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HIGHLIGHTS OF THE REPCRT

DYNAMOD II is a computerized Markovian-type flow model developed

to provids estimates of the educational population of gtudents and

teachers over selected intervals of time. The population is cross-

classified into 108 groups by sex, race, age, and educational category

i.e., elementary school student, elementary school teacher, etc., These

groups are listed in Appendix E.

Among the more important findings in the report (and subject to

finael validation), it can be said that:

1. DYNAMOD II is a suitable representation of the educational

populstion for planning purposes;

2. The model is useful for exploring the effects of changes in

the birth and death rates on the educational population;

3. The model is useful for examining the impact on the educational

population of policies designed to keep more students in school.

For example, if policymskers wish to examine the population

effects of & program that is expected to raise the retention

rate of secondary school students by one percent (i.e., keep

in secondary school one more student per hundred than hes

been the case), the model can be readily adapted to produce

new projections incorporating these requirements. By com-

paring the new projections of the secondary school population

to the old, a measure of the impact of the policy is produced;

4. The greatest impact of a change in a student retention rate oc-

cufred in the college sector,where the intro&uction of a one percent

.
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increase in the retention rate in 1959-60 would have increased
the number of college students by three percent in 1969-~70.
Similar changes to the retention rates of elementary and
secondary school studenits produced increases of one and over
two percent, respectively, in those populations;

The teaching sector was found to be more sensitive to changes
in retention raetes than the student sector, and thereby seems
to constitute a potentially fruitful target for policy. In
all three teaching levels (elementary, secondary and ccllege),
the increase in the respective population brought on by a one
percent increase in the retention rates during the 1959-60
gchool year would have exceeded 4.7 percent by 1969-70;
Student-teacher ratios were found to be more sensitive to
changes in the teacher reﬁention rates than was the case for
student retention rates. This suggests that, in cases where
the student-teacher ratio is deemed tc be too high, but an
increase in the number of students in the system is desirable
over the long term, a suitable policy to control the level

of the ratio would be to first increase the retention rates
of teachers, and then pursue policles to increase th;

retention rates of students.
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Student-Teacher Population Growth
Model: DYNAMOD II

INTRODUCT ION

‘Historical Background

In September, 1966, an unpublished paper entitled, WDYNAMOD I: A Re-

gearch Demographic Model," was written. It demensfrated the feasibillty

of applying Markov chainvanalysis to probleﬁs of the growth and compo-

gition of the educational population of gtudents and teachers.

DYNAMOD II was developed on the basie of the lessons learned from
DYNAMCD I. It is & more finely structured and consequently more accurate
model then was DINAMOD I. As such, DYNAMOD II_shor’d prove to be of use
to Office of Education planners and analysts for examining the impact of'
policy alternatives on the educational population. |

This report contsins some i1lustrations of the méans by which the
aforementioned impacts can be estimsted. The next report, which will
implement numercus small improvements to the model's accuracy,; will
contain more examples of tpg effects of &ifferent policy alternatives,
and will examine the effects in more depth than is appropriaste in an
initisl report. .

As useful as DYNAMOD II should prove to be, it falls short of ths
ultimate goal in model building, That is, ideally 1t 1s desirable o
have the populationvf}ows follow the "real world" as closely as possible.
A model now being developed, ‘the Student-Teacher Anelysis of Growtb.

Model (STAG), will approach this jdeal. "STAG" will contaln educaxional'




. population flows by single years of age and single grades.
DYNAMOD II approximates the stendard population projections of the
Office of Education and Bureau of the Census well enough to provide
educational planriers, analysis, and policymekers with "order of magni-
tude" estimates of the effects of variations in certain key items, such
as student and teacher retention rates or birth rates, until STAG be-
comes operational.

Markov Processes in General

By way of a brief summary or an introduetion to Mexrlkov processes,

one may think of them as follows:

1. There is a sequence of operations over a period of time, such
as a group of students flowing through a school system;

2. There arz a finite number of outcomes for the operationg~--~
for example, a stadent either is in school or not; if he is
in school, he must t= in & particular grade or achool level,
i.e., all of his possible ngtates" must be identifiable and
countable;

3., All the information required to determine the workings of the
process is knowledge of the last set ¢f oulcomes and tnelir
respective probabilities.

Consider, for cample, the simplified Markov process below. In

year t, tuere sre students in each grade of a four-grade system, desig-

nated (1) through (4), respectively. Assuming no deaths, no repeaters,

and equal class sizes, it is noted tha%, by year t+l, group (4) has left
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) the system, groups (1), (2), and (3) remain, and a new group of students
designated (0), sppear in grade 1. The latter group previously were

not in school, and the total number of children not in school in year t

is known.

1 2) )
Year
t

0 1 2
t+1

Since the requirements of a Markov process are satisfied, the

description of this flow network can be put in matrix form, using co-
efficients called "transition probabilities" to mathematically describe

the flow patterns:

Year t+l
In school Not in school Sum
In
(D) +(2)+ -~ .75 { -

. sehool FIYH(2)+(3) (4 - - D)+(2)+(3)+4) -25] 1.00
g wot in (0) 1.00
> =X 1 - .

school ITTotal not in school, ) (00 - X

The probability in the upper left hand corner, i.e., the probability of
a student who was in school in year t being in school in year t+1, is

estimated from the grade flows above. It is also called a "retention

rate;" a phrase used frequently in thls report. The probability of an
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enrollment is calculated by taking the ratio of enrollments in year t+l

to the total number not enrolled in year t. The other estimates are
made accordingly, subject to the restriction that each row must sum to
one,

With the probabilities identified, and subject to the other pre-
viously-mentioned assumptions, all that remains to be known is the
respective number of children in school and not in gchool in year t. With
that information, the population of school children can be predicted for
any year in the future by cycling the population through the matrix the

desired number of times (providing, of course, that the fundamental condi-

| tions underlying the projections do not change.)
Markov Processes and DYNAMOD II

The above description can be considered to be a sketch of the way
DYNAMOD II operates. Of course, a large computer model which grapples
with the complexities of reallty must be, of iteelf, complex. Neverthe-
less. DYNAMOD II provides a capability for analysis not easily filled by
other means. For example, estimates of the numbers of people in educa-
ticnal policy target populations (such as young nonwhite boys in sec-
ondary school) are available in DYNAMOD II, but not elsewhere, because
that type of data is not collected in such detail in most surveys. The
1960 Census of Population collected such.information, however, and, in
conjunction with estimates of transition probabilities to describe the

flows and cross-flows of the population, provided the means for meking

projections of the numbers in those groups for a predetermined number

of years.
Furthermore, by hypothesizing the effects that policy changes would
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have on the transition probabilities, an assumed impact on the population
can be quantified.

Actually, DYNAMOD II is not a true Markov process, at least in the
conventional sense. One might best consider DYNAMOD II as a Merkov
process superimpoged over & growth function representing net births.

In a conventional Markov prqceas,vone has the alternatives of elther
cycling the basic population vector, P, n times through the transition
matrix T, or calculating P(Tn) to determine the distribution of the
various population groups in year n, where (1) is the n th power of
the matrix T. The occurrence of net births in the model prevents the
use of the second alternative, even if it were desired--but the popula-
tion groups in DIYNAMOD II mist be cycled each time, to get annual data.

Bagic Assumptions
The basic assumptions used in DYNAMOD II are as follows:

1. Death rates are fixed during the projection interval;
2. The transition probabilities are fixed during the pro-
jection intervalj;
3, A Markov-type process ig a suitable means for representing the
flows of people among categories.
Scope of Data
DYNAMOD II is in every sense & large population model. It features
a population divided into:
elementary school students
secondary school students
college students
elementary school teachers
secondary school teachers

college teachers
other (i.e., persons who are neither students nor active teachers)
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The population is further divided by sex and race (i.e., white and non-
white), and into age levels 0-4, 5-14, 15-19, 20~24, 25-4/ and 44 years
or older. In all, there are 108 separate population groups (including
deaths) in DYNAMOD II, which required the estimate of 656 separate
probabilities to describe the groups' crossflows among categories. A
listing rf the groups is given in Appendix E.

The student and teacher data are centered on the academic year begin-
ning in September, The remainder of the population is centered on April
of the following year.

The data for students and teachers include both public and nonpublic
schools, but not schools such as residential schools for exceptional
children, subcollegiate departments of institutions of higher education,
Federal schools for Indians, or schools in Federal installations. Since
the data from the Bureau of the Census' 1/1,000 sample were forced into
agreement (see "Methodology" below) with those published by the Office

Y/
of Education , Office of Education definitions are applicable.

Flementary school students are defined in this note to be those
children in kindergarten through grade 8, and secondary school students
are those in grades 9 through 12. College student figures apply to
opening fall degree-credit enrolled students, full time and part time.
The full-time-eguivalent concept was not used for students.

The three teacher categories (elementary, secondary and college)

are also aligned with Office of Education definitions, except that, as

1

_/'U.S. Department of Health, Education, and Welfare, Office of Educa-
tion, Projections of Educational Statistics to 1974-75, 0E-~10030-65
(Washington, D.C.: Supt. of Documents, U.S. Government Printing
Office, 1965).
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with students, full time equivalents were not calculated. S r
| p

It should be noted that grade-wise, the elementary ané secondary school

teacher categories are not directly comparable to the respective student

categories. That is, a proportion of teachers in grades 7 aud 8 are
actuaslly clasegified as secondary for Office of Educatian definitional
purposes. The effects of these differences on the student-teacher ratios
are discussed on page 46 below.
Methodology

The following paragréphs summarize the methodology employed in the
development of DYNAMOD II. Mcre detalled discussii of the specific
procedures employed he—? been or will be issued in other techniecal  notes

Population inputs., The primary data base for the population inputs

to DYNAMOD Ii was the information available on the Bureau of the Gensus’
1/1,000 sample data tape from the 1960 Census of Population., Sampling
error, response error and definitional differences were sufficlently
large in some cases to reguire manual adjustments to the distributions

before they were considered to be acceptable as inputs to the model.

For exesmple, students who were part time teachers sometimes repo;tua
themselves as both students and teachers, and vice versea. The redls- J
tribution of these overlaps first had to be resolved. Then, the tape
distributions for aggregate categories such as age or elementary stu-
dents had to be reconciled with the Bureau of the Census' distributions
as published. ~Finally, the edjusted data were readjusted to force the
student and teacher totals inﬁo agreement with published Office of

Education totals.




Births. Birth projections in absolute numbers by sex and race
were used in the model, as opposed to the rate concept used for deaths

(see "Death rates" below). Two sets of birth date were utilized in

DINAMOD II. The first was Series "B" as published by the Bureau of
| the Census.g/ These data provided information on the numbers of hirths
by race. Estimates of the within-race male-female distributions, not
published in that document, were made within the Division of Operetions
Analysis. ’
The second set of birth projections used in DYNAMOD II were inde-
pendently estimated (appendix table B-1). It was felt that there was
g distinct need for an indepenéent set of estimates, because, while
Office of Education projections are largely keyed toc Series "B" births,
there was a marked discrepancy between the published Series "B" data
;‘ ., and the births actually being realized ln the popuiation. The results
| for both sets of birth projections variants are presented later in this

report. To maintain a conctant reerence comparison, however, the

Series "B" data have been used in the DYNAMOD II base-line projections,

| Z7
g U.S. Bureau of the Census, Current Population Reports, Population
- Estimates, Series P-25, No. 345, "Projections of the White and Nin-

white Population of the United States, by Age and Sex, to 1985,"
July 29, 1966. g -

* The proportions used to allocate male and females within the races
g were the same as those shown in paper by T..Okada, "Birth and Death
Projections Used in Present Student-Teacher Population Growth Model,"
! Technical: Note No. 11, December 14, 1966..

Ibid.
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as well as in the projections where the student or teacher retention
rates have been varied.

Wherever applicable, death rageé described in TN-11 were modified
fof DYNAMOD II to nake use of differential mortality rates by occupa~
tien. For male teachers, separate‘mortalify retes were ob£ainea for
both white and nonwhite from mortality rates based 9n$occupation and age

grouping. Their female counterparts were derived by assuming that the

female teacher population exhibited the same maleatoéfemaléfmﬁftality" o
ratios as in the gemeral population.6 S
Mortality rates for college gtudents in the 15-19 year &age interval
were assumed to be the same as for teachers in the 20-24 year interval,
which are less than those for the general population of 15~19 year olds.
Coliege students in the remaining age intervals ﬁarelassumed to have tho
game death rates as teachers. For eléﬁentary and secondary students,

death rates used in the model were those for the general popuiution.‘

(See appendix table B-6 for the death rates actﬁally used in DYNAMOD II.)

U.S. Department of Health, Education, and Welfare, Public Health
Service, National Vitel Stetistics Division, Mortality by Occupa~-
tion end Industry Among Men 20 to 64 Years of Age: United States,
1950," Vital Statistics-Special Reportis, Vol. 53, No. 2, Sept.,
1962. (Washington, D.C.: Supt. of Documents, U.S. Government
Printing Office), table 2.

5.S. Department of Health, Education, and Welfare, Public Health
Service, National Center for Health Statistics, Vitel Statistics
of the United states, Vol. II - Mortality, Part A. Washington,

D.C.: Supt. of Documents, U.S. Government Printing Office),
table 1-25.




10

Estimates of transition probabilities. Detailed discussions of the

procedural methods used to estimate the model's transition probabilities
will be described in other analytical notes to be issued shortly. The
estimating procedures can be summarized briefly as follows:

1. First approximations to the probabilities for males and females
were developed from whatever data sources could be utilized, as well as
from theoretical and empirical knowledge of the problem.

2. The male and female transition probability matrices were then
adjusted by iterating the population several times, comparing the results
to reference data, adjusting the probabilities, reiterating, ete., until
the fit to the reference data was deemed acceptable,

3. Next, the male-female transition probsbility estimates were
"factored" into their four respective age~race transition matrices. For
example, th male elementary schocl student retention probability was
divided into the retention rates for those white and nonwhite students
who were 0-4, 5-14, 15-19, 20-24, and 25-44 years of age, respectively.
The original estimates of the age-education transition probabilities
were completely mechanical. Thus, selected manual adjustiments to render
these estimates logically acceptsble were required before computerized
jiterations could teke place. As an example, consider the fact that
the probability of a O-4 year old child becoming 5-14 years old next
year is roughly .2. In initial calculations, .2 would be multiplied
by the probability of remaining an elementary school stadent. However,
the probabilities of age and educational status are not independent,

at least at the extreme ends of the age distributions. 1In fact, the
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probability of a child who is now a 0-4 year old elementery school stu-
dent, becoming a 5-14 year old elementary school student next year is
actually quite high, because nearly all 0-4 year old elementary school
students are 4 years old. This meant that the original estimate would
have to be adjusted to account for the lack of gtatistical independence.
The remaining probabilities in the matrices were gcreened in this
manner and adjusted when necessary.

L. Tinally, the four large matrices werz used to iterate the
population, primarily by computer calculations. After each iteration,
the results were checked with the reference data. Because of the large
number of coefficients involved, the initial corrections were made to
the white males matrix, with manual iterations made to that group to
determine whether or not the approximate degree of correction desired
was being achieved. The next step was to change the coefficients of
the other three matrices proportionately and recompute the 10-year
projections. This process was continued until the projections all fell
within 10 percent of the desired 1970 figures.

Caleculating procédures. The calculating procedures used in the

DYNAMOD II computer program are basically the same as those used in
DYNAMOD I, Stage 2, with some minor changes in the statements speci-
fying the way the output wil} be printed. The computer program is
written in FORTRAN language éor processing om an RCA 3301 computer.

A1l input data, that is, the transition probabilitizs, births, and
population group totals are punched on cards. The program provides

that multiplications by zero will not take place, since the density
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of nonzero cells in the matrix is only about .25. The calculating rules
in the program first read the feasible transition probebilities into
storage, and then separately read in the numbers in the respectlve popu-
. lation groups. Next, the population groups are ngcattered" by meens of

the probability coefficients into various receiver categories. All the
recelver cells in a respective category are then summed to produce the
new population category total, which then becomes the input number for
'f“ the next year. Each populaiion group is printed out for each year, and
in sddition, selected category totals (e.g., 81l elementary school gtu-
dents) are also printed out.Z/ The process is cycled for a predetermined

number of years.

Only the broader categories, such as all elementary or cecondery
school students, are presented in this report, but the printout
contains completely detailed group estimates, for example, 5-14
year old nonwhite male elementary school students. These data
will be available in the final report. See appendix E for a
listing of the population groups presently used in DYNAMOD II.

&
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PRELIMINARY RESULTS

Presented below is a discussion of the results of the preliminary
computer runs for DYNAMOD II. The results of the DINAMOD II projections
are compared to projections produced elsewhere within the Office of
Education, or where applicable, to projections published by the Bureaun
of the Census.g/

Some terminological differences are present between DYNAMOD IT
terms and those used elsewhere in the Offic> of Education. In DYNA-
MOD 1II, the term nelementary school students" (or teachers) refers to
the kindergarten--through-grade 8 grouping, while in the Office of
Education, the term refers to those who are grouped gpecifically in
elementary schools, and does not include those of grade 8 and below
attending junior or senlor high schools. Similarly, "secondary school
students" (or teachers) in DYNAMOD II are in the grade 9-through-12
grouping. College students are defined in this repcrt to be all
degree-credit enrolled students, full or part time, graduate and under-
graduate. College teachers include all instructional staff for resi-
dent degree-credit courses in institutions of higher education.

Student Projeciions, 1959-60 tg 1969-70
The DYNAMOD II projections of elementary school students are

g The Office of Education projections used for the comparisons were
published in U.S. Department of Health, Education, and Welfare,
Office of Education, Projections. of Educational Statistics to
1974-75, 1965 Edition, OE-10030-65 (Washington, D.C.: Supt. of
Documents, U.S. Government Printing Office). The primary ref-
erence document for comparing DYNAMOD iI projections to those
of the Bureau of the Census 3s U.S. Department of Commerce,
Bureau of the Census, Population Estimates, Series P-25, No. 286.
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slightly lower than those projections made by the Office of Education
(figure 1). The largest difference is 1.3 percent, occurring both in
1966-67 and in 1967-68. In 1969-70 this figure drops to .9 percent.

The percent differences mentioned in this discussion are found in the
nA" appendix tables.

DYNAMOD II projections of secondary school students are graphically
compared with Office of Education projections in figure 2. DYNAMOD II
projections are again somewhat lower than those of the Office of Eluce-
tion, the difference being 8.1 parcent in 1969-70. Because DYNAMOD I
uses grouped age catpgorles rather than single years of age,-any increéée'
in the numter of students (or teachers) caused by the sudden appearance
of a disproportionately large numbér of people of a particular age tends
to be smoothed out over time. An example of this is seen in figure 2.
?he 1inze represexuting Office of Education projections of secondary school
students "peaks" in 1964-65, while the DYNAHDD II line indicates a more |
steady increase cver the projection years.

Figure 2 shows DYNAMOD II projections of college gtudents greater
than those of the Office of Education for the years‘1960-6l to 1965-66.
In 1966-¢7 DYNAMOD II falls 2.9 percent below the Office of Education
projections, with the differance increasing to 7.9 percent in the
1968-69 academic year, then tapering to 6.5 perceht in 1969-70, These'._.
differences in largs vart can be attributed t; the interaction of the
flows within the DYNAMOD II structure. For the esrly years of the
projection interval, DYNAMOD II was close to Sr on the high side of the

Office of Education reference projections of secondary school and college
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Figure 1.-DYNAMOD II projecticns of elementary school students as
compared with Office of Education projections,
1959-60 to 1969-70
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Figure 2.-DYNAMOD II projections of secondary school students as
compared with Office of Education projections,
1959-60 to 196970
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Figure 3 .-DYNAMOD II projections of college students as

con;pared with Office of Education projections,
1959-60 to 1969-70
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gstudents. In the years beyond 196/~65, DYNAMOD II underestimated sec-~
ondary school students to a greater degree than was the case for ccllege
students. This resulted in too few secondary school students being
transferred to the college sector, hence the increase in the under-

estimate of college students in the last few years of the projection

interval.

Teacher Projections, 1959-60 to 1969-70
DYNAMOD II projections of elementary school teachers are lower than

thoze of the Office of Education for each of the projection years ex-
cepting the last two (figure 4). In the finel year, the DYNAMOD II
projection is 3.1 percent higher then that of the Office of Education.
The greatest difference is in 196465, when the DYNAMCD II estimate is
4.5 percent less than that of the 0ffice of Education.

Figure 5 shows DYNAMOD II projections of secondary school teachers

to be somewhat less than those of the Office of Education for each of

the projection years. The percent difference increases each year to

1964-65, where the DYNAMOD II projection is 10.1 percent lower then
that of 0ffice of Education. The difference then decreases for the

remaining years, becoming 2.7 percent in 1969-70.

DYNAMOD II projections of college teachers are higher than those

of the Office of BEducation through 1964-65 (figure 6). For the re-

4 meining years, DYNAMOD II figures are less than those of the Office of

| Education, with a difference of 3.2 percent in the final academic yeer,




Figure 4 .~-DYNAMOD II projections of elementary school teachers

as compared with Office of Education projections,
1959-60 to 1969-70
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Figure 5.-DYNAMOD II projections of secondary school teachers
as compared with Office of Education projections,
1959-60 to 1969-70
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T Figure 6.-DYNAMOD II projections c® college teachers as
compared with Office of Education projections,

1959-60 to 1969-70
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Other Demographic Characteristics

Presented below are comparisons of the results of DYNAMOD Il's
projections of age, sex and race to those of the Burcsu of the Census.
A minor data compatibility problem is encountered in comparing the Series
"B," Bureau of the Census-projected population data, to those derived
from the DYNAMOD II Series "B" projections. The absolute numbers of
Series "B" births (Census projections) were obtained from Current Popu-
letion Reports, Series P-25, No. 345 of July 29, 1966. The resulting
population was then compared with the projected population in Current

Population Reports, Series P-25, No. 286 of July 1964. This was due

to unavoidable time restrictions and late procurement of the July 1966
data for comparative anslysis.
Actually, had the 1966 data been used, the differences in the popu-

lation projections would have been even smaller than those discussed

below, since the Bureau of the Census' 1966 projections of the popu-
lation were revised downward. Further, the Census projectlons are
centered on July 1, while DYNAMOD II is centered on April 1. The dif-
ferences, however, were not great enough to justify reworking the tables
and charts which had previously been completed.

Age. The degree of agreement of the projections of the age com~
position of the population in DYNAMOD II with the reference projections

published by the Bureau of the Census is illustrated in figure 7. With

the exception of the 15~19 year old group for 1966, the relative dif-

ferences between the DYNAMOD II projections and those of the Bureau of

PAFulToxt Provided by ERIC
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Figure 7 .-Differences between DYNAMOD II and Bureau of the
Census population projections, by age, 1960U-1970
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Census all were less than 7.6 percent.

As would be expected, the size of the relative errors tends to
inerease with the length of the projection interval. With the ex-
ception of the 5-14 year old group, DYNAMOD II projections tend to be

below those of the Bureau of the Census in the final projection year.

Sex. Figure 8 shows DYNAMCD II projections by sex for the pro-
jection years 1960, 1965, and 1970. DYNAMOD II appears to be under-
projecting males relative to females for both 1965 and 1970. For
meles, the DYNAMOD II 1970 projection is 3.3 percent less than the
Bureau of the Census projection, while for females the difference is
2.5 percent. However, these differences most likely result from the
initial differences present in 19¢0. In this year, DYNAMOD II wes
1.1 percent less than the Bureau of the Census for males, and for
females the difference was only .1 percent. In the method of pro-
jection used by DYNAMOD II, this initial difference js carried through

and compounded for the remaining years.

Race. A graphic comparison of DYNAMOD II and Bureau of the Uensus
projections by race is shovn in figure 9. For whites, the DYNAMOD II
projection in 1960 is .3 percent below the Bureau of the Census esti-
mates, becoming 1.8 percent below in 1970. For non-white, DYNAMOD II
is initially 2.9 percent lower than Bureau of the Census, and this
percent remains nearly constant throughout the projection period. The

relative difference between white and non-white (.3 and 2.9 percent,
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Figure 8 .-DYNAMOD II projections compared with Bureau of the Census
projections, by sex, 1960-1970
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Figure ¢.-DYNAMDD II projections compared with Bureau of
the Census projections, by race, 1960-1970
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respectively) in 1960 is attributable to sampling error. The Bureau of
the Census prejections were taken from Current Population Reports, Series
P-25, No. 345, July 29, 1966.

Limitations of the Data

The data are subject to all the limifations published elsewhere by
fhe Office of Education and, where applicable, the Bureau of the Census.
The basic data inputs are derived primarily from the Bureau of the Census!
1/1,000 samples data tape, and hence are subject to sampling errors vhich
become relatively larger as the population is gubdivided in more detail.
Efforts were made to adjust known differences, but these efforts cannot
be considered to be completely effective.

For this initial report, the major effort was -expended on ob-
taining suitable fits of the majcr educational population categories
(elementary school students, secondary school students, and 8o on) to
the reference bases. Therefore, only secondary emphasis was placed on
the sex, race and age distri%utions within the entire population. As
a result, some of the categories such as age have rather large relative
errors. More emphasis will be placed on these items in future reports.

In addition to errors in the data inputs, estimates of the trens-
tion probabilities also are subject to error.. Many of the estimates of
the probabilities have”been adjusted to make the model's population con-
form more closely to the reference data published elsevhere within the
Office of Education. However, in doing this the errors in the estimates '
_of the probabilities were confounded with the sampling errors of the

inputs, making it impossible to develop messures of the precision of

the probabilities.




28

One of the most frequently hypothesized limitations applicable to
a model such as DYNAMOD II is that the population may not be Markovian
in its behavior. This may be true. However, the point in question

really is not whether a Markov process truly gove%ns the populatiocn,

but rather, whether the population's behavior is reasonably well repre-

o
sented by a Markov process.‘/

9/

If applied researchers were to be limited only to models where the
underlying processes were "proven", few models would ever be built.

For example, econometricians would not build predictive models but
only structural models.
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SPECIAL ANALYSES

This portion of the report presents three special analyses re-
lating to current topics in educetional analysis. The first, "Birth
Variations," gives an indication of how changes in the birth rate can
affect the educetional population over a period of time. Only one °
such variation is presented here, biit the rates can be varied to any
degree of difference desired.

The second analysis, "Variations in Retention Rates" serves a
dual purpose. It shows what changes in the composition of the educa-
tional population might be expected by keeping a higher proportion of
students or teachers in the system. It also indicates the effect of
a one percent error in a retention rate on the estimates of the popu~-
lation.

The third ansalysis, "Student-Teacher Ratios," probes some of the
possible outcomes of pursuing such mixed ponlicies as, for example,
introducing programs to keep more students in the system without
introducing companion programs aimed at increasing teacher retention

rates.

Birth Variations

The ultimate validity of any set of population projections is
known to be highly dependent on the agreement beuvween actual and assumed
birth rates. Sudden shifts in the birth rate of the population caused
by the outbresk of war, business conditi ns, new birth control devices,
or from whatever source,can have marked effects on previous projections

of the numbers of people in various categories of interest.




It is a great convenience in a populetion projections model to
have the flexibility of easily changing the assumed birth rates.lg/
For example, educational plamners and analysts are free to postulate
any desired impact on the birth rate of a policy emanating within or
outside of the educational system, and they can then ot’ain an esti-
mate of the impact on the educational population as a result of the
postulated policy.

Presented below is an exemple of the population effects caused
by using different assumptions regerding births. Note that the years
1959-60 through 1964-65 are common to both sets of projections. For
those years, estimated actual birth data were available, and therefore
were used. For the remaining years in the projection interval, estimates
by the Bureau of the Census or the Division of Operations Analysis were
used. Although in this inscance, the Division of Operations Analysis
made its own assumptions regarding the birth rates from 1966 to 1970,
the point to keep in mind is that any set of birth rates desired could
have been used as inputs to DYNAMOD II (figure 10).11

As may be expected, differences arise in the projected (1966-1970)
population figures according to the particalar type of birth figures
used as inputs. Projections of population groups based on the higher
Series "B" births show up consistently higher than those resulting from
DYNAMOD II birth estimates. In certain age groups, differences in the
projected population group totals become more pronounced with the in-

creased number of years in the projection interval.

10/ The same may be said for death rates.
11/ For the years 1960 through 1965, number of actual births as estimated
by the Bureau of the Census are used in both sets of population pro-
jections.




Figure 10.-Birth prujections used in DYNAMOD II, as estimated
by the Division of Operations Analysis and the
Bureau of the Census, 1959-60 to 1969-70.
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The 0-/4 year old age group shows the greatest difference, amounting to
1.3 million by the year 1970 (figure 11). It may be noted that the
higher birth rates from Series "B" births in the 0-4 year old group are
reflected the following year in the totals for the 5-14 year olds
(figure 12). Tais is due to an artifact in the model caused by the use
of groupings, instead of using single years of age: a small proportion
of increased populations cf O0-4 year olds are transferred to the 5-14
year group during one cycling of the data because of the age transition
probability coefficient.. This artifact will be avoided by using single
years of age in future network flow models. Differences due to increased
Series "B" births, however, are nol. reflected beyond the 15-19 year group
‘because of the short length of the projection span (figure 13).

Among the student groups, the assumed differences in birth rates
affect only elementary and secondary school students, i.e., there is
no effect on the number of college students introduced by the higher
number of births in Series "B", because the period of projection is
only five years (appendix table B-3). Obviously, however, if the popu-
lation had been projected for a greater number of years, effects of
birth variations would ultimately be felt in all age groups.

For the projections to 1970 by race, the births resulting from the
use of Series "B" estimates show an excess of 1.4 million whites and
323,000 nonwhites over those using Division of Operations Anslysis
estimated births, or a difference of 0.8 percent and 1.3 percent re-
spectively (appendix table B-4).

For male and female projections, differences amount to 867,000
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males (0.9 percent) and 830,000 females (0.8 percent) by the year 1970,

(appendix table B-5).

Variations in Relention Rates

Varying the retention rates for students and teachers consisted
of increasing by one percent thne probabiiity that a student or teacher - ;
‘would remain in his respective educational category from one year to
the next. Thus, if a retention rate (transition probability) wasg
.8000 in the original DYNAMDD II projection, it was changed to .8080,
or by one percent. Now, because the row values in the transition E
matrix had to add to 1.0000, whe increment (.0630) had to be taken from
among the remaining row entries, It wes decided to take the balance’
from the "other" category, since by so doing, the remaining struc-

ture of the educational system would not be directly affected}g/

Bssically, then, the effect of an increase in a retention rate is to
keep more individuals in a given category without altering the relative
flows within the educational system.

The increases in the rates were made one at a iime, to avoid

confounding the effests of the'changes}g/ J
3 gtudents. The effect of increasing the elementary school student

retention rate by one percent was to raise the level of the projection

-

Some secondary effects obviously would, and should, show up later .
through the minor impact on tae transfers from the "other® category to the
receiver categories, as well as through en increase in the number
of secondary school and college students, and so on, later affected
by the change in the flows. The secondary effects will be examined
in a future report.
13/ A special computer run is planned for the future in which the ef-
fects of @ simultaneous one percent change in all educational.
retention rates, students and teachers alike, will be examined.

s
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for the 1969-70 school year from about 36,7 million to slightly over
37.0 million, or bty one percent (figure 14). The relative impact of
increasing the elementary school student retention rate, that is,

the percent increase in students over the base line projection, was
lowest for elementary school students, remaining at about one percent
over the entire projection interval. Furthermore, the "time >0 maximum
response," i.e., the time required to reach the maximum relative
difference over the base line projection was shortest for this group,
reaching the maximum level (1.1 percent) within tuo years.

Knowledge of the relative impact of changes in the educational
population can be of gieat aid to educational planners, analysts and
decisionmakers by providing them with information regarding required
changes in the capacity of the system resulting from the implementation
of policies that change the numbers of students or teachers in the system.
For example, if planners estimate their cepacity requirements on the
basis of a given set of flow rates for students and teachers, they will
be interested in learning what additional changes i1 capacity may be
required by policies that affect the retention rateés of students. In
the case of elementary school students, for e..ample, an increase of ona
percent in the retention rate would require cdpapiﬁyhiﬁ the system
sufficient to handle the original projections plus about gné;pgrcent, .

14/ ’

more each year in the interval.

144" Another set of secondary effects which transpire when the rete” “ton

rate is varied for, say, elementary school students, is a change in
the number of secondary and college students. These will be dis-
cussed in a, future report.

f




Figure 14.- Results of a . one percent increase in the elementary
school student retention rate, 1959-¢0 to 1969-70
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However, for secondary school students, the requirements are some-
what higher. A one percent increase in their retention rate would raise
the DYNAMOD IT projection for 1969-70 from about 13.4 million to nearly
13.8 million students, or 2.4 percent (figure 15). That is, for each
1.0 percent increase in the retention rate, an enrollment increase
equal to the original projection plus an additional 2.4 percent could
be expected within 10 yearsjsy Not all the relative impact would be
expected immediately, as the graph of the relative increases indicates.
vy the 1964-65 school year, for example, the increased requirements are
about 1.9 percent higher than for the original projections.

As might be expected, there are limits tc the relative impacts of
policy changes. From the projection structure of DYNAMOD II, it appears
that the maximum relative impact on the number of secondary school
students is about 2.5 percent, reached in about 12 years from the imple-
mentation point%g/

The greatest relative impact of all three student categories is
achieved with college students (figure 16), where the figure becomes

3.0 percent by 1969-70, with an apparent maximum of 3.3 percent in

E74

There are obvious .imits to such a statement. First, if the required
capacity vwere not available, then there simply would not be room for
that many students. Second, the changes discussed here are marginal
(small) changes, and may not be applicable over large ranges of
possibilities. For exsmple, a chenge of 10 percent in the retention
rate may not require places for ar. additional 24 percent enrollment
in 10 years.

16/

The 12-year figure is an estimate taken from the chart, and is not
the result of a statistical fit of the data,
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Figure 15.-Results of a one percent increase in the secondary
school student retention rate, 1959-40 to 1¢6S-70
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Figure 16.-Results of a one percent increase in the college
Student r=tention rate, 1959-60 to 1969-70
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about 15 years. While this group has the largest relative response to
retention policies, the absolute effect by the end of the 10-year pro-
jection interval is smailest; being only 190 thousand students above
the original 1969-70 DYNAMOD II projection of ¢ % million students.
Teachers. The teaching sector appears to be much more sensitive
to increases in the retention rates than js the student sector, although;
of course, the absolute numbers of persors involved are much smaller than
is the case for students. The effects of increasing the retention rates
for teachers are shown in figures 17, 18, and 19. The relative response
factors are quite high by the end of the 10-year interval, being 4.8
percent for secondary school teachers, and close to 6 percent for
elementary schocl and college teachers, Tespectively.;Z/
Effective policies aimed at increasing the holding power for
teachers in the system, then, would éppear’;o be particularly desirable
means of increasing the total population of teachers. This seems to

be especially true for college teachers, where & heavy dependence on

returns from the "other" category z;s required to obtain an acceptable
1.

fit to the reference projections.

17/ The impect on the Student-teacher ratios are discussed below.

lﬁ/ If this heavy transfer had not been specified, a satisfactory fit
to the standard projections could not have been obtained vnder any
circumstances. A special computer run was made where the teacher
retention rate was set as high as possiblec and the transfers from
nother" back to the prcfession were eliminated. The DYJAMOD II
projections for 1969-70 were 381 thousard college teachers, or con-
siderably below the standard OE projection of 524 thousand teachers.
If the DYNAMOD II structure is approximately correct, the implica-
tion is that projections made on the basis of assumed student-teacher
ratios may not be realized because the system may not produc “he
required numbers of teachers and the numbers returning to the pro-
fession from "other" may not be sufficient to f£illi the gap.

Y

4
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v Figure 17.-Results of a one percent increase in the elementary o r
school teachers' retention rate, 1959-60 to 1969-70
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. Figure 18.-Results of a one percent increase in the secondary
school teachers' retention rate, 1959-60 to 1969-70
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Figure 19 .~Results of a one percent increase in the college
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teachers' retention rate, 1859-60 to 1969-70
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19/
Student-Teacher Ratios

One of the frequently-used measures of the "load" on parts of the
educational system is the student-teacher ratio. Although the accepted
range of variation of this ratio is a frequent and unresolved matter of
discussion, the fact that it is frequently discussed and published in
educational literature suggests that, despite its limitations, it is

a tool of planning and policymaking.

7
Those student-teacher ratios discassed below that are hypothesized
to result from a one percent increase in the retention rates of
students or teachers contain a minor degree of noncomparability with
the OF base data from which they are calculated. The reason for this
is that: (a) en elementary school student in DYNAMOD II is defined as
being in grades K through &, while in OE publications the definition
includes only those not attending a junior or senior high school;
and (b) DYNAMOD II elementary and secondary school teachers follow
the OF definitions exactly. The number of grades 7 and 8 students
enrolled in high school organization units (and therefore classified
by OE as secondary school students) are about equal to the equiva-
lent of the total 8th grade enrollment in public schools (see OE
10030-66, tables 2 and 3 and OE 10024-65, table 3 plus about 15 per-
cent for nonpublic school enrollments). Thus, about 9-10 percent
of the elementary school students affected by a change in the re-
tention rate in DYNAMOD II would fall in the secondary school clas-
sification of OE., The main effect, therefore, would be concentrated
in the third decimal digit of the retention rate and hence would
have only a minor impact on the relative response patterns for the
students,.

Because of this, and alsc because the teacher classification in
DYNAMOD II follows t .- OFE definitions, it was decided to apply
the percent response patterns to one percent changes in the re-
spective student and teacher retention rates from DYNAMOD IT to
the published OE student-teacher ratios for elementary and sec-
! ondary schools. The student-teacher ratios shown as "Office of
| Education base dataitin appendix table D-1 are combined from the
; separately-published ratios for public and nonpublic schools as
shown in OE 10030-66, table 23, using the number of classroom

| teachers in table 22 as combinatorial weights. The student-

| teacher ratios for the college sector were computed directly

! from the DYNAMOD II output.
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This being the case, one consideration of the impect of policy
changes on retention rates within the system should be the effect of
those changes on the gtuder t-teacher ratios in the respective levels
of the educational process.

For example, it might seem intuitively desirable to increase the
retention rates of all students, for isn't a better-educated popula-
tion more productive, and doesn't well-being increase with productivity?
Perheps. But if an increase in the nurber of students processed within
the system comes about at the expense of unacceptably high student~teacher
ratios, the quality of the eduzation received by the students, hence
their productivity, mey in fect be less than would have been the case
had the policy not been implemented.

Consider another planning problem. Suppose policymakers are in
agreement that (1) a particular gtudent-teacher ratio is too high,
and (2) the proper policy te follow to 1owef it is to increase the
retention rate of teachers in the system. Hov much should the rate
be changed to meet predetermined objectives?

DYNAMOD II cen be of use in cases guch as those descriQed above.
To illustrate the model's utility, student-teacher ratios are pre-
gsented in this section in a manner thet re.iects a range of ouicomés
of policy alternatives. The student-teacher ratios calculated from

bage line data are contrasted with the ratios resulting from increase

in the student retenlion rates with the teacher rates unchanged, a8
E well as with the converse, i.e., the student retention rates unchanged

with the teacher retention rates increased, All increases in the re-

wibe:. RN VEV Oy VS

q tention rates were one percent.
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D . Figure 20.-Comparison of the variations in the student-teacher ratio
caused by selected increases in student or teacher reten-
tion rates, by level of schooling, 1959-60 to 1969-70
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The resulis of these calculations are shown in figure 20. As
can be inferred from the chart, two important patterus are present. First,
the policy of increasing the retention rates of students without changing
the retention rates of teachers has its greatest impact on the college
student-teacher ratio and least affects the elementary school student-
teacher ratio. Second a one percent increase in the retention rates of
teachers has a very strong effect on the ratios, lowering all three from
vetween 4.7 to 6.2 percent by the 1969-70 academic year, as highlighted

in the discussion table below:

Produces a percent difference in

An increase of one percent the base line student-teacher ratio
in the retention rate of: approximately egual to:

196/~ 1969-

1965 1970
Elementary school students 1.0 1.1
Secondary school students 1.9 1.9
College students 2.3 2e3
Elumentary school teachers =34 -5.5
Secondary school teachers -3.3 -lo7
College teachers -3.9 -6.2

The data in appendix table D-1 indicate that, for the college sector,
either aliternative of increasing the student retention rate or the teacher
retention rate will be associated with an absolute increase in the stu-
dent-teacher ratio over the middle range of the projection interval.

This suggeste that if the desired policy is to ultimately increase the
number of students in the system over the base line projections, one way
of minimizing tke impact on the student—teacher ratio is to sequence the
operations: to first pursue policies that will retaln more teachers in

the system, and then take the desired action to increase the retention

rates of students.
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Exemining the date in more detail it can be noted that, even though
more students enter the system each year at the elementary school level,
the projected number of elementary school teachers increases at a faster
rate than the students, lowering the student-teacher ratioc from 29.9 in
1959-60 4 + 27.4 in 1969-70, In the seccndary school sector, little change
is noted over the interval.

The college student-teacher ratio increases over the interval be-
cause the projected number of students is incresasing proportionately
faster than the number of teachers. From 1959-60 to 1969-70 the college
student-teacher ratio chsnges from 11.9 tc 12.9.

If a one percent increase is made in the retention rates of
secondary school students the relative difference in the student-teacher
ratio over the base line ratios is slightly greater than for the elemen-
tary school sector. A one percent increase in the retention rate for
college students increases the student-teacher ratio from a base line
value of 12.7 to 13,2 in the 1969-70 academic year.

For teachers, an increage of one percent in the retention rate of

those in elementary schools, holding the students' rate constant, de-

creases the student-teacher ratio from 27.4 to about 25.9 during the

interval 1960-70,

The same type of change to the retention rate of secondary school
teachers reduces the secondary school student-teacher ratio from 21.1
to 20.1 for the same period (a decrease of about 4.7 percent), while
for college teachers, the one nercent change reduces the student-teacher

ratio from 12.9 to 12.1 or a decrease of 6.2 percent,




One point not discussed in this report that will be covered in a
b future . report is the #spillover" of students to higher levels of schooling
or into teaching end thair subsaquent impact on ‘the student-teacher
ratios of the affected sectora, If, for sxasmple, the retention rate
of elementary school students is increased, the graduates who go on to

secondary achool will affect the secondaery school student-teacher ratlo.

The spillover effect may or may not be important, depending on the

amount of the increase in the retention rate and the f low structurse

of the affected parts of the system,




APPENDIX A

Tables of DYNAMOD II Projecticns Compared with Reference Projections




LIST OF APPENDIX A TABLES
Table Title - Page

A-1 DYNAMOD II projections of students, 1959-60 to 1969-70 . . . 5j
A-2 DYNAMOD II projections of teachers, 1959-60 to 1969-70 . . . 55
A-3 DYNAMOD II population projections compared to the Bureau

of the Census projections, by age, 1960-1970 . . . . . . . 56
A-4 DYNAMOD II population projections compared with those of

the Bureau of the Census, by sex, 1960-1970 . . . . . . . 58
A-5 DYNAMOD II population projections compared with those of

the Bureau of the Census, by race, 1960-1970 . ¢« « « « « « 89




54

0L=696T ©% 9-6561 ‘siuspnys Jo suotjoafoxd IT AOWYNAG-

LT ® } m ® Mam e . . ) . . % ) mOﬂ..m.Hmmm.mmU
9 6°L 0°9 6°¢ i 6°¢ 0°L 69 G*9 g7 0°0 que010d| o
. ct O
o6t | oze'e | ot | wee's | ser's | osety | g6y | sut'v | ToB'E | €8s’e wes | e aorasol B b
7159 | esz'y | seo'9 | esus | usrés | evrfe | OT8%Y Gov*y | =TIy | $6Lf€ | L4E€ | IT QOWYNAQ &0
8- 7°9- 9°7- T €~ % 9= g 7= g°1- T 0°0 0°0 SUUBISIITP | (hn
. JuS0I8d| cf G, O
009¢7T | 00T*7L | CO9‘ET | OOT'ET 008zt | TeLSzT | £8TeT | 2TECTT | §65°0T €866 | TLZ‘# awwpwwwwwo Wm S
— - : 3 Q.
gi7eeT | TT2'eT | TL6°zT | Te9‘zr | TEfel | OT0‘2T | TOP'TL gET TT | 909°0T | €86°6 | L6 | II QOWVNAQ a3
6= | o'1- ce- | €T | 8- 2 T- G*- 1°- 9° 9° 0°0  [9°USI8IITP
. quaoxsd mmm
000‘4€ | 008°9c | oo9¥oc | oogfoe | ocouése | seEfSE | 7OSTTE LELEEE | 698°2E | 86T2E | TTIS TE | UOTAUTRE |58 B
- — Jo_89T330{8 =3
€89°9€ | OT7°9€ | egrfor | eTe®cc | gT¥esE | LTOVE | YYEYE | OzL'ee 090°ce | ¢8€fze | oTS‘1€ | I QOWVNAQ)® ,m
“GI=6o6T| 69-8960 B89-L96T| L9-996T| 99-996T| $9-796T| ¥79-€96T| €£9296T| e9-T96T T9-096T | 09-656T

(spussnoyy UT)

*I-V 9Tas] xTpueddy

PR PR PR




55

Te- | 009 | 4'e- | ¢e- |- 8T |9 L°S 7°9 'Y 00 [PouereIzip [
. yusoIedl & ©
Y25 LTS €67 €57 GZY 68€ 86E 9€€ €T 962. €8 UOTFBONDE | §
Jo @0T3J0| 5 &
L I« ]
L0S 98 o7 oy 22y 007 8LE 373 €€ t 80¢€ cez | 1T aowvnza) @
AR A 2 - 6°7- G o- T°0T- 6°8~ 1°9- 0°S 8°T- 0°0 S0URIOIITP
. quaoasdl g 2 &
275 ¥88 £68 0z8 961, 68L €Y., 069 GG9 019 08¢ uotjeonpg | S 5 8
32 @91330|8 9, 8
] [
€68 68 LTI8 08L Y7L, 60L LL9 879 229 665 08¢ 11 COAVNAQ|® 3
Te | o |z | e | e e | ete- ee- | 6 | vem | o0 [PUREReem
BLT°T | OLT'T | SSTT | Trr‘t | 7t Z60°T | €50°T | 920°T | 200°T | 786 256 | UomEomE |88 8
1. ) _ _ Jo_°01330|8 P 5
gTe‘T | LLT'T | o¥TéT | 9oT‘T | €40°T | €70°T | 2T0°T 266 €LE 096 256 II dOWYNAQ|® B
- N <
T CL-696T | 69-835T | w3~496T | L9=996T | 99-996T | S9-Y96T | 79-€96T| €9-296T | €29~196T| 190961 | 09-656T
) o . 5 S— _|

0L—696T 01 09-HGHT ‘sasyoway

! spussnoys uy )

jo suotrjoefoad IT JOWNVNAQ-Z-V 9TABL xTpusaddy




*p,quon €-V orqe} xTpusddy

PO * o T P T o . ® . L3 ulwl ® e ® - So2UsID
. €2 T°2 6°T 9°T €1 T°1T 6 6 6 6 6 | pumwwwm J
N oFT ol 9€9°09| z6L6S| Tibees| ozo'ms| Gri-lg| eweos| O 629 Te[ OBL'EG| 9987¢cS SMMMMMU + 7 M
czoogl  zvefes| o0s9fse| TeefLGy BERCLG| 80999 96LcGq| GL6*TSl -ZoTfYS| 60EfES 90%¢26 | II QORVNAQ m
7z | 7z | e | e o= | T | 2= | ee | 81 | e | s [ quseisg
+ 3 2 [ [ 1 [ ¢ [ [ . é ¢ £ nNga
STZ*BTI 9T LT 16 L7| T20°L7| €78 97| 96897 0T6°97| 096797 T66°9Y| 90°LY| 2ET'LY msmmmo -6z
S80°L7| LLO°97| O7e°97| Gh0°97| Lebfer| 'rafey| 67sfeY 6feyl  TETC9Y| o0evov| 648°97 | II AOHVNAQ
7L ] €t 0°6- | L°¥- G- € 1- o'1- g - 0°2 8" 1 9T~ PP nssing
LT CoT T T T TOT ST 96 ET| €29 ET| GLL'Er| 009°2li Sle'ir| YO7'TT| ZIT'TT &SI | oo
snsusan
 o7e*ST| 80€fST| veeYT| oee‘vr| ciefer| evrier| T66°cT 9ss¢zTl vITézT| TTOSTT| 2E6°OT | IT QOWVNAQ
H\)ﬂ\u.\qo‘wu.l N..oml w9MI. l@-*\.l @.mn.l Nu@l Nnu ml Woml. N..tﬂl.. OoN.I Mol OAHQMNWWWW&” .
ST RETr TSSO BT 9L LT | ZALSLT| LI6'9T| 7LZ'OT| 96GST| S96°YT| O78°El Go7'eT e Y e1-¢1
snsuan
280°9T | OSL°LT| OLELT| L€6°9T| €47°9T| ove‘stT| 2re‘st TeLT | ZTTYr| L9¢f€T | 86£°€T | II QOHVNAQ
e [ T T 20 - e LT 5° g [ L= ¢ - SoUSISIID ||
) . TuUa0I8]
G T TR0 TT | 258 07| 6E5T07 | T20°07 | B0E'6f | 679°8€| cl0'8C| TVBE'LE| G66°9E | GELCSE nBAINg | ¢
snsua)
ety | sty | tesfov| Lzsfor | szifov| 609°6E | €66°8E ZTESsE |- 0LG6LE | 67LC9E | 2Y¥9°9E | II AOWVHX
= TG e e | er- | Le |V g ¢ T- 7o - = SousISII® |
AUSOIJ]
ot TGS | BETTIE | T6e0¢ | 97L 02 | €BL'Oc | 1ek'0¢| eeliOz| 9vif0e | 099°0C 79¢f0e smwmmmg %-0
g0z | Evzoz | oLGloe | 7ofoz | sozfoz | €950z | 99L‘oz | ouLoz | €€L°0Z 9860z | TIE€f0z | II QOWVNAQ
m;.mmm:, --mmWﬁf.ﬂ-mmmr o6r | 9o6L | GosL | o6l | €96r | w96L | 1961 | 096 2
Lo T (spuesnoyy u7)
. CLET-095T ‘afe Lq ‘suorqoefoad smsue) eYi jO mBaINg

o1 pagsdwod SUOTLO

oad uoryerndod II QOWVNAQ-'£-V oTqBl ¥Tpueddy

o
»




-Suppumox 07 emp T®}0% O3 Ppe jou Lsw swmiod /T

*1 ATnp Jo £v nwoang snsuen 1 TI<dy Jo £8 seandTF 11 QOWVNAQ :830N

6°2~ 9°2- | Hee- 1°e- 8'1T~ 7T T 01— | 6°= 8°= 9°= | eousasIITP 3
1U80I94 S
TH6T80Z | 796°G02] 250°€02| cle 00e| VL7 L6L| TL9°T6T| L967T6T| BL2 68T] TOS 98T| 274 €8T| 949081 \mﬁampnm 3
snsu9y
G207L0e; 525°002] TLL°GOL, 146 C6L| L9B'COL| 488 16L| L6O 6BL| woc LoL| ©ea 78L] g9¢ 81| 899 64T | TT QoWYNAQ
OL6T |  696T | 896T | L96T | 9961 S96T | 796. | €96T ) 296T | T96T 0961 OV

(*piqu0n) €=y 91g®} XTpuaddy




58

BN . R T

V-

(spuBsnoys uy)
0LET-096T ‘xss

5° 2z € e 0z | L= 71 ] o011 8 - 9 = G- g - T°- PoueIsIILP
‘ . , QUadI8g
072°90T | B99 70T | OGT ECT| 999°TOT | 6ATF00T | LSL 86 | 0LE°L6 |606°66 |ELT Y6 | 99626 |L7E‘T6 neaInd | Semay
. sNEeUs’n
GT9°€OT | 60E 20T | BAOSTOT | nogtes | 68L°B6 | TELSL6 | 196996 |00cfse j966°C6 27926 |1€2°T6 |II QUWVNAQ
T T o | s | e | 2| s | o | ¢ | T | €T | T [Praos
_ TuU80194 )
9CL¥Z0T | 962°TOT | 006°66 | &76°86 | Tie L6 | 716°56 | 9976 [696°€6 |[LTT'z6 |LLL°06 |82E’68 neang
. snsuag |1 STSKH
TT766 | 612°86 | DOT'L6 | 160796 | LL0°G6 | 75176 | ee1’¢e |766°16 8e8°06 |T19‘68 |4£€°88 | 1T aowuNza
== ‘ = uuﬁ"uu”uﬁ“u“h _ 1 o _
0L6L 696L | “B96L L96t 9961 Go6L | Y961 €961 €96l | 196l 0961

£q ‘snsue) sy3 JO meAang oY} JO 8sOoY: YA
pegrdwod suotjosfoiu vorqerndod IT QOWYNAQ-"7-V 219%% xTpusddy




) GY€ *oN ‘Gz-d sotasg ‘qa10dey uotyeIndod guerIny
SNSUS) SYq Jo neaang ‘eozsmmon Jo juswizedsq °geq

Rttt d e i e

/T

¢~ e~ ¢~ Tt | T¢&- T°e= oTe- 0t~ 0°¢c- 6°z= | ~ b"g= pOULISIITD [
- JuadIeg

ger'sz | eL6*rz | v8¥*ve | Y1ofve [e9ttee | Ttz | oL9fee | 69T‘ze| SL9°Te | oLT'Te | T99°0Z :mmmmmm;. SITUM
~UON

L69%72 [ 76T 72 | OzLfez | 99ztee | 6€BTeT | .2Ef2z | $86°Tz | 8091 | €€0°Tz | TSz | 090°0zZ | 1T aomviza

g1- | o1-| 91| 71- | ¢1- 2*1-| o0'1- 6° - L= G-
620 L8L | 09 BLL | 670 LLL | BLe GLL | 62 Ll | 277 LLU 677 691 872 191 286°791 986 29T o2TUM
TCC LT | JEC OLT | e67*7L $89CLT [L2O'TLT | €97°69T] OTLTL9T! 98L7S9T| &e4‘cotr| cOL 19T
= . EE e ot R —"

q96L

7961 €961 296L | 196l

oL6tL 6961 8961

Am1A:aﬂb£p ur)
0Lé6L> . T “eamx Lg

‘snsus) oyz . MBBIANG SYG JO 950U} UYJIM
psasdwoo suor3oafoad uoryeInd i I7 QOWNVNXQ-'S-y 21983 XTpusddy




APPENDIX B

Tables of the Effects of Using Different, Birth Estimates
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Appendix Table B-1.-DYNAMOD IT birth projections as estimated by
: the Division of Operations Analysis end the

Bureau of the Census, 1965-66 to 1969-70
(In thousands)

Difference

- Burcau of Y - (Series "B" minus
1 Division of 2/ the Census’ ~ +.Divisiocn of Opera-
Year Operations Analysis Series "B' tions Analysis)
1965-66 3678 3758 e 80
1966-67 3590 3880 . ... - 290
1967-68 3670 - 4034, | 364,
1968-69 3740 4191 7 451

1969- 70 3830 4353 523

1/ Births are centered on fiscal year beginning July 1. The
births used in DINAMOD II from 1959-60 to 196/-65 were
published in "Births and Death Rate Projections Used in
Present Student-Teachers Populati n Flow Models", T. Okada,
Technical. Note Number 11, Novemver 1966.

Ibid.

U.S. Bureau of the Census, Current Population Reports,
Population Estimates, Series P-25, No. 345, Op. Cit.

LN
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‘ ' Appendix table B-2.-Comparison of DYNAMOD II population projections using
' different birth estimates, by selected age groups, i%66-1970
| -~ (In thousands)

-

AGE 1966 1967 1968 | 1969 1970

] - Series "B":) 20,208| 20,046| 20,070 20,249 | 20,556 |
- ! Q.4 |[DOA Birth '
i . estimates 20 3 128 19 9 691 19 1420 _..1_21_.75_.2 -M—l 2

' Pexcent
L, differencel =04 | -1.8 -3.3 | -5.1 -6.8 |

N ' ; Series "B¢.} 40,128 40,527 - 40,851 41,142 | 41,437
, 514 IDOZ Birth .

: estimates | 40,128 40,513 | 40,770 | 40,942 | 41,062
Percent .
' differencey 0.0 1 0,0 | -0.,2 1-0.5 =0,9 |

Series "B .| 16,453 | 16,937 17,370 | 17,750 | 18,082
08 irth 17,746 |"18,064

Percent g
- . m& 0.0 0.0 0.0 0.0 0,1

~——

1/ series "B" estimates from U.S. Bureau of Census Currenp'-;-:'.

Population Reports, Population Estimates, Series P=25; 7. .-

No. 345, Op. Cit. R

3 © 2/ Division of Operations Analysis estimates, T. Okada,
: Births and Death Rate Projections Used in Present
¥ . Student-Teacher Population Flow Models, Technical
g Note Number 11, November, 1966.
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Appendix Table B-3.-Comparison of DYNAMOD II population projections

using different birth estimates, by student pop-
ulation, 1965-66 to 1969-70
(In thousands)

) 1965-66 | 1966-67 | 1967-68 | 1968-69 | 1969-70
E’ _| series mBr] 35,416| 35,818 | 36,139 | 36,416 36,683
£ | DOA Birth -
9’9 B| estimates 25,416 | 35,810 | 36,091 | 36,281 | 36,414
0 < 3| Percent
M & & difference 0.0{ 0.0 -0.1 =0 o4 «0.7
» |Serles "BY| 12,371 12,601 | 12,971 | 13,211 | 13,418
d _ £[DO0K Birth )

g 92l estimates 12,371 ) 12,691 | 12,970 | 13,200 13,405
0og 3p t ‘
85| aittorencd 0.0 | 0.0 0.0 0.0| -0.1
02 Series "B 5,457 5,753 6,028 | 6,282 6,514
80 o) .
& 8| DO8 Bith \ samr| 5,753 | 6,028 | 6,282 | 6,514
3 H1Percent :
d f re C}_ e 0.0 N 0.0 . 0.0 0.0 000
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Appendix Table B-4.-Comparison of DYNAMOD II population pro-
jections using different birth estimates,
by white and nonwhite, 1966-1970

(In thousands)

' 1966 | 1967 1968 | 1969 | 1970
Series "BM || 171,027| 172,685 | 174,452 | 176,334] 178,331
D £ oae
';é m 170,9621 172,385 ! 173,861 | 175,380 | 176,958
Pgrcsnt O .0 "“0 . 2 ._.:"9_‘ 3_- -O ] 5 s :'0 .8“
ﬁ Series "B" 22,839 | 23,2661 23,7201 24,194 24,697
DOA Birth
gé egtim:tes “ 22,825| 23,194 | 23,527 23,969 | 24,374
O
= [Peroont 01| -0.3| -0.2| 09| -1.3]




Appendix Teble B-5.-Comparison of DYNAMOD II population pro-
jections using different birth estimates,
ty male and female, 1966-1970

(In thousands)

e e AR —

1966 1967 1968 | 1969 1970

Serjes WBM §| 95,077 | 96,051| 97,100 98,219| 99,412
@ |poA Birth .
d | on tanins | 95,000 | 95,860| 96,723] 97,617| 98,545

P°’-‘°9;}},em;[ 0.0 -0.2| ~0.4i _ -0.6] _ -0.9
o Series "B" 98,789 19,900 | 101,072 102,309 103,616
'Té DOA Birth
8 | estimates | 98,750 | 99,717 100,714 | 101,732 | 102,785
B [Percent .

difference 0.0 | -0.2 -0.4| -0.6 -0.8]}




Aze
Interval

15-19

20-2/

R5=4

Appendix Table ~ “ -Death rates used in DYNAMOD II

White
Category Mele Femsle
Elem, sch. students L0055 0042
Other 0055 0042
Elem. sch. students 0005 .0003
Second. sch, students 0005 0003
Other 0005 00032
¥4
Elem. sch. students 0013 .0005
Y
Second. sch., students .0N13 0005
2/
College students .OC1L .0004
Y
Other ,0013 0005
Y
Elem, sch. students .0017 .0006
1/
Seconda. sch. stuﬁipts .0017 .0006
2
College students .0011 .0004,
2/
Elen., sch, teachers 0011 .0004
2/
Second. sch, teachers 0011 0004
Y
Other 0017 .0006
y
Elem. sch. students .0026 0014
. 1/
Second. sch. stufjnts .0026 001
2
College students 2/ .0017 .0006
i 2
Elem., sch, teachers 0017 .0006
2/
Second. sch, teafygrs 2017 ,0006
2
College ti7chers .0017 .0006
1
Gther .0026 0014

67

Male Femele
0107 .0086
.0107 .0086
.0007 .0C05
.0007 .0005
.0007 .0005
.0016 .0008
.0016 .0008
.0014 .0007
.0016 .0008
.0028 .0013
.0028 0013
.0014 .0007
.0014 . .0007
.0014 .0007
.0028 .0013
.0061 .0039
.0061 .0039
.0028 .0013
.0028 ,0013
.0028 .0013
.0028 0013
.0061 .0039

Table B-6 (Cont'd)




Table B-6 (Cont'd) 68

Age White Non-White
Interval Category Male Female Male Female
2/
L5 & over Elem., sch., teachers 2/ O .007 016 014
2
Second. sch. teaf?prs 0l 007 016 014
2
College ti;phers 0l .007 016 014
1
Other .0318 .0222 .0352 .0262

1/ Death Rates based on actual count of deaths for the population,
U.S. Department of Health, Education, end Welfare, Vital

Statistics of U.S., Vol. 11, Mortality, Part A (Table 1-25),
1964, Washington, D. C.

2/ U.S. Department of Health, Education, and Welfare, "Mortallity
by Occupation and Induatry" Vit%l_Statistics Speciel Reports,
Vol. 63, No. 2, September 1962 (Female rates estimated)
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APPENDIX C

Tables of the Effects of Variations in
the Retention Rates of Students and Teachers




f

Tahle
C-1
C-2

LIST OF APPENDIX C TABLES

Title Page

Results of a 1 percent increase in the DYNAMCD II
1959"60 tO 1969"'70 ¢ e & o 9 s ¢ o 71

student vetention rates,
Results of a 1 percent increase in the DYNAMOD II
72

teacher retention rates, 1960=1970 . . « o « o o o v ¢ o »




- - - - - SRS VI
o°¢ 6°2 g°g 9°3 G2 £°z 0°2 g°1 £°1 g° 0°0 9oUdISIITQ IUIDIIG
29
gaL’s | zo7%c | w619 | co6‘s | zesfs | toe‘s | 606’ E96%Y | LOT'Y | €8L°€ | Llet¢€ (eBueyo Jo3ye) 1§ O
. . IT qowvNAd |5 &
ﬂ o
7169 | ®8z‘9 | 820°9 gelfs | Leve | Ztis ots*y | sov'y | wIT'v 6eLfe | LL€°¢€ (9bueys a1033q)
. II GOWVNXQ
%°2 £°g £°2 2°2 o'z 6°1 l°1 (R | 1I°1 A 0°0 | @ousasyyrg jusoadg | ¥
g m
O%LieT | Tescr | 992fct | 796‘et | w9zt | 6czfet | éoLftT | ooe‘tr| Gz2ifor | gmotor | 126 (sBueyo x933%) MW
I1 JOWVNAQD |2 &
r 4 < r; il-_u.lm.ll.l-r P ———reres M m. “
IV eT | Trecr | 122211 169°er | TAEBT § oro‘er | TO9TT | SETTT| 909°0T | €86°6 | 142‘6 (sbueyo aacyaq) |3
II CGOWVNAQ | ¥
o°1 0°1 0°1 o°1 o't 1°1 1°1 1°1 1°1 6° 0°0 9IUBISIFTQ IUSDIR( |
g 2
22
ceot2e | €22%9€ | 10S°9€ | <grtof | 9g8l°St | 683'SE | GILCHE 160'%E | LI%*€C | 2l9‘2€ | O1S‘IE (3bueyo ad33e) | ©
II GOWVNAG (& <
53
£€89°9€ | 91%‘9f | 6€1°9€ 1g°ce | otwntse | Lr6tne | wHeye | ozli€€ | 090°€€ ggeiet | orseie (sbueyo ax0raq) |3
II GOWVNAd (¥
0461 6961 8961 2961 9961 G961 961 £o61 2961 1961 0961
-6961 ~-@961 -2961 -9961 -G961 -5961 -£961 -2961 -1961 -0961 -6G61

(spuesnoyi ui)
0.-696T 03 09-6S6T ‘Sajed UOTIUSIDX JUIPNIS
IT CQOWVNAQ @Y} Ut oseasour juadzad-{ © 3o SIINS3Y-°"T=) arqel xtpusddy




[DERIbAAP M Iy

6°S 9°¢S 6°% L% 0% ¢ 6°2 £°2 G*1 9° 0°0 SOUSISIIITP IUSIIJ
o O
LES €1s §5% 79 6€Y 1% 68€ €9€ 8Ee o1¢ €83 (ebrreyo aoage)| 8 &
’ II JOWVNAQ 3 &
i %
L0og 9B8Y S9% €Y 28% 00% tVAS 149 319 got €82 (9bueyo aI032q)
I1I JOWVNA
8°% Sy | 90USIRIITP IUSIIdl g
g w
28
Geob £68 48 118 0L 2eL 969 <99 Te9 709 08s (obueyd J933%) -
. IT GOWVNAQ) o &
o
; =g
‘€68 48 LIR 084 Y7L 60 LL9 8%9 c9 665 0g8s (abueyo aI032q) m

8°G G* G 1°¢G L% 2% AL S I°€ %#°c e° 0°0 %
==
(o3
- m-m
9821 | 22t Q6TST | LSTT | SITST| @80°T| &L¥O°T| SIG'T| 066 896 266 (9Buey~ Js3ze)l @
II JOWVNAQ] % %
O
91T | LLT°T orr‘t | ootft| €L0°T | €VO‘T| 9T0°T | 266 €L6 096 =66 (sbueyo aI03oq) m <
iI GOWVNAQ] w
Q.61 6961 99061 2961 99561 G961 #9961 £961 3961 1961 0961
-6961 -8661 -2961 ~9961 ~GCHT -%961 -£961 -2961 -1961 -0961 -6G0T
- (spuesnoy} uy)
0.6T~0961 ‘sajeq uoijualax JI2Ydesy
. II QOWVNAQ 3Y3} Ul 9sesaour juaodad-g ® JO S}INSay-°gen 2Tq8L xypuaddy




i o A oo o Es
R ot e e o A e

73

APPENDIX D

Table of the Effects of Variations in the
Retention Rates of Students and Teachers
on the Student-Teacher Ratios

Full Tt Provided by ERIC.

ERIC
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APPENDIX E ]

List of Population Groups Used in DYNAMOD II .




168 groups (including deaths) for several reasons. First, impossible

Appendix E
List of Population Groups Used in DYNAMbD II
Appendix table E-1 contains a 1list of the population groups used
for the DYNAMOD II preliminary report. This list will expand slightly
for "futire reports,  because Dropouts will be included as a separate
category.

Only 27 age-educationsl categories are listed in the table. The

reason for this is that the 27 categories are idemtical for each of

the four sex-race groups, i.e., white males, nonwhite msles, white

' females and nonwhite females, making a total of 108 groups.

The 108 group count is substantially below the possible number of

combinations such as "O-4 year old college students" were removed.
Second, some categories, such as "44 yewws or older elementary school
atudents" did not eppear on the Census Bureau's data tape and their
small numbers did not seem worthy of the'special efforts that would be
necessery to include them. Finally, a special cross-classification of
deaths did not appear to be warranted, so deaths were aggregated only
by sex-race category. |

Tt was mentioned in the body of this reﬁort that 656 transition
probabilities were used to estimate the population gfoups' crosgflows.
The probabilities are not presented in this report because they are so
numerous and also because many will be changed slightly as a result

of making the adjustments for future reports. The probabilities used

in the future reports will be incorporated in thoséhbublications, or will

o ¢ 3., 800 At &e

be made available to any persons desiring them.
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§ Appendix table E-1.-List of population groups used in DYNAMOD II, O
by age and educational category i
Age Educational Category I
0-4 Elementary School Student 1
0-4 Other ‘ f
5-1, Elementary School Student
5-14 Secondary School Student
5=14 Other
15-19 Elementary School Student
15-19 Secondary Schcol Student
15-19 Co’.lege Student
15-19 Other '
20-2/, Elemertary School Student j
20-24 - Secondary Scho . Student o
2024 College Studenv J
20-24, Elementary School Teacher "
20-24 Secondary School Teacher
20-24 ‘Other
2544, Elementary School Student
25=Ld, Secondery School Student
25=44, College Student
25=44, Elementary School Teacher
>5=4t, Secondary School Teacher
R25=44, College Teacher
2544, Other
44 and over Elementary School Teacher
44 and over Secondary School Teacher
44 and over College Teacher
4/ and over Other

44 and over Deaths




