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COMPUTER ASSISTED INSTRUCTION IN POPULATION
DYNAMICS FOR NATIONAL PROGRAM DEVELOPMENT
PLANNING AND LVALUATION

I. INTRODUCTION

A. BACKGROUND

The Agency for International Development (AID) has been
supporting a project to provide computer assisted instruction
in population dynamics since June 1971. Services are being
provided through a contract with the University of Illinois
by the Population Dynamics Group (PDG) under the direction

of Dr. Paul Handler.

The computer assisted instruction in population dynamics is
intended to provide training and analytical services to
participants from less developed countries and to avpropriate
AID and other U.S. government per<onnel. This system,
generally referred to as "PLATO" (Programmed Logic for
Automated Teaching Operations), uses independent time-
sharing consoles at various centers which are connected to a
main frame computer, PLATO IV, lccated on the main campus of
the University of Illinois at Urbana. Instruction to approximately
9,000 persons had been given from inception through June,
1975.

A further application of PLATO has been envisioned through
development of a free-standing Mini-Computer which can be
placed directly in less developed countries. Such a Mini-
Computer has already been built by General Dynamics for the
Population Dynamics Group and, pending feasibility review,
such Mini-Computers are proposed for installation at overseas
locations.

The project began in June, 1971 with the stated purpose of
enabling the University of Illinois, over a two year period,

to develop and present a computerized course in Population
Dynamics and Economic Development to approximately 300 participants
annually. In the Fal” of 1972, the purchase and installation
of a PLATO IV terminal in Washingten, D.C. was authorized.

In May 1973, & new contract extended the project for an
additional two ycars through June, 1975. The scope of

services werc expanded to provide Population Dynamics Seminars
in other training centers in the United States, including
Washington, D.C., the Airlie Interamerican Dialogue Center,

and several universities. At a later date, funding was
provided to cover the period through March, 1976 with expansion



TABLE 1

PLATO DOCUMENTATION

Project Title: Computer Assisted Instruction in Population Dynamics and Economic
Development (June 1971 - May 1973)

Computer Assisted Instruction in Population Dynamics for National
Program Development Planning and Evaluation (May 1973 onwards)

Project Number: 931-11-570-924

Contract Completion Amount Cumulative
Numbher Date Duration Date Obligated Funding
csd-2937 6-30-71 24 months June 1973 281,000 281,000
csd~2937 6 months June 1973 9,000 290,000
PHA-C-73-16 5-29-73 24 months June 1975 719,000 1,008,000

PHA-C-~73-16 9 months March 1976 419,000 1,427,000
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in the scope of services to cover additional computer models
and to install one free-standing PLATO Mini-Computer at an
overseas location. As of June 30, 1975, $1,009,000. had
been expended of a total of $1,427,000 obllgated (See
Table 1.)

B. PURPCSE OF THE EVALUATION

This report represents the first overall comprchcn31vc
evaluation of the Computer Assisted Instruction in Population
Dynamics projec*t. Throughout the report the models and
computer system utilized are referred to as "PLATO", and the
persons involved in developing the models and the populatlon
materials at the University of Illinois are designated as
"PDG" -~ Peopulation Dynamics Group.

As of June 30, 1975, the Population Dynamics Group had
developei a series of models or submodels covering factors

in development affected by changes in populatlon structure,
size and growth. The demographic model is for population
projections and the results of this basic model arec utilized

by all other related projection models, i.c. Rconomic Development;
Labor Force; Migration; Energy Demand; Food: Supply, Demand

and Trade; Educational Costs and Inrollment; and Contraceptive
Coverage. Construction of a health model is p]anned but

has not yet been developed. 1In addition, there is a program
available for obtaining regional data derived by grouping
appropriate countries together. Another program provides
historical population data for selected countries. Instruction
on the construction of life tables is also separately provided.
A listing of the models and programs available and the

persons hav1ng primary responsibility for their development

is given in Tablce 2.

Déscriptions of the construction and applications of the
various models arc provided in a series of Commentariecs
prepared by the PDG. User's Manuals are alco available on
how to operate the various programs, and how to edit the
population data base. A description of the data structure
employed is also provided.

Production of PDG Commentaries has larged somewhat during
the duration of the project, although greater effort has
been put forth in the past year to complete, update and
revise the contents. The most 1mr01tant commentary, that on
population projections, was completed in June, 1975, and
contains over 120 pages. PDG Commentaries on the oLhcr
models are still in rough draft form and in varying degrees
of completeness.




TAELE

AVAIILARBLE FROM PLATO MODELS POPULATION DYNAMICS GROUP
(as of Sune 1975)

*Preliminary.

PDG
Commentary For Use By Critiqued 1In
Name of *odel Available Prepared By Mini-Computer| This Report

Population Projection

One Sex (Ccmbined) Yes Klaff Yes Yes

Two Sex No No Yes

Regicnal No No No
Econonic Development Yes*® Roh, Handler No Yes

Lakor Force Yes* Roh No Partial
Educaticnal Costs and ‘Fulponi,

Enrollments Yes* Birnbaum No Yes
Energy Demand Yes* Milstein,

Radell Yes Yes

Werld En=2rgy Trade Model (?) No Yes No

U.S. Znergy Supply Pemand Model No Yes No

U.S. Energy Demand Model No Yes No
Focd Supplv Demand (Trade?) No Klaff, Fulponi Yes No
Migration No Klaff No No
Population History Yes* No No
Contraceptive Coverage No Handler No Yes
Life Tables No Klaff No Partial
Health {(Proposed) No No No
Income Distribution (?) (Proposed) No No _No
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A critique of five of the key models comprising the PLATO
program follows. The comments, while detailed, are not

intended to be totally exhaustive. Lack of documentation
makes asscssment of some of the less important models impossible.



II. SUMMARY AND CONCLUSIONS

The PLATO system in population dynamics has many good features
to recommend it.  The computer tochnology is sophisticated

and providcs a rapid feedback ot information coupled with an
excellent vicual displey. 7The mode of presentation attracts
considerable interest, and the ability to focus on the
consequences of population giowth for an individual country
adds greatly to presentations of population dynamics. 'The
user can interact with PLATO and, if tcaching materials are
well preparcd, PLATO can be an excellent lteaching device.

At present, the primary use of PLATO has been for demonstrations
of population awarencss. The presentations about the implications
of population growth and future development necds lasts
approximately one hour. The response of most viewers has

been favorable, but it is difficult to assess just how much,

or how well, basic relationships and concepts have bheen
understood.

The size of the PLATO display screen effectively limits
comfortable viewing to not more than six pcople at a time.
Time limiltations preclude participants receiving more than a
limited awareness of population implications, bhut PLATO does
well for the time allowed. The presentation tends to bhe
confined to pvojections and their Impact; historical background
or concepts are coverced only slightly. There is a tendency,
especially marked since the advent of a hard copy printer,

to interpret the data being gencrated as predictions of
future events. Such an interpretation is not justified
because of the limitations of data and methodologies applied.

The full capabilities of PLATO are not heing realized largely
due to the construction of overly simplistic models. There
have been several instances of attempting to use PLATO for
purposes beyond its capabilities and such efforts should be
discouraged both by AID and the Population Dynamics iroup.

In the teaching of population dynamics or planning and

policy analysis other AID-funded learning systems and models,
specifically GE-TEMPO and the LRPM (Long Range Planning

Model) of the Burcau of Census, are more technically advanced.
These systens incorporate more sophistication in the construction
of their models and generate more precise results. The

unique features of PLATO, such as the plasma display screen

.and rapid user interaction, are of less importance for

planmning or policy purposes.

PLATO can bhe used for population awarcness demonstrations,
but not without suhstantial technical iwprovement in the
construction of the modcels, the naturc of the assunptions
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made, and the methodologics empinyad. The population projecctions
nodel, which provides the inputs for all other models, is of
paramount importance and usage of many of the present short-
cut methods and simplifying assamptions result in less than
adequate results. A detailed listing of suggested changes

is provided at the ond of the socction dealing with the
demographic and cconomic development models.  Other models,
particularly encrgy, food, and contraceptive coverage, arc
based on such incomplete relationships and inadequately
estimated parameters that no confidence can be placed on the
results. Thesc thrce models neced to be totally reconstructed
or clsc abandoned.

The argument that substantially the same results are gencrated
by PLATO as by other approaches or models is specious and
should bLe rejected. 7There are elements in population bhesides
total size, such as composition by sex and age, which should
be properly represented. There is also no point in using
makeshift methodology when standard widely accepted procedures
are readily available.

The models are inadequately linked together and do not
sufficiently reflect the impact of population size, growth,

and composition on economic and social factors. The alternative
of bringing within the PLATO system other more adequately
constructed models, such as GE-TEMPO or LRPM, is not Jjustified
on the basis of expense, lack of adequate technical assistance,
and the limited level of purposc to be served. Improvements
car and should be made in the population projection, economic
development, and education models. Until this is accomplished,
no further development of models for AID use should be
undertaken.

The providing of Mini-Computers at overscas locations is not
justificed. The number of people who could be benefit from a
population awarencss demonstration is not known, but it is
hard to conccive of more than relatively limited groups at
any given location to whom such a demonstration is pertincnt.
The stage of development. of the various PLATO models is such
that serious consideration cannot be given to using the
Mini-Computer for planning or analysis purposes. The problems
in flexibility of operation and support assistance, as
detailed in the Appendix, mitigate against the use of the
Mini-Computer.

The overall recommendations concerning PLATO are:
1. Limit the use of PLATO to population awarecness.

2. Reconstruct models for population projections,
economic developmnent, and education.

3. Do not develop or use other models at Lthis time.

4, Do not initiate installation of the Mini-Computer.



III. CRITIQUE OF THE POPULATION
PROJECTION MODEL

A. OVERALL PURPOSE

The PDG Commentary describes the demographic model of PLATO
in terms of making population projections. (A summary of
recommendations concerining this model is given at the end
of this chapter.) This is an eminently correct use of the
word projection, which means simply to extend population
trends for the future, based on some plausible pattern of
growth from the past. Particular emphasis is placed on the
definition of projection becausc there is a common misunderstanding
about the nature of the results generated by PLATO. Many
users believe the estimates to be of high precision and
suitable for uvse in planning, when actually the data is
illustrative of probable trends and direcctions only. The
assumptions and their hypothetical nature are frequently
overlooked when the results of population projections are
incorporated in other models dealing with cconomic growth,
food, educatftion, cnergy demand, or contraceptive coverage.

There arce two principal ways of making population projections.
The first type s crude and consists of projecting an observed
rate of growth. The PLATO model is more refined, in that
population projcctions are based on separate assumptions

about the course cf mortality and fertility which in tuin
determine the rate of growth. The model produces projected
demographic data for five-year age groups at five-year
intervals bhased on cither constant or changing parameter
assumpltions. Iach age group is projected separately based

on assumptions concerning age-specific mortality and fertility
rates.

The basic PLATO model does not, however, make separate
projections by age and sex. (The "two-sex" model developed
for PLATO is seldom, if ever, used for population awarencss
demonstrations, and the one sex, or combined model, clearly
remains the mainstay of the PLATO system.) In this respect
the basic PLATO model is unique. There are a considerable
number of computer-simulated projection models that have

been developed based on the component method of projection,
but in every casc birthg and deaths are calculated in relation
to each acve and sex gcoup of the population.

The failure to use age-sex specific rates in making projections
is questionable. Granting the contention of the PLG that at

the time cf criginal dev~2lopment therc was a lack of core
capacity in the computer to accommodate the necessary calculators,
the continued usc of the (combined) sex approach, now that
capacity is no longer a problem, should be cxamined.


http:birt-.hs
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In other models, total population is determined by adding
together the separately projected populations of males and
females. This is not done in PLATO wherc projections are
based on total population. The defense of this approach is
expressed on page 20 of the PDG Commentary as follows:

“This simplifies the program algorithms and
considerably increases the response time.
(Note: probably an inadvertant misstatement --
simplifying the algorithms should dec rcase
response time.) In the short run, up to 50
years, the projected population totaic

using the combined sex model differ only
very slightly from the two-sex model. Over
a longer period differcnces increase, but
considering the flexibility of population
growth to changes in the demographic
parameters and unknowns such as the marriage
function, these differences are considered
to be within reasonable bounds."

The decision to basc projections only on age components, and
not by both age and sex, has important consequences. The
importance is not so much in whether the same estimates of
total population are produced, but in the ability of the
model to stimulate the cffects of births and deaths in the
population by sex and age.

The distortion produced by the combined sex modcl is significant
when age and sex distribution must be analysed. Using a
combined mortality rate is misleading since the mortality
experiznce of females is more favorable than that of males

in every country of the world. The use of a combined mortality
schedule implies that the number of males and Ffemales are

equal for cach age interval. €£°nce no sex ratio at birth is
employed, the number of male and female births are considered
equal. Both of thesc outcomes are contrary to reality.

More bhoys arc born than girls, and males outnumber females
until age 30 in most countries. After age 30 more females

than males are present at each age interval because of their
greater expectancy of life and more favorable mortality
experience.

In sum, threec major sources of distortion are introduced
when projections are made on a combined sex basis. They
arise because of the failure to take into account: 1) the
difference in the number of male and female hirths; and

2) the differcnce in the number of male and female survivors
at each interval. The result is an incorrect assumption of
equal numbers of male and female births being inputted; that
an equal number of wales and females survive at each age
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interval; and that the total population is comprised equally
of males and females. The population projection model thus
fails to stimulate Lthe actual ¢ffccts of mortality and
fertility as well as it should bicause it does not properly
reflect the age-sex composition of the population.

B. MORTALITY ASSUMPTIONS
Important distourtions are introduced because of the way in

which mortality schedules have been employed. On page 64 of
the PDG Commentarices it is stated:

e

In the computer are stored cohort specific
survival probability schedules for selected
Life Expectuncy alt Birth values, based on
Regional Model Life Tables for each of four
regions. (North, Last, Wesl, Soutih.) For
each region 12 schedules are stored,
increasing in five yecar steps from an LE

of 25 (eg = 25) to an LE of £0 (@ = 80).
The Coale-Demeny Regional Model Lifc Tables
(Coale and Demeny, 1966) arc uscd. Although
a_differcnce exists between the average
survival rotes of men and women, a consistent

set of schodu.es, basced on 1he fonalio tables,
has becen used in all Ghe wmodel.. 7L was
found thal this does not significantly affect
the projected results. The 98 = 80

schedules werce constructed by extrapolation
techniques." (Emphasis added.)

First, calling these schedules “"cohort specific survival
probability schedules" is confusing. What life tables give
is a value of P(X) -- generally expressed as the probability
of surviving bctween age x and age xtn. 1In constructing any
life table, the assumption is made that mortality rates at
ecach age may be applied successively to form a hypothetical
cohort, cven if they pertain to the same year. This method
is a way of representing the history of a complete lifetime
when the available data pertains to only short periods. (In
those rate instances where data is based on the cxperience
of an actual cohort, it is generally called a "generation
life table." The term "synthetic cohort life table" is
redundant; the term "life table" implics usc of a synthetic
cohort.) The result if a summary of a year's decath rates,
rather than an cctual 1life history. FEstimates basced on such
rates reflect what would be the implications if the synthetic
schadulc of mortality did apply te an actual cohort. But
labeling it "cohort specific survival probabilities" makes
it appeor that we are talking about real cohorts, or that
the schedule of wortolity rates provided are something other
than the regular survival probhakilities incorporated in all
life tables.


http:sched.es
http:equal.ly

-9 -

Second, no explanation is given as to how the appropriate
regional life table is selccted. Coale and Demeny have
suggested utilizing the "West" family of life tables in the
usual circumstances of underdeveloped countries where there
is no reliable guide to Lthe age pattern of mortality that
prevails.  Other developed countries may be boetter it with
other regionai families of life tables. This procedure has
probably been followed by PLATO, but the PDG Commentcary does
not indicatec which family of regional life tabies have been
employed for specific countries. There is a great deal of
informed judgment neceded in selecting which life table to
use and, on this point, the PDG Commentaries explains very
little.

Third, only 12 schedules for each of the four regional

families of life tables are stored. This is exaclly one-

fourth the number, 48, provided by the Coalc-bDemeny tables.
(iwenty-four levels of mortality given separately for males

and females.) Interpolations take place over twice as large

a range as othevwise would occur. This leads to some distortions
because changes in mortality experience arce not proportionate

at all ages, particularly with reqards to infants, children

undex age 10, and to persons over age 70.

Fourth, the assumption is made in the PLATO system that

female life tables can be used to represent the combined
mortality experience of males and females. For most countries,
females have & more favorable mortality experience at older
ages than males even if the life expectancy at birth for

each is assumed equal. Further, to make an assumption in

any given country that the life expectancy at birth for

males and females is equal is contrary to reality. For any
given mortality level, the corresponding expectancy of 1life

at birth for males is less than for females. To simply
average the cxpecltancies of life for meles and females at a
given ktime does not properly represent the mortality experience
of either the males or females. Using the tables for females
(and thereforec the female pattern of mortelity) further
reduces the adequacy of the results.

A further note of confusion is provided in the section of
the PDG Commentarics dealing with data and data sources (p.
110).

"The IDSC data give population distribution
and life tables for males and fenales
separately. IFrom these we derive the
distribution of the pepulation as a whole,
Mortality. (1-Py) For the entire population
is derived from the male and fenale life
tables on the assunmption of o« sex ratio of
1.02 for African countries and 1.05 for
others, unless mentioned otherwise."


http:otherwi.se
http:correspondi.ng
http:schedu.es

- 10 -

Aside from the basic question of why one should construct a
combined sex model when data can be used directly without
transformation on a tw.-sex model, the reference to sex
ratios is totally confusing. Sex ratios have no bearing on
mortality experience; they are used in determining the
proportion of births that are male and femalce. On page 21
it is stated, "Population is divided into 18 five~year
cohorts, with the assumption that therc are an cqual number
of males and females in cach five-véar cohort." Obviously,
the sex ratio does not enter into the PDG calculation of
births or survivors. lHow, or in what way, does it onter
into deriving mortality?

The transformation of separate male and female life tables

into something that can be used for a combined sex model is
itself confusing. On page 44 it is stated, "The mortality
schedule used in the PDG projection model is a weilghted average
of the male and female schedules and is stored as a probability
function." (Underlining added.) How ig this welghted?

Is the expectancy of life at any age proportional to ithe

number of males relative to females? I§ all cohort age
intervals have equal numbers of males and females, how is

this possible? Is the weighting not in the schedules, but

in the expectancy of 1ife at birth between males and females?
Elsewhere it is stated that only female life tables are

usced. Does this represent a proper woeighting between male

and femalec mortality expericences?

The rationale of the onc-sex (combined) model is based on
presumed advantages in shortcutting the estimating of survivors
process by using a combinced e¢© and not cmploying separate

life tables for males and females. This really makes no

sense because the strength of a computer lies in its ability

to do involved calculations guickly. Proper cstimation
techniques are to use scparate life tables for survival.

Exception must be made to the original statcment in the PDG
Commentaries that "in the short run, ap to 50 years, the
projected population totals using the combined sex model
differ orly very slightly from the two-scx model." Tirst of
all, this statement misses the point that total population

is not the only, nor necessarily the most important, criteria
of producing adequate population projections. Distortions

in reflecting age-sex composition wmay have more effect on
such things as cducolion demands, labor force, and unemployment.
The statement and the rationale also ignore the point that

if PLATO is to be uscd for instructional purposes on how

to do population projections, it docs not employ the correct
and almost universally applied methodologics. The approach
may suffice to bring about an awarcncss of the serious
implications of population growth to thosc who have had
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little previous exposure. lowever, the approach falls far
short if intended to be used for computer assisted instruction
or for planning and policy purposecs.

It is alsgo unusual to define the short run as "up to 50
years." Short run in most developing countries seldom
encompasses a period of more than 10 years or 15 years at
most.. But the argument that the results of total population
do not differ substantially between the one and two sex
models is somewhat tavtological. Why this is so can be
understood if we analyse what causes population growth.

Most projections for PLATO are based on 1970 data. The
survivors for that year are determined by the level of
morfality and the number of people already present; fertility
afifcets only the numbers born afterwards. JFor a few years
after this date, the major elements of projection are the
base population by age and the proportions at cach age that
survive. ‘The population by age is fixed at the timce of the
bace yecar, and the rates of survival are subject to relatively
little change ot most ages. VFor this rcason, the cstimates
may be quite clese to reality until the offect of fertility
begins to occupy a larnge place in the projected population,
which happens as the projection moves further away from the
basc population. In the short run, dificrences in population
totals arc affected morve by mortality and the present age

and sex slructure; as the projection time span increascs,

the effects of fertility play a larger role.

The reason for making projections scparalbely by sex goes

beyond this consideration. The effect of births and deaths

in a population is distributed according to the actual age

and sex structurc. A two-sex model not only shows the

cffects of the assumed vital rates on age and sox shiructure,

of births and deaths. Compaved with other types of projection,
this approach relics less on the nature of its assunptions

and more on the actual composition of the population.

c. FERTILITY ASSUMPTLIONS

Most of the discussion thus far has centered on mortality —-
on the effccls of using a combined life exvectancy, and |
using a singloe probability table for survival. Prcjcctions
arc also affccted by fertility, and changes in fertility
will have a far larger impact on age-sex composition than
changes in mortality.

A key feature of the PLATO nodel is the use of cohort meosures
of fertility. ZApproximately a dozen poges in the PDG Commentary
(pages 22-33) arce devoted to the subject with illustrative

—~

calculations and Lexis diagrams. The measurement of ferbility
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in cohort terms is in accord with viewing fertility as the
number of births per woman during the childbearing period of
life (complcted family size). On the other hand, fertility
is also measured by a vital rate based on the births and
population data of some clendar yecar. The difference is
explained by Barclay as follows:

"The distinction between these two approaches
must be clearly maintained, for they do not
yicld the same sort of conclusions. The
first represents the complete reproductive
performance of one group of women, which may
last aboult 35 ycars. The sccond includes
part of the performance of many different
age groups of women, lasting for just one
year., 'I'his will be recognized as the
distinction between synthetic and actual
cohorts." (Barclay, George W., Technigues
of Population Analysis, (Wilcy, N.o. York)
1966, p. 168.)

PDG, however, usces cohort fertility rates for the somewhat
different purposc of making population projections rather

than analyzing actual reproductive histories. Cohort measures
when used for such purposes lack complete reproductive histories
and thus remove the distinction between synthetic and actual
cohosts. 7The PLATO model itself acknowledges that cohort
age—-spocific fertility rates (a highly confusing tcrminolcgy)
are based on synthetic cohorts.

Using cohort rates, the number of women do not esscentially
change -- it follows the sgame cohort through time and the
only changcs are caused by deaths within the cohort. But
the age-interval limits do change during cach projection
period, thus the cohort that was 20-24 at the beginning ot”
the projection period will be between 25-29 at the end of
the period. It is, in effect, the average of the ASFR for
the 20-24 intecrval at the beginning cf the period and the
ASFR for 25-29 at the end of the period. Shifting the age
limits during the projection period considerably complicates
the interpretation of "cohort" age specific fertility rates.

The age limits specified for the cohoit rate really refer

only to the initial year. The cohorts get a year older for
each elapscd year, so over a five-yeuar period the cohort

value represcents an age about two and one-half yecars older

than the period rates. A comparison betwoen cohort and

period age-specilic fertility rates will show that cohort

rates are higher than period rates in the younger years and
lowcy in the other years. Since both rates represent synthetic
cohorts, and since calculation of cohort rates is derived



from period age-specific fertility rates, the sum of both
pcriod and cohort ASFR's are the same. This also means that
the total fertility rate (a period measure) is the same as
the average number of children ewvor born (a cohort measure) .

The PLATO model prescently makes changes in fertility assumptions
by changing the total fertility rate (TFR). Since the TFR

is considerced to be the surrogate for completad family size

(and in the PLATO model is identical), the use of cohort
fertility rates accomplishes nothing that is not done by

using period age-specific fertility rates. The question

then is, why get into a complicataed discussion of cohort and
period rates when nothing is added to the results?

PDG should refrain from getting itself involved in attempts
to measure the frequency of fertility by cohort rates. This
is based on the belief that while a statistical view of
childbcaring patterns seems increasingly to refer to a
cohort's experience, the actual measurcnent must be carried
out. in terms of calendar year performance. 'his much is
admitted in the PDG Commenturies on page 30:

"However, unless the data for births and
the census are both tabulated in terms of
cohort identification (ycar of birth), it
is impossible to tabulate any of the real
cohorts dircct.y. Instead, it is nccessary
to estimate them from conventional vital
stalicstics tabulations of births and
population data."

There are other recasons f{or dropping the use of cohort rates
for projection purposcs. Period birth ratcs can be computed
from material that is widely available, permitting some
mecasurcment of fertility on the basis of more limited records.
Vital statistics are maintained on a period basis ag are

most data published or available in developivg countries.
Period rates can be tied directly with changes in crude

birth and death rates of population growth -~ themsclves,

all period rates. Tertility patterns showing changes in
countries over time are based on period rates. Nearly all

data in the Demographic Yecar Book and other sources reflecting
population measurcment and changes is on a peried basis., In
sum, use ol cohort fertility rates does not it the projcction
methodologies employed by the United Hations onr individual
countriecs; the kind of information about changes in cohort
fertility bchavior is lacking in ncarly all countrices; the
conceptual explanation is complicated and requires transformation
of data; and the possible refinements in fevtility measurement
by use of the cohort appreoach are nct rcachaed in torms of

the data available.



http:countr-i.es
http:measurem.nt
http:populaLi.on

- 14

One final methodological note aboult projective techniques.
The fertile age period for the »IAT0 mcdel is placed at 15—
44, The data on age-specific fortility rates (which in turn
are averaged to derive cohort ago-cpecific fertility rates)
are largely derived from data supplied by the International
Demographic Statistics Center (IDSC). ASFR's are given for
women 15-419 in five-yecar intervals. To suit the PLATO
model, the ASFR for the age group 45-49 is added to the ASFR
for the age group 40-44, (PDG QQEESEEQEK' p. 110)

Fertility rates for these ages arc relatively low and the
methodoloyy described will generally give a recasonable
approximation. Some distortion is introduced becaus: in the
structure of the age pyramid there will be fewer women 45-
49 than 40-44., The difference depends largely on past
fertility rates (high growth produces a wicder basedjpyramid)
and on levels of mortality for thesc ages., Adding the ASFR
for the ages 45-49 which is based on smaller groupr of women
to the ASFR for age 40-44 which is bhased on a larger group,
results in overstating the ASPFR for 40--44.

If the upper limit of the fertile pe iod is sct at 44,
proper procedure is to ascribe the bicths occurring to women
45-49 to the 40-44 age group and then divide through by the
nunmber of women 40-44 to obtain the ASFR for 40-44. Another
alternative frequently used for developing countries, where
substantial numbers of woimen continue into a period of late
childbearing, is to extend the fertile age range from 45+49.
One additional ASFR nccds to be inputted for cach country,
but this is certainly not an insurmountable task.

D. CHANGING DEMOGRAPHIC PARAMETERS

There are eight demographic variables which can be changed
at various stages in the population procedure. These are:

1.  Total Fertility Rate (immediate or gradual)

2. Infant and Child Mortality (irwediate or gradual)

3. Life Expectancy at Birth (inmediate or gradual)

4. Age~Specific Pertility Rates (immediate)

5. Percent of Population in Bach Age Group (immediate)
G. Cohort Five Year Morxtalities Per 1,000 (immediate)

7. Total Population {(immediate)

8. Crude Birth Rate (immediste and gradual)
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Before commenting on the procedvros used in changing any of
the eight variables, it is obvious that the rangoe of OPLJOno
are far wider than can be used fov demonstration purposes.
To get [ull utilizotion of the cap-city to make vazylnq
assumptions aboul future populovion growth would roequire
Lhdt much more time be u]lottod to the study of population
dynamics than is Lhe case for nearly all prescentations. The
flexibility Lo alter several leldb]‘“ is a desircble feature
and makes for a much better model for population projections.
It should be recognized, however, that excopt for occasional
individuals who roauest additional time with PLATO, or
where PLATO can be iacorporated as an intrinsic teaching
aide to a regular coursce of instruction, litlle use is
currently being made of this significant feature of the
PLATO model.

To provide a fairly sophisticated means of reflecting changes
in fertility when the basic model does not make soeparate
projections by sex seems unfortunate. Why hother changing

the total fertility rate or age-specific fortility rates,

when at the same time sinplistic assunmptions are made that
male and female bivths are equal, that males and females are
cqual at each age interval, and that both Jm Jce., and females
arc subject to the same mortality schedules?  The number of
births occurring in a country is dOLOLmlHOO by the fertility
rates provailing and the muaber of women at risk. To reflect
accuralely the changes in fertility rates while making much
cruder cstimates of the number of women at risk, impairs the
accuracy of estimates of births., PLATO must strive for a
sufficiently sophisticated construct in its methodologies if
the results generated ave ever to be taken scriously for
planning purposcs.

Since children cver born is represented by the total fertility
cate (TFR) in the PLATO model, its mecaning can probably bhe
grasped readily by wmost users. Because TI'R rafers to completion
of childbearing; however, changes in the TFR arc scldom,

if ever, spocified in national goals relating to reducing
fcrti1iiy. Nelional population goals are almost always expressed
in terms of reducing the crude birth or the annual rate of
population growth (assuming no migration, the differconce
between crude hivth and death rates). The oplion of changing
the TFR is of limitced value for nlamnning applications.  On

v

the scction dealing with the crude birth rate, it is stated:

"A change in CRBR is qguike complex to implement,

and this option is allowed only during a scquentiall
plot. Changas in CLBX are impleancnted by calculating,
using an itcrative process, the YFR thab would
produce the decired ChER ot the given time in the
given country.”
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A detailed explanation of the itorative process is given,

the gist of which is that the C:R used for each calendar
period in the projection must b translated into an equivalent
TFR Zox the beginning and end of rach five-year period.

The questionable thing about this approach is that policy
determinations are made in exactly the opposite manner.
Program gouls arc overwhelmingly coxpressed in terms of
changes in the CBR, either directly or indirectly. Goal
scetting in terms of changes in the TFR is inappropriate
because such a measure is derived from past fertility. Most
cohorts of women have already entered into the childbearing
period and changes in fertility after a certain calendar
date can affect only the remaining portion of her fertile
period. This iz why changes in TFR are a slow, gradual
process and why the THFR is not used to measure change except
over an cxtended peoviod.

The PLATO model provides that changes in the ASFR can only
be made immediately (to take effect in the first period).

Why changoes cannot be made gradually, which is the case for
all other measures of fertility, is not explained. One
assumes it is rcelated to the procedure for altering the TFR
gradually, which is to change cach ASFR in proportion to the
change in the TFR.  Again this is conceptually backward.
Cohorts are subject Lo ASFR's as thoy pascs through their
fertile period; by the time the ASFR's heve been experienced,
the TR is alrecady determined. 1In terws of calculations, it
makes no diffevence if a postulated change in fertility is
expressed in terms of a decline in the ASFR's or in the TTR.
For example, a two percent decline a year in ASFR's will
result in cutting * : TFR by two pcercent a year, or vicae-
versa.  Specifying  aanges in the TFR, however, locks in +he
ASI'R's to the geme propoxrtionate change. It may be more
réalistic, however, in a country cubarking on a larger-scale
public program in family plunning Lo postulate that declines
in age-specific rates will first take place with older women
and later, as the progrom matures, with younger women. In
such a siluation, declines in fertility for certain age
groups will be greater or lesser than for cortain other agae
greups.  What these changes could be wmight he bascd on
information produced by on-going country population programs
or on information from other countries having already embarked
on similar programs. ‘The point ig, much grzaten flexibality
and closer simulation to reality is built into a projection
modal if ASFR's can bo altered gradually and in varying
amounts. Limiting changes in ASFR's Lo proportionate chanaes
i the Pt locks in the prescnl pathern ol childbeaving.
Liovels of fertility for a given country may he lowerad cver
t* ; using the PLATO nodel th: shape of the pattern of

foo ity remains unchanged.  This is unrcalistic and iupairs
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the ability of the model to simulate probable changes in
fertility. It is recommended therefore that the TI'R option
not be used as the primary variable for postulating change

in fertility. Age-Specific Fertility Rates should be allowed
to be changed on a gradual basis and in varying proportions.
Alony with postulated changes in crude Birth Rates, a much
more realistic simulation of the coffects of changes in the
levels and patterns of fertility can be obtained.

B. CHANGING MORTALITY CONDITIONS

Changes in,mortality can be reflected in three ways: infant

and child mortality; life expectancy at birth; and cohort

five year mortalities per 1,000. A1)l are in varying degrees
interrelated. Increasced life expectancy at birth is reflected

by improved infant and child nmortality and probable mortality
improvement in other five-year age groupings. This interdependence
is why, under normal projection procedurcs, only one fertility

and one mortality variable should be changed.

In most projection models, changes in mortality are postulated
in terms of incrcased life expectancy at birth (08). This

is the primary mcasure that is cmnloyed in PLATO.  Unfortunately
the basic nodel of PLATO uses a combined life expectancy and
does not separately survive males and females. Additional
distortion is also introduced by use of only female life

tables as a surrognte for combined mortality experience.

If, for the moment, it can be assumed that PLATO will use
separate male and Iemale life Lables in the future, there

are still some additional comnenrnts about the nethodology
employed. JYirst, the option of making an immediate change

in life cxpectancy has no relevance to population projections.
Improvements in mortality experience are relatively slow and
gradual; the cwamplcz in the PG Commentary of immediatce
changes in life enpectancy at bhivTh from 45 to 65 and from

45 to 68 arc totally unrealistic. No change in mortality is
immediate; all changes occur over timo.

The option of making a gradual change is given and this is
the option that would be used in any demonstration. What is
not provided as a guideline is what the probable limits of
improvement in mortality expericrcc is likely to be. The
United Nations has suggested for developing countries an
improvement of two and one halfi years in Life expectancy for
every five veors of elapsed time up Yo age 65. Several countrices
have excceded this rete of increasce. What is most appropriate
for a given country is influenced by the recent cxperiences

of other countrics undergoing similar stages of socio-
econciic developmenl, and by recent montallty expericnce in
the country itsclf., In any event, improvement in life
expectancy is likely to be lincar up to about age 65 with a
tapering off past this point lcading tc a waximum life
expectancy ol approeximutely 72 years (someihat higher using
the Coale-Dcweny tables).
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Two points should be noted. 7Tha increase in life expectancy
from onc five-yecar projection period to another is frequently
not. lincar. The amount of incrcase becomes smaller at each
successive period after age 65. For example, on the average
an increase in life expectancy [rom 60 to 65 years can be
exnected to occur in about iLen ycars clapsced time; an increase
from 65 to 70 may likely take more than double the amount of
elapscd time. A sccond point is that the improvement in

life expectancy is generally unequal between males and
females. At lower life expectancies, females may increasc
expectancy faster than males; at highar life cxpectancy
levels, male expectancy may increase proporiionately faster.
Differences in life cupectancies between males and females

as grealt as 10 years have heen obscrved in some countries.

As mortality conditions improve, lifc expectancices for males
and fewmales tend to move closer togethor.

The procedure used by PLATO fails to take these two points
into account. The difference between male and female survival
rates in any country can, ovexr time, only be accommodated by
using separate lifce tables. How much distortion is introduced
by using only female life tables depends on how great the
differcnces arc between male and female life onpoctancics,

and on whether cither or both scexecs have reached a life
expectancy of age 65 and over, and tbhus future improvements

in life expcectancy arc smaller and non--linear.

PLATO takes the survival rates corresponding to expectancy

of lifec at the beginning and end of the projection period

and divides the difference by the number of projection

periods,  This makes the improvement in life expectancy and
change in suxvival probabilities linear, which is sceldom the
casc. This can be totally avoided by lirst correctly postulating
what the pattoern of incrceasa in life expectancy is likely to

be, and then interpolating values from life tables most

closecly corrasponding to these values.

The PLATO procedures are also cumbersome in estimating
begyinning of period and end of period survival values in
order to arrive at a survival valuc during cach five-year
projcction pariod. It is simplev to make assumptions of

life cxpectancy in terms of an estimated value representing
the mid-point of cach fivoe-year projeciion period. Once the
initial mid-values are established, successive mid-period
valuces representing five years celapsed btime can be coalculated.

. AGE COMPOSTTION

'The procedure for “teratively deriving the pcecrcent of populotion
falling into cach of the 18 age cohorts is simple and stvaightforward.
Comparisons based on total population by age group is of

limited interest but is a consequence of using the one-sex
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(combinod) model. Distribution by sex and age is much more
useful in analyzing employment rates, marriage rates, and
the like. Phenomenon such as a "marriage squeeze", caused
by imbalance between males and females, canno’ be analyzed
on an age aggregate only. Every phase of analysis presented
in the PDG Commentaries is hobbled in varying degrees by the
unwillingness of the PDG group to allow total population
data to be derived from combining separate male and female
estimates.

G. SUMMARY OF RECOMMENDATIONS CONCERNING THE POPULATION
PROJECTION MODEL L

1. Use a two-scx projection mcdel exclusively. (Such a
model requires: a full range of life tables [24 levels
rather than 12]); scparate male and female life tables;
separate expectancies of life at birth; base-year
population data by age and sex; and sex ratio at birth
by country.) '

a. Make projection estimates of males and females
' separately.

b. Derive total population by adding male and female
projections.

c. Eliminate the one sex (combined) model.

. 2. Drop the cohort concept for population projections.
(Reproductive histories are not available; cohort rates
are bascd on and requ11c transformation of period
data.)

a. Estimate births using thé conventional projection
mothodology of multiplying the average number of
women in each fertile age interval by the age-
specific fertility rate for that interval.

b. Estimate births separately for the 45 to 49 female
' - group. ’ ‘

3. Eliminate the total fertility rate as the primary
change variable.

a. Maké¢ postulated fertility changes in terms of
crude birth rates or age-specific fertility rates.

b. Permit changes in age-specific fertility rates to
be gradual as well as immediate.



IV. ECONOMIC DEVELOPMENT CRITIQUE
A. GENERAL CONSIDERATIONS

The PDG draft Commentary on the PLATO Economic Development
Model is considerably shorter than the PDG Commentary on the
Population Project Model. (Recommendations about this model
are given at the end of this chapter.) The difference in
length belies the importance of the Economic Development
Mcdel. Much of development planning is based on such models
and the rates and ievels of economic devleopnent are very
much influenced by changes in population size, composition,
and growth,

The Economic Model is influenced by a wider variety of
variables and produces a greater number of outputs than any
other model. The Iconomic Model is also the most difficult
to construct. Difficulties arise in striking a balance
between achieving beltter simulation through consideration of
a greater range of variables, and the attendant difficulty

of not obtaining adequate data for these additional variahles
or relationships.

Presently therc are a number of economic development models
which in varying degrees give specific recognition to the
impact of population. Two of the most widely known models
were developed through ATD-funded contracts. They are the
GE-TEMPO model and the LRPM (Long Range Planning Model)
developed by the United States Bureau of Census. These are
considerably most sophisticated models than the PLATO Economic
Model and it would be highly desirable if they could be made
available to PLATC users. There are a number of limiting
features of the PLATO model which either should be overcome
or else be supplanted by models such as those cited.

fhe intention here is not to attempt to describe all the
features that could comprise to a good demographic-economic
model. Much depends on the use to which it will be applied.
" Lack of reliable data restricts the degrec of sophistication
which can be entertained. Thexre are, however, certain key
relationships between demographic and economic factors that
should be included in a demographic-cconomic model if at all
possible.

The main thrust of PLATO is to bring attention to the consagquences
of populaticon growth. Unlike many of the earlier cconomic-
development moielis which paid little or no attention to
demographic factorsg, the cconomic model used by PLATO chould
adequately reflect the impact of population growth. The

unique focus of all the PLATO models is, and should be, on
population.
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The basic criticism of the PLATO Economic Development Model

is that very little of its construction is related to the
consequences of population growth. A neo-classical production
function of the Cobb-Douglas type is used in which the
contribution of labor is taken into account. This is
virtually the only part of the economic model in which the
data generated by the population projection model is utilized.
Great stress has been laid on the consequences of population
growth on economic development, but the economic model fails
to incorporate most of these relationships in its contruction.

B. SAVINGS
A basic issue is the impact of population growth on savings.

The Economic Development Commentary (p. 1-2) recognizes this
in stating: .

"One of the most significant of social

decisions is the choice between consumption

and saving. If a larger portion of society's
output is consumed in the current year, then
fewer resources will be available for investnent,
which will mean less potential output in the
future and thus will mean less consumption will
be possible. In other words, a decision to save
less and consume more will mean that the capital
stock will become smaller in the future, which
will tend to cause less potential output. ..

In a developing country, an increasing
population bhase will cause an increase in gross
national. product (total output), but will not
necessarily cause an increase in per capita
income as a result of diminishing marginal
- productivity of labor. Many developing countries
with a rapidly growing pojulation base have a
chronic capital shortage, which means the
economy is operating with a less than optimum
capital stock., A rapidly growing popuvlation
will be a significant deterrent to the propensity
" to save (emphasis added) and retard the increase
in the capital/labor ratio as a result of slower
accumulation and the large number of workers
competing for the available capital stock."

Why then is this relationship not recognized in the economic
modecl? The effect of population growth on savings (and thus
investment) is ignored. The reason given on page 9 is that:
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"Although it is widely recognized that saving
increases as income rises or fertility declines,
there is little hard evidence to quantitatively
characterize the savings function... As to
effect of fertility on savings, many recent
studies show that the conventional belief of
the inverse relationships between fertility

and savings may not hold true in a variety of
situations. Even though the authors of these
studies believe, that, under reasonable
conditions a decline in fertility, thus a
reduced dependency burden, would induce
additional savings, the subject remains
inconclusive and may nced more empirical
investigation. Even though domestic savings
represent most of gross investment, long term
capital inflows from developed countries are

an important supplcment to domestic investment
in most developing countries."

The second statement guoted also appears in a paper by Paul
Handler and Chagseng Roh, "The Population Dynamics Group-
Economic Demographic Model and Its Relationship to Planning,"”
presented at a SLADAG Population Seminar held in New York in
March, 1975. The only source citcd by them in support of
the view that availability of savings for capital formation
may not be negatively affected by population growth rates is
a paper presentad by Allen Kelley at the 1973 annual mecting
of the Population Association of America. Unfortunately, it
has not been possible to locate a copy of this particular
paper, but the comments quoted give the general thrust of
the argument.

-One can envision situations where due to sharp price rises

in a major ecxport product, as for cxample bauxite in Jaomaica,

the savings rate will rise independently of whether fertility
levels change. Other situations would include a higher

inflow of economic assistance because of political considerations
such as occurred in Vietnam or Taiwan. None of this, however,
negates the point that the level of savings could have been
higher still if the number of additions to the population

was less than had occurred.

There is far greater evidence that higher levels of savings
are associated with lower fextility rates. TFigure 17 of GE-~
TEMPO's publication, The Economics of Slowing Population
Growth, plots the savings rate against child dependency
ratios for 50 countries. There is a clear inverse linear
relationship between fertility rates and levels of savings.
(The savings rate in Japan is double that of Combodia; the
child dependency ratio of Cambodia is double that of Japan.)
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While agreeing that there are situations in which other
factors may more than offset Uiz influence of fertility on
savings over short periode of +ime, there is nothing to
indicate that the basic inverse relationship between fertility
changes and rates of savings is untrue.

The PDG Comnentory concludes, "The rate of gross investment

of capital formation is hest leflt exogenous. The only
assumption is that the gross cap.tal formation is proportional
to output." The nced to meake this simplification and the
rationale kehind it remains unconvincing. All the PLATO
models are supposed to be focussced on the impact of population
growth on economic and social development. To make capital
formation exogenous is to say that population growth does

not affect the rate of savings. Clearly, it would be wiser

to argue that if fertility rates fall there are fewer net
additions to the population than there otherwise would have
been, and consumption is rcduced by not having to provide
goods and services for as many additions to the population.
Part of this foregone consumption may be used to raise

living standards of the existing population; part of the
foregone consumption, probazbly at least equal to the average
of savings, will be added to the amount available foxr investment.

The mechanism for relating changes in the savings rate to
changes in fertility is relatively simple and is incorporated
in virtually every demographic-econonic model. To argue for
a fixed savings rate contradicts the statement quoted in the
PG Commentary, "a rapidly growing population will bhe a
significant deterrent to the propensity to save." The
concept cannot be stated both ways. If it is significant,
then make the savings rate responsive to changes in fertility
or rates of population growth. Bringing in the idea that
"long-term capital inflows from developed countries are an
important supplement to domestic investment in most developing
countries" merely clouds the issuc. The great majority of
capital inflows have to be repaid orx refinanced at some

time. It is very important, eventually, to be able to furnish
capital requircments from domestic savings. The nced to be
independent of external capital assistonce is a critical
question in developing countries, and it helps to have :
model which can reflect these types of considerations. A
mere conservative path in cconomic planning is to first
postulate that capital formation will be derived from
domestic savings. The ability to borrow or obtain cxternal
economic assistaunce is becoming considerably more circumscribed
and limited. A demographic-economic model should highlight
the consequences of population growtly on the ability to
generatce capital and thus achieve self-sufficiency. Making
grogs investment exogenous misscs this point entively.
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c. PRODUCTION FUNCTION

Related to the question of capital formation is the definition
of capital stock. PLATO uses a Cobb-Douglas production
function in which the contribution of the factors of production
are described in terms of capital stock and the size of Lhe
employed labor force (p. 8.) Later, this production furction
is rewritten in terms of marginal product and the rates of
growth of capital stock and labor force. It is not clear
which interpretation of the production function is actually
used.

The production function used by PDG is written:

= coc o B

The coefficients @ and./3 measure +he percentage incrcase in
output that occur €rom a one percent increase in each of the
respective inputs. The sum of these coefficients, if greater,
equal to, or less than unity, indicates whethcr output is
undexr conditions of increcasing, constant, or decreasing
retuins to szcale. This interpretation is clear enough.

What is not clecar is whether an actual estimate of capital
stock is used in cach covntry. One would think the aclual
estimates of capital stowek are not used; otherwise vvhy. is
the production function rewritten in terms of marginal
product (i.ec. additions to output rather than total output).
Here K is defined as "the rate of growth of capital stock
weighted by capital's share of nationsl income". The PDC
Commentary further stales that, "a computction of rate of
growth of capital ctock requires rate of gross canital
formation, deprcciation rate and capital-ontput ratio". Any
user of the PLATO Nconomic Model should be fully aware that
the adcguacy of cstimating the rate of growth of capital
stock depends on the care and accuracy involved in cdetermining
the three parameters on which it is based.

Gross capital [lormwation, however, is left exogenous.
Population growth is not allowed to affect the rate of
saving and thus capital formation. The only assunption made
is that gress capital formation is proportional to oulput,
and no justification of why this should be se is given. 'he
rate of depreciation i also assumed to he proportional to
output. This is highly gucestionable since the rate of
depreciation is normally based on and appliced to the value
of fixed capital; i.e. capital stocuk.
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PLATO uses the C‘pjta1~output ratio to determine the rate of
increase in capitzl stock. No rationale for changing this
ratio is given whizh means that a fixed capital-output ratio
for a given countiy will be uscd tluwoughout the projection
period. Chancoes in the capital-output ratio which would
normally be affected by the reolative growth rates of labor
and capital are thereby ignored. The important benefits of
increasing the marginal value of lalror by decreasing the
race of population growth is missed. 'The locking in on a
fixed capital-outpul ratio also locks in the relative con-
tributions of labor and capital to output. 'The ability of
population policics to affect the rclative shares of income
going to labor and capital are thereby negated. A1l in all,
the PLATO model has low responsivencss to demcgraphic
factors.

The handling of L, labox, in the production function is
lacking in Uhait labor force participation rates are on a
combincd besis onlyv. Doth patterns and levels of labor
force participation differ markedly by sex. No mea mingful
analyvi of cuployment or uncumloyment can be made without

provision of sopovete participation rates by age for males
and fomntlen.  The ostimate of available lobor force is
clouded by (hie crproach and the determination of cmployed

labor ferece is cguually affected.  'The problems of uncuployment
and wnderengloynent are of primary cencern in develowing .
countrics.  Ho wmcchanicm is built into the wmodel to change
participation rstes over time (except on an arbitrzry basis)
and the rate of caploymoent is fixed fZor the projection
period.  Agoin, if the wodel allowed the gavings rate to be
alfected by chinges in the rate of population growth, some
off tha increace in the rete of invesitment could be reflcctud
in ap inoreused rote of caploymenl.  The inali ility of the
PDG model Lo be scnsitive to demographic changes detracts
considoerably from the ability to domonntrate the impact of
alternative population policies on cconomic development.

Brief mention should be made of the hondling of 1, the rate
of improvewcnt in techpology. This is freguently seforred
to as autononous qLoth and for most developed countrics ig

estimated alt about 1/2 percent a \(AT and for d(voLOpnng
countriod Lt about 1 1/2 percent a yoor. (nlie, (ﬁ;unfrq

For Novel ni. ) Tae PLATO wodel b (‘.v‘iz]_(“,lji ated autonomous
g?TWIh asa Troniducl based on the 190G65-13%0 ox i960~19/0
period in a glVLN country.  Many timoes the -esidual is
affected by fortuitous chnﬁgo" in the pric. levels of primary
CHpoOTT produats avd updue roliance shoodd pol be placed on

values cotinnted from zhovi ‘ase L)L,]Tj ods. Much of thia
technologicsl growih is cwbodicd in tho cewital asocts rhat

are imported which hag little to do with cooncuic policics
taken by individual countries. Large vaviations in esiimabions
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off technoloyy growth complicats and obscure the effects of
population growth on economic chinges. Biasing of GNP
estimates will be less likely il technological growth is
uniformly set at 1 1/2 percent {or all developing countries.

How the value of "A", the multiplicative factor in the
production function, as calculoted is not explained. Thig
factor, which permits unils of capital and labor +o he
combined, should be based on time-series data Ffor each
country. Was this done and, if o0, on how meny years!

data was this based? The value of the output generated is
defincd in the PLATO model in terms of gross domestic product.
Whereas gross national product is the value of all goods and
services produced in a given year by a country accruing to
beth residents and non-residents of that countrv, gross
domestic product refers to that accruing to residenis only.
The question of whether GDP or GNP is a more appropriate
measure of output devends largely on the parpose for which
the analysis is intended.  GDP more nearly reflects the
amount of goods and sevrvices (and incomne) available to the
population. On the oiher hand, given an substantial degroec
off foreign investment, parl of the valus of the output
accrues to non-recidents, part of the value of the outpuat
acerues Lo non-vesidonts and GIP will boe greater than GbP.,
In developing countries at least, GND is probably a better
representation of the wmuount of goods and services produced,
even though residents cannot share fully in it. The use of
GDP clouds thz prodvction function because total output is
not restricted to mecting the necds of only people who are
resident in a country. ‘

The concept of grosg national product (GrlP) is far more

widely uscd and vnderstood than gross domestic product

(GDP) .  Virtually all demographic-cconomic models hoave used
GNP as the measvre of output and doing so in the PLATO model
would facilitnte comparisons. “The problem of rapid population
growth is & far more critical problem for cmorging countries
thoan for developed countries. Changes in fertility ox
population growth will have wore inpasct on changes in GNP

than GDP simply becausce, for devceloping countries, GEDP -
represents o greater level of output.

Another tecimical point is concerned with whether the
cconomic model con ba disaggregotad belween agriculture,
induskrial, ocnd service scetors.  The presenit nodol implies
that the production function iz the sowme for all sccltors and
that the cectoral conposition of the GHP rcemaias unchangod
over time.  Since the qoal in most countvics ic Lo enlorge
the wodern industrial soctor, it ig 1ikely that the contribution
of that sector to GIP will incrcase; while ot the same idime,
the propoxvciosais convribuibion of agricaliource will decroaso.
It is quite possible thot chanoon in scetoral shores will
also be weflecked iv chonges in the proporticnate of capital
and labor to owenul.
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At present, the PLATO model assigns values of .5 to both

capital and labor for virtually all developing countries as
representing the respective contributions of these two

factors to output. These estimates of clasticity of output

are very crude, and if nothing better can be- sccured then
perhaps & range of possible combinations should be given

(i.e. .7 and .3; .6 and .4; and .5 and .5). Certainly no
estimates of economic indicators ox variables should be made
without provision for changing the values of cconomic paramcters,

Also of dguestion is the statement, "in most cconomies,
constant returns to scale is a reasonable assumption." In
some countries, such an assumption may be rcasonable. More
countries, however, are experiencing decereasing returns to
scale, and the reasons are not difficult to perceive.  Land
is not explicitly included in the production function even
though agriculture constitutes a major portion of gross
national product in many countries. Land is, in ef fect,
subsumed under capital with explicit reeoygnition given only
to man-macde improvements to land, such as irrigation systems,
swamp drainage, and land reclamation. Land, especially
cultivatable land, is relatively fixcd in oxtent. To maintain
a proportionate increase in output, o doubling of labor must
be accompanied by at least a doubling of capital. To the
extenl that supply of land is subcweed under capital and is
fived in size, capital will be required to increasc more
than proportionately.

The redecming feature in most countries has been the increase
in technoloegical growth which has offsct what othereise

would be decreasing returns to scale.  While one cannot
foretell whethor conctant or decroasing returns arce likely

to be expericrnced in a country, there wny bhe merit in
permitting the PLATO model to reflect these possibilitices.
Certainly for illustrative purposes, it would he romiss not
to provide the flexibility of varying the contributions of
labor and capital and of reflecting diffcerences in returns

Lo scale.

What shoula be provided is an economic model sensitive to
demographic changes. The PLATO modal providos very little
of this scencitivity. Tt should be possible Lo reflect an
ouiput wix of labor and capital which is responsive to
changaes in populaticn growth rates. 9he velalive ubundance
of one factor to the other is an indication of whether the
marginal value of that factor is increasing or decreasing.
In many countrics, Lthe marginal volue of labor is considered
to be zero or newr zero. This is becavse of the oversupply
of labor relative to the scarvceor resonree of capital. An
cfifective populzticn policy which reducas fervility can
result in a lapor fovee smuller than otherwise would Love
occurred, while at ihoe same time vroviding an increase in
the amount of capital. In such a case, labor bocomes
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somewhat more scarce and CUplL&l somewhat more abundant.
The marginal value of labor increases, as a resnlt, which
meang that workers can receive greqter real wages. A good
demographic-cconomic model should be able to. reflect these
conscquences and, at present, the PLATO model is greatly
deficient in thcse respects.

D. OTHER CONSIDERATIONS

One other major methodelogical question of the PLATO economlc
model is the use of five year projection periods, This is
perfectly adequate Lo population projections, but is severely
deficient Tfor cconomic p]O]OFLLOno. There is a vast differcence
betwoen ona-year and erU'\Lu. 1le aosumptions.  The level

of investmont o0r chance in size of laboxr force occurring in

a given yeaxr can demonstribly uffcet the outpui of the
following yvear. Hakine gross capital formation proportional

o output of five years pasi, howaever, ie siwoly not warrauntod.
Improvenents in the constriction of an ccononice model will

be largely offsct unless results can be gencrated on a

yearly basisz.

There is no problem on how to input population data when
projections are made for successive five yveur intecvals. A
sub-routine ubilizing Spracuce multiplievs will print out
year-hy-~ycar cstimates of populal ion by zge and sox. APp'OpTJdLC
demographic data can bz directly inputicd inkeo the cconomic
model. so as to produce cstimates of economic indicators and
variables for all intoermedicbe yoars within a projectiocn
period. As it wtands, a 25 year ccononic projection model
to the end of the century pommits changes in demoyraphic
data Lo affeocl cconomic variables ﬂn]y ive times. The

. eoonomic medel is basically insensitive to demographic
inpact; restricting dewogr aphic inpuls to only once oevery
five years makes the model even wore insensitive

There arce o nuuber of other aspecls of the ec
which could be mowt’cnvd Chances in fertili are assumced
costless., Considerstion could ba given to asg 3Enlﬂq the

osls of family planning agninsl rosources otherwise available
for invesimont.  Phe vnlves of the cconomic paxnmetors and
cocfficionts eore seldoan devived from countuy-epecific time
serice dnta.  Thoe relodbionchips botuvosn cconemic variables
arc far Jess vrocise than would sean £o be dndicated.

ouomic model
Ly

what thia jxnﬁ:jzi@e; 1o thot alol were work and ¢nroe nrcds to
1

be put inte thoe cconomic modoel.  Theve iz o wead cuesticn of
he econcmic wmndel should not, in facit, be supwlanied

whethaor
by wmoedols provided by ML'TJ“PO oL o LRV of Lthe Puvoaun of
Census.  “he PLATO Peonowic Hedel ds dinndegunie aven for
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demonstration purposes. In the report on the seminar on the
Role of Economic-Demoaraphic Models in Development Planning,
sponsorad ly SUADAG in March 1975, the PDG Director, is
quoted as sayina, "There should be & general model with
enounh texture to demonstrate the impact of alternative
denographic rates on the economy as a whole." (p. 12) If
this be so, the PLATO model is scverely Limited in this
regard.

The lack of linkage between the dewmographic and economic
models (and others) in the PLATO systenm is defended on the
basig "that the effort veguired to wmaike the oxternal linkages
is more than cowpensated for by the opportunity given the
uscr Lo enter his own judgments into the model." This ‘s
highly quostionabla. What informod ju"im‘mn'i;f‘ ig tho uses
upecltnd to substitute?  ilow drnc:: this it with the idea
thal PLALO can ba used })y those with little or no training
in demography o cconomics? (. an corkain paramcetoers bhe
chonged without also affecting other paramaters?

Further defense of the very simple PILATO modcel is given on

page 27 of the SUADAG ceport.  “"Dandler arguced that previous
models may have failed to dnfluence plmmc"r 1 hecause they
included too many feodback linkages so that lheir complexity
comprowised their usefulnoss, IThtegration of a vast arvay

of coupling cocificicnts between variables with only ma rginal
support frem relevant enmpivical evidence tends to weaken
rathers thon ‘,up])w.t Lhe wholo systom and hinder eftective
communciation.”  Such statcwents wicrepresent the situation.
Relating the iwpnet of population changoes o ceononie varinbhles
constitutes a direclt linkage only. Unless changes in cconomic
variablos were in torp related o ehnndges in demograephic
paramctevs, which is nobt the case, therc is ne fcedbaok

" linkagoe.  The cowplexity of having Lo supply vser's judgmoent
in place of Linkage previded by Fho model is Lo more likely
to compromice the usciulness of the exoreise. 2As to the

"vagt array" of coupling f")(*ff"jcjﬁnts betveen variables with
only marginal supportive cvidence, the mwber of such relationships
i olimited and wuch of the covidence ie far morce thun wmarginal.
Linkages demonstroting the impoact of population on ccononidc
variables may likely bo }nr\f(-v able to ignering such relationships
end denying Lheir inpect, covidence Lov which may be even

loss well supported.

The iscue of uodue comnleoxity is not a real one. Phe issuo
s one of concivucting an adeguate rathor than an inadequate

cconomic developaent wmodel,  hoe population projcoelions
model ig deficiont iu several reguovds. The o othinarion of
inmubbing e c:é.'..,L d;:l::_‘: sred Yy the doemograph ia ool

ceonont C ool teads o wisloading
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and erroneousc results. The assumption that such an economic-
demographic model can be used for planning as postulated in
the PDG paper prescented at SEADAG Seminar is simply not

warranted.

.

SUMMARY OI' RECOMMEHNDATIONS CONCERNING THE LCONOMIC
DEVELOPMENT MODIL

1.

Relate savings rate to changes in population
growth. (Base capital formation on domestic
savings.)

Usce cstimates of capital stock.

a. Base depreciotion of value of capital stock.
b. Assume a fixed level of autonomous growth for

developing and developed countries, unless
very adegualte time series data indicate a
moroe appropriate valuc. (i 1/2 percent for
developina; 2 1/2 percent for developed
countries.)

c. Allow capital-oubput ratio to be determined
by model wiother than fixed exogenously.

Use GNP rathevr than GDP for wmeasurcmeni: of output.

a. Provide range of combinations of clasticities
of output for capital and labor.

b. Provide for other than constant retwrns to
scale.

Provide lahor force cstinntes and porticipation
rates by age and scox.

Include costs for fertility reduction.
Make yearly cconomic projections. (Convert

ponulation projections into single—-year cstimates
by use of Spraguce multipliors.)



V. CRITIQUES ON SOME OF THE ADDITIONAL PLATO MODELS
A. ENERGY DEMAND MODEL

The PDG Commentary on demand for energy is extremely brief

and there is virtually no explanation covering the sclcction
of the variables cmployed.

The encrgy model uses data from the population projections
(total only -- not male and female), combined labor force
participation rates, and two congumptlon variables, Q and R.
Q is defined as the energy consunption in kilograms of coal-
equivalent per economically active person per year. R
represents the annual rate of iuwcrease in energy consumption.
The linkage equation is that Q will increase with time at
the annual rate, R(Qu45 =(kem3 . IEnergy demand is then
calculated as the product of O and the number of persons in
the labor force: Q x LI'.

Labor force rather than total pouulat1on 15 uscd presumably
because production of goods and sexrvices (and thus cnerqgy
nceded to moke them) is related to the szize of the cconomically
active population. 7This may have some bearing on encrgy
demand, but the model ignores several other factors which
may have an coven greater relevance, such as: in what ccoctors
are persons employed; do participation rates disguise considerable
underemploynrent; how much of the employment is subsistance
or marginal; what structural changes are occurring in the
econony; what level of socio-economic development has been
ceached; how much of a barter cconomy is present; to what
extent arve non-measurced energy resources included snd available
.for the future (the gathcrjng ol wood constitutes the primary
enerqgy sowrce for 2/3 of the countrics of the world); and
lastly, what impact on demand is causced by changes in price
structure?

The use of an exponential relationship for per capita usc of
encrygy, incrcases the dewmand dramatically in a relotively
short period of time. Such a relotionship is unrealistic.
It is much more probable thot an encruy growih curve will
flatten out and that the percentage increace will decrease
as Lthe base on which it is calculatod incrcases. 'There is
some queastion on the wvisdom of cven projecting such demands
since availability of domostic cnergy resources, and the
ability to purchase such reozources from abrond. ave formidabhle
constraints. P1ottinq o growlth curve bhascd on-individuval
country time-series or hased on other countricz hoving
expericncaed the some levels of gocio-coononic development
might ke an improvement, but the QIO&LLL cobimates arve
perhaps worse than none at all. HNo information hag been
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furnished of the PDG-Fnergy contract with the National

Science Foundation which presumably employs o more sophisticated
construct for estimation of United States needs. Perhaps

part of this is applicable to developing countries. Failing
some move empirical demonstration of energy demand relationships,
it is recomwended that the energy model be dropped from the
PLATO syston.

B. EDUCATION COSTS AND ENROLLMENTS MODEL

The model on education costs is much more in line with other
similar models as developed by GE-TEMPO and others. Some
parts of the cducational model, such as the number of new
teachers necded annually, could be fitted more readily if
Spraguc maltiplicrs were used in the basic population
projection model so as to provide annual population estimates
by sex and 2de.  (The teyn "additional" teachers might be
more appropriate Lhan "new" teachers, since many new teachers
arce hired to replace those who have reotired or left for

other jobs.)

A key part of the nmodel involves application of age-specific
enxrolluoent ratios. (Age 6, 7, 8, 9, 10, 11, 12, etc.) 1In
the Appondix, a method of calculatirg age groups is described
using interpolotion coefficients derived from the Karup King
formula. Thig can produce estimates for age groupings such
as ¢6-11, 12-17, and 1€-22. PDG should be complimented for
applying more sophicticated methodologics, but these techniqgues
stand in stovlr contrvast to the crudences of the population
projection molthodologics caployce. The DG Commentary does
not explain vhat adjucitwments, if any, are made for the
varying age groupings [ouvad in diffcerent countrics for
elementary, intermediave, and higher levels of education.
Primary cdocation ages, for example, con ranae between 6-13
(United States) Lo 7-10 (Brazil). Good estimates not only

of age groupings, but in some cascs of gpecific ages, arc
ncedoed because of macked diffevences in enrollment ratios.

In Latin Amcrica, tbe median yeors of gchooling completed is
two ycara. 2lso bighly significant is the fact that three-
quarters of all students are corcentrated in just the first
two grades. A nmodel of cducation demand nceds better population
estinates thon are now provided if it ig to adeyuately
demionsirate the full impact ol populotion growth.

Thorve 5o aleo a wvojor difference in enrollwment ratios between
males ond fomalen in most developing countrics.  The Education
f

Model drmores this becance reliance iz placcd on o totel

populaition pro,ection only. It has heen daronstrated conclusively
that Jovels ol oducation, particularly for fomales, arve

invoersely aroociaiod with levels of foreility.  The benefits
of adverstion o provide women with the ovporinnity ol gainful

ciploviesnl, or @ an allterpalive ko corly warriage and child
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birth, is also widely recoqg: zacd. For this and several
other recasons, it is recomnendad ithat the education model
reflect enrollment by sex. Thc use of a combined sex
population projcction model seriously wealkens the results
obtained from a relatively sovhisticated education demesnd
model. The Edoncation Model is the most adequate of the
constructs couprising the PLATO system, but unless or until
a methodoleogically sound two-sex population projection model
generates the neoded demographic inputs, the results of the
Education Model cannot be taken seriously.

c. CONTRACEPTIVE COVERAGL MODEL

This mode) is supposedly based on Manuol 6, A Technique

for Pl(v](r L1cv3 of Ikun:"r_ulfn1n1x*q Targoete and Quotas

Roquired o AlLain Doemce~sranhic Un;oC{]th, (Fonald Bo ogue,
et ulfT'FﬁmﬁGﬁﬁtw Tand ramily STudy Center, University of
Chicago). It iz doubtful whcther the authors of this manual
could rccognize theiv handiwork as translated to the PLATO
model.

A basic assnmpbion involves use of a "fecundity rate", the
biolegically mo rimum mmber of children it is possible to
have in the absonce of family planning,  lecundity is
virtually iwpossible to measure. Iuttevites in this countiry
have averaged over a dozen children ner conple.  Much depends
on nublrition, clamete, and other heclibh conditions. s a
measveshle conceepd, thore is no councry in the werld that:

can catinate a "Lecundicy rate.”

The 'NC group, however, sote this rate at 9.0 and furthew
ascumes any furither iuprovewment in decrcasing fertility
rates shoold hoe csceribed to contraceptive practice.  Since

cthe total lertility rate ic a mucn clorey approzimation of
what foexrtility othorwise would e in the absence of fesnily

plenning, using an asconed focundity race greatly overestimates
the necd Loy contracentive covorage
J N

The PLAYTO model leaves oult congideration off clicentele mix by
age and parity, controcoptive mix (pills, (Un's, and othern),

the clinical offcctiveness and use-offoccktiveness of contcaceptives,

and dropouvlt or retention rotes.  Thoe medel ig so methodologically
inadoequate thot any thoughts of usaing it to measure contraceptlve
noceds ov clicnt worklood should be totally ahbhandoned.
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VI. USES AND LIMITATIONS OF THE PLATO PROGRAM

A. DOCUMENTATION OF THE PLATO MODELS

Documenlation concerning the assumptions, construction, and
applications of the PLATO Population Projection Model (and
all other models comprising the system) is greatly needed.
The PHG Commentary preparcd for the demographic model marks
a significant step forward and no perscn can intelligently
use or interpret the results of the PLATO system without it.
Considerable effort has gone into explaining the concepts
and methods employed. These efforts are limited largely by
the design of the model itself. A great nuaber of tables
and charts lack identifying captions and sowrces of data arc
not indicated. Some of the descriptions do not follow
conven.-ional demographic terminology und some of Lhe concepts,
especially those relating to cohort and period measures, get
confusingly intertwined in differen't places.

Proparation of this documentation, however, does not resolve
a numbaexr of issuce, the forewost being the identification of
the audience for which the material has been produced. I
"user" igs defined as a pareon receiving a populotion awareness
demonstration, the material is far too extensive and technical
for his needs.  Such a person does not have an understanding
of the velevant variables of the medel and it is cguestionable
whethor he con interpret cleavly the impact of the operating
factors. Mowover, 1if "user" refers to these who have sone
knowledge of demographic analysis, a difforent type of
dissatisiaclion is Likely to bo encountered. Moch of the
methodology is Ltoo simple to be sufficiently informative

about the populelion dynamics of o given country. Additional
Jdescriptive material is not particuluL1§ usefiul unless the
model wore made sufficiecntly sophisticated to provide adequate
analytical valuc.

B. USER'S MANUATS

Detailed instructions on how to request and how to use the
display ophions available for eciach particular PLATO progrom
are contained in i{he PRLATO IV Usew Manual. In addition,

there are (Iwuﬁ FLn avaiiable on How To ] flak LG Daka —-- Usc 'g

Guida tiing Data Boge in Ponda anu ﬁuvthllon UYP:A LG

O ructure. A dn cali of a User's hinnvl Ticonomic
Dg\N‘]OpmonL JI(NUKJU nas also Leen prapared.
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The Manuals are, in general, sufficiently explicit and

adequate for thcir purposes. Some suggestions received from
users to simplify operations (mostly in not having to go

back to the begimning stages) have already been adopted and

the process of obtaiuning araphics and gencerating data has

been specded up. Other modifications may be indicated if

the models are more interrolated, or if some of the methodological
assumptions are changed. By and large, the ease of operation

and the ability to display data is adequate for present

purposas.

cC. FILLD APPLICATIONS

The instructions on the use of PLAYTO IV are not so self-
evident that ii becomes feasible to have most participants
attempt to opcrate it themselves., Practice is nececssary to
become proficicent, and programs or sub-programs which are
less freguently used may pouse & problem, The fact is that
PLATO wao oviginally designed to be used for population
awarencss demonstraitions. There are a grecat number of
options and applications which ave seldowm wtilized in the
PLAYTO domonstrations which form the bull of present usage.

Few of these posgibilitics acerue to third-country paxticipants
at prescent.  Sowme who are studonts at U.S. institutions

which toach population courses (Univeinsities cf Denver,
Pittshurgl, and Howrth Carolina) may get greater utilization

of PLATO. Students of Dr. Vaida 'howpson, the PLATO coowndinator
at North Carelina, have alieady received class instruction

and dorc lLerm papers basced on the use of PLATO.  Plans arc

in procese ol benver, Wisconsin, ond I'ittsburgh Lo incorporate
PLANO into introduciory courses in populaticn problons.
Faculty wbt enrch of these institutions, however, have cleasly
indicoted that PLATO camnot be usced in tcaching demography

or cconoimic development courses unless the methodologies are
improved and the models made more sophisticated.

D. TNE Usk 01" PLALO FOR ROPULATION DYNAMICS DEMONSTRATION
PURPOETS

Theve bas beon a marked increase in the nunber of persons
receiving dasonstrations ol PLATO terminals as shown in
Table 3.

On the basis of gross funding, which wag glightly in excess
of $1 wmillicn through June 1975, lthe cost i approximately
$100 per person for the estimated 9,145 officials and parti-
cipants who were given PLATO population demonstrations.

This includes model dovelopnent costs which, on a pro-rated
basis, should decline in the fuature. The average cost per
person in FY 75 was lower than in the yeor previous, but the
nunber of persove roceiving PLATG dewonsirations p2r yealr is
unlikely to increaso i the future.



BREAXDOWN COF DG PRCGRAM USAGE
IPLATO Terminal Charpaign shingtcon AZrile North |
Bemcnstrations -Urbana rilincton fiouse Denveir Carolina* Pittsburgh* Total

Tetal Ferticipants
Y 74 (4,.000)
Y 75 5,000

(151)
416

(5,788)
8,345

‘Tectal Forelgn
Nationals
TvoT4 (500) - (342) (473) (116) (4) (50) (1,510;
v 75 600 426 568 176 107 121 2,078
Total suyrericans
FY T4 (3,500) (349) (40) (-—-) (13) 101 (4,278)
Y95 4,40 561 162 8 381 295 €,267
Werld Population Conference in'Bucharest, Romania - aAugust 1974. 700 ¢
Filct Zully cperakizs FY 74.
GRAND TCOTAL 9,145
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The percentage of foreign nationunls witnessing PLATO (excluding
the World Population Conferencs:) was 26.1 percent in 1974

and 24.9 percent in 'Y 1975. VWhile it is desirable that
appropriate AID and other Amcrican officials become acquainted
with the PLATO population program, the real payoff for AID

is in providing third country wationals with an awarcness of
the population problem. With foreign nationals comprising

only about one-quarter of the uscrs of PLATO, the effective
cost of recaching these people is actually considerably

higher than the estimated overall cost of $100 pPer person.

A number of PLATO population demonstrations were obscived in
the Washington area and at other locations. All personnel
were well-motivated and hardworking. Physical facilities
and grceter time availabkility wade demonstrations in university
settings somevhalt more relaxing and of greater time duration.
This is not mecant as a reflection of PLATO personncl in the
shington arca, but rather indicates the need for better
scheduling by the Washinglton Tnvernational Center (WiC). On
some days the demonstrations wore overbooked and participants
were crowded together while on other days no demonstration
were schedulod.

The effecctivencss of the PIATO demonstration is lessened
when there are too many poople present at one time, cspecially
when thare is a vwide diversity of counltrics represented.

Any nunbor of viovers groatoer than six posces the problem of
being able to sce the di“\}ay screan. Largevr groups liwmit
the ability to make spoecific country projections and inhibit
participant discuscion.  The screen can be enlardged up to
30" x 30" and is avallable fros GO at a coslt of $20-25,C00.
Better coordination and scheduling, mostly on the pavt of
WIC, can koerp the sizne of paviicipant croups ocmall and
eliminate the need for obtaining a lavger sizod screen.

There is littlc doubt that the majority of those receiving

Lhe PLATO demonctration have xcactea favorably to it. The
visual graphics provided by the plasme scrcen are perticularly
effective and the ability of the compuler to capture inkterest
and provide olmost instontancous data is an cxtremely desirable
feature. The way in which the gravhs are constructed and
alternatives pletled holds the cttenticon of vicewers and, on

an avarcenceos Level, PLATO can bo very offcctive.

Somewhat lcss corvtain is just how much the viewer has learnad
or what concepis he will be able to apply in his own sitvation.
Precentation woends to boe somawhat ot .,«uu.\t cd o with the oome
instrucior, bul diffcyonces in epprosch ond contont have

heon noted hobvoen dnstrocters and locatiens.  Plecibility
in adaplting the presentation Lo U"J’Tfnu itnloreshls aloo
varies, as doce the ability to elicit weaningful groap

participation and involvowent.
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The great majority of evaluation forms turned in by participants

have been favorable. These evaluations indicate a good

measure of acceptance, although the majority of comments

are

supcrficial in naturc. There is an understandable tendency

when one is a guest in a country to refrain from comment

unless somothing favorable can be said. A better indicator
of the cffectiveness of the PLATO -demonstration would have

come from interxvicwing participants sometime later on an

individual basis. This unfortunately has not been done and
it is difficult to eppraise just how much any participant
rcally lecarncd, and whether the basic concepts underlying

population dynamics were understood.

In viewing PLATO demonsztraticns, onc s concerncd whether
the sophisticated technology (mpJowﬁd in displaying graphics

overshadow the conlent cf what is to be imparted. 'The

plottiug ol lincs and display of lights nmay divert attention

from the cuvbstonce of what is being demonstratoed to the
manner by which it is expressed.  Some wndovetonding of

denmographic Lorminology is also neocded to fully und(rqtand

the PLATO demonsiration.  Terms such as total fertility

rate, age-spoeiiic Jerbtility rate, and dependency ldLJO are

introductoed into prescntations Lo persons having little
no demograpnic backhground.

~

or

It should be recognized thet PLATO by itself is not a sclf-
containaed dowonctratio. of population dynomics. Nothinq ig

“covered concorning the hictorical bacis of population growih,
or the theory of demedrophic transilion.  No answoer Lo given
as to why in tbhe Lost 30 vears choe world has found stooerf
beset with o "populoation cxplilocion” nevoer bhefore expericenced,

tho Line conslraints gonoenelly wruvajljug, it would

Despitae

T

add considaerably to the wnderotanding of the inpeortonce of
p(_)];uh:a'l-icn growth Lo developmont 10 come of this hachkground

were skeloned hedore going inko the actual projoction:s,

The recenrc acdition of o hard copy printer to the PLANO
terminal ol Washingtou-Arlington adds another divension
the populntion aworanoo:s ]3}]}1}&”}12(1L”LCH15;. A considerable
nueber of particivants have reoucsted Uhak printoule of

O

]
coertain yrojcctions Dox theiv comntry ba Tueaished (nopuloticn,
GNP, cdocation, auo onergy), Thain Lo st undercbandable

and it Lhe grorideipiont sonmething tonaila Lo rovies
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The presentations deal very largely with actual numbers.
Alternative methods of presentation, such as index numbers
or proportions, are shunned bLecausc participants, according
to those ¢iving demonstrations, prefer to deal with absolute
data. The use of ratios or proportions indicates very well
the diffcrences in impact between fertility trends, for
example, but without the nocessity of having to ascribe
actual nunbers to alternative projections, Conceptually, it
is more inportant for the participant to know that income
per head will grow more rapidly unde) conditions of lower
population growth rates than otherwise. What the actual per
capita income may be at a fulure date is much less important
than that its growth is aided by conditions of reduced

fertility. There are many cexamples of these types of relationships

and using absolule data is not always the best means of
understanding such relationships.

There will still be many situations where projections should
be presented in terms of aclual populations, dollars of
product, oy nuwbers of school children. The majority of
uscers lack the background to know the linitations of the
modaeles.  The cccumptions and constructs cuploved are eyond
the user's ability o assess their adeguicy.  This being the
case, no anouni. ol waurming will poermsualde them that Thc
results shoald not be teken at foce volue,  They have no way
of realirzing that o poorly consivucted model will give poox
and improecice results,

PLAYO is bost uscd for demonstration purposcs. Limiting it
to this Iovel of application does not Justify failing to
iuprove the conciruction of Lhe vavious modals that comprisc
the progrom.  She PRATO models do not approach the dedarce of
sophisiticalicn found in the LRPM or GE-TBEMIO models, nor do
-they nced to if confined Lo bhagic instruclion. Dul tha
present nodels eve o averlyeimplifiod thet they 2re poor
simulations of reality and he dato gencerated should not bé
usced, nob oven for demonstraltion purposcs.

i
g
1.

At the ovicct of this ovaluation, it was thought possiblae

that cextain, more sophisticated medals on cconomic development,
educetion needs, and welfare ouklays, conld supplant or he

nade eomplomontosy Lo crdocing PLAYO wodola, While technicnliy
possible, such o covvee ds nobk reclly feasibleo,  Dovelopors

of nore sovrhicticated modols racoonize (hat technical ascistonee

on a continuing basie i nocded for plonning and policy usos

in individual count .o More dotodloed knowledge ol condiiions
in paviiculsy comumbtrics ant o modold ot bo
node fov all soviocve ooplicat wrderstoandablc
reluvctanrce i Lho e of tho tors o hoeve
Lhoose mo e odvoenand welhols oo he: PLAYO

syston in owhdich TH4 00 ox no assictanco

i
can be givaen,
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Another limitation to bringing non-PLATO models on line are
the somewhat different data needs. Substantial additional

data would have to be stored, and in other cases there are

conceptual differences in mecasurcment (i.c., GDP v, GNP) .

PLATO does not at present have sufficicent sophistication of
model constructs to be used for cexltended instructional or
planning and policy purposes. DRoth GE-TEMPO and LRPM are

much bhetter cquipped for these purposces and there scems

little need for PLATO to also serve such purposes.  I'or

plonning purposes, the need for visual graphics or immediate
computer response is not an important factor. Ceneration of
planning and policy data by usual computer facilities is
adequat e for such purposces. The recommendation is that the
scope of PLATO be limited to population awarcness demonstrations.

. USE OF 'MIE MINI--COMPUTIER

Funding has hoen provided by AID to cover the cost of installing
one froe-standing PLATO Mini-Computex. The purpose of the
Mini-Conmputer is to free the PLATO systen from dependenca of
being bied-in to the Urbara, Illinois, computer terminal,

thus pemaibting opercbion of PLATO at overceas locations.

The Mini~-Cowputer System proposcd by tho Population Dynamics
Group is technically sound. It is well designed, utilizes
proven Lechnology, and is eparating on a computor configuration
that hao recoived wide Cf"‘m‘vnc« The nse of the Mini-
Computer doct however, require additional comment. The

basic price of $50,000 per installation is subs-antially
undersiated for tho type of support scrvices that will be

required.  Uho price docs noi inciude instruction of consultation
servicos beyvond the initial installation period. Turther,

the pricoe deoe nol dnclude funds Dor tvanczportation and
‘related crponces incerred for normal maintenance of the
systeom.  Althr \ug} #he Population Dynemics Group recodnizes
the necescity of providing vegulor machine maincenonce, they
arc ascuming that the software system is "error prool,

The ability Lo obtaln hard copy ocultput from the HMini-Computex
models is hichily deusizable; howaever, this capabililty does
not currencly cmist,  Further, the provosced haravare cenfiguration

will not supporst the gencration of hm;.’i Cory cunpNes.
According Lo bhe PDC atafl, on additional &ix Lo twolve wan-
ponthe ol design and progroassing off mt would he raguiised Lo

develow such a capab . o ooddition, the basice cost of
the cowmputoer configuratl would dncrense by $5,700 to
<

- s e - . e e - ] P I I o a1 - . - . PRI .y - M -
37,000 por comnatei, J‘;;./-, wding upon the printing device

aolectod.
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Technically, the Mini-Computer System could be adapted to
operate on any compatable "in-place" computer; that is, it
could be modified to function on a compatable computer that
is currently being used in a host country. Where compatable
computers exist, an undetermined level of additional funding
would be required to modify the system to function on each
unique configuration. Turther, unless the host country
computer is regularly uscd in a time-sharing interactive
mode, the impact of the Mini-Computer System on host country
technical staff would be substantial.

The usc of the Mini-Computer System, which is based on the
PILATO system of models, will not give results sufficiently
advanced for planning and policy usage, and will duplicate

two other systoms already developved for these purposes. The
Mini-Computer, if used for demonstrations of population
dynamics, 1s expensive relative to its possible utilization.
In any given capital city, or in any given regional center,
the number of people who can benefiit from such a demonstration
is rclatively limited.

The initial proposcd site of a Mini-Computer System is
Bangkok where it can be used on a regional basis by ESCAP.
This 1s probably about thc best situation that can he
obtained. FESCAP has several trained demographers and
economists on its staff and has the cupertise to analyze
population implications on national developnment. The same
limitations of the PLATO model system apply to the Mini-
Computcer System. Although it is technically possible to
develop or enter in locally developed modifications to
models, to do so would impair the integrity of the system as
provided by PDG members in Urbana. 'There may also be a
question of AID supplying a conputer to a UN-funded agency
-instead of the UN budgeting for the Mini-Computer System
itself.

There may likely be a misapprehension on the part of the

ESCAP who sce themselves acquiring a computer capability

which they would like to use for their own studies. The
oversimplificd PLATO models do not generate good quality

data, and the Mini-Computer System does not lend itself to
allow other models to ba developed by host country nationals.
Since "standard" output devices, i.e., printer, are not
included in the proposed computer confliguration, new technology
would have to be timparted in order for host country nationals
to utilize the on-line plasma terminal.,
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In sum, it is doubtful that there is sufficient demand for
population demonstrations elsewhere in the world to justify
the installation of a Mini-Computer System. The PLATO
system which is incorporated in the Mini-Computer System is
inadequate for planning and policy purposes. Further, the
investment in developing Mini-Computer Systems for overseas
usage is not warranted.



APPENDIX

TECHNICAL REVIEW

The technical review of the Population Dynamics Group
(PDG) MINI System was conducted under three basic
premises. First, the PDG MINI System will be installed
in approximately five developing nations, which are

yet to be identified. $Second, the DG MINI System

will be used for the purpose of giving demonstrations
concerning the implication of population growth. And
third, other models should be made available through the
PDG MINI System.

In preparation for this technical review, interviews

were conducted with Mr. Elven Riley (Population Dynamics
Group), Mr. Phillip Steel (Data General), and Mr. Henry Cole
(GE-TEMPO) . In addition, the following reference materials
were analyzed:

o Real-Time Disk Operating System
(RDOS) User's Manual

e ECLIPSE Computer Syvstems

© User's Manual, PROGRAM Extended
BASIC

" Seminars in Population Dynamics

and Economic Deovelopment

® PLATO IV Comnentary
=) PLATO IV User's Menual
o Rumning the Enargy and Population

o
Models on the MINI

.} Educational Cost and Enrollment
Rates Program, Part IV

® DEMOS: Demographic-Econcmic Models
of Scciety, A Computer Learning
Systoem

THE POPULAYTION DYNAMICS GROUP MINI SYSTTEM
The Populaiion Dynemics Cooup, University of Illinols,

has transferred four Population and Jlnergy Programg from
the PLATO Sysitem to the PDG MINT System. In adsition,
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they have developed two new models to operate exclusively
on the MINI. The MINI System consists therefore, of a
General Population Model (120 countries), a Food Model
(120 countries), a Fnergy Supply/Demand Model (120
countries), a World Energy Trade Model, a U.S. Energy
Supply/Demand Model (new), and a U.S. Energy Demand

Model (new).

The PDG MINJ System is operating on a Data General
ECLIPSE System. The schematic diagram below represents
the minimum hardwarce configuration required by MINI.

Power
Supply
ECLIPSL
Central Disc
Paper Tape ] Processing |——— Cartridge
~— Unit l Drive

PLASMA
Terminal

N——— e

The configuration consists of an ECLIPSE Cen'.ral Pro-
cessing Unit (CPU) with a capacity of 32,000 16-bit-
words, a power sup/.ly unit, a paper tape unit, a disc
cartridge drive with a DIANLO disc pack, and an inter-
active display terminal (PTASMA). This particular

CPU ond a wide variety of peripheral cquipment is
currently operational in more than 130 installations
outside the United States. Although it requires a
controlled cnviroment (air conditioning) it has a
highcer degree of env ronmental tolerance than standard
large—-scale computer systems.

ON-gITE SUPPORT REQUIREMENTS

According to the Population Dynamics Group staff, the
proposaed fee of $50,000 per host country site includes
personncl costs for hardwere and software support services
for one year, as well as installation and instructional
support. A standard cne-year maintenance agrecment will

be signed with Data General to provide for the ingtallation



and maintenance of ECLIPSY hardware and software systems;
PDG will install and maincodin the PLASMA terminal and

the MINI System, and will orovide the initial instruc-
tional support cervices.

ECLIPSYL will receive a standard monthly Preventive
Maintenance (PM) analysis by Data General technicians.
If problems occur with the NCLIPSE heardware/sofiware
systems bctwveen PH vj31tu host country sites will have
to request lmmodi assistence, or wait until the next
scheduled vicitation. Data General doecs have cxperience
in supporting installations outside the United States.
They curvently have international offices in Australia,
rustria, Bra21l, Canada, Costa Rica, Denmark, Dngland,
Finland, France, liong Kong, Israel, Japan, Malaysia,
Mexlco, Netherlauds, Puerto Rico, ocotland, Singapore,
Spain, Sweden, SWJLVﬂ:J and, and West Germany.

The Population Dynawics Group will provide initial on=-
site instructional ansistance for an undefined period
of time; estimated at one to three wecks per site.,

They dc not intoend to provide host countries with con-
tinuing instruction or consultation services beyond the
installation period. All PDG support vevvices will he
conducted from the campus of the University of Illinois.
PDG does not anticipate any problems with the PLASHA
terminal or the MINI Sysiem., Stendard precedures have
not yet Lecen developed to communicate bost country
probleMQ, real or imcgined, with the PDC staif at the

University. If crrox conditions in the soflware cystems
should occcur, the PDO staff cupccts to make Lthe nccessary

corrections; however, the vehicles for 5dnnrifving “TTOIJ
and updaiing comyections do not currently ecxist. Softwvere
naintenance can he provided in a varicety of wodos; hova\er,
factors such ez distonce, lonc juage, local custeoms, and
sophistivation of hest country nationals nust be accarate-
ly measurcd in ovder to develop o workable solution.

The MNINT Syston. wvill Dbe installed and maintained in the
host countrico on a flhg‘v DIAPT.O Cartrvidge Disc., 3]
order to ensure the inteqgrity of the 1ET Systiem, all
modifioations te the centents of this Jice will be wade
by PHG =tafld sonlers only.  Shie }_J;,(.‘.\f.!_l"\’.x"\'tﬁi the Jocal
modificetion of progromned moeGels and dola.

MODIFICAUIONS TO TRE MINLD SvsvrM

The MINI System currently consists of six models. nfter
October, 1275, thc PDG staff plon to convert the worrining



population models currently operating under PLATO

and develop additional models for the MINI System.

All models operating under the PLATO System are

written in the TUTOR language, while models operating
under the MINI System are written in the BASIC language.
PDG estimates that cxisting models can be converted
from PLATO to MINI at an averaqge ratce of {wo man-months
per model. Turther, the single DIABLO cartridge disc
should be sufficient to house a total of fifteen to
twenty models.

It has been sugqgested that the MINI System be modified
to produce optional hard-copy reproductions of graphs
displaycd on the terminal. Although the PDG staff
professces {o bave the technology for converting terminal
imagces to hard-copy, the capability itself has not yet
been developed. Recordingiy, the PDG estimates that
this facility could bz developed in approximately six

to twelve man-menths. This cestimate scems rather high
and prebably covers all contingencies. hAn estimate

of three te six man-nonthe should ke sufficient. If a
hard-copy oplion ic developed for the MINT Syetem, the
hardvare contiguration must he upgraded to include a
printing device. The I/0 Interface, Line Printer Control,
and printing device will cost between $5,100 and $37,600
per computer.

Modelis, other thon .the PLATO models, could also ba con-
verted to operate under the MINI System. The justification
for cocnverzion would have to be done on a model by model
basins, For oxample, the DEMOS wodel developed by CR-

TEMPO ig written in the VORIRAN IV language and i
curxently operationel on the CDC 6600 Series and fhe IDN
360/0h opcerating under fuil 05, The DEMOS model requinres
approximetely 230,000 bytesz of cere storage. If the

DEMOS sanded copahilitics are of gsuificient velue to he
included within the froamewvork of ihe MINI Svsten, the

medel). chould bhe rewritten, ag opposed Lo translated to

the DASLC longuage,.  Although the CR=-9BMPO rodel was not
analyrod as paxlt of this tceceimical review, I would estimate
that arproxirately one man-year of cffort would bhe »equired
for o cowprebmnsive reweite. T'n eddition, stind-alone
documentation suitcble for conoampticn Ly oot country
naticihi s vould hove Lo bhe devoloped.  GR-TLEpO Yeols thit
the DLMOS wodael ds o woet vecetful when it s suppori.ag a
contining c¢ialosue hebtveen the inclruvcltor ond a plannern,

Lach nodel chosen would have o Le converiocd frci ite
present languiage Lo tha BASIC ITmncuogs, In addition, new
models wust e mode ovnratione) witlhin the 32,060 16-bit
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word restrictions of the existing proposed configuration.
Models currently operating in a batch processing cnviron-
ment would have to be rewritten for the interactive terminal
envireonment. This task is not dependent solely upon the
PLISMA terminal, but applies to any interactive terminal
selected.

The existing MINI System has been designed to a modular
fashion co that standard programmed CALLs can be used to
display informat:ion on the terminal. “he design of the
system should aid the development of new models, as
opposed to hindering the addition of new models. In
addition, it should be a relatively minor task to change
the formulas of existing models and to provide for the
modification of additional variables.

OTHER STATISTICAL CAPABILIVIES

The ECLIPS) System does not include any standard statistical
capabilities such as CENTS-AID, the Statistical Package

for the Social Sciences (SPEg), BIOMED, or the Scientific
Subroutine Paclage (SSr). The develcp..cnt of standard
statisticel measures would have to be programmed f{rom
scratch.

OTHER AVPLICATION SYSTEMS

In‘gddition to hardware (that which can be touched), the
Data Genexal ECLIPSE System includes a variety of software
support fcatures, including a real-time operating system
and {four compiler languages: FExtended ALGOL, Real-Time
FORVRAN 1V, Exteonded BASIC, znd an Exitended FTORTRANT V., A
varicty of comnorcicl packacnes are alee available for the
FCLIPSE Cystem. These conmercial packages include:

o Daconics Wouvd Processing Systom;
a generalized text editor.

G sarrister/2300; a gencralized
accounting systom which includes
modules foxr accovnbts roaceivable,
account payable, pavroll, cte.

(-} PELAIT 13iC Madical Sysiems, polient
histoxies, preceriptions, hospital
payroll, billing, ctc.

o Cullinonic/TDMS; Dala Boase Management
Systoem.



Under the basic premises of this review, it is not
recommended that additional appllcatlons be considered
for the ECLIPSE System.

UPGRADING ECLIPSE .

The ECLIPSE computers are available in single-processor,
dual-processor, multi- pvocos 017, and distributed computing
systems., In esscnce, it is a very powerful computer
systoem that can be applied to a variety of applications.
Data General offers a full range of peripheral devices
for upgrading the basic computer configuration proposed.
The list of periphcral devices includes: fixed head
discs, cartridge disc drives, disc pack drives, magnetic
tape sub-systems, tape casscttes, line printers, card
readers, perforated tape un]LJ, plotters, video display
terminals, and teletypewriters.

ALTERNATIVY CONPUTER CONFIGURATIONS

Any computer confiquiration othexr than the Data CGeneral
FCLIPSLE System vould reguire sufificiecinl core storage
capacity (32K l6-Dbit v01du), o BASIC language compiler,
a time-sharing operating system, an interactive graphics
paclkaqge, and compatable peripheral devices. Llthough
many computer mavufacturers offer all of the services
requircd, conversion costs would be incurred. The
Population Dyramics Group is oplimistic that these costs
would be minimun.

SUMMARY

Techaically, the cheice of the Date General ECLIPSE System
is a cost effective mears of supporting the PDG MINT
systmu., Doata General's cuperience in installing and
maiutaining over 130 remotoe zites gives them valuvable

experience in supporting host countyy computere at an
prlJLthd] level. Although it is deemed to be technicully
possible to convert the MINI System to functlon on other
hardware devices that way olready exist in host counixics,
I woald not encourage this course of action. 1In addiijon
to tne cost of converting the system, the implementation
cf & time-sharing opereting cvoicom into a computer
installetion Lhet docs not noraally suppori that type on
svetenm is a potential (certain) preblem of the firvst
magnr.itude.

similacly, the proposal shouvld Le evalvated on its own
merits without consideration as to additicnal soiftware
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systems that could occupy the computer when it is not
being used for demonstrat.ion purposes. Numerous
technical consgiderations hccome critical by including
alternative applications in the review process.

The proposed fce of $50,000 per host country site is not
inclusive. Although, s~cording to PDG staff, the fiqure
includes estimated personnel costs for installation,
instruction, and maintenance; it does not include fees
for travel and related expenses. Further, I suspect that
the eslimates are unreclistically optimistic. The PDG
staff has stated that they do not anticipate any problcms
with the interactive terminal or the MINI System. 1 am
very impressed with the technical capabilities of the

DG staff, however, their lack of experience in supporting
remote cites lcads we to suspect that thev have under-
estimated actval support nceds. They will find that it
is expensive to solve minor technical problems, when
renote sites sre at a great distonce, and where host
country nationals are not as highly skiiled.

Ecach time that T have scen the nmodsls operate, a hic
glilled professional demonctrater was in charge. I am
of the opinior thot without a continuing interaction
between an instructor end a student, the impact of the
MIND Eyetes will soon diminish.  Therefore, it is
recommendnd that the proposal be wodified to include the
gservices off a full~time instructor for cach of the five
host country sites.



