsecondary

vocational programs' will be 'a ftindtion

9
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..a fraction -of high school §tUdenta enrolled in

secondary vocational education programs; and a

. fraction of non-vocational studeats'not attending

'4 year colleges
a 0a ,

. job demand, decisions of students,. capacity, and

resources (see above) 1

U

1.4.2 Vocational _Educators-

(i). The number of vocational educator's required tto teach at
,, .

the secondary and postsecondary leveks'is some fraction

ofall educators being prepared py schools of education

(ii) The fraction of high school

.

graduate'S,who seekto be

prepared as vocational educators is some fractioh of the

totai-college bound population of high school graduates

o seeking aditlisbion,t6 schools of ed cation
, ... ,

(iii) That fraction (of the total collegebound population) is

determined by .--,
\

)

'

(a) the hire rate---, for
.

vocational educators (in turn ar--- .

function of` student demand and-,available resoures)

(b) the hire rate Modulatild by the overall effects of

thehire rate of all educ rs -- assumes that if..

:7a

. .
*

:all educators'in:the job 7ket are:havintrouble

. 'finding jobs then there will'be some'effect on,,

r.

'.,. . decisions of college bound high schoolgraduates

seeking to prepare,,foi vocational'education careers

(`c) alternative non - educational prospects for'co(Ilege

. prepared Persons -- a ftinCtiOn of the same pressures
. .. .

.
.

driving up demand for vocational courses (i.e., job

4

'availability in the-private sector)
.

. , , /
.

1.4.3 Resources) ..,_- _. ''.
/

. .-

,. - ..

,,-. '.

. '6.) Expenditures,are computed in.the model at three leVels

(as defined earlier): high school ';.roca&onal and.non-
.

vocational per pupil Costs; postseCondary vocational per '

'pupil costs; 4 year college per ,pupil Costs.' 'The costs.

are'computed by.historical data on, average per pupil

410

di.

ti
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costs, times.students in Apse levels.

(ii) This will allow into say, if the system expands, io, will

add X to the total allocation of dollars for vocational -

education, and Xi, X2, apd X3 distributions of'cOsts'am

the three levels (Isecondaryilpousecondar35\vocational edu-
N

datioh and college levels) -- if resources are not avail-
.

able,.the system won't expand:
.

.

1.2 TentatteConclusions
4 41,

Our tentative conclusions are summarized below (bearing iglmind

that, these are subject to further refinement and testing of model

assumptions):

o

(1) Simple linear extrapolation of vocational enrollment

,, at the secondary level, to 1986, as a percentage
?

of

., all secondary enrollment, produces a tapering off. of

. . .
.

,..the vocational enrollment growth observed in the 1970's

--) -- due primarily to 4 declinein the total secondary
ell*

* school population. BaSed on simple extrapolation,
.
vocatignal enrollmen"t, in absolute numbers, would be

no greater than enrollment in 1978 (even if the per-

centage enrolled;cOntinuei to rise at its historic

., rate). *Therefore, the demand, geheralli, for high school
.

vocational teachers is not expected to rise.
Kr

4ip -

(2) At the postsecondary level, a.geadual decline in
s_. .

_

, ,

rate of growth is expected, due primarily to- demo-

gkaphy, although no net decrease in enrolltept

two year colleges is forecast to 1906. Instructor

'demand., gener'ally, ,will rise radually at the post-
.< Ii.

secondary level, but within fields now undersuOplied, ,
. .

: ',shortages will likely continue.
% .

(43) Within vocational areas, the observed shortages and
J

.surplused of instructors (trade and home economics,
.

, for example) are expected to continue.' The time and
.. :

.. ..
-

.funding limitations of this contract, however, do not
.

.

4--
4..

allow for.a modeling effortcomplex enough to
,

simu-
.

. . .

- late disaggregated difference in enrollment and

-... ",:,.....
.

- 11.v/r411.. , 1

.
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%taff by.fields within vocational and nonvocational .
.

. , education at st either the econdary or postsecondary- .

4 , , ,, .
. . . ,

levels.. ... 1 -
I

(4) The VTSD model (alsystem dynamics model of"vOcational

-1.
supply and demand)roduces output contistept with CV"
historicalidata, and projecti a.gradu'al. decline. in V

. .

. .

in.vocational enrollments at the secondary level'an4
b.

1, ,
.

.

postsecondary levei to the-yer moo. , Three 'primary 4

factors account for'mOdel outiq: 'aflatening Of
.

, &
-employment growth rates, decline of 14-21 year ilold

.

pop4tibn,ccmpetition for'eclucational rources.

4 _The reinstitution of selective.Service,',as tentatively CI',, ,

.

, .."
tested in-the model; produces a st,imulus athe post- '

secondary lvel after
.

1985.-,

- J `

1

,

66

.a
46

L

, :
.lo. ...

.0 ,

I
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2.0 TRENDS IN VOCATIONAL EDUCATION

2.1 Introduction
),Z)

4

This section presents dOcumentedhistorical and prbjected.cread data

on vocational education enrollments and staff, together'withfactors
.

assumed to be influencing changes in the, vocational trends. Tfie

important of these fac- tors is demography.. In the VTSD model, dign4sSe'd

O 4 in the next section, the fundamental assumption is that enrcalmients deter .~

mine the justification for revenues, and revenues determine expenditures.,
D

Enrollment changes are a function of population growth, or decline, within

given age cohorts, and the fraction.of that population entering and re-

maining in vocational programs at the secondary and postsecondary,levels.

Demography is an exogenous variableedetertined by birth rate:and propor-

tion of the Nal age cohort entering and remaining in the schooling sys7

tat. Within the system, the following factors.Are_assumed to aEfecE en-'
. \ e'rollments, or act as constraints: availability of sta4), or capacity,

and the tradeoff of funds required for vocational education4ele.tO

general and academic education. Externally driven factors, whicifalso.
.

determin enrollments, include rates o growth of vocationall**fined'

employment, the relationship between tot vocational employMent=in the t

.7,'
labor force and enrollments in vocational education, and the rates of

growth in'professional employment (assumed to require academicor non-

vocational preparation).

These factors, andthe trend data, are discussed in subsequent sub-

sections below as descriptive data. The data are later usedto para-

meterize the VTSD, model.

2.2 .Vocational Education Trends

2 2 1 Demography. The well known trends in school-age population
. -

. growth and decline are presented and discussed briefly. The unavoidable

conclusion, simply put, is that fewer people will be in school at the

secondary and postsecondary levels in this decade and the next as com-

pared to the vious two decaded. At the postsecondary level, enroll-

mentsments are m nfluenced by factors of employment prospects but the
e.....;-:;:

1 , _
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National Center for)Educetiodal-Stat,istics and the.BureaUof the,densuS
.

. ,

.
.

N.6

. /consistently forecast a leveling off of ppstsecondary enrollments, al-' .

v
though no absolu'te decline. Table 1 shows the 14 - 17 year old and 18;

' 0 .

19,-20 and 21 Year old populations from 1962 to-1986 as projected by

NCES and the'Burgau of the Census.
, -#

:. P
.5.. 1

Table 1

r

*1967

1970

4 197,5:4

1980

1985.

1986

Population 14 -.17 Years Ofd,

'end 18,'19, 20 and 21 Years

' Old, 1967 - 1986 (thousands)

4
IN

14 -17 18 19 s 20 21

14,829 3,535 3,538'. 397 3,053

16,341 3,796 4,062 3,669 3,578

'16;913 4,236 4,159 *6'4,149 4-,005

15,618 4,188 4,3'03 4',342 : -4,258

14,358 3,577 3,706 3,954 4,061

14,202, 3,526 3,610 3,765 3;881

Source:' NCES, Pro3ection of EdUcational Statistics to 1986-87,-
t'' Tables B-1 and B-2.

2.2.2' Enrollments and §taff.) All.PrOgramS. For the purposes of

this study,the NCES data on laigtortcal and projected enrollments are

used. (All school enrollment, expenditures and staff data include only
. %

public schools for:purppses,of comparison with vocational Zeta.) The

enrollment data of course, are consistent with demographic data: Table$ 0

2 below-. shows enrollmentssIn Gredei 9 - 12, and enrollments in 2 year'

and 4 year collegesTiom 1965 to 1986. Enrollments at the secondary

'level and in 4 year colleges decline while 2 yearcollege enrollments'

.level off but lcontinue growing through 1986.

Table 3 shows the number of instructional staff at the secondary

and.postsecOndaw levelprojected to 1986. As expected, the staff trend

data are consistent withdemographic_and enrollment data: fewer instruc-:

tional staff at the secondary and postsecondary level as this decade ends:

14
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1

. Table 2

Public Sehbol Enrollments in Gradds

9 - 12 andkEnrolITents'in 2 and 444

YearColleges,,1965 to 1986 (thousands)

-1965

1975

1980

3.985

1986'

.9 ,-.121 2 Year'College2 4 Year College3

.12,61Q

13,332 :

14;304.,:

13.,203

11,963

111812

1,173

2,223

3,97b
. .

4,976*

3,839

5,979

.

4,748

7,215
r

7,460

7,042

6,924

4

1

02

Public schools only.
. .

Total enrollments,; public
and full-time students..

3 .
Total enrollmentS, pubfit.and
.and full-time. .

NCES, Projdction ,of Educational
Tables.44 6, and 7. .. ,

.and private

Source:

private

Table.3.-

InstrUctionall.StafratheSeconday

and Postsecondary Level, 1965 to.
. 1

institutions,

institutions,

Statistics to

part-time

part-time

1986-87,

''1986 (thousands

Secondary
1

Postsecondary
2

Ot

1965. 746 317

1970 927, 451 4.

1975 1,016 594

,p80 944 622

1985 884 607

1986 875 599

4

0 '

1
Public classroom teachers..

0 2
,

i
,,'

Full-time equivale4;faculty, all inst
education.

Source: NCBSt'Projection of
Tables 17 and 23

NCES,' Injection of
Table 33

Educational

Educational

itutibns of
^

ko

Statistics

Statlstics,

higher

.

to 1986-87,

to 1983-84,

15 fr
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2.3 Vocational Educational Education

The available data on vocational education suggest/ three things:

(a) enrollments in the 1970's are growing relative to anrollments.in

general education;'(b) a large fraction of vocational education,enroll-
,

ments are, in non-4ccupational programs; and (c) little shifting occv.rs.

among the percentages of students enrolled in various vocational areas.

2:3.1 Enrollments: 'All Vocational Programs. *The :available enroll-

ment data consists mostly of total head counts. The'exact full -time

equivalent enrollmenti in vocational programs is not documented,'but is

eAtimated here from available data on FTE vocational staff, assuming,

student/staff ratios in vocational educatioP are identical to all educa-

tion programs. -Table 4 below shows total el-moll:rents it vocational edu-

cation from 1971'to 1977.
a

t

Table 4

Enrollments in Vocational Education (millions)

Secondary Postsecondary Adult

"1971 6.5 . 1.1 2.9.

1972 7.1.' 1.2 3.1.

1973. 7.3 43 3.4

1974 8.4. 1.6 3.5

1975 9.4 1.9 4.0

1976 8.9 . %12.2 4.0 .

4.

1977 9.6 . 2.4 -'4.2

,4V
Source: The Status of Vocational Education, School Year 1976-77,

Tables 41 and 42
.Tfie Status of Vocational Education, School Year 1975-76,

Fjzure 2.1 and tables 43 and 45.

416

. .

Tables 5 and,-.6%elOw show total enrollments, 1972-1978 converted tO.
?

full-time equivalent,enioIlments at the secondary,and postsecondary

(No equivalent basis could 'be found for computing full-time adults en-

rolled in vocational programs.) The data shot" steady growth ip enrollments

partly due ,to demographic growth and Partly- due to_increasing proportions

16



.

-14-

Table 5

Estimated SeColidazy Vocational-Education

Enrollments Based cdo Full=time Equivalent-

1972

Teachers and Secohdary School

Student-Tea&ler Ratio

Voc. Ed. Teachers1 Student /Teat'

4

Estimated Enrollments

110,796 '. 19.1 2,116,203

19 73 112,664 19.3 2,174,415

1974 127,201 18.7

1975, 138,840 18.8 2,610,192

1976 '238,322 18.5-' 2,558,957

1977 146,052 18.4 2,687,356

1978 154,728 18.3'

1
NCES,, StaoisticalrOverview of Vocational Education,

September 17, 1980, Table 14
2
LACES, Projection of Educational Statistics 1986-87,

.

s Table 18 ,

L

Table 6

Estimated Postsecondary Vocational Education

Enrollments Based on Full-time Equivalent

Faculty and Postsecondary

°Student-Faculty Ratio

Voc. Ed. Facultyl Student/Faculty
2

Estimated Enrollments

X1972. 39,241 15.9 623,931

973 : 40,626 . 15.5 629;703'

1974. .46,534
1
15.1 702,663

1975' 50,437 14.8_ A 746,467

1976 53,602 14.2 761,1/8

1977 '59,626 14:2 846,689
.

1978 ' 56,058 6 14.4 807,235

NCES, A Statistical Overview of Vocation 1 Education,
September 17, 1980, Table 14

.2'
Computed fromjables 8'and 23, Projection of Educational
Statistics to 1986-1987, NCES

A
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of theschool population entering and remaining in- vocational education
programs Table 7 and 8 show the FTE vocational enrollments at the
secondary and postsecondary levels as a percentage of all enrollments

at those levels. Secondary vocational enrollments rise from 11.5% of
all students in 972 to 15.5% of all students in 1978.) Computed as
simple annual percentage growth, vocational enrollmdhts, relative to
all enrollmentS, are rising at about 6 /10ths of a percent each year at
the high school level. By 1986 that would mean thativocational enroll-

ments would-be-About 20% of total high school enrollment.

Given the projected level Of secondary enrollment (grades-7 - 12)

in 1986, a simple linear extrapolation of the data (using full-time
c9

equivalents) would, predict about 3.0, million students in high school
vocational education programs, or a net increase of about 231,000 stu-
dents since 1978.

%, If,one were to simply extrapolate enrollment growth in vocational

education, based on annua enrollment growth rates in the 1970's, voca-
tional enrollments woul rise from .2.8 million students in 1978 to

about 4.2 million in 1986. 'Tha64ould Mean that vocational Students

would comprise 27% of the total high school enrollments, on a full-time

equivalent basis.

The probability of ondout of three high school students being en-
,

tcaled full-time in vocational education would require a sizable re-7,

allocation of resources at the secondary level, That would mean a sut.-

stantial decrease in resources available for academic programs and other
general and specialedncation programs not associated with vocational

educatioh. In'short, the reality of such a reallocation occurring in

this decade would create a "contestr for shrinking available resources
Ivo

at a time when such contests take on.very significant mesaning for pro-
.

fessional jobs and would raise serious educational and political issues.
, .

We will: return to these points in the last section of the report.,

2.3.2 Programs Within Vocational Education. The datia by categories
, of-enrollments, all levels and adult education, suggest that health and

technical training areigypwingat the m4t rapid rate within vocational
education, although consumer and home econotics continues to enroll

/ 18
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Table 7

Estimated Secondary Vocational Education Enrollments
$

e

as a Percentage of All Public Secondary Enrollments

Voc. Ed. Enrollments Secondary Enroll.
2 ,

Percent

1972
.

2,116 18,421. 11.5

1973 2,174 18,995 11.4

1974 2,379 ,18,671 12.7

1975 ..2,610 19,151 13.6

1976 2559 18, 5 13.5

1977 1 2,687 .18,664 14.4.

1978 2,832 1,8,265 15.5

--.)

-Estimated as follows: FTE Teachers X Student/Teacher Ratio

FTE Teachers from NCES, A Statistical Overview of Vocational
Education, September 17, 1980, Table 14 r`'

.Student /Teacher Ratio from NCES, Projection of Educational
Statistics to. 1986-87, Table 14 t

2NCES, Projection of Educational Statistics, 1986 -87, Table 4

(Col. 7) (1977 and 1978 Intermediate-Alternative. Projections)

,Table 8

Estimated Postsecondary Vocational Enrollment as a.

Percentage of A11 FTE Higher Education Enrollments

(Enrollments'in Thousands)

Voc- Ed. Enroll.'t . All Higher Ed. Enro11.2 Percent

'1972 624 '7,255 8.6

1973 630 ,
7,454 8.5 .

1974 703 7,806 8.0

e 1975 746 8;481 8.8

g6 1976 161 8,313 9.2

1977 , 847 8,604 9.8

1.178

()11

807 8;741 9.2

lEstiiated as follows: (FTE Faculty) (Faculty/Student Ratio)

FTE Oom NCES A Statistical Overview of Vocational
Education, September 17, 1980, Table 14

FaCulty/41ident Ratio,from NCES,,.Projection of Educational 1 9
"t"ti!"

to
1986

-87 tiles 8 and 23'

1

,.

-
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about one-quarter of the total. Tables 9 and 10 below'show a break-down

of enrollment changes from 1971 to 1976 within eight

historical datalbn total enrollments by occupational

Table.11. Table 12 shows enrollment by occupatoinal
.

schooling (secondary and postsecondary).

major 'areas` The

area are shdwn in

area and level of

2.3.3 Vocational Staff. Tables 5 and 6 above show vocational icaff

(FTE) at the secondary and postsedonary levels. 'Table 13 below shows.
41*

. vocational staff for all vocational programs (secondary, postsecondary

and adult) including full and.part-time teachers, 1974 - 1978. Consis-

tent with all previous data, staff in vocational education it increasing

,(although full and part-time distinctions aren't made in Table 13).

Additional data in Table 14 shows full7time equivalent staff at the

secondary, postsecondary and adult levels, again increasing from 1972 to

197 at all three levels.
00

. Table 15 shor the full -time equivalent staff in vocational educa-

tion at the secondary and postsecondary levels as a percentage of all

teachers. The secondary percentage rises from)..1.5% to 15.5%; the

pistsecondary percghtage rises from 8.6% to 922%.

Table 9

percentage of Total Vocational Enrollme t

Nt

By Occupational Area,

'ks

Agriculture

Dist. fd.

1971

1970-71

1976

Percentage ti

1975-761974-75

8.0

6.3

-" 6.9

4, 6.0

6.9

5.9-

Health 2.9 4.2 4.5

ConsuMer and:Home Ec. 26.8 23.0 23.0

OcCupationa; Home Ec. ' 2.1 "- 3.2 3:1

Office OccUpations,, 24.2. 20.2, t9.3

TeChnital Education 3.4 3.1. 3.2

Trade-and Industry -410 22.5 20.6 20.3-

Other 2.9 12.8 13.0

Source: Status of Vocational Education, Schoolltar 1973-76,
Ohio State University, NatioN. Center for Research
1.4 Vocational Education.% Tabl<2.5

20
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Table' 10
.

Enrollment Growth by Occupational Area, Total

VoCational Education, 1975 -,1976 (Entollmentg in Thousands) .

Enrollments . Increase Percentage -;

Agricult.Are

Dist,: Ed..

Health

Consumer and Home Ec.

Occupatio al Home Ec:

Office Occupationsi

Technical Education

Trade & Industry .

1975 - 1976 '1974-75

1,060 47. '4:7

901 26
,-. 3.0

685. 68 , 11.1
..

3,515 152. '4.5

472' 9' 2:0
4

3,-114 164 . 5.6

485- 38 '8.4'

3,120 115 3.8

Source: Status of Vocational Education, School Year 1975-76,
Ohio State University, National-Center fors Re.s.lrch
in Vocational Education; Table 2.6

1

#
Table11

Enrollmentin FederallyAided Vocational Education,

Classes\by Type of Program (thousands)
0

,

°
Dist. HOme Trades 4 Health Tech Office ".

Total 'Agric.., Ed. Ec% Indus. Occ. Ed. ',; Occ. Other

-
r

2

,

3

V

'1960
4
1964

1968

972

Z6

.1278

b3,768

4;566

7,534

11,711

15,346

17,599

796

861

907

896

1,060

1,006

'

304

334

420

640

900

962

' 1,588

,741.,022
.

1,898

3,466.

3,986

4,119

938

1,069

1,269

:2,398

.3,110

3,403

46

59

84

337

-. 685

759

101

221

254

337

-. 485

528

I

,-

'1,238

2,352

3,115

3;312'

J.

"-::

1,305
. .

2,005

3,509

0

'A V

. 1

Sour;e: NGES, Digest of Educational Statistics, 1960, Table 150

21
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Table 12 '-

ear:!`

Enrollment in'Federally-Aided Vocational EducattOn Ciasses-%

by Level and Type of Program, 1968:- 1978.(thoiltands)'

0

Agriculture

Sec.

Postsec.

Distributive

Sec.

Posese

Technical

Othr

1968 '1970 1972 1974.

.

528 551 603 659
11 1 23, 35 47

°

176 230' 263 353
1,, 45 82 , 103 133

-----
Health

See 42 310 1,223 1,610,

Postsec. - 17 46 46

Sec. Zl 32 519 04
Postsec. 65 102 177 228

Home Ec

Sec. 1,558 1,934 2,631 2,877
Postsec. 44 . 69 71

Office
.

Sec.' 1,060 1,331 1,508 1,766
Postsec. 225 331 , 360 426

. Sec. l ,..,
/;-

-36 34 39 40
-,-,,

'-7.-- Postsec. 105 152 189 231

l' _ Trades/Indus, 1

(
SeC' 422 692 !t52 1,218
Po tsec. 138 261 357 413

/

'1976. 1978

N
,....--

7'12 715
6$ 58

361 397

14, ,248

108 132

i '290 t 233

,..:

2,944., 3,949
109 o' 17

1,824 1,955,
620 . 670

35 . 35
310 '31.0

-

1,351 1,470

565' 424

.1,643 _ 3;224
76 :51.

Source; 'NOES, Digest of Educational Statistics, 1980, Table .

22
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Agriculle

Distributive-
.

Health

'Home Ec.

Office

Technical

Trades.

Other

Total

f

ti

Table 13-

Teachers of Federally Aided V cational Education

1

1974

Total . %

;,
Clas y Typg of Program, 1974 - 1948

1975 1976
Total y, Total

1977

Total .

1978
Total %-

14;943 (5.6)

16,505' (6.2)

19,505 (6.2)

47,326(,(17.8)

58,153 (21.8)

14,936 (5.6)

.

74,314 (249)

20,538. (7.7)

26'6,220

15,528

18,239

21,517

4618
66,849

16,243
.

80,097

24,862

294,053

(5.3)

(7.2)

(17%2)

,$(22.7)

(5.5)

(27,2)

(8.5)

16,774

20,093

24,189

50,447

67,132

17,047

83,490

30,759

309,931

<

(5.4)

;.(6M

(7.8)

6.3)

(21.7)

(5.5)

(26.9),

(9.9)

17,255

21,052

26,807

53,897

70,891

18,606

91,277

35,516

335,301

'(5:1)

, (6.3)

(8.0)

(16.1)

(21.1)

(5.5)

(27.2)

410.6)

.

17,668

22,086

.28,569

53,804'

69,980

21,498

87,-856

52,714

354,175

(5.0)

6.2

(8.1)

(15.2)

(19.8)

(6.1) .

(24.8).;

(14.9)?

OP

Source: NOES, Digest of Educational STatistics,,1980, Mble 152

f

4
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Table 14

Teachers of Vocational Education, Full-time Equivalents 4

Secondary
.

'Postsecondary Adult Total "

1972 %.110,796 39,241 25,845 175,882

1973' 112,664 I -40,626 28,404 1872,694 .

19 74 '127,201 46,534 -30,054 203,789

1975 138,840 '50,437 32,881, 222.458

197& 138,322 - 53,602 33,545 1425,469
If;

47 7 146,052 59,626 37,959 '

,

243,637 -

' 1978. .154,728 .56,058 53,943 '264,729

Source: NCES, A Statistical Overview of Vocational Education,
September 17, 1980, Table 14C

Table 15

Estimated Vocational Education Teachers At Secondary-

and Postsecondary Level as a Percentage of All Teachers

Secondary)
Voe.Ed.

. Teachers

1972 .110,796 .7'

'1973 _112,664

0.1974 -,'127',201,

138,80."

.1976- 138,322

1977: 146'452 .

All
2

Postsecondar
y3

.

Secondary Voc. Ed. All
4

.

'Teachers Percent. Faculty Faculty Percent

963,000 :11.5 31,241 455,000 8.6'

i86,000 11.4 40,626. .--)' 481,000 8.4
. .

,998,,000 , 12.7 -47,53.4 516,000 9.0

.1,016;000' .: 13.7 50,437 :574,000 ; 8.8,

1,023,000 . 13.5 ..'" 54,692 ' .5844000 9.2

1,014'400 . 1 14.4 59,626 .' 604,000 9.9 ,

1978 15/4:728 .998,000 15.5 56:458 608,000 '9'4,

=

1 .

NCES, A Statistical Overview of Vocational Education,
September 17, 1980, Table 14. . '.

2 : .. . , ,

NCES, Projection of Educatfanal Statistics to 1986-87,
Table 17 (Col. 7) ,(1977 and 1178 Intermed. Alt. Proj.1.,.

3
1'3'1See Note" 1. 4

. 4 '

NCES, Projection of educational Statistics to 1986-87,
Table 23'.

25
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2.3.4 Supply ed Demand foi Vocational teachers. The primary

document source of data on teAcher preparation and demand for teachers

r' is the NEA's, annual report (Teacher Supply and Demand in t1e Pubrie

Schools). Table 16"below.shows the NEA's estimate of vocational teach

suppland demand' compared with supply and demand for.allisecondary

teachers:It generii, the vocational supply /demand pattern 4 1968 .

to 1978 i4simikar no-theleneral patte: More new teachers dian

positions to be filled. There has been no serious shortage of-vocational

teachers on the whole, kccording to these data, although within certain

fields, chronic shortages and surpluses-exist. Table 17 shows secondary.

s-°---\

oc
vocational teacher supply and demand by field from 1968 to 1978. Trade

and industrial:education-have been consistently un*rsUpplied with new

teachers'sgmce 1968. Home economics ajld agriculture. have been consis-

tently oversupplied during this period. After. the trade teacherrsupply

and demand data ere separated, the picture on the whole fox much cof the
./,

1970's shows surpluses of vocational education teaehert (Table 18).

Table 19 below shows vocational teacher supply (i.e., new graduates)

- as a percentage of total secondary teacher supply. Thi percentage ranges.

ftoM about 15% to about.21%. Despite the increased enrollments in iroca-
....

tional education,Jelative to,total

teachers-has not changed much since

falling. /-

enrollments, the supply,Of vocational,

rising in,the earlyl970's and then

.

"1, For the purposes:of-model buildingcUsied An more detail later),

it is Assumed,that (a) vocational-teacher supply is affedted bythe'ge eral

market condition for all teachers; (b) response to markt conditions
o

.within various fields for%teachers will reflect some sensitivity to changes,

e.g., the rising demand fir healtlt educators will eventually produce'more

' health educators, but there will'be a delaybetween the market "airal"

and.ohanges in available supplies; Ind (c) constraints imposed by the

system of teacher preparation will restrict supplies even when theloarket
- .

\t. demandis high. It takes time for academic programs.to train new.instruc-
.

, tots, develop new programs, to train instructors, ar'transfer or telease

instructors not needed, or dismantle or reduce.undetsubscribed Programs.

In short, the same system that produces high school vocational teachers

2 6
O
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Table /6

Secondary Vocational Teachers:

Supply, and Demand All Fields, 1968 -: 1978

Demand for
1

Voc.Ed.Teachers
Supply of

Voc.Ed. Teachers
Supply of All

Secondary Teachers
Demand for All

Secondary Teachers

1968 11,112. 22,775 136,242 72,835

1969 12:061 25,287 160,756 78,213

1970 13,985 26,709 167,802 95,468

1971 17,702 294,"041 176,237 106,000

.1972, 19,673 38,707 7. 182,715 108,000

1573 14,589 26,189 165,639 73,628

1974 10,889 25,894 167,839 50,800

1975 10,540 21,685 144,931

1976 10,950 '18,730 121,580

1978 8,650 15,535 102,079 41;300

Includes Agriculture, Business Education, Distributive Education,
Home Economics, Industrial Arts aneTrade. - (Distributive Education

-not included in 1968, 1969, 1970 and 1973 figures.)

Source: NEA, Teacher Supply and Demand'in Public Schools, 1968-1918

Note: Supply includes new graduates, both bachelors degrees and first
professional degrees, certOied to teach. Demand is the
estimated teaching vacariciA that could.be filled by beginning
teachers, newly certified to teach, calculated as turnover
rate of encumbent teachers in each secondary field.



Table 17. o .
e

Secondary Vocational Teachei4: Supply .and Demand by Field or Study, 1968 - 1978

Year
Agriculture
Supply Demand

Bus. Education
Supply Demand

Dist.Education
Supply Demand

Home Ec.

Supply Demand
I. A.

Supply Demand

e

Trade

Supply Demand

el,

4

N.)

1968

1969'

1970

1971

1972

1973

1974:

1975

1976

1978

2047
.

1554

1921

1761

1761

1821

1675

1461.

1241

1031

711

488

625

1060

1060

1306

882

632

1050

700

9001 -.
.

10258

10827

11195

10651

9410

8753

.7307

6318

5247

4123

4267

4799

5936

5875

4082

2692

2530

2450

2100

-

868

951

1102

854

718

677

562

-
.

-

-

530

653

356

316

400

300

6780

'7594

8038
.

8615

8728

8141

7628

6367

5529

-4592

2807

2990

3717

4346

. 5005

3882

2692

. 2530

2350

.1800

4338

5205

5190

5692

5692,

5769

580

4880

4175.

3467

2248
lb.

2994

3638

3816'

3816

3892

2235

2635.

2400

1550

609

'676.

733

94)

924

1048

1137 ,

952

790

636
,

1223

1322

1206

2014

3264

, 1427

2032

1897

2300

2,200

Source: NEA, Teacher Supply and Demand in Public Schools, 1968-1978
/

Note: Supply includes new graduates, both bachelors degrees. and first professional ddgrees,
certified to teach (NBA; 1968-1978), Demervis is the estimated teacher vocahcie;3 that-

could be filled by beginning teachers newly certified to teach, calculated' rOm turn-
over rate of encumbane teachers in each secondary field.

28
29
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Table 18 .

Supply and Demand.: Trade Teach4rs and Other Vocational Teachers

Trade
% -

-.Supply 'Demand --
,..

Supply
Otherl

Demand

1968 609 1223 22,166 9,289

1969 676 1322' 24,611 10,739

1970 733 1206 25,976 12,779' 4.

1971 91 2014 28,i31 15,688

1972 924 3264 37,783 16,409

1973 1048 1427
,

25,141 . 13,162

1974 1137 2032 24,757 8,857. ..-...--.-----

1975 952 1897 20,733 8,643

1976 790 2306 17,940 8,650

1978 ' 676 2200 14,8.99 6,450

1 Other includes agriculture, Business,Education, Distributive Edu-
'cation, Home Economics, and Industrial Arts. l?Distributive Educa-

tion not included in 1968, 1969, 1970 an& 1973 figures.).

-Source: NEA, Teacher Supply and Demand in Public Schools, 1968-1978

Vocational

Tble 19
, .

Teacher Supply as a Percentagesoi Total-Teacher Supply
,

Vocational All Teachers ;Percent

1968 22,775 . 136,242 16.7

1969 25,287
-

160,75'6 15.7

1.970 26,709' 167,802 15.9

1971 - 29,041 176,237 16.4

1972 , 38,207 1P2,715 21.2 . ,.

1973 26,189 165,639, 15.8

1974 25,894 167,839 15:4

1915 ;21,685 .. 144,931 \ 14.9'
.

-
.1,.

1976 18,730 . 121,580 2.4'

1978 15,535 . 102,079 15.2

P
Source: NEA, Teacher Supply and Demand,in Public Schools,

1968-1978 .
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must also produce the faculty to teach teachers and it must also supply

postsecoridary teachers and the faculty to prepare postsecondarYirteachers:

Long time delays and periods of over- awd under-supply should surprise

rio one. It'should also be noted that no precise data could be found to

establish base-line trends on the level of preparation or source of

vocational instructors at the secondary or postsecondary level. Clearly,

not all instructors' are graduates of schools of education or hold. college
0. .

credentials. However, that would likely be the case for home economics,

'office' and agriculture, instructors: The remaining staff would represent

smile mix of college sand on-the-job preparation, although exactly what

that mix is remainvindetermi ate. For the purposes of this study and

the VTSD model, we assume th t all secondary and poscsecondery teachers

are prOducts of schools of education.

2.4 Costs of Vocational' Education

This section examines data on vocational education costs and com-

pares those costs to general education. Table 20 below shows total

vocational expenditures for 1974 and 1976 to bea relatively constant

percentage of all education expenditures (public) staying at aboult 4%.

Table ZO

A1l.Vocational Expenditures Compared to All

'Public Edqcation Expenditures, 1974 and 1976 (billions)

VecaticirTNI General Percent

1074r $ 3.1 $

1976 $ 3.9 $ 100,0

3.8%

3.9%

Source! The Status of Vocational Education, School' Year .1976-77,
National Center for Research on Vocational ,pucation,
Ohio State, Table 63.

Table 21 shows secondary, vocational expenditures compared to..

general secondary expenditures (public). There has been'a graduil

increase in percentageaoof total education funds allocated to vocational

education at, the secondary level -- rising from 8.3% in 1971-72 to ,9.5%

in 1976-77.

31



Table 21

Vocational Edu ation Expenditures at Secondary (9 -12)

Level Com are'd to All Expenditurds (Public)

'1,971-72

1973-74

. 1974-75.

1975-76

1976 =77

'Vocational
'Secondary*

1,645,224

2,167,727

2,5.89,655

2,922',905

2,961,934

441

Public

Secondary Percent

19,840,000
1

8.3

' '28,331,738?

31,283,650
3

10.3,

9.5

. -

*Source: The Sta us of Vocational Education, School Year 1976-77,
Natio Center for Research on Vocational Education
Ohio'St te, Table 63.

LACES. Digest of Educational Statistics; 1974; Table 26
. .

aNCES.Digest of Educational Statistics, 1977-78, Table 19
3
NCES.Digest of Educational Statistics, 1979, Tdble 19. * \

Table 22

Per Pupil Expenditures for Vocational Education

at the Secondary Lpvel Compared to,General
.

Educatioh Expenditures

Vocational - .

os,

General
Per Pupil Education
Expenditures Per Pupil.

-Expenditures Percent

1971

1974

1976

778

912

1,142

i 990

1 ,207

1,504

78.5

75.6

75.9

1
T h e Sthus'of Vocational Education, School Year 1976-77,
National Center for Research in Vocational Education, Ohio
State, Table 63. Note: Per pupil expenditures,computed by
using.-FrE enrollment's -at secondary level -- see Table 5.

2
NCES, Digest of Educational Statistics, 1980, Table 21
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'/ . Table.22 sho\ws the estimated per pupil expenditures of general
. . .

education at the elementary- secondary level, compared to vocational

Per pupil expenditures at. the secondary level.' Thisis a somewhat

crude estimate becauSe iiecise documented data on high school per

'pupil expenditure, is not.readilyavailable. Thus, both elementary

secondary levels are used. 'In addition, no precise documented esti-

'mate of full -time equivalent enrollments at the'secondary level in

:vocational education is readily available; thus, the figures used to,

compute per pupil expenditures (see Table 5) are estimates based on

faculty and pupil-teacher ratios for all eduCation programs.

1r
FrOm the data in 'ale 22, it Would appar teat total per pupil-

costs are risinvae a:-. t the same rate as vocational per pupil costs

but are,about 25% highe Since total costs include general, special

and 'Isiocationey costs, i is not possible' to make any precise comparison.

It is not possible to mpare costs between areas of vocational educa-

tion (e.g.,t, trade, agriculture, etc.) or between areas of vocational
. .

education and general education (e.g., math, science, English, etc.).

It would be expected that per pupil costs (operational) would vary

4,
,primarily because of class size differences, but no readily availablg

data could be found .0 estimate such differences.' Finally, because of

higher capital' and equipment costs, it would .be expected generally that
., .

. vocational per pupil costs would be higher than general education costs,

but lower -than special education (because of small class sizes'in spe-

cial edudation. However, Ottcisely what these differences are remains
.

to be discovered:. For the PurpOses of model building, we, assume that

vocational per.pup,i1 costs are.slightly higher than non-vocational per

pupil costs.

I

t.

ti
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3.0 VOCATIONAL TEACHER SUPPLY/DEMAND MODEL

3.1 Introduction . -
.

.....-.6-
,

dF This section is divided into two parts: (1) Description of the

VTSD Model; and (2) Model
1
Output. The VTSD model is initially describe

in Section 1.0 of the report. ...Id stated earlier, the purpose is-not to

produce exact point-in-time predictions. The purpose of the model is t

rig of the dynamic structures, and their assump-

model behavior The VTSD model does, produte

ical.trends in vocational education, but more

gain a deeper underst

dons,, which produce who

1

..:017.parallel n his

importantly, t

explicitly. the

It should

allows the reader (and model builders) to understand

ssumptions which produce the trend data (mode1.9utp4).
.

noted that. the scope of the contract does not allow

for elaborate' mode tes' ng. Thus;.the_conclusions are incomplete and

tentative. In ge e'ra', what one finds is logically tonsistent: A

build-up of enrollments in the early 1970's, increases in teachers,

followed by gradual decline in growth rates in the 1980's and 1990.1s.

Bear in mind that demography alone, would predict a tapering off of en-
.

rollment growth in the 1980's and 1990's, even if the percentage of

students in vocational education continued rising in a linear fashion

(see discussion in Section 2.3.1). In short, what the model leads one

to tentatively conclude is a gradual end by the mid-1980's of the rush

of rising numbers of students enrolling fn vocational education. which'

occurred in the 1960's and WO's due In part tp the following: (a)

dedbgraphy; (b) flattening of employment growth rates (rising at a

slower rate); and (c) competition for shrinking resources at all levels

of education. To the extent that these factors 'change in ways not
--"

anticipated, the VTSD model output is wrong.

Finally, thethe reader will note that the VTSD model does notdisaggre-

gate enrollments and 'staff into occupational training areas. Keeping -

_track of separate areas of vocational education may prove to be important

in policy analysis and forecdsting, but is several orders more complex

thanthe scopeof the contract allows. And, for similar reason's of



1
cou4lexity an/ time limitations, the model does not attempt,to simulate

supply/demand dynamics for adult vocational education.

3.2 VT4A Model Structure

_ ,
-A.2.1 People Flows. The"model contains the following population

sectors: (a) Primary School Populatic..a; (b),High School Population
4616

(divided into vocational and non-vocational); (c) Postsecondary Popula-

tion in'Vocational Education; (d) School of,Education 'Populati'on. Each

pector of the model tracks students, first, moving them into high school

vocational and non-vocational education, and from high schOol into

college (three tratks: college general, Schools'of,education, post-

secondary vocation). The model does not contain an employment sector.

'other than teaching. The teaching employment sector tracks teachers

through a Teacher Job Applicant Pool and into teaching positions in

.vocational and non vocational education at the secondary and poit-

secondary level.

3.2.2 High School Population. The:Primary School Sector serves

only as a'generator of students for the-High School Sector. Students

leaving primary school (8th grade) enter either vocationat_or non-,

vOcational tracks and stay in:these tracks until graduation-from high
school four years later. (This is an obvious departure from reality

and serves simply4o keep track of full-time equilialent enrollments in

vocational and non - vocational education.) The fraction entering voca-

tional education is determined by the following factors: Effects of

vocational employment (discussed below)reffects of capacity; and effects

of cost. tradeoffs. The
f
fraction entering the college bound pOol is exc

t
-

,genously dermined, while the fraction,seeking to enter schools-of edu-

cation is internally gefterated'as a function of teacher supply/demand

dynamics.

The effect of capacity means that enrollments are constrained4by
-f

available faculty, i.e., too few faculty will reduce the fraction en-

tering vocational, education, and bonverselythe existence of surplus

faculty will have a positive effect on the friction entering vocational .

education. The tradeoff factor is Intended to represent constraints on

.enrollment due to competition for_total available resources. When the

35_
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ratio pf fun4s expended for vocational education begins,to exceed an

initiai ratio, the fraction of entrants to vocational education is con--

sirained. .In model runs; this is not a significant factor until ehe

late 1980'si when demography begins to seriously reduce-the total
,=

pool of students. Then, eompetition for total%funds disfavors voca-

tional education.

3:2.3 Employment Effects. In this section, the parameters for

employment effects are first presented in terms of historical and
f

k
projected employment growth rates. A second sub-sectio6 discusses

the relationship between employment growth and vocational enrollments.

Employment effects ,in the VTSD model are analogous at both the secon-

dary and postsecondary levels.

3.2.3.1 Estimated Parameters of Employment. .techt (1977

estimates (based bn Bureau ofLabor statistical data) that growth rates .

in employment in all occupations for the period 1960-1985 (see his'

, Table C.5) will be slower at the end o'f the period than Fin the beiinning:

Employmen
,Average Annual GrOWth Rate (%)

1960 1970 1980 1985 1960-70 '1970c2T 1974-85 1980,85,,_

65.7 78.6 95.8 101.5 1.8 2.0 1.7 . 1.2

Lecht's4(1977) data., defining occupations for which vocational edi

cation is offered (see his Table C.12), show annual rates of increase

for 1970-1980 to be approximatelyequal to the overall average,i.e.,

2.1%. -

The data on employment, growth for rr fields requiring college.prepa,

.ration (see his Table C.5) show the following average anylual rates of

grOWth (see following page):
A

. .

*, Lecht, Leonard.' Occupational Choices and Training Needs, Prospects for
,

the 1980's. New York:. Praeger,-1977.

tfr
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Employment
(millions) Average Annual GrOwth,Rate.(%)

1960

Professional-.

1970 1980 1985 1960-70 1970-80 1970-85, 1980 -85

Technical
Kindred 1.2 2.1 1.2 -3.7 5%8 4.3 3.9 3.0

Managers,
Admin. 6.2 5.8 7.8 7.9 -.7 3.1 2.1

Total 7.4 .7.9 11.0 11.6 5.1 3.r 3.0 1.6.

The data on employment for fields traditionally requiring less

than college gparation (see his Table C.5), show the following rates

of growth:

Employment
(millions)

. Average'A:Tual Growth Rate (%)
e'

1960 19,7.0" 1980 1985 1960-70. 1970-80 1970 -85 1980-85

Clerical
Kindred 4.9 8.1 10.7 11.9 5.0 r 2.8 2.5 2.0

Craft

Kindied 6.5 8.2 9.8 10.6 2.4 1.7 A.7 * 1.7

Operations 5.8 6;9, 8.0 8.3 1.8 1.5 1.3 .7

Service' 2.7 4.3 5.9 6.7 5.0 3.0 2.9 2.5 ,

Sales 4:1 .4.6_ 5.8 6.1 1.1 2.4 1.8 d
.8

.

Total 24.0 32.1 40.2 43.6 3.1 2.3 1.7 . 1.6

In short, the predicted growth:iate.in.

toyment,.both

for occupations

.:traditionally requiring college prepare nP (baccalaureate) and vocational

education, are expected to decline slightly to the middle of the present 1.--

decade.

4 3.2.3.2 Relat ionship Between Growth in Employm nt and Growth

,.in vocational Education Enrollments. For the.purpose o establishing

paiameteriforettie'VTSD mod,e1, regarding vocational education enroll-

ments, the relationship between'vocational etrollments.and employment

is analyzed (48 categories for the period 1970-77 and11970-80,.respec,

tively). The data are taken from Lecht's (1977) Table C.12. The



estimated relationships are shown below -in the form of regression co-

efficients. The variables
,
are specified as follows: .

Variable 1 Vocational education enrollments pet

100 employed (in each "occupational

category), 1970 . :

Variable 2 Average annual growthrate in enroll-

ments (in each occupational category),

1970-77

Variable 3 Average annual growth rate in employ-
,

ment,1970-80 (in each occupational

category)

The average annual growth rates for enrollments and employment are:

Employment 2.762%

Enrollment . 13.254%

.07

Taking into consid&tion the initial level of enrollment (per 100 em,

ployed), the multiple correlition between enrollment and employmenx'is

.380; the adjusted R
2

is .106. The regression results are presented

below.

STEP

Variable selected 3

Sum of squares reduced in this step
Proportion of.variance of Y reduced
F for this variable (D.F.=1; 46)

Cumulative such of squares reduoked
Cumulativeproportion-reduced

- 0

Multiple correlationcoefficiept .

F for analysisof Vari. 1,46)
Standard error of estimate

.

398.823
.0.085

4.253
r-,

398.823
0.085 47,12.03'9

. . . '0,291 (adjusted SQ = 0.065)
. . 4.253

9.683
Variable Reg. dtte.f, Std. Error-Coeff. Computed T

3 1.61541 0.78332 , , 2.062
Intercept 8.79125

"STEP 2

Variable selected . . . 1 '

Sum of squares reduced.in this step r . . . .

Proportion of variance of Y -reduced
F for this variable (NY. = 1, 45)

281.548

0.060
3.143

Beta Coef.
6.-29293
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STEP 2 (continu d)
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'Cumulative sum of squares reduced 680.371
Cumulative propotion reduced 0.144. of 4712.039

Multiple correlation coefficient.. . , . 0.380 (adjusted RSQ.= 0.106).
F for analysis of Vari.(D.F. m 2, 4;) . 3,.797 1

Statidard error of estimate; . . . . 9.465
Variable Reg. Coeff. Std. ErrorrCoeff. . Computed T Beta Coef.'

..:4

1.54064 _, 0.76686 2.009 . 0.27744'
1 -0.18385 0.10371 -1.773 4,2481

Intercept .11.64089
4

If all other things were equal, theveXpected impadt of Average

annual employment rate increases on vocational educatik enrollment

rates would be as follows: An increase'in the average annual employ-.

ment rate(within.the 48 categories) of 1% (i.e., from,2.76% to 3.76%)

would push vOcationallikialment annual growth rate from 13.254% tb,
r

14:864%. However's the total variance in vocational enrollment explained
, .

-bysemployment rate is relatively Stall, 10%, even tak g into cbtsp1-

eration that'sone fields are heavily over- enrolled or under- enrolled-

to begin ,ith. FOr example, the following fields show enrollOents ofr-----

,more than 25 students per-100 employees, 1970-77'.

.

. '

,

.

Computer. P=Cessing

Clerical/Scretarial
. .

Aircraft Maint.

Drafting

Communications

Printing

Firemen . ".

-Woodworking '

.

-

Enrollments per
100 Employees

29

57

29

* ,35

'41

30 '

55

id.

. .

Annual -, Annual
Growth Growth

Enrolments Employment

-0.4 3.7

5.6 4 2.6

,"1.0 2.9

', 5.5 3.0

, 9.2: 1.4

10.2 1.8.
,

17.6 3.7
0 .t.

18:7 '3.:5:.

Growth in these fields reflects. to Some -extent expected. time delays .-...:

,rapid employment growth from 19607.1970,but a reduced fate of increase-
r. ,

Rince thatperiod.
,

. .

3.2..3.3 Conclutions:-Employment Effects. On the whole, the`.

existing data, admittedly limited,,suggesethet.durinethe ,initial, phase
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4

A

of vocational education gtowth 1970-1977), the primary causal facto was- 4

not employment growth within occupational categories. There is some

ieffects \ \

relationshp.
,

The regression shown above thi-E about 10% .

, e
.

...,.

of the variation in enrollment growth- within occupations is,due to em-
,

.

N
piOyment growth rates. That, of course, leaves 90% of the variance to' '.

,
. be plained. As in cabe of all complex systems,, one' expect

' '''to be le t.O.e ain .most of the variance. In this particular regres-

sion model, time delay may be very important; It takes 'time for enroll-
\

ments,,by occupation to reflect changes in employment §rowth. On the

whole, one would expect vocational enrollments over time to rise, and

for we time following, an increase in demand due to employment growth'

in various occupations. Enrollments. may continue to rise even when

employment shows a decline in rate of growth -- creating the typical

system'dynamics pattern of.riscillating

Perhaps ,the most important factor in time delay is "sunk'Coets .

First, it takes time to acquire the needed human and physical resburcv

to train students, ill,'" given occupation. Second, and very,Amportantly,

once monies are invested in these resources,. it takes everi'more time to

abandon them and shift to new resources. For example, once home:1 economics
. - .

. .

and agr;cultural teachers are hired, facilities constructed and equipped,'

it takes time to 'shift to other Occupations, e.g.., computer programming.

The presence of "capacity" will act to artifically produce demand, even

-\;:,h,:, :

Allt , .

when employment.considerationesare irrational. Furthermore, it seems

-

-,
. 4 ,

clear-from these data that students continue' to enroll in vocational -'_

progrimse not eomuch for vocational eduCation leading to.employment
- ,

° but for avocational inr resters.. The number of students in agriculture'

. an& home ecOnomics, for example, far exceeds any rational cOnsideration ..

of employment needs (except as future teachers of those subjects).

3.2.4 Postsecondary Vocational Population. The flow of students .

-' into postsecondii'Y vocational education, in the VTSD model, comes from.;

two sources: (a) Fraction of students graduating, high school with

vocational training who enter postsecondary . vocation programs; and 0)

fraction of non-vocational high school graduates not going to four-year

colleges but, entering postsecondary vocational programs. The fraction

40.
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of high school graduates entering postsecondary vocational education is
.

determined -by the effects of employment, effects of capacity, and effects

of cost tradeoffs `(ail discussed above in sections 3.2.2 apd 3.2.3),

3.2.5 School of Education Population. The flow:of students into
, .

and out Of schools of education in the VTSD model constitutes the only

supply source 'of teachers for postsecondary ana,vocational education.

The fraction,of 'students entering schools of education to prepare for

teaching careers is determined by the following:,(a) fraction of the

college-bound.igh.,scho01,4raduates seeking admission to schools of

edaation (inturn,-determinedbY teacher job prospects); (b) the frac-

tiOn of SED applicantkaCcelited by schools of education (in turn, de-

1400* termined by the number of'students available as candidates); and (c)

SED capacity. The crucial determinant of teaching prospects is the

,si;e of the teaciler surplus (teachers hired relative to teachers avail-
,

able). The pool of available teachers consists pof new graduates and

those reentering the-teacher market after an absence. =,

The-supply of vocational teachers is a fraction-sof:the new gradU-
.

ates of schools of education anasthose in the reentry pool, The frac-

tion of mew graduates in vocational education is determined by the

demand tgr-vocational teaches:(in'turn, deterqinedby enrollments in

vocational education): *0-

.3.2 6 Supply and Demand.- The model assumes that the hire-fire

rate for vocational,teachers at the secondary' level is a function of
1'40010

4 desired teachers '(determined bY.studen t/teacher ratios) and available

teacher* tobe hired (determined_6y those available from the teacher

job applicant,pool),..4...!Since the total' fraction of students seeking .

e admissiop Co. Schools o.f4educatiOn. is a function of general teacher

demand, the eventual supply, of all categories of to ding is affected

by general teacher, demand..- The model assumes that e enif vocational

'teacher demand t6 rising, available supplies may be failing because
.

. overall teacher dethand Is falling.
.

.:4. * f The hiring raL.e is -cons' rainedo.by availAble teachers, i.e., even

-though bchool systemsmight want h'ire'more vocational teachers, the

rate at which sjich teachers may be hired is affectedty'supplies. In
` . 14
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turn, the supply of teachers credentialed in vocational education is

being affected by the rate of hiring. 410"

3.3 Dynamics of the VTSD Model

The dynamic relationships in the VTSD model =re depicted below in

simplistic form as a series of causal look diagr (The more elaoor-
.

ate and complete Form of the model is a series f simultaneous equations

used in a computersimulation of the dynamic s stem.) ..The arrows con-
.

nectigg the variables in the causal loop di -,rams represent causal feed-

back. A "+" signmeans that the variabl= rise or fall in concert, in

a ceterus paribus sense, e.g.', as the raction of students entering

vocational education goes up, enrol rents go up, all other things being

',equal. A "-" sign means the variables vary inversely. IT.A goes up,

B goes down. For example, if exp- ditures for vocational education.riie,

relatiVe to total.aducationex

fraction ,entering vocations edticativn to fall -(for reasons discussed

gditures, eventually that will cause the

earlier and labelled "Political")..

A, LOOP 1: Enrollments
1

This loop (Figure 1) depicts the basic feedback loops affecti

flows ofstudents.into vocational education, and determines enrollment

rlevels. In short, student enrollments are determined by the fraction-

entering (and exiting) and by. demography.. As discussed earlier, the

fraction of students entering vocational education may rise (linearly)-

in the 1980's tdthout cadsigg enrollments to rise simply,because toter
;

high' School student population' will decline. - 4- .

. ..

Three'additional factors affect the fraction of students entering'
.4

vocational programs: EMPIoyment growth (discussed earlier); the expen-

diture ratio -(ano discussed earlier); and capacity, i.e., too many

. students relative to faculty resources will reducaihe fraction entering,

and tob few students will increase.the fraction entering.
4 7

?.. .
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Figure 1
9

Vocational Enrollments

Fraction
Entering.
Vocational

;Education
11

EFFECT OF
EMPLOYMENT

.71

'4!

Student Enrollments
in Vocational

Education.

(-)

LOOP 1

Expenditures for VE/
Expenditures for
Total Education .

LOOP 2: Vocational Teacher Demand ,

This loop (Figure 2)> depicts feedback in the vocational teacher

demand sector. If the number of students rises; rqlative to the number

of encumbent teachers, the desire to hire more teachers rises. If de§ire

9

to hire more, teachers rises, more, will be hired (if available): Ifnot

available, then siudent/teadher'ratio rises and again adds to the'pres-

sure on the system to hire. Conversely, if the number of students de-

clines, relAive to encumbentteachers, the desire to hire goes down.

If normal teacher turnover rate doedinot balance student/teacher ratio

at some desired level, teachers are fired. Reflecting normal"political"

considerations, in the model,'more time is required to fire than hire

teachers.
O



.4

r.

DESIRED
STUDENT /TEACHER

RATIO

. DEMOGRAPh'Y .

0

-39-

e,

Figure 2

Vocational Teacher Demand

Desired Vocational-
Teachers

Fraction
Entering

Vocational
4ducation

. -

/.

EFFECT O'P

EMPLOYMENT

lb

(-5
.LOOP 2

S./

Vocationil Teacher
Hire Rate

Student/Teacher
Ratio ,

StudeAt Enroll ments

in .Vocational

Education

ILOOP 1

+

Expenditures for VE/
Expenditures for

'.Total Education

Vocational
Capacity

.

C. LOOS P 3: Vocational Teacher Supply

This loop (Figure 3> depicts feedback affecting the flow of creden-
.

tialled teachers -to be hired., If teachers are being hired, the fraction

graduating-from teachers colleges with vocationalcredentials

crease after a 4 year time delay to allow for switching'of majors, and

new starts in Vocational education to occur andmaterialize as gradua tes.

Note tEdi there is a self-reinforcing feedback loop built into this
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5

, . .. .

process: The hire rate determines changes in the fraction of supplies

and supplies determine the number who can be hired. (In reality, school

systems, caught without available credengialled teacher's would likely

resort-to hiring, temporarily,'sdmeunqualified teachers.)

Figure 3

Vocational Teacher Supply

Desired Vocationdl
Teachers+

Fraction of
SED Graduates

with VE Credentials
*Vocational'

(-) Teacher (+)

.-4,
LOOP-2 , Hire Rate LOOP 3

-. +
+

Student /Teacher
Supply of.

DESIRED'.
....

.:77 Ratio
Vocational.. --""

RATIO
TeachersS/T

DEM..

Student Enf011ments
in Vocational
Education

LOOP 1
Fraction (-)

Entering
Vocational
' Education

/-yr

'EFFEGT OF
EMPLOYMENT

;

Expenditures for VE/
Expenditures for
Total Education

.Vocational

Capacity,

D. LOOP 4:.. Total Teacher Supply

This loop (Figure 4) depicts the system of teacher supplies in

.general. The (system is driven by demography. If teacher demand ,rises,

45
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the fraction of college bound s niors seeking to enter SED's'goes up.

Under the circUmstance,SED's ca afford to become more selective and

still admit more students. Enro ents rise and graduates increase --

eventually meeting and then'excee ing demand. The selectivity factor

and time delays causealcyclical pattern of oversupply, followed by

down turns in the fraction of college bound seniors seeking entrance.

, to SED'sv still less selectivity, and Only later 'fewer-enrollments and

graduatet; the period of oversupply is followed by a period of under-

Supply. (Note that demography affects SED acceptances, and can create

surpluses or shortages of enrollments independent of the fraction of

acceptances.) Figure 4 will be found on the following page.

3.3 Model Output

3.3.1 Base Run. The Initial Base'Run'of the VTSD model shows a

consistent pattern of rising demand for vocational teachers in the -

1960's, followed by declining demand in the 1980's and 1990's.' Due to

consttaints on the availability of vocational teachers in the 1960's

and early 1970's,-the actual,filring of qualified vocational ,teachers

lags behind the desired hire rate up'to about k980, hUt not afterwards

(Figure 5). 'The.generai pattern i'S'oneofteacher shortages in voca

dollar education for,most of the 19'60's. and eaFly'1970's, followed by

a gradual oversupply in the 1980's and - 1990's (Figure 6). The primary

....1,usal factor is rising enrollment through 1980,
. -

611Owed by a gradual

declinp (Figure 7). During the period of rising.en ollment, student!

teacher ratio also increases as availtble qualified teachers fall below

demand '(Figure 7),. ,

The patternof SED applicatiOns and acceptance policies is consis-
,

.tent-with earlier assumptions, i.e., as the demand for teachers rises

in, the 1960's and early 1970's, the fraction *of college bound seniors

.seeking SED admission, rises and then falls, in the 1980's and begins

rising, in-the 1990's (Figure 8). As the applicant pool increases,

and as: -the pool declines, selectivity declines -(figlire 9). The avail-
.,

able supp4 of teachers rises and halls correspondingly.

3.3.2 Boosting Vocational Enrollment. The Base Run output

produces a rate of vocational enrollment increase (andthus teacher

4.6 a
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Figure 4

Total Teacher Supply

Desired Vocational Teachers

LOOP 2

DESIRED,

SIT ......-...--.Student/Teacher Ratio

RATIO

DEM..

Student E rollments in
..,..,r Vocationa Education

......" I.
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Vocational Education

.

.o°
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demand). that lags slightly behind historical trends in the 1970's. For

that reason, a second model run was performed, boosting employment

effects on vocational enrollment.- The result-is an increase in enroll-

ment to a point roughly tracking historical levels in the 1970's. But,

impOrtantly, the paern of rising demand, f011owed,by decline, still

characterizes model putput,over the entire period. Figure 10 shows the

-same
patternsame patte of desired teacher,hiring lagging behind actual hiresin

t .

the1960'and 1970's but carching,up-in the 1980's. Figure 11 shows

enrollments in high schoOl and postsecondary vocational education

peaking.at higher levels around 1980 than. the Base Run, but then fall-
,

ing back to about 1970- levels.by 1990.

3.3.3' Conclusions: Model Rune. The model testingto date Ulu-

minates the degrie to which supply /demand behavior, in general, in the
.

'education system is driven by demography., Furthertests which change
,,,. o l *
assumptions about, employment levelt dight be interesting .and useful,

,,,,.,
.

,

but the overall pattern of enrollments and teacher demand is unlikely
,...

to chapse. That may have Serious implications for available vocation-

ally trained workers -- to extent the economy actually relies onthe
.0

vocation41 education to oc upatienally prepare workers.
.. . .. . . . .

It is very important to note that the model doet.not attempt to

simulate variabII ility within vocational education. One can only dpecu-

late _that shortages and-surpluses.i11,some occupational areas will con,' W

tinue. In addition,. adult vocatiOnaI:education supply/demand cdheider-

/- ations may change the picture completely. A separate modeling effort

r
is probablY required for each of these preiently,uncontidered area's.

But, based on the work to date, in so far ae.'the secondary and post=

secondary system are concerned, on the whole; naseriouszshortaps of

vocational inStruCtors would be expected-through this decade and into

the next.' However, that merely reflects the modelerlsassuMptions about
. .

vocational.traIning. 'National policy might change those. assumptions.

For example, it is.conceivable'that all non-academic high school students

01.

4

ht be enrolled full-time in occupational tralning programs. If that

ere the case; enrolldents would rise from the' 197.8 level 'of 15.5% of

all high school students to about' 50% of ali\high.school students -- in,
.

k

5-8
...'

4.4
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which case there wciald be, severe shortages of vocational teachers (and,

equal surpluses of geneal,-.special and academic teachel.$).

A major change in.:funding allocation might affect the system, as.

might a serious down turn or up turn in the economy. But, it would take

a major and disruptive change in employment to create serious ,Florriges

of vocational instructors.on the whole (although within fields, such

as computer science, there are and would continue to be shortages of
4 e.

qualified instructors). Inasmuch .as the fraction of vocational aids from

-federal sources is small to'begin with, only a dramatic change in federal

funding will affect the systems' supply/demand behavior. Much more likely

is the contest between general, special and vocational education advocates

at the local and state.levels as the total pool of students shrinks in the

'1980's. If the constraint on resources, now fixed by law in California and

Massachusetts, spr to a majority of states, vocational education 're'"'
4

,000444W

source growth, relative to total'resoUrces for eaucation, is rendered

less likely than even the, Model simulates. In that case, it may becode

imperative for the federal role to expand in order tO"meet,labor market
_ .

demands for vocationally-trained workers.

As a final note we have simulated the expected result of reinsti-'

tubing- selective service (Figure 12). Initiil'testing suggests-hat the

n.
result would be to temporarily reduce demandat the postsecondary level,,

but then stiMUlate demand (assuming -that all, high school graduates whp

enter' military service, but.would have ,,otherwise gone into postsecondary

,vocational training,then pursue vocational training after a delar'of
q,

two years). The stimulus effect observed in'these tentative tests is

similar to the World War-II effect on college enrollments -- a temporary.

.reduction,.fol(lowed by rapid kncreases after World War II and then"

settling back to a continuoup trend line. AdditionalteSting will be
,

'required to reach. any firm tonclusionsabout the effect 'of a seled'tive
tr 48i

seryille program.
4
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Figure 12
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