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INTRODUCTION | .

2

At.a time when a great deal of affgntion_%s béing focused'qn the issue
of worldwide population grewth and the re]ationsqu bétweeﬁipopu]ation aqd
fo9d, energy and environmenta] {ssues, one of‘the maior groB]ems facing
the fie]d‘of population education is the question of how to commﬁnicatg
the comp]gxitﬁes of population dynamics in a meaningfdl way. The context
of this problem ranges from awareness to instraction and finally to pop-
ulation policy. '

It has been suggested by authorities %n the field of family p]anniqg

_(Berelson, 1969) and in the wider field of social demography (Davis, 1567)

_that the solutions to population problems Iie‘béyond fami]} planning pro-

grams. Popu]at{on education is seen, not_as an alternative té family

.planning, but as a complimentary\activity. Lane and:ﬁileman in A Struc-

ture for Pdpu]ation Education state that "Popu]ation'Edgcation is the study

of humdn population and how population affects and is affected by several

aspects of Tife: physical, social, cultural, political, economic and eco-

logical". (1é74:6). . ' ‘

éigﬂons (1970) in a review of the field of population education states

that fpur educétiona] approaches ;ave beeh suggested: sex eddcgtion, eduga—

tion fgr fami]} p]anniné, population awareﬁess and basic value orientation.
Any attempt here to define and justify‘the'need for population education

and the need for ways of improving communication seems superfluous. This

~ task has already been covered in ﬁymerous appeals for improved and expanded

efforts at population education. (Viederman, 1972; Population Reference

Bureau Bulletin, Vol. XXVI, 3; Burleson, 1969; Sciepce for Society, Vol. 2,

Number 4; Simmoﬁs,‘1970). It does seem, however, that the field of popula-

’ .
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v ‘ ' ’
tion education has been slow in utilizing the developments in computer-

_based educatcon technology for the purposes of transmitting information.

Ina research review of teaching population at the undergraduate level

on campuses, Rogers and Bauman (1974) make little or no reference to the
4

use of computers as teaching aids. The reason for th1s lack of copputer

~

use is not clear, but it is highly Tikely that an 1nstructor does not

_have the resources nor the time %o acquaint students with the procedure

to -use the computer under traditional methods of utilization of computer
oy *

services. Computer techpo]ogy hasfprovided\techniques for the sbeedy
and efficient ane]YSis of large amounts of data. But, in additioh_to
iesearch and analytical capab%]ities, the computer is increasing]y beiﬁg
utilized in the field of education. (Hammond, 1972; Bitzer, et al., 1973).
whereis,initia] attempts to use the compdter in instriction were re-~
stricted to the se]ection of answers in a multiple choice framework, recent
developments permit the creation of computer-aided jnstruction (CAI)vsystems
with much greater levels of f]exibi{fty and creativity. This paper describes

anq explains the Population Dynamics Group (PDG) comguter—aided instruction

~ program for teaching population dyném%cs. The progréh is designed to uti-

]ize innoyations in computer technology to provide the user = student and
teacher - with a method for lowering the informatioh threshe]d which tra-
ditionally hampers the ipterna]ization_of complex shbject matter. gse is
made of computer—generated visual graphics.td enabie fast and 1ntuitive
understanding of the dynamics of popu]atibn and of the concepts and data

of population. Thf objective is to strive for a computer ass1steg instruc-

tion system ‘which will enable students and teachers to conceptua]ize the

.relevance of population and to learn the 1mportance of popu]at1on‘data in

' .




the context of problems or issues with which they are dealing.
THE COMPUTER SYSTEM

The computer-assisted instruction (CAI) prégrams described in this paper

are available on the University of 111inois PLATO IV system. (Wood, .n.d.).

« PLATO IV consists of a visual interactive graphics terminal, hooKed up to

/7
a central computer which reacts instantly to the commands of the user by

displaying the requested material ét the terminal. The computer used for
the PLATO system is a Control Data Corporation Cyber 73-24 with 65,000
sixty-bit words oﬁ'central hemory, two central processors (CPU's), seQera]

disk storage units, and ten peripheral péocessing units (PPU's). The

. terminal-consists of a plasma display panel having pictorial and graphic

capabilities with the memory at the display ‘unit inherent to the panel,
h n ' —_— .
and a keyboard used for execution of the programs as well as authoring of

‘the brbgrams. (Stifle, 1973). The PDG population simulation program

described in this paper is one of the many programs available in the PLATO
system. ‘(Grandey, 1970; Hyatt, 1972; Lyman, 1974).
In addition to the University of I11inois PLATO IV system, a number

of other system options exist for utilizing the PDG programs. The pro-

‘grams are operational on a Déta General ]2007J minicomputer which is inde-

pendent of the PLATO systém. The use of miﬁicomputers in CAI is becoming
increasingly evident in education (Su and Emam, 1975; Attala, 1974). It
is also possible to make the PDG program available for use on any computer

with Interactive BASIC compufer language which is linked to a graphics ter-

"minél. Far example, a DEC System 10 and a Tektronic 4010 terminal have

been successfully used to display the PDG pr@grém. Finally a PLATO -system

3
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comparab]e to that in I]]ino]s has been established at’ FIorida State Uni—

‘ versity and the program should be ful]y operationa1 on that system (Merriil
et al., 1975) Thus, whi)e the PDG program described here is availabJe at
the approx1mate1y 800 terminals throughout the tountry Tinked to the INlinois
"system, the program can be made more generally available through one or

other of the aboye mentioned systems,

’ THE PROGRAM
. x

In the area of Population Dynamics, two series of lessons are available:
DEMTEC and PQPSOC. DEMTEC is a series oi methodo]ogy programs designed to
teach the concepts of demography and the basic techniques of demography which
are utilized in the POPSO? series. A 1ist of the DEMTEC and POPSOC programs,
'can be found in Table 1. The’POPSOC series are designed to produce.pro-
jections of population data’, and to relate population data to other elements
in what Duncan (1959) has called "the Eéoiog{ca] Complex". In addition, the
"POPSOC programs are extremely useful in téaching dehographio methodology
through practical application. Detai]ed descriptions of each POPSOC program
are ¢ontained in program commentaries. The major purpose of these commen—
taries is to familiarize the user with the theoretica1 and technica1 aspects
of each program. The programs are designed to fulfill the needs of persons
with varying educational skills and degrees of demographic training.

This paper deals mainly with the Population Projection Program. For <

the description of the program and the model, see Klaff (1975), Population '

ProJection Commentary.

4
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TABLE 1

List of DEMTEC and POPSOC

"Programs L
5

DEMTEC Programs

1.

-

'2.‘

The Life Table

How to Project 'a Population

3.’rStandardizatipn v

3

4. The Demographic quatibp
5. Population Workbook
POPSdC Programs. - R -
1. Popuiation Projection (Combingd Sex Model)
v 2. Population Projegtion (Two—Sef Mpde])
3. Economic Development | -
4, Educétisnal Costs and Enrollment
5. Food Demand and Sﬁpp]y ‘ )
6. Demand for Energy’ '
7: .Labor Fofdé Analysis .
8. Migration and Urbanization . ‘ .
?: PoﬁuJat{on Histor¥
10. Contraqutive Coverage

-
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ST e s s 8,

fiéprojectien where the 1970 population is projec%ed into the future. All
. ! : i

'inge}vais, éeriod age specific fertility rates, and a cohort specific

i

"The Basic Madel

The basic mode] for the RPG series of pnograms 1s a p0pu1at1on projec-
tion model wh1ch can proaect the population of over 120 countr1es, based

on e1ther constant or chang1ng 1970 demograph1c parameter assumpt1ons

The mode] is based on the matrix projection procedure out]ined by Keyfitz,

Introduction to the_Mathematics of Popu]at1on (T968). The most important-
equations of the model may be found in Keyfitz, chapter 2. \ j

The model is aesigned to produce projected demographic data for five-
year age.groups at five-year intervals based on either constant or chang-

ing parameter assumptions. The model requires information which is stored

in  the computer ddta file for‘each of the countries. Projections depend

on the 1970 data.or on'fhe parameters as altered by'the user. Basic data y

are.1970 total population, ade composition categorized into 18 five-year

mortality rate schedule. The model uses the cohort component method of

S

projection§ start at 1970 and continue by five-year intervals to any time

4

desired by the program user. (Klaff, 1975).

r

The component method prOJect1on procedure used does not inc]ude migra- -

tion and 1s thus réstricted to calculating how. many ch11dren will be born

" in the next five-year, period and how many people (including children born)

L]

B will die during the period in each of the age cohorts. The projected popula-

., tion is determined by these two demographﬁc parameters.e.The model is Gsed

_in both a combined sex vers1on,where prOJect1ons are based qn the total pop—

‘A

ulation,and a 'two sex vers1on. The combined sex-vers1on sTmp11fies the

nrogram algorithms and considerably improves the response time. In the

- 4
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‘

short run, up to 50 yéars, the projected population tota]s using the combined

sex model differ only very slightly from the two model.- Over a 1onger

peridd differences increase, but considerind the:::sxib111ty of popu]at1on

* growth’ to changes in the demograph1c parameters and unknowns such‘ﬁs the
marriage function, these d1fferences are considered to be w1th1n reasonable

bounds.

»

While the.popu]atipn projection program is the basic mode]3 each of the )
other POPSOC programs contribute additionai parameters and 4? some cases,
submodels. The Economic Development program, for example, ut1lizes the .
Cobb—Doug]as production function for some of the economic paramefers (Hand-
ler and Roh, 1975), and the Fobdd program ipvolves a, ser1es of reformu]at1ons
of data based oh the Un1ted Nations Food agd Agr1cu1ture 0rganizat1on

' "u Detailed User Manuals and Program Commengaries qre currently avai]able
for the majority of programs. These materia g‘e;pléﬁnehow'to'use the CAI:
system, provide information on concepts defi 1t1ons and the program algo-
r1thms, and provide some suggest13ns as to th%‘pract1ca1 applications of

the program

-

The Data '

Data is avaidab]e for over 120 countries. Each country's estimated .
population in 1970 is used as the base for the projections, No attempt
has been made to reconstruct a countryis population data and atl_popu]ation

data is used as reported by original sources. ‘For the programs which use

additional data, attempts were made to 6btain the most.up to date informa-

‘:

tlon from re11ab1e sources. In some cases, the base parameters were deve]-
oped on the bas1s of a set of ava11ab1e data. Information on the construc-

tion of the parameters/;s’?ound in each program commentary.

’
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™ WHAT IS THE PDGYCAI SYSTEM? ~

N
o —
v [}

\f : In order to descr}be what is essentially a dynamic medéum (vi#ua?
automated graphs) by means of a'statig medium (paper and ink)vif ig'besﬁ
to start with dn'example. The user jnteraﬁfs with the §ystem thrdug@ the

"terminal keyboard ghfth contains specific keys for operational qnd data
request functions. . (Figure 1), Each user is‘provfded with a code namé

N ) 'to enter the system and also is required to know the PDG program code

" name. Having éhtered the system, the user must se]ect/onédof the programs

\ avai]ab]é)in the PDG sefies.‘rLe? us assume the Population Prd}ection Pro-
gram is chosen. The next step is to select a"country to study. ‘The user
has the choice of over 120 countries and may select one at a t%mer At
any stage during the operation, the user may return to select a différent

L country, ' ..‘

Through a series of requests, each determined on an indébehdent basis,
the‘user may specify the information he requires which is immediately re-
trieved and shown on the display panel. At each step, directions on how
to continue appear on the display panel, and the user makes dec1s1ons on
Row to proceed and gives 1nstruct1bns by typing them in‘on the keyboard.
The details of the Population Projection.Program are summarized in the

Flowchart in Figure, 2, whi¢h outlines hgw to move from one part of the

program to the next. Thus a typital operation might be as fo11ows:N

PfBject the population ‘of Mexico (point (:) of Fiowchart) fo% 30 yeéks

((:)), changing the Total Fert111ty Rate gradually from 6.1 chitdren to

3.0 chﬂdren over the per1od (@) but with constant mortahty, and

plot the numer of children 0 - 14 (QED ) on a rectilinear graph (QZ»).

1 i ~e f’." .
8 . -
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. . User at PLATO ~terminal~and keyboard, .
Graphic representation on the ,display panel is reproduced below.
. ) - .
‘ . . i ' .
R %\
' ,
> LN Age Compomition :
Percent l,;Pop. m . . .
’ P& M qese Brazil 1
g L) V.4 04 (1985) .
. P .05 75-79 142 4 miilion
' "o 1,43 78,74 - N
M - ) 2.7y 65-09 .
L e R
‘ . 1 a2 5034 f
. 18 38 45-49 N M
’ ‘ 46 “ 40-44
5 4 e 35-°9 .
~ ..5 a3 30-34 -
o Y €8 25-29 >
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Aruitoxt provided by Eic:

Onoce of Country /
‘ > # of Country
[ >« ]
B
~

130 Al
1 Age Comgosition (1 Country)

e

. Figure 2

Population erjections Model: Flowchart "
)

Age Composition (2 Countises)
3 Rectrlineor Groph (1 Country)
4 Rectitinear Geeph (2 Countries)
S Sequentai Plot {1 Country)

Croce of Second Country 7
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for the 30 year period. The user will move throuéh the following sections

») of the F]owchart

A ‘choose ‘the country: Mexico )
; choose the. plotting op’tipn: “rectilinear '--graph\ |
‘ . %z decision. to change a de'mograég;&c variable

Bs  decision to change TFR ' ’

+ C o -

By change TFR from 6.1 to 3.0%7*ddually over .30 years ,

[+) decision to project 30 years o .

! [;1 . choose indicator. 41, children aged 0 - 14, to plpt
‘.) < [+)2 " the above instructions are executed and the graph plotted.
3 ‘ . , :

’The bagic demographic qata for 1970 c;psists of the total population,
distribution o% the popdlatien by'fipe.year age-sex cohorts, age specific
ferti]ity”rates apd age specific survival probabilities (obtained from
life tables). ’ Basedi on 'this information, it is possible to cal- ]
cu]qte a‘numbéé of demographic characterist}cs of a population (at the base
year'or at any point in the projection). A selected list of the charact:'.
eristics which'are calculated by the computer and may beﬁretrieved fpr each
country is found {n Table 2-A. Of these, seven are available as variables
which can be changed e1ther 1mmed1ate]y on gradually at any point in the

. projection procedure (Tab]e 2-B). This enables the user to determipe
) the parameiers of'fﬁe\popu]ation projection. It also facilitates the P
? changing of'pase 1970 data should the user feel that this data is inaccu-

rate; should the user want to reconstruct the population of a-country at

a period prior “to’ 1970; or should the user want to construct a hypothet1ca1

country for demonsgi_t1oh purposes ' \3§>-'ﬂ’*,,-w

L] °

|
l
|
. : | 11
|
|
|




TABLE 2

&

A. Demographic Indicators which may be retrieved at any projected year

with the bar graph option.

7

Code é
Number Demographic Indicators:
0 Total Popu]at1on in 1970
1 Children (Ages 0-14) (Number and percent) .
2 { Women . (Ages 15-44) ,*Lﬂﬁgber and percent) _ 3
3 Aged (Ages 65+) . (Number and percent) .
4 . Births per 1000 : i
5 Deaths per 1000
6 Percent Increase per Yéar i
7 Total Fertility Rate . » . -
8 Life Expectancy at Birth, .
9 Dependency Ratio : ,
1 10 Doubling Time ' '
) 1 - Population Subgroup: From Age ___ to ___ (inclusive) -
12 Infant and Child Mortality °
13 Distribution of population, in five-year age groups, by
f percent and in millioens '
; 14 Cohort Age Specific Mortality Rate and Period Age Specific
I : - Mortality Rate :
' 15 Year of Birth and Mean Age of Death
16 Cohort Age Specific Fertility and Period Age Specific
Fertility
17 Mean Age of Childbearing .

18 . Net Reproduction Rate and Gross Reproduction Rate

B.- Demographic Variab?eézwﬁiéh may be changed at various stages in the

. projection procedure
' y .

"

Total Fert111ty Rate

.. Infant and Child Mortality .
Life Expectancy at Birth

Age Specific Fertility Rates

Percent of Population in each Age Group
Cohort Age Specific Mortality Rates
Total Popu]at1on

Crude Birth Rate: Sequential graph only)

-

OO WN —

¥
—~

1
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Interactive Communication B

x
D »

In the above example, we sée the operation of the first basic character-

h

istic of thé_ﬁDG/CAI system: immediate response intgracfiye communication.
The commqﬁicet{on between the system and tﬁe user is_gpnyersﬁtibna] and

the Timits of_Ihe_1nteract1on are determined by the user. This enab]es ,

a great deal of flexibility required for an 1ntegrated educat1ona1 env1ron—
ment . At each step in the procedure (as one mqves through the F]chhart)
there are an infinite number of choices which can be ‘made. For exampTe,
four students working at individual term%nale may produce four entirely
different projections for a country based“on their percéived assumbfions

of the alternative-path of demographic trends.

Value-free Instrument
‘This leads to the secdnd characteristic.of the system. It is value-

free in that the decisions on what assumptions to make about the data are

determined entirely by the use?. For examp]e; prdponents of antinatalist

-

or pronatalist views on the future of population growth may construct their

arguments without having to alter any elements of the program. In a group
. ' . : v .

discussion situation, the keyboard operator may direct the discussion, by

demonstrating various bptions, or on the other hand,.the operator mag per-

form an entirely passive function by producing the output requested by the

participants. If pqpu]ation education is to educate, not to propagandize
or indoctrinate, .it must be made possible for students to explore the data
through their own biases and values. In this manner, constructive dialogue

is a greater poss1b]11ty




.The Graphic Output
The third characteristic of the PDG/CAI system is the, method of graphic
output representation. The plasma graph1c term1na1 consxsts of a matrix -~
'drid system which produces a 512 by 512 dot matrix. The maJor advantage
of the plasma display screen. used by PLATO is the se]ectabie erase graphic
generator. MWhile storage tube devices require bulk erase, this device
~allows ter entering and hemoving'characters from the'stheeh without dis-
turbing'other graphics on the screen. Currently there afetthree graphic
output formats available in the majority of POPSOC prdgname° bar graph,

rectilinear graph, and sequential graph. _ Each of these graphic repre-

sentations provides effective visual-display of the output.

Bar Grabh° The bar graph is an abe pyramid showihg the Age Composition'
of a popu]at1on wheré the s1ze of each five-year agegroup in the popu]a—
tion is displayed. The numbers on the vert1ca1 scale in F1guJe 3 show ’(
the inclusiye age span that corresponds to each bar on the graph. FQC/, ' :
1nstence, "30-34" ‘means people aged 30 through 34 years; and the line
~ beside these humbers’fh Figure 3 shows approximately 5.8 million people q
_in this age group. Figure 3 represents the combined—sex age pyramid for - b
Brazil in 3975 End'a]so shows four of the demographic characteristics |
which can be retrieved for eacit country. By pressing the -NEXT- ke}
the popu]at1on is proaected in fﬁve—year intervals or multiples of f1ve,
as in Figure 4 (projected to 1985) and Figure 5 (proaected to the year .
2000)t In Figure 4, the projectee age distribution for 1985 is chosen for .
eisplay and tn Figure 5, projected sub-group population data are chosen

for the year 2000. At,ahy stage in the procedure, By a simple keyboard ,

operation, the user may return to restart the projection at the base year, . -

* 14 . Y
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’

choose a different indicator to display, select a new graph option or select
.a new country to work with. | '
Projecting a population. .using constant mortaiity and fertiiity para-
menters w111 eventua]]y result in a stable popu]ation with no change in
the proportion of population inﬂeach age group. Constant mortaiity and
ferti]ity are clearly not realistic conditions in many cbyntries and in
order to make the model flexible and interactive, the program contains a
facility to alter these and other parameters either immediateiy or over an

’

extended period 6¥ time. y
Figures 6 through 8 introduce two additional features, nameiy, the
ability to change the values of the demographic parameters, e%&her at the

base year or gradually, and the ability to compare the age pyramid of a
'country under differing parameter assumptions. For example, the\assumption
was made that the Brazilian total fertility rate (TFR) would decihne grad-
ually from 5 2 in 1970 to 3.0 in the year 1985 and that life expectancy
at birth (LE) would ‘increase to 67 years. Fi@ure.s shows - :the ageh com-
position projection to the year 1985. (Compare the size of the yoquer
cohorts with those in-Figure 4). Now in Figure 7 we have projectedtko
the year 2000, but have assumed a gradual decline in TFR to 3.0 by the
year 1985 for Brazil [A], but constant fertility and mortalijty conditions
in Brazil [B]. Therprojected graph refiects both the differences in the
shape of the age pyram:ds and the difference in cohort and tota] popula-
tion size. A1though neither of the assumptions may be reaiistic the
: bar graph neverthe]ess présents the projected demograépic consequences ‘
of each assumption. Figure 8 illustrates a situation where the fertility
and mortality ‘conditions were a]tered for both Brazil [A] and Brazil [B] -

%
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l :
TFR to change gradua]iy tp 2.1 ané LE to increase gradually to 70 by 2000;”
this is a rough approximation of\rep]acement level. Brazill[B] is projected
to 2000 while Brazil [A],is projected to 2065 which represents the first
approximation to a stationary state population. Further"iteratjons_deviate
only slightly from the-total of 239 million peopie. .

The final. three bar'graphs (Figures 9 through 11) illustrate possibi-
lities of inter;country comparisohs with or without variable changes. The
estimated 1975 populations for Jaban and Brazil are highly sgmilar; yet the }
shape of the age pyramid refiects the radically different fertility history ’
in each country; (Figure 9). When projected to 2000, the difference becomes
even moré‘pronOUnced (Figure 10). The final bar graph (Figure 11) illustrates
the age structure under a conflition of declining fertility in Brazil, but
constant fert111ty in Japan.

It is worth ment1on1ng an additional capability of the bar graph option.
There are situations where a user may w1sh to project the popu]at1on for
five years, under either the or1g1na1 or changed parameter assumptions, and
then change the parameters aga1n before projecting an add1t1ona1 five years
After having advanced the initial five years (for example, from 1970 to 1975)
there is an opt10n which allows the user to alter one or more of the demo-
graphic parameters before\\dvanc1ng another five years (from 1975 to 1980)
Thus the user may man1pu1ate a projection in f1ve year steps to demonstrate
any number of possible growth assumptions. Onge'% reasonable facility with
the system is attained, the average time between selection of a country and

the graphing of an age pyramid plot with 100 year projection should take

under a minute. Should the user wish to change the fertility and mortality.

_conditions (to those of his choice) and display the projectian with the

-

L]
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changed demographic parametérs, this‘might‘take another 30 seconds\ o J
. ' “‘; .

Rectilinear Graph: Figure 12 is an examp]e of a graph1c representatqon o,

of projected populat1on 1nd1cators with time along the horizontal ax12 and
the relevant measure (size, percent, index) on the vertical ax1s In the
rectilinear and sequent1a1 graph options, the user may plot « any of the

fo]]oW1ng twelve indicators in 1970 and at any future selected date.

“

Total Population "

Children (Ages 0-14) )

Women (Ages 15-44) ) . L8
Aged (Ages 65+) . . . '
Crude Birth Rate ,

Crude Death Rate °

Percent Increase per Year

Total Fertility Rate

Life Expectancy at Birth

Dependency Ratio

Doubling Time of the. Population

. Selected age groups-

-~

#

N — O WE.NO O H WRN —

. ¥ : ' - .
In Figure 12 the number of children age 6 to 11 in Brazil and Japan are

projected for 30 years under constant fertt]ity end morta]ity conditions.
, An additional option on. the rectilinear graph expresses the ratio of the
_children in Brazil to}the children in Japan. In 1970 there»were’].s Brazil-
ian children (aged 6 - 11) to each J;banese child? By the year 2000 this
ratio is projected to\jndrease to 3.3 Brazﬁ]ian children for each Japanese
child. The projected ;ercehtage ef children age 6 - 11 to the total popula- |
tion in Brazil (Figure 13) is seen to change slightly from 15.6 to 15.8 by
the year 2010 (while the seme percentage in Japan changes froﬁ 9.0 to 8.8).
The same projections may be made w1th var1ab]e changes for one or both

countries. For example, F1gure 14 shows the tota] popu]at1on and the children

aged 6 to 11 for Brazil, projected for 40 years with TFR changing gradually to '

'l v
.
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i |
2 6 and 1ife expectancy at b1rth chang1ng to 70 by the year.2000; In 1970 |
s1xteen;out of every hundred Braz111ans fall into- the 6 to 11 age group as

v - s Al

compared to a proJected eleven per hundred in the year 2010, based on the

o ’
- . ’

above set of assumpt1ons . ‘-: ‘ ' ‘

. , *a .

‘ Sequent1a1 Graph Th1s p1ot option 1s s1m11ar 1n graphic representat1on to
T the rectilinear graph Thelsame selectlon of twe]ve indicators as for the

‘rect111near graphAmay be p]otted for one country at a time., The un1que

f,; ‘eature of th1s graph, however, is the ability to plot mu1t1p1e proaect1ons
(up to seven) on ‘the same graph, with each proJect1on represent1ng a diff-

erent comb1nat1on of changes in demograph1c parameters, either 1mmed1ately,

gradual]y (11near method) or delayed (curvm]1near method)

#1gure 15 s an example of a sequential plot. L1ne 0 represents a

(et

40 year proJect1on for the number of. children under 15 in Brazil under °
1970 demographic conditions. ~The number of children; in hillions, are
Aprinted out at selected yéars. Four parameters aré available‘for change
directly without erasing the graph. fhese are total ferti]ity rate (TFR),
infant and child morta]ity (ICM), expectation of life at'birth (LE), and .
' crude birth rate (CBR). Line 1 shows the progectfon based on <the -assgump-
tion that 1nfant and ch1ld mortality decreases from 65 8 per thousand te,
26 per thousand over the next 30 years. Line 2 shows the projection where,
' in addition to the improved mortality assumption, the total‘fertility rate
is seen to decline to 2.6 births per woman by the year 2000. ngure-16 goes
\ through a similar set of operations but this time the ‘graph plots women o

- aged 15-44 years. LA large number of proJeet1ons with alternative years,

parameters changes, or jindicators can be made for-a- country within a short

o,

period of time. , h

22 C : =
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FOTENTIAL USEY OF THE PDG/CAI SYSTEM

e . . R
4 :

It is not poss1b1e in the contei—\‘f th1s paper to discuss the details

'

of all the programs nor to describe all the app11cat1ons Rather an attempt

is made to outline some examp]es of the poagnt1a1 uses of the program in

the. various areas of populat1on educat1on
N~

The system can ‘be used in individual or group sessions to demonstrate
the consequences 6f.pbpu1ation growth. It is currently befng'used in Wash-
ington, D.C. at the.State Depqrtment,iq the offices of the Agency for Inter-
national Development (AID),and_at a number of universities throughout fﬁé
gountry. Regular po tion awareness sessions are conducted for §£udents,
government officials, foreign nationé]sfanq,othei interested individuals
in a framework of constant iqteractipn between the computer and the parti-
cipants. . L .o T 3 N

- As an instructional resource the range of possible useé of the 'system

is.vast. " Due to the graphic nature of the output and the flexib'ility of

'the program design, the PDG/CAI systems may be used at different education-

al levels. The degree of complexity may be determined by interaction be-
tween the demanstrator (user) and the audience (participants) in the act1V1ty

The-programs’have been successfu]]y used with school chi]dren of a]] ages,

.university students, commun1ty groups, government off1C1a]s and profess1ona]s

in the field of population. Currently there are three ways in wh1ch the

« =

output may be utilized as an instructional resource: .

2 »

1. Actual demonstrations of certain topics, principles, etc. with the

students either passive or_participating in the discussion. The '

instructor, or someone ass1gned to conduct1ng the demonstrat1ons
! , *j) S




*

>

. Id -
may both pose questions and answer student questions with imme-

diate response on the display sgreen.4/§£ydents may~Pe prgsentéd
with proﬁ]ems, issues or topics which'they will then complete
through individual interaction with PLATO. The programs are °
simplé toaoperéte, allowing eacﬁ user to manipulate and jnteract,

with the system on an individualized basisﬂ°

2. A lecturer may use theysystem to prepare a set oﬁ‘slides on a
specific topic for presentation to his class, or to a larger
audjence. The taking of the sTides is extremely easy and the -
,only'de]ay would be in the qeveidbing. This tends to provide
for greater structure and yet allows the instructor to exper-
iment with the data. The 1nstructor'is not tied to available

‘visua1 material and can produce graphic output for the ideas.

concepts,-data, etc. that may be used in the teaching process.

H

3. ngd copy facilities are a&ailab]e which will aT{dw an 1nstructok_
to retain any of the infinite graphic outputs to hand out to his
class. - This can be done on the day of the lecture and reqUires
only minutes to prepare. Fpr\example, the figures in this paper

are reproductions of PLATO varian print output.
“.ﬁ

PRACTICAL APPLICATIONS . R

In~order to convey a sense-of the ways in which an educator in the
field of population educat1on can ut111ze the system, three examples have
been prepared. The examp]es focus on thg;concepts themselves, rather than

‘

on the method of communication of the concepts. For example, it is possible

25
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f to explain zero popu]at1on growth to school children and to graduate
students 1n demography w1th the same,mater1a1 but w1thqd1fferent degrees

of comp]ex1ty : .
L4 . &

Examp]e #‘1‘ Popu1ation Projection’

* The most obvious use of the system is to emgnstrate the demograph1c
consequenges of population growth. Attempts at estjmating the future size‘
of a popu]ation are by no means new. (United Nations, 1973;'Shyrock, et al.,
1971). The history of population projection in&Judes,early attempts by

'King, Perry, and Graunt in the 17th century to estimate future population
size based on knowledge of total population. (United Nations, 19]3: 558~ .
561). Profection techniques seek to use current knowledge to eva1dat€

the effects of mortality, fert111ty, and m1grat1on parameters on the popula-
tron size and structure of a country. The extent to which projections of

“~—”popu1ation growth approximate reality depends very much on either the con-
tinuation of current demographic trends o the correct evaluation of the
direction of change in the components of the demographic equation. The
bas1c usefu]ness of pdpu]ation simulation projection model, therefore,
11es not in its predictive value, but rather in its ab111ty to demonstrate ~ .
a1ternative paths under the constant or dynanic ;Zsumptions of the model.

A number of.models of computer—simu]ated population projections have
been produced in recent years to deal with specific aspects Ot popu]ation
growth. Keyfitz'and Flieger (19?1) dealt with the theory and methodo]ogy
ihvo]ved in the computgtion of population projections. 'They calculated §~..
basic demographic inﬁormati%p\fgr a large number of countries. Frejka «
(1973) utiiized the techniques of population projection to identify the

demographic trends necessary to reach a non-growing stationary state.

. <26
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Van de %alle and Knodel (1970) and Pick (1974) have presented [computer sim- '
ulation programs for use as teaching devices in demography.. Models .designed

by Hyrenius (1965) and the Tempo group (1974) are examples of work designed

_ to demonstrate and analyze demegraphic and socio-economic interrelations.

Bogue;gnd Rehling .(1974) and Shorter (1974) have produced detaiied manuals
of techniques for making poﬁu]ation projections, the former emphasizing
how to make age-sex projections by computer and the latter fdcusing on the
use of projections in develbﬁment planning.

The PDG program may-be seen as a contributioq.to this iist of educa-
tiona]iresources available for the field of population education. The
adééd contribution appeaés to be, first, its ability to display the con-
cehts aﬁd data of population by éeans of visual graphics, and second, the
interactive conversational properties of the. system. The following éx-
ample suggests a possible use of the pgpuiation projection program.

- Using various'combinations of fertil{ty’and mortality in the projection y

procedure, it is possible to select a future popu]ptionq763] and compute

the alternative paths (projec%ipn variants) which achiefe this desired.

goal. This is what Frejka AOes in his book, The Futurg of Population

Growth {(1973).  Figure 17 %s an’example of a/seduentia] graph, plotting”

’

alternative paths to a stationary world population in the year 2070, based

on assumptions similar to those suggested by Frejka.

1

/7~ It s possiblé‘on the keyboard to alter ﬁbe parameters to simulate con- _
ditions under which a stationary state population can be achieved. Figure

]82 for example, répresents the result of an assumptiothhat'ﬁopdiation_
replacement level is reachgg for Mexico and France (th couﬁ%ries with 1970

populations of approximately Sb million) by the year 2000 and zero population

27 °
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groth by gbout tﬁe year 2060. The combination of’ferti]ity and mortality o
co;ditions which pgoduce a new reproductiogvrate of 1.0 are provided ?y
the cém Ter and can bé|e;p]ainéh through war{ﬁus keyboard operations.
The totz%;i:rti]jtx rate for both countries is projectedsto decrease grad-
ua]iy tg 2.11 in 30 years and thé Mexican 1ife exﬁectancy is projected to
increasé in the same pericd to 71, equaliing thg French 1ife expectancy.
Advahqing the population in fivé-year interva]s,~by the middle of the
21st Céntury, the Mexican population becomes stationary at around 160
mil]ipﬁ and the French population becomes stationary at about 70 mi]]ion:
It sﬁou]d be remembered that the data presented are simulated. Neverthe-

. 1es§, the calculation presents an alternative path to achieving a sta-
tioéary population by the mid 21st century and suggests what the population
sigé might look Tlike. !

:‘It is also possible to view the demographic conseunnceS of current
vqﬁgs of population growth for a country a;d to suggest alternative pop-
ulation policy strategies in the.framework of a simulation exercise. Such
qyéstions may be asked as: --What is the current size pf thé labor force
é%d “what is the dependeﬁcy'ratio? --What will thHe size of f%e labor

:_fprce be in 30 years' time if fertiiity rates dec]jne gradually over the

ﬁeriod and how will the dependency ratio be affected? --How many primary

school *age children will there be in the year 1980?
f d .

. ftxample # 2: Age Structure

[

1

Much ‘can be learned about the past and the future of a country from

:an examination of its age structure or age composition. Knowledge of the

7/

. composition of a country and the constant or changing pattern of the age

.- Structure has important implications for understanding social institutions

I\
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within the society. Using ?s'e bar graph option, the following are séme of

the many questions which may be posed.

’
A J

What Hoes the ége composition of a country lTook like?
How is thé age structure of a population formed? . -

What will the abe structure look 1ike under constant mortality and
fertility --.the stable population situation?

How does the shape of the age structure differ under the following
conditions? .
High Mortality and High Fertility
Low Mortality and High Fertility ¢
Low Mortality and Low Fertility .

What can you tell about the demographic history of a country from the
shape of its age pyramid? For example, the 1970 population of -France,

Russia, USA, Mexico. ;

How does a population age or g}ow younger?

What are the social consequences of changes in the age structure of .
a country?

What is the contribution of the age compos1t1on to the growth rate
of the population?

.

N

To i]]ustra{e the use of the system in answering the above type of
question, let us examine the question of the effect of fertility and mor- .

tality an the ageing of a population, an issue which has been given in-

creasing attention in the United States. (Population Reference Bureau,
Vol. 30, No 3). The example has been used in an undergraduate popu]ation.‘
course as part of a series of PLATO exercises carr1ed out by the students
The exercises were designed to enab]e stuaents to test various assumptiohs,
aﬁout the impact of mortality ahdofertility on age structure and to suggest
-the poss.ible implications of chapge for specific countriés.

The fertility and morté]ity schedu]es-of a population determine its

.age structure. In a closed population (no migration), it can be _shown that
. /

$
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} .
.any combination of fertility and mortality will (in the long run) give

rise to a population whose ageust?ucture~is stable --"one in whi¢h the
. X L

percentage of %heﬁtota],population in any 'given age, group will- not vary,
provided that fertility and mortality rates do not alter. Although it

.is, the combination of fertility and mortality characteristics. which

determines the age structure of a population, the exercise attempts to
demohstrate that fertility is of much greater'§e1ative weight| than mor-

tality. The object is to illustrate that birth rates and,not death rates

" are the major determining factor of changes in age structure. The ageing

of a popq]ation,‘as has’occurred in developed countries, may be attributed
primarily_to.declining fertility rather than declining mortality. (Coa]e;
1956; Coale, 1964; Keyfitz, 1971).

Congider a population where high Birth rates and death rates have
existed for some time. The I}ory Coast is an example of such a country,
with a total ferti]ify rate in 1970 of 8.9 and T1ife expectancy at birth
equal to 43 years. The age structu;e is shown in Figure 19, The propor-
t%on-of the population in the 65+ age category is presented on the plot.

Two sets of assumptions are made about the path of future population
growth for the country: one set referring to Population A and the other °
to Population B. ) o |

The assumption 1s madé that the population moves in the d1rect1on of
a stab]e and’ stat1onary state, where the number of births and deaths are
equal and where any past irregularities of fert111ty and mortality are
no longer reflected iﬁ the age structute. For Populat{on A this is achieved’
by the following operations: '

(8
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2.7 pergent of the popula-
tion are aged 65 and over.

L4

Figure 20

Population A Age Composition ' e < 1o e camer
Ivory Coast (A) projected fo e , e Y iy
the year 2070 (Stationary -
Population). '

lvory Coast (B) projected fo
the year 2000 (Replacement
level).

TFR decreasing gradually .
from 6.9 to 3.26 over 30,
years, -

LE constant at 43.0.

'Figure 2|

Population B Age Composition
Ivory Coast (A) projected to
the year 2070 (Stationary
Population).

Ivory Coast (B) projected to
the year 2000 (Replacemen#
level).

TFR decreasing gradually .
from 6.9 to 2. l4 over 30 '
vears.

LE increasing gradually
from 43 to 70 over 30 years.
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-- Change the TFR from 6.90 to 3.26 over 30 years.
The combination of these operations proéL;es a net reproduction rate of
1.0 (replacement level) by the year 2000. The population is then pro-

) jééted to thé year 2070 which an an approximation to the stationary
population with a ,zero population gro&tﬁ and high mortality and fertility
cohditions. The replacement level age composition and the stationary
state age composition are shown in‘Figure 20. For Population B the zero
population growth is achieved by the following changes in parameters:

-- Change the TFR from 6.9 to 2.14 over 30 years.,

-- Change the LE from 43 years to 70 6ver 30 years, ) ”
The population projected tp the year é07q will thus be an appfoximqiion . T
to a‘stationary populationﬁwith a zero pgpulafion growth, and low fer- )‘
tility and mortality rates. The replaceﬁent feVe] and-statiqnary state
age composition are shown in Figure 21. Note the fo]lowing ége struét-
ure data of both populat1ons in the ye&% 2070 obtained from opt1ons 1, .
3 and 11 on the bar graph (see Table 2). ‘k ’ , .
Percent of Po u]at1on in each Age Categotxf o ?
g Popu]at1o$A // Population B
Age Category High Fe, H1%h Mo Low Fe, Low Mo
. (2070) (2070)
{ 0-14 26.3 | 208
15-64 ’ 65.3 | 64.6 |
65+ ' 8.4 L1446
Ed ; : \
Note: Fe = Feyti]ity, Mo/= Mortality
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. of‘the population are aged 65+ and in Population B, with low fertility and
. ﬁow morta11ty, 14 6% of the population are aged 65+. It is clear that as
‘,‘ both fert111ty and morta11ty cond;£1ongag;ve Ehangéd -~ TFR decreas1ng and
| LE increasing -- the popu]at1on has. aged with the proportion qf the popu]a—
t1on in the 65+ group having increased cons1derab1y |
Figure 22 contrasts-the age structure of the two populations and F1g—

k|
" ' ‘
X In Pobuiation‘A‘(2070) with high fertility and high mortality, 8.4% - A b
] . ’ .
ures 23 ‘and 24 illustrate the passage of growth of the 65+ age category «

4

over the 100 year period for both popu]at1ons
But we are left with an important probTem. In the transition from
—.high to Tow fertility and mortality raﬁes,lit‘cannot be concluded Whether” _ ]
the éhange in age structurel(ageing) is attributaé}e to one of these .

factors or to both.

~ To overcome this probTem;_we construct a third population (Population
t) with high fertility and low mortality. To construct Population C, the': - e

". following operatiqns are applied to the‘Br%gina] 1970 Ivéry Coast popy]ation;

-~ TFR changeq from 6.9 to 3.26 over 30 yearsf This isfthg TFR of

v
» -

Population A.

9

-~ LE chariged from 43 -to 70 over 30 jyears. This is the LE of Popula-

" .

tion B. . ) .

-
0

Population C is projected 100 years by which time the population has become

e st

stab]e‘witb constant high fertiiity énd cénstant Tow mortality, but with
a rapidly growing popuJation,‘ (Figure 25). Note that while the QQEalé

population and.the numbers in each.age category increase, the proportion

of the total popu]ation contained in each age category will remain un-

changed. The fo]]ow1ng is a summary of “the Age Structure of the three

»
.
aﬂ

popu]at1ons in the year "2070. ) .
¢ . : 34 ’ . . ‘ \




Percent of Population in each Age Category

! 'Popu1ation A Popu]ation B Population C

Age Category | High Fe, High Mo = Low Fe, Low Mo - High Fe, Low Mo - A
014 - | - 263 T 7208 A3 -

15-64 | - .e803 ] 64.8 . 60.8

65+ | 8.4 ' 14.6 7.9 :

. « .
. . *

~ We are now able to illustrate the influence of fertility and mortality

-

,
3 <
. ’ b5 . .

-on the'ageing of a population. ~. -

Infiuence of a change in mortality on age structure: Compare the simulated

age structure of popu1at1on A (H1gh fert111ty - H1gh morta11ty) with popu1a-
’t1on C (High fert111ty - Low ;ortaT1ty) in Figure 26 " The comparison
'111ustrates that w1th lowered morta11ty and constant ferti11ty, the propor-
t1on of person raged 65+ is 7.9 as aga1nst 8.4% for populat1on A, It wou]d'
appear then that a non- -growing stab]e popu]at1on w1th high mortality, has

a very sim11ar process of age1ng to a’growing stable population with low

mortality, proV1ded fertility levels are s1m11ar and constant While this .

is a, hypothet1ca1 1dea1 type examp]é, students are encoUraged to f1nd -
and compare & a] countries where the above patterns are ev1dent, in :w ‘

s1tuat1ons where populat1ons are ne1ther stab]e nor stat1onary

]
! @
’ v

Inf]uence of a change in fert111ty on age structure Compare the age struct-

ure of population B (Low fert111ty - Low morta11ty) w1th popu1at1on c (H1gh
K

with ]owered fert111ty, and constant mortality, the proport1on of persons

-
3

LI aged 65+ is. 14 6% (Where the percentage changes from 8.4% to 14, 6%) .

F a }fert111ty - Low fert111ty) in Figure 27. The compar1son 111ustrates that
|

|

i N RS

{

|

]
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“ Age Composition for Population A
(2070) and Population B (2070)
- , Population A (lvory Coast (A))

/ E TFR>3.26+30- ’
. . LE constant ‘at 43 ‘
” Percent of population 65+ = .
" 8.4% '
y R
Figure 23

Rectilinear graph of Population A
‘data projected to the year 2070
TFR+3.,26+30
LE cgnsjanf at 43

Plot 0 = Total Population
X = Pépulation aged 65+
. % =65+ as percen+ ‘of total

v
S Figure. 24 |

N (N . yo <

. : o C

4 .

Rectilinear graph of*population B
data projJected to ths year 2070
TFR>2.14+30
¢ 3 LE +70 =230

-

Total bopulaTion

- Plot 0 =
. X ='Population aged 65+
‘ a ﬁ = 65+ as percenf of total
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Population C Age Compos tion ;

Ivory Coast projected to the
year. 2070 (stable population)
TFR decreasing gradual ly*
from 6.9 to 3.26 over 30

years -
LE increasing gradually
from 43 1o 70 over 30 years

L
L4

Figure 26 .

Age Composition for Population A
(20709 and Population C (2070)

Population :A" (Ivory Coast (B))
TFR+3. 26230 '
LE constant at 43 -

+ Percent of population 65+ =
-8.4%

Population C (lvory Coast (A))

TFR+3.26+30 -

LE +70 -+30

Percent of population 65+ =
7.9% .

-

Figure 27

Age Composition for Population B

(2070) and Population C

Population B (1vory Coast (B))
TFR*2, 14+30
LE +70 -+*30 .
Percent of population 65+ =
14.6%

Population C (lvory Coast (A)).
TFR*3,26>30
LE +70 +30

. Percent of population 65+ =
7.9% ’
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L It can be seen graphica]]y that a change in fertility has a considerable

1mpact on the shape of the age structure. ~This has been a somewhat 1engthy

examp]e of the wa9 in which the population iprojection program can be used

in demonstrat1ng demograph1c concepts. The above example may be demonstrated .
‘at the term1na1 or a lecture using slides or hardcopy can be prepared for
presentatfon in a classroem setting. The stuoents may then reproduce the

same situation on their own or may investigate a different set‘of countries

- v .
a . L] v 1 1 12

as part of a project.

Exaﬁple # 3: Population Education and Population Policy: The Case of Brazil

- Finally, an erample is'presentedrwhich suggests theAmanner in which
population education can contribute to a better understanding of popuylation
policy. The PDG/CAI system 1s v1ewed as a usefu] tool in aiding 1n the
understanding of demographic. and soc1a1 structgra] consequences of popula-
tion growth. Th1s example makes use of the Educationa Costs‘and Enro]]ment
program, in add1t1on to the Population ProJect1on progi; ‘

The fo]]ow1ng problem may be developed in a class or seminar ‘group ’ (
enfironment. BraziT,‘the largest country in Latin America and the seventh
1argest in the world, had. a population of 92.8 million in 1970 and has been
grow1ng at :he rate of 2.8 percent per year, resu1t1ng in a population

A doub]1ng time of 24 years (Popu]at1on Bu]let1n 1969: 98-115). The very
4/genera1 quest1on raised is whether Brazil, a country with a 1arge1y unpop-

u]ated h1nter1and with vast natura] resources, may derive benefits from

efforts to ]ower the rate of pop1§ataon growth or whether the country can

[ 4

4+

opt1ma1]y accommodate the proJected popu]at1on 1ncrease

A United Nations report t/>the World Popﬂéﬁt1on Conference in Bucharest

) states that: ""The historical experience, combined with our understanding

38 X ¢ s &
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of popu]atidn trends as affected by ecohomic and social change, sugbestsf
that; as modernization proceeds, poéu]ations undergo ‘a demogrephic evo]ui
tion which slows dawn their growth sibnificané]y". (United Nations, 1974).
But an analysis by Gendeil (1967) of fertility and development in Brazi&
for the.1940- 60 period conc]udedxthat a Qec11ne in fertility did not nec-

essarily fo]]ow from changes in eéonom1c deve]opment There are, in fact,

- a range of views which exist concerning the relationship between popu]at1on \

£
growth and economic growth and development. On the one hand, there is the

. .-
opinion that Aconomic growth and improvements in social condigions are
} <

ihpossib]eqduder rapid population growth conditions, while at the opposite

J ! . . . cqq ° . .
_extreme, it. suggestg? that rapid population growth will contribute té

egohomic and social well-being. (Zaidan, 1969; Robinson and Horlacher, 1971;
Kuznets, 1967). ° ‘

According t; a Brazilian economist, Vaz da Costd, the rapid‘popu]ation

Q - N
‘growth is one cause of acute problems in employment, education and eco- |

nomic development in_ Brazi] (Vaz da Costa; 1969), and additional informa=~
tion on the Braz114an soc1a1 and economic strUCture'corroborates this
conc]us1on (woﬁid Bank,,T97§. 23-43). The oﬁfls}aﬂ policy gf Brazil,
however, "on the one hand, ?s committed to a pronatalist pesition, but,

on the other hand, feels responsible to provide family planning services

as a human right". (Nortman and Hofstatter, 1974). And the efficia]

statement of the Brazi]ian delegation fo theiBueharest confe}ence noted

that ﬁhvaifabﬂe data ‘indicates that Brazil will be able to absorb the

foreseeable demograph1c increments and further, that th1s growth is even

-

’ ~to be cons1dered as a necessary element for economic deve]omeEE_ for

national security and for the integration of vast empty stretches of

~
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netiona]'territory into national product". (Almeiea 1974 Th1s pf’“h
background to the populati6n-economic deve]opment.po]1c¥ controversy iﬁ
Brazil sﬁggests the need for, and ysefu]ness of, information on whiEh'
afternative strateéies or,opiionslfor decisien mqking can be based. The
PDG simulation program allows the user (policy maker) to be an interactive

participant while reviewing alternative strategies in a highly personal

oL

‘and perceptually optiha] framework.

Evidence exists to indicate that planners in developing countries$
are generally dissaiisfied.wi;h population policies generated by "out-
side" c?nsu]tants on the basis of "imported" models of growth. (Neiional
Academy of Sciences, 1974: ZS). There is'a]so evidence that the strong
inbuilt emphasis on family p]anniﬁb services in foreign aid programs
for Brazil has been subject to bitter criticism, regardless of the effect-
iveness of the programs. (Stycos, 197t; Daly, 1970). The differential
pereeption of what const{tutes‘a population pqo?]em for a countr}, aqd

ALY

how this perception relates to the planning of solutions, suggests that

.Ehe "Tocal" po]icymaker should be involved in the definition of the

problem before being,expe&ted to participate enthusiastically, in the

‘implementation of population inf]uenc{ng and population responsive po]icy’

decisions. The population ‘educater's respons1b1]1ty, therefore, consists
of cgmmunicat1ng popu]at1on concerns, rather than population so]ut1ons,
and‘he1p1ng to demonstrate the determinants and consequences of alter-
native rates of.popuiation growth in spesgfiC~contexts. "This is not-to
se} tht a‘demogragher shou]d'not be involved in social engineering{ but
rathe; to stress thet a.distinction : should be made between population

education ahd population’pg]icyé Population influencing policies involve

<
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know]edge ot the cadses of growth -- -the components of tﬁe'demographic

' equat1on wh11e popu}at1on responsive po]mC1es involve. know]edge of the
’consequences of growth -- edcuat1ona1 facility requ1rements, dependency
rat1os, labor force conditions, food and energy demand, urbanization, etc.

Once the contert of the probtem has been outlhhed; here fo]]ows:an
example of how the PDG/CAI system may be used to contributelto the merger
of population education and popu]atfon policy. The students are pre-

" sented nith the above information and it is Suggested that after some
ba;ic reading and group,.discussion that they place themselves in the
position of an official concerned with the demographic and socioeconomic‘
consequences of popu]ation growth. The exercise can _then be conducted
in a group session or each student may produce a pos1t1on paper on a
‘specific topic. ®his is a particularly useful exercise in an attempt to.
discuss social indicators and the development. of popu]ation}po]icy. The
example outlined here will be used in the‘Fall semester 1975 in an under-
graduate socio]ooy course at the University of I1linois. Each student

will ana]yze aspects of the soc1oeconom1c consequences of popu]atTon

growth in a se]ected country

£
< o

l‘D
»1

In order to ]1m1t the scope of the examp]eA lTet us consider a s ies

1Y

9’ .

of hypothet1ca1 questions posed by an official in the Brazilian Educ
tion M1n1stry. First, such an off1c1a] might be interested in the deter-

m1nants of popu]at1on growth

What are the current dbmographcc charactercstccs of Brazil and more f

specifically, what does the age composctcon look like?

The official, with Very little previous demograph1c or mathemat1ca1 exper1-
\

ence&\could then produce a series of graphs similar to Fﬁgure 3 (page 15).

- 41
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What would happen t_olthe age composition of Brazil under constant

growth parwneters‘and under changing fertility and morta?ity'cm-

, ditian‘s? ‘

Graphs' similar to Figures 4 throhgh 8 (pagés 15 and 17) are examples of 5
various alternatives which might be presented based on the official's
choice of parameter changes and projection period.
How does the age composition of Brazil compare with ¢ developed
country ;f ‘similar population éize, for example, Japan; and what
would these distributior‘zs look like in 25 é/ears?

. Figures ?, 10 and 11 (page519) compare the Brazilian and Japanese age
structuré. The 1975‘Brazilian age structure is typical of countries ’
with a high rate of fertility, while the Japanese pattern, besides héving

' a truncated tail typical of countries with a recent history of fertility
reduction, can be seen to have additiona{ irregularities.

What is the likely 'impa& on population growth of an increase in
life expectancy at birth to"zo years, achieved by 1990 with con-
stant fertili%y over the period; a decline.in TFR to 2.6 by 1990
with congtant mo,;ntalit.y, and what i8 the ,Z'ik\ely combined effect?

. This question suggests one of many possible growfh_patterns of the Bra-
zilian population. In Figure 28, line 0 represents the base 1970 projeqtion;
line'1 the LE change projection, line 2 the TFR change projection and.line
3 the combined projection. With né changes in fertility and mortality, the
projected population will be 164 million.in 7990 and 291 million in 2010.

The jmpfoved mortality conditions (line 1) would add approximately 5 mil-
1ipn in pwenty year§ éqd 24 million in forty years. ,Tﬁe dgcrease in fer-_ .

.. , .
tility (line 2) would have a much greater impact by controlling growth to
2
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30 m?giion 1e§s that the base projection in 1996, and. 119 §il1on Te;s
in zoiéi The.combined-effect is p]ottea'in line 3 of Figure 28.

Finally, the officiéi might be interested in choosing a population,
pfpjection objectivé, such as a stationary pogu]ation to be achieved in
about 160 years és compared‘fo a three-child family popu]atiqn in the
same period with LE improving to 70 yéars. Thg alternatives are limit-
less, and ?igure 29 111u§trates one of the a]ternqtive projectiohs\im-
plemented to provide an answer. Liné 0 is the base projectioh, line 1 is
based on an ircrease in LE to io and a decrease in TFR to 3.0 in 30 years;
line 2 is based on an.increase invLE to 70 in 30 yéa;s and a decrease in
TFR to 2;1 in 50 years; and line 3 iﬁ based on a similar mortality change,
but fertifity reaching a constant of 2.1 in 30 years, not 50 years.;

. Once the basic determinants of population growth'aré'understbod, it is
possible to devise .population influencing policies aimed at either demo-
graphic or social ‘structural responses. to the growth. It should be noted
that no attembt was Tade in this paper to evaluate the simulation pro=
jections which are in themselves neutral. Tﬂe Brazilian response to the
graphic output may invoke,sentiﬁeﬁns suggestive of no defined policy,
the encouragement of early marriag;f restriction of'commeréial sale o% .
conttaéeptiVe d§vices ahd legal aﬁortién, and other methods of fertility
encouragement, by those who consider a }apid rate of growth to be bgne—
ficial to national,development. On.tﬁé other hand, however, the projections
might suggest to qdvocatés of restricted yrowth that famjiy p]anning pro-

“grams, delayed m;rriage and other means of fert?i?ty reduction should be
imp]emepted. Thé;point to be made is that the interactive caﬁacity'of the -

system enables the user to test and re-evaluate the implications of pre-"

I3
-

. o " . N
’ ' © 44




- -

conceived notions. It may also facilitate a meaningful &ia]ogue between
advocates of opposing pojnts of views bx demonstkat%ng the pature“and ex-
tent of population grewth. &
: Based on knoy?edge of the determjnants of populatibn growth, popu]atiop
: responsive poiicies can be discussed by examininb the coﬁsequences ef popula-
tion growth for the social, political, economic, and ecological structures

of a country. Returning to the interests of the Education Ministry,'one

of the cdnsequences of a high rate of population growth is the necessity

to absorb larger cohorts of chi]dyen into the educational system each year.
It is estimated that in 1970 there were 14.6 million children (Figure 12)
aged six to eleven in Btazill(]5.7 percent of the total population), and

that 76 percent of these children were attending school, amounting to’10.9
million primary school children (Figure 30). By the year 2010 withﬂconstant‘
fertility and mortglity conditions, the number of children 6 to 11 {s pro-
Jected to 46.1 m1111on, with 34.8 m11110n expected to attend school under
current enro]]ment rates (Figure 30 line 0) If the_assumpt1on is-made

that .enroliment rates will improve, and a reasonable estimate mﬁdht be‘a
gradual increase to a, 90 ﬁe%cenf enro]lment rate b} the year 2010, the *
number of students will increase to 41.5 m11]1on (;1gure 30} line 1).

Shou]d the official require some information on the number of primary
students under changing demographic parameters (%ec]1n1ng fertilit

TFR from 5.2 down to 2.6 gradual]y over 30 years and LE from 62.7 up to

70 gradua]]y over 30 years), these projections ma*fte included. Line 2
A(F1gure 30) shows thé number of students with new demograph1c conditions,

. but current enro]lment rates; and Tine 3 shows the number of students with

the new demograph1c and enrollment conditions.

4
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With the PDG education program,'{fﬂis possible to link eduéationa] costs
to-the ﬁrojgctéd student population. Assuming that the édycati;n Minisﬁry’
expects to have a limited budget for both expansion and operating costs in
the coming years, the fo]lowiné analysis might be of interesg. The 1970
primary education operating costs were éstimated at $35 per thild per year,

" and the total operating cbsts are projected to increase f}om $384 m%]]ion,
/in 1970 to §1?18 million, in 1970 dollars, by "2010. (Figure 31, line 0).
In addit{on, if the enro]]mént rate were to increase from 75.5 percent to
90 percent gradually over the next 30 years, and the cost of education were
to double ove; the next. 20 yeérs and then remain constant, the annual opera-
- ting cost of primary'education by 2010 would be $2903 million (Figure.31,
line 1). ° -

Changing the demographic conditions to’ those suggested in Figure 31,
in addition to the improvements in educational conditions, shows that the
annua])educationd] cost in 2010 would be $223 million more. than with cur-"
rent (1970) fertility and mortality conditions and no improvement in gduca—
tional enroliment rates or operating costs. But this total is still sub-
stantially less (by $1462 million) than _the projected operating costs with
1970 demographic conditions and- improved edycational‘conditions. It can
also be demonstrated, using other paﬁtgkof the PDG program, that a decrease

_in TFR and an increase in 1ife expectancy at birth oﬁfihe type sugéested
" will have no appreciable effect on the Tabor force for at ledst- two genera-
t1ons, and perhaps longer, if 1abor\force part1c1pat1on rates improve due

to the ability of the educational system to cope with the educational needs

- of the young population. - o .

[; ) The above example has demonstrated one to the potential uses of the pro-

y

gram in determining the consequences of both constant and changing pardmeters
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for the educational system of the country. - Should 'the student wish to make
"additional projections with oifterent demograohic or cost assomptions;
these may be’ 1mp1emented immediately, and a]ternat1ve patterns of develop-
mentxmay be eva]uated No attempt is made here to draw any 1mp11cat1ons
about the relationship between popu]at;on growth and structural growth in

. Brazil. The purpose, rather, is to draw attention to the‘fmportance of

population data and population education in the deve]opment of a country

and to suggest the usefulness of 1nteract1ve v1sua1 graphics for this task.

- ' CONCLUSION

A review of the population education literature reveals the concern
with which educators in the field view the progress of popu]ation educa-
tion. Rather than adding to this concern at length, the purpose of this
paper has been to transmit information about a new development in the
state of the art. It is clear that the time of computer—assisted edoca—
tion has arrived in university curricula (Lyman, 1974) and is rapid]y
spreading to other environments. While the utilization of the PDG/CAI
system is currently restricted to institutions with an interactive
graphics terminal, this involves a large body of potential users and the
number is increasing weekly. Developments in data management and Com-
puter technology have prov1ded theﬁeaUcator with a new possibility: the
:1abi1ity to use hjs data and knowledge as a neutral tool in population
" education. Cqmphter-assisted instructional resources, such as the PDG
program described in this paper, are an important step in the ab111ty
of population educators, be they pur1sts, propogand1sts or popularists

(Rogers and Bauman, 1974: 10), to use the data and concepts of populat1on
’ r . .
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In conc]usion, it must be reiterated that this paper has attempted an

extreme]y d1ff1cu1t task: to convey the work1ngs of a dynam1c inter-

actignal v1sqa1 med1um through a static written med1um. It is up to the
reader to imagine the dynémics that the ptocess of pen on paper cannot

, . . b . - . J
.-convey. i L ' '

49

00052

I




7" BIBLIOGRAPHY o /

Almeida, M. 0. (]974) Statement by the Brazilian Representative, ..
XII WOrld Population Conference, General Debate, Planning Session,
Bucharest, August 26.

Atta]a, E. (1974), "Field Evatuation of a Mini Learn1ng Resource = -
, Aided System Using a Minicomputer", Prodeedings of ADCIS Summer’ Meeting,
. Be111ngham, Nash1ngton

, Bere]son, Bernard (1969), "Beyond Fam11y P]ann1ng“. Studies in Fam11y
P]ann1n9 No. 38. The Population Counecil. .

B1tzer, D.L. et al. (1972), "Computer Based Science Education", CERL
Report No. X-37, University of I1linois. Presented at a conference on .
"Utilization of Educational Technology in the Improvement of Science
Education". UNESCO, Par1s, 13-16, Sept., 1972

~Bogue, D.J. and L. Reh11ng (1974), Techn1ques for Making Population
Projections: How to Make Age-Sex Projections by Electronic Computer.
Family Planning Research & Evaluation Manual’/No. 12, Community and
Family Study Center, University of Chicago.- -

Burleson, Néel—David'(iQGQ), "The Time is Now: Population Education",
SID Conference, New Delhi, ‘India. . o S

Coale, A.J. (1956), "The Effects of Changes in Mortality and Fert111ty
on Age Composition", Milbank Memorial Fund Quarterly, Vol. 34 B

) Coale, A.J. (1964), "How a Population Ages or Grows Younger", in
i Freedman, R., Population, thé Vital Revolution, Anchor Books.

Daly, H. E. (]970) "The Popu]at1on Question in Northeast Brazil:
Its Economic and ‘Idealogical D1mens1og§/Q\Econom1c Development and.
Cultural Change, Vol. 18, pp. 536-574. \ N

£y

Davis, Kingsley (1967), "Population Po]1cy: Will Current Programs -
Succeed?™ Science, No. 158, pp. 730-739v—Washington, D. C.

Duncan, 0. D. (1959) "Human Eco]ozy and Population-Studies", in
Hauser,. P. M. and 0. D. Duncanj Thé Study of Population, University
cof Ch1cago Press. . . '

Frejka, T. (1973), The Future of Population Growth: Alternative Paths
to Equilibrium, Wiley Interscience New York ; ) ~

»
Gendell, M. (1967), "Fert1]1ty and Deve1opment in Braz1]", Demogragﬁx
Vol. 3, pp. 143-157. ‘

50 | .




Grandey, R.-€C. (1970), "An Invest1gat1on of the Use of Computer Aided |
Instruction. in Teachihg Students How to KSolve Selected Multistep,

General Chemistry Problems", CERL Report No X-19, University of, 11]1-
po1s, Urbana.

ANEN

Hammond, .A. L. (1972), "Computer-Assisted Instruction: Two Major
Demonstrat1ons", Science, 176, 1110, '
e

Handler, P. and C. Roh (1975), "The Population Dynamics Group Econo
Demographic Model and its Re]ationsh1p to Planning", Prepared for the
Southeast Asia Development Advisory Group of Asia Soc1ety Population
Panel Seminar, New York, March. )

~

Hyatt, G. at al. (1972) )»_ "Computer Based'Education in Bioiogy,
Biosctence, 22, 401,

Social Interre]at1ons", Report No. 3, Demagraphic Instjtute, University
of Goteborg, Sweden.

-

Hyrenius, H (]965) "New Technique for Studying Demoggfph1c -Economic-

Keyfitz, N (1968)” Introduct1bn to the Mathematics of’ Populat1on,
Addison~ Hes]ey ’

Keyfitz, N (197]), "Change%faf Birth and Death Rates and Their Demo-
graphic Effects", in Rapid Populat1on Growth, Vol. .II, Research Papers,
Johns Hopkins ‘Press.

& 3
Keyfitz, N. And W. Flieger,(1971), Population, Facts and Methods of
Démography, San Francisco: W. H. Rreeman & Co.

~K]aff, V. (1975), Population Projection Commentary. Population Dynamics
" Groupy; Doc. Series No. 2-3, University of Illinois, Urhana,

Kuznets, S. (1967), "Population and Ecoriomic Growth", Proceedings of
the American Philosophical Society, 3 (June) pp. 170-193.

' !ane, M. T. and R. E; Wileman (1974), "A Structure for Population

Education"; Carolina Population Center: North Carolina.

Lyman, E R. (1974), "PLATO Curricular Materials", CERL Report X-41,
Un1vers1ty of I]]1no1s, Urbana. .

Merrill, J., J. Nelson and P. Merrill (1975), "Florida State Un1vers1ty",
Journa] of Computer-Based Instruction, Vol. 1, No. 3.

Nat1ona] Academy of Sc1ences (1974), Ih _Search of Population Policy, v
Washington, D. €. . :

.Nortman, D. and Hofstatter (1974), "Population and Family Planning

Programs: .A Factbook", Reports on Population/Family Planning, No. II
(Sixth Edition) December, 1974, The Population Council: New York(

51

00054

4




PiEk, J. B. (1974), "Computer D1sp1ay of P0pu1at1on Age Structure
Demography, Vol. 11, #4, pp 673-682.° }, .

. Population ference Bureau (1969), "Brazil: Prndigy»of Growth",

Pqpulat1on( Jetin, Vol. 24 No. 4. washington, D. C. .

. .
Popu]at1on Reference Bureau (1970), “Popu]at1on Educat1on ‘A Chaﬁ]enge
of the Seventies", Population Bu]]et1n, Vo] 26, No. 3, Washington, D.C. .

: Popu]atﬁon Reference Bureau (1975}, “The*E]der]y in Amer1ca", Pogulat1on N
Bul]et1n, Vol. 30, No. 3, wash1ngton, D. C. . _

Rob1nson, W. C. and D. E Horlacher (1971), Population Growth and
Economic Welfare. Reports,on Pbpu n/Family Planning, No. 6,
ry, The Population Council: N&K York. .

i

, T.°F. @nd L. J. Bauman (1974), Attention to Population on the
Bureau of Applied Social:-Research, Columbta University.

Sc1ence for Society (1972), “Population Educat1on , Science for Society:
Educat1on Rev1ew, Vo] 2, No. 4, A.AA.S., wash1ngton, D. C.

' Sho er, F. C. (1974), Computat1ona] Methods for Population RggJect1ons. .
. The ulation Council: -New York.

.~

o\ shryock, H. 5.0 .S, Siegel, et al. (1971), The Methods and Materials
g of Demography, Vol. 2. U.S. Department of Commerce. ’ ei>
ield"

Simmens, 0. G. (1970), "Population Education:.A Review of th
Studies . in Fam11y Planning, No. 52, The Population Council. .
! |
‘;,St1f]e, (1973), The PLATO IV Student Terminal, CERL Report No X-i5
(Revised) Un1vers1ty of I]]1no1s, Urbana. -
‘ /
Stycos, J..M. (1971), "Faml}y Planning and American Goals", in D. Chapin
-(editor) Population.Policies and.Grdwth.in Latin America.. Lexington
. Books, pp. 111 131 . ) , .

' Su S and A. Emam (1975). "Teaching the PrincipTes of Software Syetems'
on a Minicomputer”,.Journal of Computer-Based.Instruction, Vo] 1, No. 3.

.. Tempo, ‘Gengral Electric.(1974), Demos Demographic-Economic Mode]s of
. Society. GE74 TMP - 24, Ju]y Centen for Advanced Studies, Santa ’
~ Barbara, Cai 1forn1a ' *

United Nations (1973 The Determinants and Conseguences of Population

A TR TR AR EITREATE R T RN TRERORAE A TR A TR R T W T R RS T T EATE AT TR A TR TR T TR AT AR AT AT AT TR R A neE
. N -
.

Trends, Vol. 1, ST/SOAiSER *A/50. _ p
Un1ted Nations (1974), "Population Change and Economic and Social Develop-
-ment!, Wortd Population Conference, E/Conf. 60/4. ,
Y. . . A
52~ / o
:. . . . . . . ‘_

00055 ...




A o .
an de Walle, E. and J. Knodel (1970), "Teaching Populatidn Dynamics with
A Simulation Exercise", Demography, Vo). 7, #4, Nov., pp.-433-448, .

4

Vaz da“Costa (1969), “Population and Development: The,Braz%Iian CaEe", .
in Population Bu]]et1n, Vol. 24, No. &. Population Reference Bureau:
ghington, D. C.. i . .

Vidderman, S: (1972), "Population Education in Elementary and Secondary
Schools in the United States", in Aspects of Population Growth Policy,
The Commission on Population, Growth and the American Future. Research
Reports Vol. 6, Washington, D.C. = -

Wood, N. (n.d.), The PLATO System. Computer-based Education Research
Labo§atory, University of I'f1inois, Urbdna.

W Bank Staf? Report (1974), Population Policies and Economic
Development, Johns Hopkins University Press.

Za1dan (1969), Popu]at1on Growth and Economrc Development, Stud1es in
Family Planning, No3- 42, May. The Population Council: New York.




