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COMPUTER ASSISTED INSTRUCTION IN POPULATION
 
DYNAMICS FOR NATIONAL PROGRAM DEVELOPMENT
 

PLANNING AND EVALUATION
 

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 appropriate 
AID and other U.S. government perwonnel. This system, 
generally referred t.) as "PLATO" (Programmed Logic for 
Automated Teach Lng 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 Washington, D.C. was authorized.
 
In May 1973, a new contract extended the project for an 
additional two years through June, 1975. The scope of 
services were expanded to provide Population Dynamics Seminars 
in other training centers in the United States, including 
Washington, D.C., the Air].ie 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 

N=7n'er 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 



- 2 ­

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 obligated. (See
 
Table 1.) 

B. PURPOSE OF THlE EVALUATION
 

This report represents the first overall comprehensive
 
evaluation of the Computer Assisted Instruction in Population
 
Dynamics project. Throughout the report the models and
 
computer system utilized are referred to as "PLATO", and the
 
persons involved in developing the models and the population
 
materials at the University of Illinois are designated as
 
"PDG" - Population Dynamics Group. 

As of June 30, 1975, the Population Dynamics Group had 
developed a series of models or submodels covering factors 
in development affected by changes in population structure,
 
size and growth. The demographic model is for population

projections and the results of this basic model are utilized
 
by all other related projection models, i.e. Economic Development;
 
Labor Force; Migration; Energy Demand; Food: Supply, Demand
 
and Trade; Educational Costs and Enrollment; and Contraceptive
Coverage. Construction of a health model is planned, but 
has not yet been developed. In 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 having primary responsibility for their development 
is given in Table 2.
 

Descriptions of the construction and applications of the
 
various models are provided in a series of Conmentaries
 
prepared by the PDG. User's Manuals are also 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 laqged 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 important commentary, that onpopulation projections, was completed in June, 1975, and 
contains over 120 pages. PDG Commentaries on the other 
models are still in rough draft form and in varying degrees
 
of completeness.
 



TABLE 2
 

AVAILABLE FROM PLATO MODELS POPULATION DYNAMICS GROUP
 
(as of June 1975) 

PDG 

Name of Model 
Commentary 
Available Prepared By 

Foz Use By 
Mini-Computer 

Critiqued In 
This Report 

Popnulation Projection
One Sex (Combined) 
rwo Sex 
Reional 

Yes 
No 
No 

Klaff Yes 
No 
No 

Yes 
Yes 
No 

Economic Development 
Labor Force 

Yes* 
Yes* 

Roh, Handler 
Roh 

No 
No 

Yes 
Partial 

Educational Costs and 
Enrollments Yes* 

Fulponi, 
Birnbaum No Yes 

Energy Demand Yes* Milstein, 

World Energy Trade Model (?)
U.S. Energy Supply Demand Model 
U.S. Energy Demand Model 

No 
No 
No 

Radell Yes 
Yes 
Yes 
Yes 

Yes 
No 
No 
No 

Food Suppli Demand (Trade?) No Klaff, Fulpon: 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 
*Preliminary. 
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A critique of five of the key models comprising the PLATO
 
program follows. The comments, whilc detailed, are not
 
intended to be totally exhaustive. Lack of documentation
 
makes assessment of some of the less important models impossible.
 



II. SUMAURY AND CONCLUSIONS 

The PLATO system in population dynamics has many good features
 
to recommend it. The computer t.:,chnology is sophisticated
 
and provides a rapid feedback of information coupled with an
 
excellent visual display. The mode of presentation attracts 
considerable inte.:est, 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 teaching materials are
 
well prepared, PLATO can be an excellent Leaching device.
 

At present, the primary use of PLATO has been for demonstrations
 
of population awareness. The presentations about the implications
 
of population growth and future development needs 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 been
 
understood.
 

The size of the PLATO display screen effectively limits
 
comfortable viewing to not more than sx people at a time.
 
Time limilations preclude participants rece.iving more than a
 
limited awareness of population implications, but PLATO does
 
well for the time allowed. The presentation tends to be
 
confined to projections and their impact; historical background
 
or concepts are covered only slightly. There is a tendency,
 
especially marked since the advent of a hard copy printer,
 
to interpret the data being generated 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 being realized largely 
due to the construction of overly simplistic mode.l . There 
hdve 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 ;roup. 

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 Bureau of Census, are more technically advanced. 
These systems incorporate more sophistication in tme 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 
planning or policy purposes. 

PLATO can he used tor population awareness demonstrations. 
but not without substantial toch.ical improvement in the 
construction of the models, the nature of the assumptions 
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made, and the methodologies employed. The population projections
model, which provides the [np-t :or all1 other models, is of 
paramounL importance and usage o:* many of the present short­
cut methods and simplifying as.,imphLions result in less thanadequate results. A detailed .li.;Ling of suggested changes 
is provided at the end of the secLion dealing with the
demographic and economic deve].opmant models. Other models,
particu].arly energy, food, and contraceptive coverage, are 
based on such incompl-ete relationships and iriadequately
estimated parameters that no confidence can be placed on the
results. These three models need to be totally reconstructed 
or else abandoned. 

The argument that substantially the same results are generated
by PLATO as by other approaches or models is specious and 
should be rejected. There are elements in population besides 
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 inadeciuately linked together and do not
sufficiently reflect the impact of population size, growth,
and composition on economic and social factors. The alternative
 
of bringing w-ithin the PLATO system other more adequately

constructed models, such as GE-TEMPO or LRPM, is not justified 
on the basis of expense, lack of adequate technical. assistance,
and the limi.ted level of purpose to be served. Improvements 
can 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 
under taken. 

The providing of Mlini-Computers at overseas locations is not
jisti.f ied. The of who could benumber people 	 benefit from a
population awareness demonstration is not known, but it is 
hard to conceive of more than relatively limited groups at 
any given location to whom such a demonstration is pertinent.
The stage of development of the various PLAT.[O models is such
that ser.ious consideration cannot be given to using the 
Mini-Computer for planning or analysis purposes. The problems
in flexibIlity of operation and support assi.stance, as 
detailed in the Appendix, mitigate against the use of the 
Mini-Comuter. 

The overall recommendations concerning PLATO are: 

1. 	 Limit the use of PLATO to population awareness. 

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

3. Do not develop or use other models at this tim-ie. 

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



III. CRITIQUE OF TIE POPULATION 

PROJECTION MODEL 

A. OVERALL PURPOSE 

The PDG Commentary 
in terms of making 

descri.bes the demographic 
population projections. 

model 
(A sum

of 
mary 

PLATO 
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 f-or the future, based on some plausible pattern of 
growth from the past. Particular emphasis is placed on the 
definition of projection because 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 use in planning, when actua].ly the data is 
illustrative of probalble trends and directions,: only. The 
:issump lions and their hypothetical nature are frequently 
overlooked when the results of population projections are 
incorporated in other models dealing with economic growth,
food, education, energy demand, or contraceptive coverage. 

There are two principal ways of making population projections.
The first type is 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 turn 
determine the rate of growth. The model produces projected
demographic data for five-year age groups at five-year 
intervals based on either constant or changing parameter
assumptions. Each 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 awareness
 
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 case birt-.hs and deaths are calcu.ated in relation 
to each age and sex group of the population. 

The failure to use age-sex specific rates in making projections 
is questionable. Granting the contention of the PIDG that at 
the time of original deve1opment there was a lack of core 
capacity in -he computer to accommodate the necessary calculators,
the continued use of the (combined) sex approach, now that 
capacity is no longer a problem, should be examined. 

http:birt-.hs
http:actua].ly
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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 where 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. 
(NoLe: probably an inadvertant misstatement -­
simplifying the algorithms should dec :ease 
response time.) In the shbrt run, up to 50 
years, the projected I5opulation totals 
using the combined sex model differ only 
very slightly from the Lwo-sex model. Over 
a longer period differences increase, but 
considering the flexibility of population 
growth to changes in the demographic 
parameters and unknowns such as thie marriage
function, these differences are considered 
to be within reasonable bounds." 

The decision to base 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 effects of births and deaths in the 
population by sex and age.
 

The distortion produced by the combined sex model is significant
when age and sex distribution must be analysed. Using a 
combined mortality raLe is misleading since the mortality
experience of females is more favorable than that of males 
in every country of the world. The of a combineduse mortality
schedu.e implies that the number of males and females are 
equal for each age interval. E'.nce no sex ratio at birth is 
employed, Lhe number of male and female births are considered 
equal. Both of these outcomes are contrary to reality.
More boys are 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, three major sources of distort.ion 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 births; and 
2) the diffe-rence in the numiber of' male and female survivors 
at each interval. The result is an incorrect assumption of 
equal numbers of male and female births being inpuled; that 
an equal number of males and fema les survive at each age 
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interval; and that the total population is comprised equal.ly
of males and females. The popuki-lH:on projection model thus
fails to stimulate the actual etIccts of mortality and 
fertility as well as it should bcausr- it does not properly
reflect the age-s ex composition of the population. 

B. MORTALITY ASSUMPTIONS 

Important distorLions are introduced because of the way in
which mortality schedules have been employed. On page 64 of
the PDG Commentaries it is stated: 

In the computer are stored cohort specific
survival probability schedules for selected 
Life Expectancy at Birth values, based oi 
Regional Mode] Life Tabl.es for each fourof 
regions. (North, East, West, South.) For 
each region 12 schedules are stored,
increasing in five year steps from an LE 

(e Oof 25 = 25) to an LE of F:0 ( 80) 
The Coale-Demeny Regional Model Life Tab.es
(Coale and Demeny, 1966) are used. Althouqh 
a difference ,,i.sts between the average
survival .rotes of men and women,, a consistent 
set of sched.es, based on Ihe. female tables,
has been use(d in all the model It was 
found that this does nat siqniificantly affect
the projected results. The e ° 80= 
schedules were constructed by 0extrapolation
techniques." (Emphasis added.) 

First, calling these schedules "cohort specific Eurvi.val
probability schedules" is confusing. What life tbles give
is a value of P(X) --- generally expressed as the probability
of surviving between age x and age xtn. In constructing any
life table, the assumption is made that mortality rates at
each age may be applied successively to form a hypothetical
cohort, even they pertain the same year.if to This method
is a way of representing the history of a complete lifetime
when the available data pertains to only short periods. (Inthose rate insttances where data is based on the experience
of an actual cohort, it is generally called a "generation
life table. " The term "synthetic cohort life table" is
rerlundant; the term "life taba'e" implies use of a synthetic
cohort.) The result if a summary a year's deathof ratcs,
rather than an Lactual life history. Estimates based on such
rates reflect what would be, the implications if the synthetic
schedule of inortal. ty did pply -C an actual Cohort. But
labeling it "cohort specific survival probabilities" makes
it appejr that we are talking about real cohorts, or thal
the schedl io- of -ortility rates provided arc someth.ing otLer 
than the regular survival probabilities incorlporated j.11 a.1 
l.ife tables. 

http:sched.es
http:equal.ly
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Second, no explanation is given as to how the appropriate 
regional- life table is selected. 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 the ago pattern of mortality that. 
prevai.s. Other developed countries may be better fit with 
other regional families of life tables. This procedure has 
probably been followed by PLATO, but the PDG Commentary does 
not indicate which family of regional life tables have been 
employed for specific countries. There is a great deal of
 
informed judgment needed ini selecting which life table to 
use and, on this point, the PDG Commentaries explains very 
little. 

Third, onl.y 12 schedu.es for each of the four regional 
families of life tables are stored. This is exactly one­
fourth the number, 48, provided by the Coale-Demeny tables. 
('iwenty-four levels of mortality given separately for males 
and females.) Interpolations take place over twice as large 
a range as otherwise would occur. This leads to some distortions 
because changes in mortal-ity experience are not proportionate 
at all ages, particularly with regards to infants, children 
under age 10, and to persons over age 70. 

Fourth, the assumption is riade in the P.,ATO system that 
female life tables can be used to represent the combined 
mortality exper:'.ence of males and females. For most countries,
females have a 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 thlat the life expectancy at birth for 
males and females is equal is contrary to reality. For any
given mortality level, the correspondi.ng expectancy of life 
at birth for males is less than for females. To simply 
average the expectancies of life for males and females at a 
given time does not properly represent the mortality experience 
of either the males or females. Using the tables for females 
(and therefore 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 Commentaries dealing with data and data sources (p. 
110).
 

"The IDSC data give popul]ation distribution 
and life tables for males and females 
separately. F::m these we derive the 
distribution of the popu~atcn as a whole. 
Mortality. (1-P.) for the ent.4 re population 
is derived from the male and female life 
tables on the assumption of , sex ratio of 
1. 02 for African countries and 1. 05 for 
others, unless mentioned otherwi.se." 

http:otherwi.se
http:correspondi.ng
http:schedu.es
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Aside from the basic question of why one should construct a
combined sex model when data can be used directly without 
transformation on a two -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 th"L are male and female. On page 21
it is stated, "Population is divided into 18 five-year
cohorts, with the assumption that there are an equal number 
of males and females in each five-year cohort." Obviously,
the sex ratio does not enter into the PDG calculation of
births or survivors. How, or in what way, does it enter 
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 weighted average
of the male and female schedules and is stored as a probability
function." (Underlining added.) How is this weighted?
Is the expectancy of life at any age proportional to the 
number of males relative to females? If all cohort ace 
intervals have equal numbers of males and females, how is
this possible? Is the weighting not in tMe schedules, but 

expectancy life andin the of at birth between males females? 
Elsewhere it is stated that only female life tables are
used. Does this represent a proper weighting between male 
and female mortal.ity experiences? 

The rationale of the one-sex (combined) model is based on
presumed advantages in shorLcuttinq the estimating of survivors 
process by using a combined e ° and not employing 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 quickly. Proper estimation 
techniques are to use separate life tables for survival. 

Exception must be made to the original statement in the PDG
Commentaries that "in the short run, up to 50 years, the 
projected population totals using the combined sex model
differ only very slightly from the two-sex model." First of
all, this statement misses the point that total population
is not the only, nor necessarily the most important, criteria 
of producing adequate popu].ationi projections. Distortions 
in reflecting age-sex composition tooi, have more effect on 
such things as educe tion demands, labor force, and unemployment.
The statement and the rationale also ignore the point that
if PLATO is to be used for instructional purposes on how 
to do population projections, it Woes not empl oy the correct
and almost universally appli.ed methodologies. The approach 
may suffice to bring about an awareness of the seri.ous 
imp].icaLions of popu.at ion growth to those who have had 

http:appli.ed
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little previous exposure. However, the approach falls far 
short if intended to be used for computer assisted instruction 
or for planning and policy purposes. 

It is also unusual to define the short run as "up to 50 
" Short J.n most developing countries seldomyears. run 

encumpassies a period of more than 10 ycars or 15 years at 
most.. But the argument that Lhe results of total population 
do not dififer substanLially between the one and two sex 
models is soewhia tau tologica 1. Why this is so can be 
understood if we analyse what causes population growt:h. 

Most projections for PLATO are based on 1970 data. The 
survivors for that year are determined by the level of 
mortality and Lhe 1number of people already present; fertility 
affects only the numbers born afterwards.. For a few years
after this date, the major elements of projction are the 
base populatbion by age and the proportions"qeat each that 
survive. The popul.a.Lion by acge is fixed at the time of the 
base year, and Lhe rates of surviLl1 are subiecL to relatively 
little change iat most ages. For Ehis reason, the estimates 
may be quite close to rcaliLy until the a .'et of fertility 
begins to occupy a l rge place in the projecced population, 
which hapl:on:s as the pr:ojecLion moves further away from the 
basc popula ion. In the short: run, differences i.n population 
totals are affected morce by mortality and the presentL age 
and sex sLructur:e; as the proj, ction time span increases, 
the effect!- of fertility play a larger role. 

The reason for making projections separaLely by sex goes 
beyond this cons.eration. 'The offecL of births and dleaths 
in a population -. s distri.butcd accordi.ng to the actual age 
and sex sl-ruicture. A two- sex mode l. not only shows the 
effects of the sumed vital rates on age and s.e: structurce, 
biit includes Lhese st-ructural changes in the fu:ure estimates 
of b.irths andl deatChs. Comparecd wi.th other tyjpes of projection, 
this approach l..s 1ess on the nature of its assumptions 
and mo)re on the actual. composition of the population. 

C. FERTILITY ASSUMPTIONS 

Most of the discussion thus far has centered on mortality 
on the efof.cf of using a coibfined life exuectancy, and 
using a sing.e probabiLity table for survival.. Projections 
are also affected by fertility, and changes In fertility 
will have a far larger impact on age-sex comp>osition than 
changes in mortality. 

A key feature of the PLA'0O model is the use of cohort measures 
of fertilit.. hpproxi inatel,' a dozen poes., in 1e PDG Commentary 
(pages 22-33) axe devoted to the subject with il'lustraLive 
calculations and Lexis diagrams. The measurement of fcr Lility 

http:accordi.ng
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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 (completed family size). On the other hand, fertility 
is also measured by a vital rate based on the births and 
population data of some clendar year. The difference is 
explained by Barclay as follows: 

"The distinction between these two approaches 

must be clearly maintained, for they do not 
yield the same sort of conclusions. The 
first represents the complete reproductive 
performance of one group of women, which may 
last about 35 years. The second includes 
part of the performance of many different 
age groups of women, lasting for just one 
year. This will be recognized as the 
distinction between synthetic and actual 
cohorts." (Barclay, George W. , Techniques 
of Population Analysis, (Wiley, N,-.. York) 
1966, p. 168.) 

PDG, however, uses cohort fertility rates for the somewhat 
different purpose of making population projcctions rather 
than analyzing actual reproductive histories. Cohort measures 
when used for such purposes lack completc reproductive histories 
and thus remiiove the distinction between synthetic and actual 
coho.ts. 'Thie PLATO mode]. itself acknowledges that cohort 
age-specific fertility rates (a highly confusing terminology) 
are based on synthetic cohorts. 

Using cohort rates, the number of women do not essentially 
change -- it follows the same cohort through time and the 
only changes are caused by deaths within the cohort. But 
the age-interval limits do change during each projection 
period, thus the cohort that was 20-24 at the beginning of' 
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 interval at the beginning of 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 coho-rt rate really refer 
only to the initial year. The cohorts (jet a year older for 
each elapsed year, so over a five-year period the cohort
value represents an age about two and one-half years older 

than the period rates. A comparison between cohort and 
period agc-spec ific fortiliity rates will show that cohort 
rates are higher than period rates in the younger years and 
lower in thc other years. Since both rates represent synthetic 
cohorts, and since calculation of cohort rates is derived 
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from period age-specific fertility rates, the sum o both
 
period and cohort ASFR's are the s,imje. This also moans that
 
the total fertility rate (a period measure) is the same as
 
the average number of children u., : born (a cohort measure)
 

The PLATO model presently makes changes in fertility assumptions
by changing the total fertility rate (TFR). Since the TFR 
is considered to be the surrogate for completed 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 complicated discussion of cohort and
 
period rates when nothing is added to the results?
 

PDG shou].d 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 
childbearing patterns seems increasingly to refer to a 
cohort's experience, the actual measurement must De carried 
out in terms of calendar year performance. This much is 
adiuitted in the PDG Commentaries on page 30: 

"However, unless the daLa for births and 
the census are both tabulated in terms of 
cohort identification (year of birth) , it 
is impossible to tabulate any of the real 
cohorts direct..y. Instead, it is necessary 
to estiiate them from conveni-ional, vital 
statistics tabu].ations of births and 
population data." 

There are other reazvow for dropping the use of cohort rates 
for projeaction purposes. Period birthj rates caln be computed
from material that is widely available, permitting some 
measurement of fertility on the basis of more limited records. 
Vital statisLics are maintained on a period basis as are 
most data published or available in developitng countries. 
Period rates can be tie.,,d di:rectly with changes in crude 
birth and death rates of populaLi.on growth -- themselves, 
all period rates. FerLility patterns showing changes in 
countries over time are based on period rates. Nearly all 
data in the Demographic Year Book and other sources reflecting
population measurem.nt and changes is on a eriod basis. In 
sum, use ot cohort fertility' rates does not fit the projection
methodologies employed by the United Nations or individual 
countries; the ind of informaL.ion Iabout changes in cohort 
fertility behavior is lacking in nearly all countr-i.es; the 
concep:ual ex-planat:i.ori is comp..ateO cnd rcquj res tansformation 
of data; and the posrsible refinements in fe:Lti].ity measurement 
by use of the cohort approach are not reached in terms o.f: 
the data available. 

http:countr-i.es
http:measurem.nt
http:populaLi.on
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One final methodological note a]out: projective techniques.
The fertile age period for the ThATO mcdel is placed at 15­
44. The data on age-specific 2 : t lity rates (which in turn 
are averaged to derive cohort ag.~-specific fertility rates) 
are larlly derived from data su];plied by the International 
Demographic Statistics Center (ID.C) ASFR's are given for 
women 15-49 in five-year intervals. To suit Uhe PLATO 
model, the ASFR for the age group 45-49 is added to the ASFR 
for the age group 40-44. (PD" Comentary, p. 110) 

Fertility rates for these ages are relatively low and the
 
methodology described will ge--,erally give a reasonable
 
approximation. Some distortion is introduced because in the
 
structure of the age pyramid there will be fewer women 45­
49 than 40-44. The difference depends largely on pli st
 
fertility rates (high growth produces a wider based, pyramid)

and on levels of mortality for these ages. Adding the ASFR
 
for the ages 45-49 which is based on smaller group of women
 
to the ASER for age 40-44 which is based on a larger group,
 
results in overstLating the ASFR for 40.44.
 

If the upper limit of the fertile pe iod is set at 44,
 
proper procedure Js to ascribe the bl:-ths occurring to women
 
45-49 to the 40-44 age group and then divide through by the
 
number of women 40-44 to obtain the AS]R for 40-44. Another
 
alternative fCequently used for developiiiq countries, where
 
substantial numbers of women continue into a period of late
 
childbearing, is Lo extend the fertile age range from 4 5 T4 9.
 
One additional ASFR needs to be inputted for each country,

but this is certainly not an insurmountable task.
 

D. CHANGING DE' OGRAPIIC PARAMETERS 

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

1. Total Fertility Rate (iminediate or gradual) 

2. Infant and Child Mortality (immediate or gradual) 

3. Life Expectancy at Birth (immediate or gradual) 

4. Age-Specifie Fertility Rates (immediate) 

5. Percent of Population in Each Age Group (immediate) 

6. Cohort Five Year Mortalities Per 1,000 (immediate) 

7. Total Population (immediate) 

8. Crude Birth Rate (immeci te and gradual) 
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Before commenting on the procedUren used in changing any of 
the eight variables, it is obvJicu,. that the range of options 
are far wider than can be used I or demonstration purposes.
To get full utilizotion of the wdpnc:i.ty to make varying 
assumptions about future popul._A:.ion growth would require 
that much more time be a]l.otted to the study of population 
dynamics than is Lt]e case for nearly all presentatiors. The 
flexibility to alter several variables is a desirable feature 
and makes for a much better modal for populat:ion projections. 
It should be recognized, however, that except for occasional 
individuals who reaquest add:; -ional time with PLATO, or 
where PLATO can be i-corporatcd as an intrinsic teaching 
aide to a regular course of instruction, little 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 separate 
projections by sex seems unfortunate. Why bother changing
the total fertility rate or age-specific fertility rates, 
when at the same time simplistic assumpLions are made that 
male and female birth-1s are equal, that maleo and females are 
equal at each age interval, and that both ma] s and females 
are subject to the same mortal:i.ty sc]hedules? The number of 
births occurring in a country is deternnined by the fertility 
rates prevai ng and the number of women at risk. To ref:lect 
accurately the changes in fertility rates while making much 
cruder estimnteS of the number of women at risk, impairs the 
accuracy of est:imaL.es of births. PLATO must strive for a 
sufficiently sophi-ticated construct in its methodologies if 
the results generated are ever to be taken seriously for 
planning purposes. 

Since children evcr born is represented by the total fertility 
rate (TFR) in the PLATO model, its meaning can probably be 
grasped readily by most users. Beca use TR refers to completion 
of childbearing; however, changes in the TFR are seldom, 
if ever, spac.ifi:ed. in national goals rei.ating to reducing
fertiliLy. National. population goals are almost always epressed 
in terms of reducing the crude birth or the annual rate of 
population growth (assumi ng no migration, the difference 
between crude birth and death rates). The opt ion of changing
the T]R is of limi ted va:Jun for. planning app]lications. On 
the section dealing with the crude birth ra Ln, it is stated: 

"A change in CDR is. quit.e complex to implement, 
and this opt ion is. allowed only during a sequntial.
plot. C]ajngcs in C3y4 are impl..emo.tc-ed by ca.cu.l.ating, 
using an iterative process, the TFR that would 
produce the dosired CBiP at the liven time in th. 
given country." 

http:est:imaL.es
http:mortal:i.ty
http:wdpnc:i.ty
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A detailed explanation of the iterative process is given,
the gist of which is that the CR used for each calendar 
period in the projection must b; translated into an equivalent
TFR for the beginning and end of rach five-year period. 

The questionable thing about this approach is that policy
 
deterIina Lions are made in exactly the opposite manner.
 
Program goals ai:e overwhelmingly expressed in terms of 
changes in the CAR, either directly or indirectly. Goal 
setting in terms of changes in the 'PR is inappropriate
 
because such a measure is derived from past fertility. Most
 
cohorts of women have already en tered into the childbearing
period and changes in ferti.ity after a certain calendar 
date can affect only the remaining portion of her fertile
 
period. This is why changes in TFR are a slow, gradual
 
process and why the ]'PR is not used to measure change except 
over an extended period.
 

The PLATO model provides that changes in the ASPR can only
be made immeiately (to take effect in the first period).
Why chan<es cannor be made gradually, which is the case for 
all other measuras of fertility, is not explained. One 
assumes it is related to the procedure for al.terirng the 'PR 
gradually, which is to change each ASFPR :in proportion to the 
change in the "F'I.R.Again this is conceptually backward.
 
Cohorts are subject to ASFR's as they pass through their
 
fertile period; by the Lime the ASJ.R's have been experienced, 
t .he already In ter-s of lculatiions, it, is determined. ca 
makes no difference if a postulated change in fertility is 
expressed in terms of a decline in the ASFR's or in the TFR.
 
For example, a two .eYcenLt decline a year in ASFR's wil1 
result in cutting t T:.FR by two percent a year, or vice­
versa. Spncifying - anges in the 'iR, however, locks in the 
ASiR's to the semne propo'rtionate change. It may be.more 
realistic, however, in a country embarking on a largr-scale

public program :in fam:i.y planing to postulate that declines
 
in age-spcific rates will first take place with older women
 
and later, as the program matures, with younger women. In 
such a situation, declines in fertility for certain age 
groups will be greate. or lesser than for certain other age 
groups. What th.se chan.es could bxe mi.ght be based on 
information producd by on-going country popuiaLion programs
 
or on information from other countries having alI ready embarked
 
on simila: programs. The point is, much greater flexibl.ity 
and closer simulation to real.ity is built into a project.ion 
model if ASFR's can ba altered gradually and .i.n varying 
amounts. Limiting change's in ASR s to proportionate changes 
in the 'I']" locks in tire prosce t pat tern o .. ldua n.c 
L.''is of ferti]ity for a given country may be lowered cvar 
K using the model th : of"PLAi'O shape of the pattern 
fo .i.ty remains unchan ed. This is unrualistic and Jimpairs 
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the ability of the model to simulate probable changes in
 
fertility. It is recommended therefore that the TFR 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.

Along with postulated changes in crude Birth Rates, a much
 
more realis tic simulation of the effec!ts of changes in the
 
levels and patterns of fertility can be obtained.
 

E. CHANGING MORTALAIT1.Y CONDITIONS 

Changes in, mortality can be .reflected in three ways: infant
and child mortality; life expec Lancy at birth; and cohort
 
five year mortalities per 1,000. Al1.l are in varyi.ng degrees

interrelated. Increased life expectancy at birth reflected
is 
by improved infant and c]hi].d mortality and probab].e mortalityimprovement in other five-year age grTpings. This interdependence 
is why, under normal. projection procedures, only one fertility

and one mortality variable should be changed.
 

In most projection models, changes in mortality are postulated
in terms of increoa;ed life expectancy at birth (eO) This 
is the primary mnasure that is em.nloyeod in PLATO. Unfortuna tely
the basic itiodel. of PLATO uses a comb ined .ife expectancy and 
does not sopatrate'l.y survive males aini fem les. Additional 
distortion is ] so introduced by use of only female life 
tab.es as a su-rogate for comrbined uo.C Jlity experience. 

If, for the momen 1:, it can be assuimed that PLATO will use
 
separate male 
 and female li fe L: .1].es in the future, th-e 
are sti].l soice additi.onal comments about the methodology
employed. ]Firsh, the op':ion of making an immediate change
in life expectancy has no relevance I:o popul.ation projections.
Improvements in experience relativelymrtt]ihLy are slow and 
gradual; the in the PDG C(;.miion.ary of immediatei.aiipJ.e-
changes in life e:].pectancy at b:,irtlh :.om 45 to 65 and from 
45 to 68 are totally unreali.stic. No change in mortality is 
immediate; all changes occur over Lime. 

The option of making a gradual changce is given and this is 
the option that aould be used in any demonstration. What is 
not provided as a guide]line is what the probable limits of 

eiin o morLaity experJ.c ce :is like.v to be. The
United Nations has sugge.sted for devel.oping countries an 
improvcment of Iwe and one halF years J.1.JFe ex.ec tancy for 
every five _vevrs ol! elapsed time u- aoe 65. SeveralLo cou i-.rie-s 
have excoceu this .Le of JncrPa se. What is m1ost appropriate
for a given country influonced by the recent eu,:eriences
of other countr ics undcrgoincj sJi.mi.ar st:c.jes of socio­
economlic d,-.v,]onmenL and by iucu(L2 i,..L Liity experience in 
the crdun-ry i.tse. In any -vent., J 'Ip.ovunlennt: in life 
expecLancy is I ke ly Lo I- up ago 65 with a1 
taperi.ng olf past tiis pointo- ].oadinj t axiuim life 
e:Xpe:Ctancy o app ''em ta.L]y 72 yenar soie.-at higher using
the Coa.le--Deneny tziblcs) 

http:taperi.ng
http:sJi.mi.ar
http:varyi.ng
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Two points should be noted. Thn increase in life expectancy
from one five-year projection prr:- d to another is frequently 
not lincar. The amount of .icncre.v-;, becomes smaller at each 
successive period after age 65. !or example, ol the average 
an increase in life expectancy fr:, 60 to 65 years can be 
cxected to occur in about Len years elapsed time; an increase 
from 65 to 70 may liknly take more than double the amount of 
elapscd time. A second point- is that. the improvement in 
life expectancy is geerally unequal between males and 
females. At l.ower life e.pectancies, females may increase 
expectancy faster than males; at higlhur life expectancy 
levels, male expectancy may increase proportionately faster. 
Differences in life ce.pctancies between males and females 
as great as 10 years have been observed in some countries. 
As mort-ality conditions improve, life expectancies for males 
and fenales te.-nd 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, over time, only be accommodated by
using separate lif' tables. H1ow much distortion is introduced 
by using only female life table.s depnd'-s on how great the 
differences a--c between ma i.e and fem; le aectancies,ci-.e 

and on whether either or both sexes have reached a life 
expectancy of age 65 and over, and thus future improvements 
in life expectancy arc smaller and non--l.inear. 

PLATO takes the surv:i.val rates corresponding to expectancy 
of life at the be:iniiing and end of the projection period
and divides the difference by the number of projection 
periods. This makes the .iinprovement- in life expectancy and 
change in survival prob:li.OiAties linear, which is seldom the 
case. This cani be otaji y avoidcd by First correctly postulating 
what the pattiern of increase. in .Lifeexpectancy is l.ikely to 
be, and' then interpolating values from life tables most 
cl.osely corrosponding to these val.ues. 

The PLATO procedures are also cumbersome in estimating
beginning of period and end of period survival, values in 
order to arrive at a survJ.val value luring each five-year 
projection pcrJ.onu It :i.s siipler to make a:ssumtL.on.s of 
life expectancy in terms of an estimated value .representing 
the mid--point- of each fi.vo-yeiir projecl-ion period. Once the 
initial mid-value'S are es abi.Dshed, successive mid-period 
valus represc.,nl:ing five years elapsed Lime can be calculat.d. 

F. AGE COMB)OS TIEOV, 

The procedure for teratively deriving the percent of popul -i.on 
fallignq into each of the 18 aJe cohorts is si.mp.e and .traigtforward
Compa r:i..sojns ncibzed oi total populatinn by age group is of 
liiiited interest but is a consequence of using the one-sex 
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(combined) 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, cannot be analyzed 
on an age aggregate. only. Every phase of analysis presented
in the PDG Commentaries is hobbled in varying degrees by the 
unwil.ijngless; of Lhe 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
 

1. 	 Use a two-sex projection model exclusively. (Such a
 
model requires: a full range of life tables [24 level ,
 
rather than 121); separate male and female life tables;
 
separate expectancies of life at birth; base-year 
population data by age and sex; and sex ratio at birth 
b i country. ) 

a. 	 Make projection estimates of males and females
 
separately.
 

b. 	 Derive total population by adding male and female
 

projections.
 

c. 	 El.iminate the one sex (combined) model. 

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

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

b. 	 Estimate births separately for the 45 to 49 female 
group. 

3. 	 Eliminate the total fertility rate as the primary
 
change va"r-a'IC.
 

a. Mak6 postulated fertility changes in terms of 
crude birth rates or ago-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 cons ieralysho-ter than the PDG Commentar 1 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
Model. Much of development planning is based on such models 
and the rates and levels of economic devJ.eopment 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 Economic Model is also the most difficult
 
to construct. Difficulties arise in striking a balance
 
between achieving better simulation through consideration of 
a greater r~ln.e of variables, and the attendant difficulty
of not obtaining adequate dato for these additional variables 
or relationships. 

Presently thel:e are a number of economic developm.ent models 
which in varying degrees give specific recognition to the

impact of population. Tw,'o of the most widely known models 
were developed through AID-funded contracts. They are the
 
GE-TEMPO model and the LIZPM (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 PLATO users. Theru are a number of limitingfeatures of the PLATO model which either should be overcome 
or else be supplanted by models such as those cited. 

The 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 degree of sophistication
which can be entertained. There are, however, certain key
relationships between demogra-phic and economic factors that 
should be included in a demographic-economic model if at all 
possible. 

The main thrust of PLATO is to bring attention to the consequences

of population growth. 
Unlike manry of the earlier economic­
development mo'reis which paid little or no attention to
demographic facLors, the economic model, used by PLATO should 
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 investment,
 
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 base 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
.productivityof labor. Many developing countries
 
with a rapidly growing population base have a
 
chronic capital shortage, which means the 
economy is operating with a less than optimum
 
capital stock. A rapidly,rowing population 
will be a siqnificant 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 
model? The effect of population growth on savings (and thus
 
investment) is ignored. The reason given on page 9 is that: 



-22­

"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 need more empirical
 
investigation. Even though domestic savings
 
represent most of gross investment, long term
 
capital inflows from developed countries are 
an important supplement to domestic investment 
in most developing countries."
 

The second statement quoted also appears in a paper by Paul. 
Handler and Chaaseng Roh, "The Population Dynamics Group-
Economic Demographic Model and Its Relationship to Planning," 
presented at a SEADAG Population Seminar held in New York in 
March, 1975. The only source cited 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 presented by Allen Kelley at the 1973 annual meeting 
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 export product, as for eyample bauxite in Jamaica, 
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 evidc]ence that higher levels of savings 
are associated with lower fertility rates. Figure 17 of GE-
TEMPO's publication, The Economics of Slowinq Population
Growth, plots the savings rate against chiild 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 Cambodia; the 
child dependency ratio of Cambodia is double that of Japan.) 
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While agreeing that there are siltuations in which other
 
factors may more than offset the influence of fertility on
 
savings over short periods of time, there is nothing to
 
indicate that the basic inverse :relationship between fertility
 
changes and races of savings is untrue.
 

The PDG Commentary concludes, "The rate of gross investment 
of capital formation is bost left exogenous. The only 
assuimption is that the gross cap-.Lal formation is proportional 
to output." The need to make this simplific-tion and the 
rationale behind it remains unconvincing. All the PLATO 
models are supposed to be focussed 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 savJ.ngs. 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 reduced 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, probzbly at least equal to the average 
of savings, will be added to the amount available for investment. 

The me(chani.sm for relating changes in the savings rate to
 
changes in ferti.lity is relatively simple and is incorporated
 
in virtually every demographic-economic model. To argue for
 
a fixed savings rate contradicts the statement quoted in the
 
PDG Commntary, "a rapi.dlv growing population will be a
 
significanL detcrrenL to the propensity to save." The
 
concept cannot be stated both ways. If it is significant,
 
then make the savTin !s rate responsive to changes in ferLi.lity
 
or rates of populat-ion gcTrowth. Bringing in thle idea thait
 

*".ong-term capital inflows from developed countries are an 
importanL suppjlement to domestic investment in mosL developing 
countries" merely clouds the issue. The great majority of 
capital inflows have to be repaid or refinanced at some 
time. It is very .mpo.rtant, eventually, to be able to furnish 
capital requirements from domestic savings. The need to be 
independent of exter(-nal capi.tal assistance is a critica'. 
question in developing countries, and it helps to have z 
model which can reflect these types of considerations. A 
mere conservaLive path in economic planning is to first 
postulate that capital formation will be derived froi 
domestic savings. The ability to borrow or obtain external 
econom.ic ass-istance is becoming considerably more circumscribed 
and limited. A demoraphic-economic model should highlight 
the consequences of population growth on the ability to 
generate cap jtal and thus achieve self-sufficiency. Making 
gross investment exogenous misses this point entirely. 

http:econom.ic
http:me(chani.sm
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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 the
employed labor force (p. 8.) Later, this production function 
is rewritten in terms of marginal product and the rates of 
growLh of capital stock and labor force. It is not clear 
which inte.pretation of the production function is actuztily 
used. 

The production function used by PDG is written:
 

Yt Att tN 

The coefficients c andil measure the percentage increase inoutput that occur from a one percent increase in each of the 
respective inouts. The sum of these coefficients, if greater,
equal to, or less than unity, indicates whethcr output is 
under conc..iLi-.ons o.J increasing, con.. .t . n l , or decreasirg 
returns to sce This interpretation is clear enough.
What is not clear is whether an actual estimate of capital
stock is used in each cov.ntry. One would think the actual 
estimate..; of capitA. stoc[ a-e not used; otherwise N.hy. is
the producti.on runction rewritLen in Ltrms of marginal. 
product (i..e. add.tions to output raLher than total output)Here K is defined as "1-1he rate of qrowth of capital stock 
weighted by capi[:6's share of national income". The PDC 
Comentary fit--her stat:cs that, "a computction of rate ofgrowth of czwital stock requir.s raLe of gross capital 
formation, do'c..a Lion rate and capi:tal-oiutput ratio". Any 
.user of the PLATO hEconiomic Model should be fully aware that
the adcquacy of estimating the rate of growth of capital
stock d(pends on the ccare and accuracy involved in determining
the three parameters on which it is based. 

Gross capital forma.tion, howeve:., is left exogenous.
Population grow th is not allowed to affect the rate of
saving and thus cpi.ta]. formation. The only assum*ption made 
is that gr:Css caita. forilmation is proflortJ.onal, to ouLput,
and no jus-i.i.caLion of why Lb:[ should be so J-': given. The 
rate of de.reciation is also as-,smed to bo prop:.rtioral to 
output. This s highly questi.onib]le since the rate of
dcpreciation is normally based on and applj.,d to the value 
of fi-ed capital; i.e. cpital :stock. 

http:producti.on
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PLATO uses the capital-output ratio to determine the rate of
 
increase in capita-l stock. No rationale for changing this
 
ratio is given which means th.i: a fixed capital-output ratio 
for a given cou.nty will be u,.d throughout the projection
 
period. Chanyos in the capital--output ratio which would
 
normally be affect:ed by the re.at:Lve growth rates of labor 
and capital are thereby ignored. The important benefits of
 
increasing the marginal value of labor by decreasing the 
rate of! populationi growth is missed. The locking in on 
a
 
fixed capital-oupuL ratio also lvocks. in the relative con­
tributions of labor and capital to output. The ability of
 
population policies to affect the relative shares of income 
going to labor and capital are thereby negated. All in all, 
the PLATO model has low responsiveness to demographic 
factors.
 

The handling of L, labor, in the production function is
 
lacking in Khtit labor force participation rates are on a 
combine h 2;, on.l)y. PsLb patterns and levels of labor 
force partic:luatiel' dif.fer mrkedly by sex. No meaningful
analy:s ofc o'plovment or unemspioymnnt can h-: made wit.hout 
provis.ion 07 Sv':rate pa:rt:ic.ipatcion :rater. by age for males 
and femeLc:. Tui 2..2tiitatc of avai.a-le :LL'bor force is 
clouded by 2 .. prl.oachl and tne detrminatiun of employed
 
labor fc ].n .l . h problems of unemploymentcag,:.. afected. 
and uinf.,.(2' 'o.-, L:re of primaxy.:, conc ern ini developing. 
count. . Ho ;c.:lhani..:m is built into the modl. to change 
part:iciaLihL raLes over time (.cept on an arbitrary basis)

and the rt. of cmploymnt is f:xred .or the projection 
p oo Aga.]n, if the model allow --.te sav'.i.ngs rate to be 
affected by chtvs.-.; i11 the rat f population grow.th, some 
of the incrua:::e in the rat(: of .xn,a,;mcht could be reflected 
in an incre:n.ed rate of coploymicnL. The iSu]bi.liy of the 
•PDG model to he sstive to den(grA.l.ic channges detracts 
consiLderabely. .Orm the ab:i lity to c..manstrate th:]e i.mpac t of 
alternative population Pol:icies on econom:i.c deve.opwment. 

Brief mention shoul.d be made of the hnd].:ing of r, the rate
 
of i.mprovemont in technology. Thi.s . :[xnquent]y refrred
 
to as autononous g-owth and fo:c most dovulope-d countrieon is
 
estimated at: a-bout 2 1/2 pcrcent ayear and for d 
countries ;. J .. 1 1/2 perca-L a >, .IC (a ho "].For ]lay'VC .Lov., :,'1") rTa a f-,-AfC norrr a......d ...........
 

gc'ewth as a r. ,.,duaLbased on the 6 I /90or 1960-1 970 
period in a cuntry. .ivMany .tim.sthe "esi~deal is 
affected by fortui:tou changes in the pric: lever oT primary
eXPOrt Prpd--., and ShoJ ]Nahe . Or!(TnO pla.:.d'W. 
values si.w : ted from 'hort :,' pur'iods. Iuch .fth i,.
 
toChnol ofnc-c-l qro.h ;is emboded(.- in Lhe cu:i tl. assets , at
 
are import:cd w,;hic has ".... tt do with onoic
 
taken by idividual c0ntL'ies . Largo var..tions itn ...i""
us aL... 


http:den(grA.l.ic
http:incre:n.ed
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of technology growth complicai , and obscure the effects of 
population growth on economic c]nges. Biasing of GNP 
estimates will be less likely if technological growth is 
uniformly set at 1 1/2 percent ?or all developing countries. 

How the value of "A", Lhe mu1 tiplicative factor in the 
production function, as calculated is not explained. This 
factor, which permits uni:s of capital and labor to be 
combined, should be based on time-series data for each 
country. Was this done and, if ;o, on how mny years
data was this based? The value of the output generated i.s 
defined in the PLATO model in terms of gross domestic product.
Whereas gross national product is the value of all goods and 
services producad in a given year by a country accruing to 
both residents and non-residents of that count-ry, gross
domestic product refers to that accruing to rusiden s only.
The question of whether GDP or CNP is a more appropriate 
measure of output deupnds largely on the purpose for which 
the analysis is in B-nded. GDP more nearly reflects the 
anount of goods and services (and income) available to the 
poplation. On the other hand, given n substantial degree
of foreign invesrment, part of the value of the output 
accrues to o-.esic~nts, paLyt of the vlue oA. the output 
accrues to non-i-es:.cris ond G1 P will be grotier than GDP. 
in developing countrios at l.east, GNP is probably bettera 
representation of the Lmount of goods and services produced, 
even thoolh residents cannot share ful.y in it. The use of 
GDP clouds thi) )roducti.on function because total output is 
not restricLed to mtet:Lng the needs of only people who arc, 
resident in a country. 

The concept of gross national product (GOP) is far more 
widely used and undershood than grcoss domestic product
(GD]?). V:irtu]i.ly ail. Somog raphic--economic mod e].s hove nsed 

GNP as t tasurem of output and doing so in the PLA''O model 
would fclei.h:ito comparisons. The prob] c-m of rapid population
growth :is a far more c:itical, prob]em for emerging countries 
than for de'veloped countries° Chinges in fertility or 
population cqrowh will have wor impoct on changes in GNP 
than GDP simpl.y because, for developing counLr:ies, GNP 
represents a greater level of out put. 

Another tcc1n Lca]. point i s concorned wit:h whether the 
economic: mdod 0 can di saqUieypta bowoe.un agri.i l.ture,ba ..<t 
incM USLAUc ,a. , L. SO.M:osJcP. Mh.' 9ad mWu<-s .nh .mpl.ies, pieaodel
that thn prod.uct1.io .vnctio is Phhe snow for a11 s6,.c:t:o:s and 
that he eco . co.pont;io i o MY N.- m'.u s uncharged 
over time. Sinc" he qoal i. mo' coun .r.. i.s to on larqe
t].he moderneMi thi ;. sector, i- .i. V bkvtt the con : ,Tribu'tion 
oF! thae sebctor to (N ]P wi] i , cI, ,; \:hil at lho rnrmIe timt, 
the prop.:)): i on i:<:0 o r 1V;A i nO]o,.. .Lai c t u: will d,-J,::.i,1e,:oc ;0. 
It is qt et po'.sibLI lai- chanqr in 8,c-Lo:.- 'l ]tarc s ,,,.i.l. 
a].so he :cefJ oc b,:d in chonys-s in the proportLCrlatc of capital 
and 1 }i:o to ouIput. 

http:prod.uct1.io
http:bowoe.un
http:V:irtu]i.ly
http:roducti.on
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At present, the PLATO model assigns values of .5 to both
capita] and labor for virtually all developing countries as
representing the respective contributions of these two 
factors to output. These estimates of elasticity of output
are very crude, and if nothing better can be secured then
perhaps a range of possible combinations should be given
(i.e. .7 and .3; .6 and .4; and .5 and .5). Cert-ainly no

estimates of economic indicators or variables should be made

without provision for changing the values 
of economic parameters. 

Also of question is the statement, "in most economies, 
constant returns to scale is a reasonable assumption." In 
some countries, such an assumption may be reasonable. More
countries, however, are experiencing decreasing returns to 
scale, and the reasons are not difficult to perceive. Land
is not explicitly included in the poduction function even 
though agriculture constitutes a major portion of gross
national product in many countries. Land is, in effect,
subsumed under capital with expl.:i.cit ::ucognition given only
to man-made improvements to land, sichl as irrigation systems, 
swamp drainage, and land reclamation. Land, especially
cultiva-able 6and,is relatively FiReU in extent. Ao maintain 
a proport:ionate inc.: ease in output, doub.ing of labor musta 

be accompanied by at .east a doubling of capital. To the
 
extent that supply of land is subsumed under capital and is
fixed in size, capital will be required to increase more 
than proportionately. 

The redecmi"ng feature in most countries has been the increase
in technological growth which has offset what othe:L.:se 
would be decreasing returns to scale. Whi]., one ccatnot 
foretell wheth :r constant ox dclcrcasing returns are likely
to be exper.cned in a country, there mqiy be merit in
.permitting the PLATO model to reflect these possibilities.
Certainly for illustra tive purposes, it would be remiss not 
to provide the flexibility of varying the contributions of 
labor and capital and of reflecting dilferences in returns 
to scale, 

What shoul(. be provided is an economic model sensitive to 
demographic changfes. The ?IATO model provides very little
of this s.,i ivi. ty. It should he po~r;q-. bl.c., to reflect an 
ou.put m.ix of labor and capital \.hich is responsive to 
changes in populatio:n growth rates. 'Jha realaLive abundance
of one faetor to the other is an indic.:tion of whether the 
marginal value of that factor is inca.:ing or decreasing. 
In manLy countris, the marginal va uf l is considered 
to be zero or ne r zero. This is ]Wecaise of the ovecrsupply
of labor relativu Lo the scarcem re soii rca of cap:i.t-a). An 
effective pupa lation ponl:i cy which reduc:,n-c fortr-ility can 
resulL in a labor forcc sm:llcr than c)(-rwi, would hav,
occurred, while at t.h same timte prov:iding an inc:rease in 
the amount of capi:al. In such a case, labor bccomes 
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somewhat more scarce and capital somewhat more abundant.
 

The marginal value of labor increases, as a result, which 
means that workers can receive greater real wages. A good 

model should be able to.reflect thesedemographic-economic 
PLATO model 	 is greatlyconsequences and, at present, the 


deficient in these rpects.
 

D. OTHER CONSIDERATILONS 

One other major methodo].ogical question of the PLATO economic 
model is the use of five yeir projection periods. This is 

perfectly adequate fo: population project:ions, but is severely 
deficient for economic projections. Thcre is a vast difference 
between one-year and five-ycar .,q ,ssumptions . The level 

or chaC.ge in LZe of labor force occurring inof invstmont 

a given yeaK can demonstrob].y affoct the outpuK of the
 

Ma]ing gross cpital formation proportionalfollowing year. 
to output of five years pa .t, how.ver , is s mp.y not warranted.
 

Improvcmunts in the corstr. .ction of an cconom.;,c model will
 
be larqe.y offset unless ,eult can be generated on a
 

yeanly basis.
 

There. is no 	 problcm on how to inpuL population data when
 

are made for succssivo five year inteervals. A
projctions 
sub-rouLine ut i..lging Sp:a uc mult:iplies will print out 

of popult.oQn by age nnd s(x. Appropriateyear-by-yn.ar csirato' 

domographic dA La can he d:i.rectly :nputto(. iAVUo the economic
 

model so hs to produce cst i.m.tes of economic indicators and
 

var tab .for ].T]. i1).ermed l: ya:.s within a projection
 

per:iod. As it ntands , a 25 year econom.ic ]projection moane
 
of the century p.:,y:mits c) ,mages in dr6nmographicto the end 

data to a.IT Uc1: rconumic va:.,bes o]ly fIivc times. The 
,economic model is bari co,l.y inson :nitivc to demographG 

im].pact; re:sL&Wic[ ng dciog:tQhic inputs to only once every
 

five yoars makes the model evcn moreo insensitive.
 

There arn a number of other aspccts of the economic model
 
which coul~d be met.oned . Cangs in fertility are assumed
 

costless. Con :tdcrat ion could ba given to asa-sing the
 
cos ts o f fmily p:LrYn. jLg ;;:'ninL :rosourccr otherwJise available
 

for il\.,... ...... 1U.. w lur of t",J- c',Oic paramctcrs and
 

co.ff icen' ar se:ldom u ' " :from count:,:y.-.sp)ecic fic time
 
ocorncm1 aseries dta . MJir Uwr 


are .Tar loss precise :h an \.a.1 seen to be :indicated.
 

Wa Uthi s imple is tha-t Hoth morn woailLnd co~rn nneds to
 

put n- 1 cc] c '.i" inre is* o real q
thn o i ,odel .	 i (ib,. ua Wo,be 
b,- su!l.antedwheth:Ier -hc, ,) I :' macic,]. . u..d.....not, irn ai:, 


(,. (L- e
by :C) by V.... 0;. -),T0io . 1 Q Lie F "::c u Q-{:
 

Census. 'The PATO cncom:i .WW.1I_ i.n ("(1 : Neen,.. fro
 

http:econom.ic
http:year-by-yn.ar
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demonstration purposes. In the report on the seminar on the 
Role of Economic-Demographic Models in Development Planning, 
sponsored by SBADAG in March 1975, the PDG Director, is 
quoted as saying, "Tlhere shoNud be a qen.ral model with 
enough texture to demonstrate the :Lmpact of alternative 
demographic rates on the economy as a whole." (p. 19) If 
this be so, the PLATO model is severely limited in this 
regard. 

The lac] of linkage between the demog:raph:ic 5nd economic 
models (and oLhers) in the PLATO system is defended on the 
basis "that the effort requi'red to mnke the o.ternal linkages 
is more than ompensatcd for by the oppoitunity given the 
user to enLer Jis own judgwor~nts .into the model.." This .s 
highly qcustion.abl::. What informod judymoints is [he. usei 
expOcLrd to substi tuie? Hlow doey Lhis f:it wi:h the idea 
thaL PLATO can ho used by those with little or no training 
in demogr a2phy or economics? C7an cta paramete.ri bec Ls 
c]hianged without also.. ; a f; :n :mtesO oth p. ,? 

Fur ther d fens' of the vory si mple PLTO mocl. is givon on 

]page 27 of the ,;',ADAG .xeporL . "1H andlc:r ar Uudc tha previou.: 

models my have tailed to ifluenC. panlHr:L because they 

included too many~fjfC ' .in.aqc so tlhat Lhe irC compl e nity 

CO'pOti ' th(i. useulnre.!. s:. InD-. of a vatl rayegation a 

of coul.Un coc:f.c" ' bot:iecn val. al Ces wi th o.n]ly margina. 

suppO.L fro. r lcvarnt. eplirj.cal Cvi., (Lc. ltcOIdH to .eakenf 
rather th; sup}-Jort .'o. e an(. hinclc r eft:octiveW yst. 


communcitLion " Such s't'attcsients w~is ruc]r.senL the s'LiLt3On.
 

Relating h, m of ch,gI to var:L,'-bles
Kp,,' t p.opulation is c conom:ic 


const tuii a I r,_cL 1inla only. Unle5ss ch,.gos :in economi:Lc
 

var ables vc, in rn .. ate i o chanuC 5 in cflomof.ri.c
 
7TuLer's, wh;ich is n=: tho ca;,, teLre is no fCedPb'nk
 

].:i]a.. TJ~he co ,!e)-ity of having to u]p.y uer' s judgm: nt 

in place of i .ta'ce providod by -,o mt'cV'L is for l.or. l.kev 
to comprti sci the us.fl.ncas; of ihe exe:r.Ycise0. As to theOi 

"vast array" of coupli.ng c' ficiat h.tweL i.blc &.
 

only marginal s.,upporLtv evidence, the n O suc relationships
 

.slimited t is fr Pore thon marcgjina].
and nach oF-Ih, OvidCence 

Linago Oom'n acti. tho popul.ati:.on on econormi c
a, impact of 
vari esl li" ho proerabllu to M:..].ationsh:ipsc'" :I iely .),,. Lnor:i.ng such 


and Weing t I t for whlh iway he QYvcdn
LII iJa , ac. 

less wellJ ' n ' L d.
 

_
TIle issue of" u."i comp,lo.xi..ty i.s not a r l Ono. The j: su(

is one o.f con.. !u]tiig an , cqua. r aL -orthan an inadoquato 

economic Auvoupow Th ynpulylinn p:t I%nul ei 055 

in t1 t .n 1i d0 1 , 1 ,Ly ho "hiOl.t ni.' . 2o - "1'I 7 "qI modC 
.in1to a q~io.nsly cots.c'Iif 10 A)QAK mI)ie leads L' mslcvdJini 

http:Lnor:i.ng
http:popul.ati:.on
http:coupli.ng
http:paramete.ri
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and erroneous results. The assumption that such an economic­
demographic mode], can be used for planning as postulated in 
the PDG paper presented at SEADAG Seminar is simply not 
warran (ed. 

E. 	 SUMMU4ARY O." RlECOMME'DAI.ITONS CONCERNING TIE ECONOMIC 
DEVELOPM1ENT 1,ODEL 

1. 	 Relate savings rate to changes iin population 
grow b. (Base capital. formation on domestic 
savings.) 

2. 	 Use estimates of capital stock. 

a. 	 Banse depreciation of value of capital stock. 

b. 	 Assume a fixed level of autonomous growth for 
deve]opiJng and developed countries, unless 
very aie U~L~t, fJle series data indiceate a 
more appr.op)riate value. (1 1/2 percent for 
developinic; 2 1/2 percent for developed 
countries. ) 

a. 	 Allow cap: ta!-ouiput ratio to be determiie 

by model thErchr than fi.ed exogenously, 

3. Use GNP rather than GDI? for lreasurmrno L of output. 

a. 	 Provide iange o:[. combinations of elast:icities 
of output for capita. anJ labor. 

b. 	 Provide for other than constant returns to 
sC al1 e. 

4. 	 Provide labor Force esiA.mates and participation 
rats by age and sex. 

5. 	 Include costs for fer)tility reduction. 

6. 	 Mak, yearly economli.c projectiors. (Convert 
popuILation projecltions into sincle--year estimates 
by lso of Spragjuo rnulipiJ.ers.) 



V. CRITIQUES ON SOME OF THE ADDITIONAL PLATO MODELS
 

A. ENERGY DEMAND MODEL
 

The PDG ComLmentary on demand for energy is extremely brief
 
and there is virtually no explanation covering the selection
 
of the variables employed.
 

The energy model uses data from the population projections
 
(total only -- not male and female), combined labor force
 
participation rates, and two consumption variables, Q and R.
 
Q is defined as the energy consumption in kilograms of coal­
equivalent per economically active person per year. R
 
represents the annual rate of increase in energy consumption.
 
The linkage equation is that Q will increase with time at
 

the annual rate, R(Qt+5 = Q e R) . Energy demand is then 

cal.culated as the product of Q and the number of persons in
 
the labor force: Q x LF.
 

Labor force rather than total population is used presumably
 
because production of goods and services (and thus energy

needed to make them) is related to the size of the economically
 
active ]?opulation. This may have some ].earing on energy
 
demand, but the model ignores several other factors which 
may have an even greater relevance, such as: in what sectors 
are persons amrployed; do participation rates disguise considerable
 
underemployment; how much of the employment is subsistance
 
or marginal; what structural changes are occurring in the
 
economy; what level of socio-economic development has been.
 
reached; how much of a barter econorny is present; to what
 
extent are non-measured energy re sources included and avaJlable 
.for the future (the gathering of wood constitutes the primary 
energy source for 2/3 of the countr:ies of the world); .nd 
lastly, what impact on demand is caused by changes in price
 
structure?
 

The use of an exponential relationship for per capita use of
 
energy, increases the demand draiatically in a rclatively
 
short per:iod of time. Such a relationship is unrcralistic.
 
It is much more probhble that on energy growth curve will 
flatten out and that the percentage increase will decrease 
as the base on which it is calculaLad increases. There is
 
some quest:ion on the wisdom of even projecting such dmands 
since availability of domestic energy resouxces, and the 
ahi] ly f such .r*; ro.-id, r-orml,aibeLv nrchris, rcsoi Frnmi rire 
constraints. PlotLing a growth curve based on-individuil 
country tino--sor.ies or based on other: connL.,i.e s.]vxI 
experaenced the same level s of .ocio--oconot.c d0- vlo.o-pmrc)L 
might be an .:mprovcrcnt,buL the prcs5.nt: es<himnn ,-are 
perhtps worse than none at all. No in ormation has been 
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furnished of the PDG-Energy contract with the National 
Science Foundation which presumably employs a more sophisticated 
construct for estimation of United States needs. Perhaps 
part of this is applicable to developing countries. Failing 
some more empirical demonstration of energy demand relationships,
it is recommended that the energy model be dropped from the 
PLATO system. 

B. EDUCATION COSTS AND ENROLLMENTS MODEL
 

The model on educati.on costs is much more in line with other
 
similar models as developed by GE-TEMPO and others. Some
 
parts of the educationa. model, such as the number of new 
teachers noeded annually, could be fitted more readily if 
Sprague multipl.iers were used in the basic population 
projection modc'Jl so as to provide annual population estimates 
by sex and ae. (The turm "addi tional." teachers might be 
more appropriate Lhan "new" teachers, since many new teachers 
are hired to replace those who have retired or left for 
other jobs.) 

A key part of the model involves application of age-specific 
enrollment ratios. (Age 6, 7, 8, 9, 0, 11, 12, etc.) In 
the Appendix, a method of calculatirg ago groups is described 
using interpol)'a.tion coefficients dorivd from the Yarup King 
formula. This can produce estimantes for age groupings such 
as G-11, 1?-17, and 18-22. PDG shoul.d be complimented for 
app].inq mo]ro;:ist.cahedmethodolopies, but these tochniques 
stand in sv'l,- conLr,as t tW the crud-ness of the population 
projection makIhodologies employce. The PDG Commentary does 
not explain .]at adjuriments, if any, are made for the 
varyingaqndC, JO13foyn d in different countries for 
elemontar-y, :nier'teO L& o, and highcy levels of education. 
Pr.imnary' Cdoc(L:Lon ages, for example, can range between 6-13 
(nited SIt;) to 7-10 ("razis). Good estimates not on.y 
of age croup,.inqs, but in come cases of speciic ages, are 
needa becausc of yarked diffc-vcaces in enrollment ratios. 
InL-i~tin Amer ica., the medi an yers of schooli.ng completed is 
two yCars. Al]so highly s:ign:if.ic:nt is the fact that three­
quarters of all students are concentrated in just the first 
two grades. A nodel of education demand needs better popu.ation 
estm :asitlnn are no: ',ovided if it is to adequately 
dmonsLy:ra : 1:1 e ,.1 mpact of popu .I a[ion growt:h.ull 


'There !a a]a n :ijor difference in ur.rolinnt rat ios between 
males and I.2.,'.: n i m Osvirnging The Educationmc0.; I: (n countries. 

.iode] :i.,gnor_: rnu!;( is plac d on a total
tis ]_.oI red SE:.'.Ic, 
population pro.ect on on v. I. ha bean demonsl:r-ted conclusively 
t:h at levels oEL educatJ.on , plr ti c ulary for 1:. .len, are 

vvf,r ~ .y . . Q ] ( IS;, . iis,:; ! v i .: ii ! :, (,f ,:,LL [",1 Th(u b(e2fl 
of cw''rn,..,idra,: :'u ( L of~ to.].h .i : i,, opp:ortunit-y qainful 
emp oy a L, or up an a.1'. DnaL i, to a ,:;iy i;rr, chi ldiQ ja ge and 

http:educatJ.on
http:SE:.'.Ic
http:schooli.ng
http:educati.on
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birth, is also widely recogi zed. For this and several
 
other reasons, it is recommen,.icd that the education -model 
reflect enrollment by sex. Thee use of a combined sex 
population projection model. sa.rious].y weakens the results 
obtained from a relatively sowhisticated education dem,-nd 
model. The ..notion Model i.s the most: adequate of the 
constructs compcising the PLATO system, but unless or until 
a methodologically sound two-sex population projection model 
generate- the needed demographic inputs, the results of the 
Education Model cannot be taken seriously. 

C. CONT ACEPTI IVE COVERfAGE MODEL 

lhis model is K'pposedl1y based on Mannual 6, A Technique 

for ProjcetiCn oF Famil'y "lane inq rqj ,'s ,ns Quota s 
Require.d t'o A ILu.:.0-:mi tc Oh.bjectivr-, (] ona.d Bogue, 
et al. . - d .'mly Study Center, University-:--,u of 
Chicago). It js doubtful whether the authors of this manual 
could rccoc,.. their handiwork as translated to the PLATO 
model. 

A basic assnmlifonC i:n ove'O ruse of a "feCtunJ.Iy rote", the 
biologically.L ma :imum number of ch.ildrcn it is possible to 
have in t, a i:,nca of family planning. Fecundity i.s 
virtually Nino;ihie Yo maair . hlu.ten:Ltes in this country 
have averag,2d over a Jos:en ch i.lurr per conple. Much depends 
on uLritLin, c:I i][Lta, anid other heaiih conditi ons. As a 
measur:boIlc cocpc.h.., hier__t-e is no coun.Li, in the world that 
can osL.:mitc a "icc undi', ra[te.' 

'J.'he .DG group', h,o.ever, setb this rate bt 9.0 and furtbcr 
assumes ;r. furthJer iwprovemcnt in d-c"<rasJ.ng fertil.t [y 

ratus sholid .o -sCuihL2d to conlrawc ptv,e .'racLtico. SJinco 
to ""he ' :irte in a much clo:-:r approxima:tion of 

what1 fur1:1].ity .'cwoul.d ]: the ahsbCr,Ca of familVuthrry',. in 
p.nann , usinga- t irc. :accaur dity rate greatly ovc_estimates 
the need for contracopt:vi covcHa.. 

lhle PTA'O model l.eavCs out considcration of clientele mix by 
age and pa. ty, eontr ".op.ive mix (pills, ]:UP's, and other), 
the clinical .fcctivaes and use-ffcLivness contracepLivest.
and dro OuUt o2: La:ion r La.s. so methodologicallyorro '.he modal, is 
Jnacdeqtu., toLh any thoughtu of u.:;Lrng AL to mac.ureontraceptive 
noels or cli:o:t v.ori;lovd ld be totai.y a.anidoned.sho :u U 

http:d-c"<rasJ.ng
http:feCtunJ.Iy


VI. USES AND LIMITATIONS OF THE PLATO PROGRAM
 

A. DOCUMENTATION OF THE PLATO MODELS
 

Documentation concerning the assumptions, construction, and 
applications of the PLATO Population ProjecLion Model. (and 
all other models comprising the system) is greatly needed. 
The PDG Commentarpy prepared for the demographic model marks 
a significant step forward and no person can intelligently 
use or interpret the results of the PLATO system without it. 
Considex 2ble effort has gone into explaining the concepts 
and metlods employed. These efforts are limited largely by 
the design of the mode]. i.tself . A great number of tables 
and charts Jack ident:fying captions and sources of data are 
not indicated. Some of the descriptions do not follow 
convennional demographic terminology nnd some of the concepts, 
especially those relating to cohort and period measures, get 
confusingly intertwined in diffeyent places. 

Preparation of thiis documentation, however, does not resolve
 
a number of issucs, the foremost being the identification of
 
the audience for which the material has been produced. If
 

"user" ils eflinnd as a personi.recoiving a population awareness 
dmonstra t:ion, the ma.terial is far too extensive a d technical. 
for his ne0s. 8uch a person does not have an understanding 
of the relovant variables of the model and it is uestionabl.e 
.whet]ier he cap intierpr:t clearly th] impacL of the operaLing 
factors. ]Iowver, if "user" refers to those who have some
 
]now]edge of demog:raph ic ana]ysi.s-, a different type of
 
dissat:i.s.ac ' ion i; l.]tely to he encountered. Much of the
 
methodology is too simple -tobe sufficiently informative 
about the ]pouT.b.i on dynamics of a given country. Additional 

.descripive wa5Lo:ial is noL particularly useful unless the 
model were wade ufficiently sophisticated to provide adequate 
analytical value.
 

B. USER'S MANUATIS 

Detailed .i.n.truc Li[ons on how to request and how to use the
 
display opion5 v.-ilabec for each particular PLATO program
 
are contnin'd in 1h, PLA'O IV User .nnuol. In addition,
 

there are ,[I.: APLG DaLa -- Use:'s
:r i' 


Guide [:u 1.. ..1,i.,fl 1 . n in {cu ( t:' iu 'u'.u].a ion Dvnsmric:
 
Gron. L s i I . 0 a '-- ci
 
]),__\r__l opue.L oh_'_ -as
hfl also been prepared,
 

http:dissat:i.s.ac
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The Manua.s are, in general, sufficiently explicit and 
adequate for their purposes. Some suggestions received from 
users to simplify operations (mostly in not having to go 
back to the beginning stages) have already been adcpted and 
the process of obtaiuing gcraphics and generat:ing data has 
been speeded up. Other modifications may be indicated if 
the models are more interrelated, 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
 
purposes.
 

C. 	 FIELD APPLICATIONS
 

The instructions on the use of PLATO IV are not so self­
evident that it becomes feasible to have most participants 
attempt to operate it themselves. Practice is necessary to 
become profic.oent, and programs or sub-programs which are 
less frequent].y used may pose a problem. The fact is that 
PATO was originally design.d to be used for population 
awareness demonstrati ons. There are a qreat numbar of 
options and applications which a:rc solom utili.zed in the 
PLATO dicimrols-tLations which form thie bul k ot present usage. 

Pew of these possibilities accrue to third-country participants 
at prescnt. So=a Aho are sLudnt, at US. institutions 
which tcaw]) po(ul]L.ion courgos (Univcsities of Denver, 
Pittsbu rghi, and No:oth Carolina) may g t greater utilization 
of PLATO . S udenhs of Dr. Va:ida T.'hompson, the PLATO coo,:linator 
at Nor -h Caro.:ijn.a, -,\ve alro0dy received class instruction 
and done term ]papers ba sed on thy use of ]PLAnIO. Plans are 
in process a )enver, Wisconsin, and P ittsburgh to incorporate 
PLATO :inlto .nutrou' ry courses in opula.Lion probl ems. 
Faculty at: e:ch of thusc institut:i.ons, howevur, have clearly 
indicated that PLATO cannot be used in teaching demography 
or economic d' veioapmcnt courses un.ess the m thodologies are 
improved and the modi!l.s made more sophisticated. 

D. 	 TIi] USE OF PIATLO FOR POPULATION DYNAMICS DEMONSTIATION 
P URPOSES 

There has ben a marked increase in the number of persons 
receivin g dcmonstrations at PLATO terninal.s as shown in 
Table 3. 

On the basi - of guoss funding, which was slightly in excess 
of $1 mi.lion through June 19 75, tLe cost is approximately 
$100 per person for the es;tm,'tudi 9, 1:15 officials and parti­
cipants who were given PLATO population demonstrations. 
Th is inclucus model d ].ol-., enL costs which-, on a pro-rated 
basis, should decline in t:he fu i.ure. The avnrage cost per 
person in F' 7:' was lower than in the year provio., but the 
num] er of porso.n r;n v: A O. nsemons i ,-:)-±. P:7TC da tr , r year is 
unlikely to incroasc i. the future. 



TABLE 3
 

BREA:=.01,,_q OF DG PRCGPR24 USAGE 

IPL.' , T ral Charpaign v n. Northlah4 Atriie 
e!cstratons -Urbana- - r:o _n Touse Denver Carolin-a Pittsburghk Total" ' 


, Y 	 74 (4,000) (691) (531) (116) (17) (151) (5,788) 
75 5;000 987 760 J84 498 416 8,345 

I~- ____ 

FY 	 74 (500) (342) (473) (116) (4) (50) 
__ 	 75 600 426 598 176 107 121 2,078
 

Total !.A.ericans
E. 74 	 (3,500) (349) (40) (-) (3 ~ 428 

v 

- 75 4,.400 561 162 8 391 295 6,267 

Wc Population Conference in Bucharest, Romania - August 1974. 700 
-fui Qperca-ie 

G-RAND TOTAL 9,145 

ot 	 u FY 7 4. 
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The percentage of foreign natinis witnessing PLATO (excluding
the World Population Conferencu) was 26.1 percent in 1974 
and 24.9 percent in FY 1975. hi.].e it is desirable that 
appropriate AID and other Amrerican officials become acquainted 
with the PLATO population program, the real payoff for AID 
is in providing third country nationals with an awareness of 
the population problem. With foreign nationals comprising
only about one-quarter of the users of PLATO, the effective 
cost of reaching these people is actually considerably
higher than the estimated overall cost of $100 per person. 

A number of PLATO population demonstrations were observed in 
the Washington area and at other locations. All personnel 
were we ll-motivated and hardworking. Physical facilities 
and grcater time availabi.ity made demonstrations in un.iversity 
settings somewhat more relaxing and of greater time duration. 
This is not meant as a reflection of PLATO personnel in the
 
Washington area, but rather ind:icates the need for beter
 
scheduling ],y the Washington Tn :.rna::onal Center (WIC). On
 
some days the demonstrations wore ovearbooked and participants
 
were crowded together while on oLher days no demonstration
 
were scheduled.
 

The effectivenss of the PLATO demonstration is lessened 
when there aie too many people present at one time, especial].y 
when thcre is a wide diversity of countrics represented. 
Any numnibcbr v,-. groaLer si the ofvd :.;{ than poses problem

bei:.ng able En see the discplay scrcon. Larger groups limit
 
the ab.ility to make specific count ry projections and inhibit 
particiant. dsw:(usio:,.. TIhe screen can be enla:Lged up to 
30" x 30" and is available fro:r G at a cos-L of $20-25,000. 
Better coord iation and schedul.:ng, mostly on the part, of 
WC, can ]k,-,p the ri c of part icipant g roups small an, 
-eliminate the need .ior obta inin-g a larger Mo:i. scre.n.ed 


H.:11t that those 

the PLATO :Cc,on: Lration have reacted favorably to it. The
 
visual graph:i.c provided by the plasma scrcen are parti cularly
effective and the aLiliLy of the comiputr to capture interest 
and provi do , aIost instonlancou. 0 a la :i.s an extremely desirabl.e 
feature. The way in which tho gra phs are constructed and 
a.ternativo p.o-,d hold s the.iat.ent eon of v ewers and, on
 
an awa.reneosr !-vol, PLATO can ho vev:y afffective.
 

There is ic doubt the majority of receiving 

Somewhnt less cert:ain is inst how rlch the viewer has ]earned 
or what conrc-pLs he wi]l ]A able to apply in his ov;n sitLuation. 
Pro en t :t.on tand s L he romc wht stnaara:i.ed :th the same 
insL ruc:iLor, Mn diffr_:Mom ces aiu Ppproch ,nd conteut ha, 
econ niot(& hewu>'ia SLruto rq an nnaC>u:ois . PIPAWA I 

in ad;pting thr, p.r e,:ntiL i n t:o d.-fcrr,-int [M :esLo a s: 
varies, as doos tbr, ab~iLi.ty to elicit meaningful group 
participation and invol vo.men :. 

http:ab~iLi.ty
http:stnaara:i.ed
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The great majority of eva].uation forms turned in by participants 
have been favorable. These evaluations indicate a good 
measure of acceptance, although the majority of comments are 
superficial in nature. There is an understandable tendency 
when one is a guest in a country to refrain from comment 
unless some Lhing favorable can b said. A better indicator 
of the effectiv.ners of the PLATO demonstration would have 
come from interviewing participan ts sometime later on an 
individual basis. This unfortunately has not been done and 
it is difficult to appraise just how much any participant 
really ].earned, and whether the basic concepts underlying 
population dynamics were understood. 

In viewing PLATO demonstrations, one is concerned whether 
the sophinticat(.U techno].ogy elmpl]oyed in displayin'g graphics 
overshadow the content of what is to be imparted. The 
plott:i.ncg of linns and di.splay of lights way divert attention 
from thu sub:tance of what is being demon);', rm'ted to Le 
manner by whichi it is u-pre,.:ed]. Some undersLanding of 
demographic .eLorminelogy is also needed to fu]lly under stand: 
the PLATO (i(nnl0no L:7-<tion. Terms such as i:o:a l f.. ] :i.ty 
rate, agu-spcvi:1ic fertilit.y -ahe-, and dpuQdency rat.io are 
introoducto., :WiaLo p:eccentations Lo persons having little or 
no demgruaph:ic l,ackground. 

It should be -ecngnixcd that PLATO by itr;elf inc not a. self­
conLain ec dnm r'.: L:i. o.f p)opulatP ion d\ynam ics. Noth Lig is 
covered con.rn ine the ]ii.r h011i.c.l ba:sis cf population gar-owth, 
or the th)uor\ ) of ,mo"r.ph .,:,t Laiori. No answer is';qiven 
as to why in thI lost 30 yer O-n world has fouvl 02M 
beset w:i.th a "oipla.tiHon e xpl i novcr belfore' ex orenced. 
DOsfit. phn ti ' C rt;a . gJe-rN":,.iy pruva)i..lag, i. wouldI: 

add CoA..i": rs: .],.y to the undur:: I .fig oof ie import.mleio of 
po]pula Li C)) g LvILh to dcvcl.epc,'n-t :H .ohio o this backglroun( 
woe3 si: ca ]i:ch.foi:o going into [Ihe actual ].,rojcction:; 

The recc., add :i.tion of a ]haynd copyvprinhL to the PM:T'rO 
term.ina] at Wt';shivgek.-Ar.int-ei ,d1s noLher d'ncnsion Lo 
the pO.uL.'t.o a'.r'V n,:f,. ]ron.p i lAcOll A cond.C)ableo". 

numb~ler of partl anip hve roctd Lhah pi touhr of.p 

ce:rtai ,) 0 io Ci'or ..... r .•unry Do Fur'A:ed (populatLion, 

GNPI *-11 u ,0, Cdoo ) ~ 1('~jC:',71Y(i';:~roo T I iii non! un 

,[u,] ot a W I W ,- not (I isar . at : u qoud, 0 rs, 
ai- many hold [ and d t]1']ompuko Coah/]itl.n'- .. ,w)co on 

]2a.d] ]j''.'; a ra (;iv: ;lrca_1 CaI, ] - ,:rr i.]b(e l,.. .] 'i : Cu. 1- ' i.-:": n[C': 
alt] )ihd].. :'.I l4:w' (i UC . '.): UV'. i; j: 17[)] '::[ :" -~:! !.O ].:c'I.I):2:OiacC. ti[.]". 

br:]ieI. 

http:gJe-rN":,.iy
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The presentations deal very largely with actual numbers. 
Alternative methods of presentation, such as index numbers 
or proportions, are shunned because participants, according 
to -those giving demons Lrations, prefer to deal with absolute 
data. The use of ratios or proportions indicaLes very well. 
the differences in impact betweon fertility trends, for 
example, but without t he necessit:y of having to ascribe 
actual n umbers to al.ternativo projections. Conceptually, it 
is more important for the par icipant to know that income 
per head will grow more rapid.y under conditions of lower 
population growth rates than ot:herwise. 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 ex'amples of t]hese typos of relationships 
and using absoluLtc data is not always i:]e best means of 
undcrsLanding such rel.ati.onships 

There will still b. mainy situati.ons where projections should 
be presenVLd iCn terms of actual popul.at:ions, dollars of 
product, or number o school, children. The majority of 
users lack the ba c roun' to know the 3 imi.LaL:ionh. o.f the 
modes ' 'h... u- Li ' nd convt:ucts o.'d wre koyond 
the user's ab.' Iy tou aspesp the ir .dcquLacv. This be Iing t]he 
case, n1o aor.nh f warning will.1 > -.,ua,-] Lit]em that 0. 
results Shoa. d not bo . n at .. valu. They have no way. fae 
of rea].iic 1that a poorly costructed modal will. givc poo: 
and [imprecise rC s] ts, 

PLATO is ]. . used for demon:: tratLion purposes. Limi-ting iAto this W[ of applicat.io oe-,s not ju',stify i.i, to 

:Limprove .Lthc'p -,r,:. Ionof LIhe v a LIi ous models L]-at compr Is­
the program, . '1 , .:0 3A)d, "l do not -,proch th2 degree o f 
sophi.ticati found in On R or J -Ti',LI) moda?.s, nor do 
they nC:d to . fQ coio, :o basi.c i;nstnic;Lion. ,uU. Lh: 
presCn:Ct moJ . a LoC ,rsimpl-iio. . d t -.,t they r poor 
Si2u.Liol:OnC o - . ;i and -hr ciata on r;a.ted shiiucil not bd 
use0, 0t. vn for deormonstrat' ioi purpos co. 

At the cull c this c,vau,-[ion, i t was thoug:: pos:i.l.e 
that cert : a, more s;ophis; caLed mols on economic ceve lopmentJ, 
educoti.on , 'Is, and \,welf[are ouL.]ay. , co .ld su-j . .ant or ],s 

L N. W1hi.le tch:ic;: . >MOM CIMP) ; . a I.,-.,.o b 3.:l,. 

possible, u : cn, i.; n.ot-ot: .i . :i h ,, I.) v:[ol'per.­. C:.:2 
of more1 SuhU 2C23i' MU wj '1' y'r0V.hXa H (YOUi(I asnjn~ 
an a cO]2 ... i1 asi 'is !or planningnd policy rwoe5 
in in32 vi, Cl ,' .ournLr C"ore , Kon. ;lor K lc u .-c.." ,, c'n:' Pns 
in pa:: c.....u- .. n . 
mad e': ffor a l l. '.t-': ' ,..i"cfC''. V I t! "lln ,,,'2.... ,. . .... s . 

Ma",:Jo OF'the"o.h rrn ",ct:e .oon:]build u,.,.s ,toh.vv,­
L±Kc) CV 5,1i c." n ..... ~ C . .r' 2 , t['O t.110 .l,'''j 

ii-', 2 irA l ~ n n I N u t P A -A e 

sy::-i-n which TI" U" to ' . " -" c.'-03iJa L-" 
con be qive2n, 

http:y'r0V.hX
http:educoti.on
http:applicat.io
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are
Another limitation to bringing non-PLATO models on line 

the somewhat different data needs. Substantial additional
 
data would have to be stored, and in other cases there are
 
conceptual differences in measurement (i.e., GDP v. GNP).
 

PLATO does not at present have sufficient sophistication of 
model constructs to be useJ, for extended instructional or 
planning a.lj policy purposes. Both GE-TEMPO and LIRM are 
much better equipped .oy those purposes and there scems 
little Poe.e for PLAT() to aso servo such purpose.s. For 
plgann:nj purpoL;'es, the reed for visual graphics or immediate 
computer response is not an important fctor.. Veneration of
 
planning and p)licy data by usual computer facilities is
 
adequat- for such purposes. The recommendation is that the
 
scope of PLATO be limited to population awareness demonstrations.
 

E1. USE OF TIL MINT-COMPUTER 

provided by AID to cover the cost of installing
Funding has been 
one free:- t~ad :icr PLATO MLni--Computer. Tle purpose,of the 

Mini-Computer is to free the PLATO system from drpondence of 

being iG -.i.n, to the Urbana, Illinois, computer terNinal, 

-thus pe:mr LtJ tv. op.w [ion of P LATO at ove:r .ea. l.ocati.ons 

The Mini:-Com:ut(,r Sy-'m proposuct by te Popula,:tion Dynam:i.cs 
Group i~s technically sound. It is well desicjbed , aLi lizes 
proven W.CchnolicgJ', and is op,rating on a computer configuration 
that las Yr"cnved widw acc.,-5)ptLncC. The use of the Mini-

Computer door howv .r require ,ddii~tonal. comment. The 

basic p:.ca of $50,009 per instalation is su]s.antially 
und rnat;:,"dt .r t:hn .ype of: r upport sc.rv.ico that wil b: 

rcqui.red. Th price does not in'e)ucie ;.is:truction of consultation 
scrv :ce Ur the initia.0 lu. nlaLiron )oriod. Further,
 

th(.. Driu. C( . Li ot inclu d func fo 1r tr.ans)Ortaltionl anad
 
related pc1nus incurredcE u.l intenance of the
nom ma 


system. Althoug i'opc Dn
I:hetLI lat.o tamic.s G,-oup recogCitSzei
 
the noc.,i t-y of. prov)iding I.C a..: mach naine.nce , they
aie 

arc as:cming that C icsot'aro te is "error pro•
 

The abi ty to oh,.,.h. r krom thn Mini-Compu.te):
BCd copy outnut 


mode.ls is h~I 1 y d irc:iabiC; hov,.'evar, th.s capability does
 
not currently c:-i-;: ]:'ulLhcr, L:,. propos:ed hardware configuration
 

suppe Clionrattcikion
w~ill3 noL1' thn W~ har ccp outputs
 

Ac or... Lo . a ... 's: tlv wan-
U .. Kix to 
" p.i oc: ho in.::quicdwonth' o :;bi, nja .HyCtl rort woaldA to
 

deveil, ;uch a capabl '. in ci.'2tn, th basiJc cost of
 

thie C. ' 0 ' . . V' ,I 1 2 increas.e by ;5, to
 

$37,6i p'cr ,o. g c.,ona thn printing 1ev.
i- ,. ; unso c 

saetcvur,
 

http:Dynam:i.cs
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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 configurati-.on. .'urther, unless thu host country 
computer is regularly used in a time-sharing interactive 
mode, the impact of the i ini-Computer System on host country 
technical staff would be substantial. 

The use of the Mini-Computer System, which is based on the 
PLATO system of models, will not give results sufficiently
 
advanced for planning and policy usage, and will duplicate 
two other systems already developed for these purposes. The 
Mini-Computer, if used for demonstrations of population 
dynamics, is exoensive relative to its possible utilization. 
In any given capital city, or in any given regional center, 
the number of people who can benefit from such a demonstration 
is relatively limited. 

The initial proposed site of a Mini-Computer System is 
Bangkok where it can be used on a regional basis by ESCAP. 
This is probably about the best situation that can bu 
obtained. ]SCAP has several trained demographers and 
economists on its sLaff and has the e.xpertise to analyze
population implications on national development. The same 
limiLations of the PLATO model system apply to the Mini-
Computer System. Although it is technically possible to 
develop or enter in locally developed mod'ifications 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 AlI suppJ.ying a computer to a UN-funded agency
.instead of the UN budgeting for the Mini-Computer System 
itself.
 

There may likely h)e a misapprehension on the part of: the 
ESCAP who see themsc.ves acquiring a computer capability 
which they % .ould to for own Thelike use their studies. 
oversimplified PA.'O models do not generate good quality 
data, and the jiini-CoinpuLer System does not lend iLself to 
allow other odls to b developed by host country nationals. 
Since " standzard" ouLput devices, i. ., printer, are not 
included in ItIe proposed computer configuration, new techno.ogy 
would have to be :imparted in order for host country nationals 
to utilize the on-line p.asma terminal. 

http:configurati-.on
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In sun, 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 1 UrVIEW 

The technical. review of the Population Dynamics Group
(PDG) MINI Systcm was conducted under three basic 
premises. ]ir.;t, the PDG MINI System wil. be installed 
in approximately five developing nations, which are 
yet to be identified. Second, the PDG MINI System
will be used for the purpose of giving deihonstrations 
concerning the impliclation 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. Ienry Cole 
(GE-TEMPO). In addition, the following reference materials 

were analyzed: 

o 	 Real-Time Disk Operating System 

(RDOS) User's Manual 

Q 	 ECLIPSE Computer Systems 

e 	 User's Manual, PROGRAM Extended 
BASIC
 

0 	 Seminars in Population Dynamics
 
and Economic Development 

a 	 PLATO IV Cormentary 

0 	 PLATO IV User's Manual 

o 	 Running the Enzrcfy and Population
 
Models on the MINI
 

o 	 Educat:ional Cos: t and Enrollment
 
Rates Program, Part IV
 

e 	 DEMOS: Demographic-Econcinic Models
 
of Society, A Computer Leurning
 
System
 

TRE POPULATION DYNAMICS GROUP MINI SYSTEM 

The Popuinla olJ Dyn;-i5 C,.oup, TjiUivcrsity of Illinois, 
has transferred four Popul.xtion and Energy Programs from 
the PIATO System to the PDG MINT Syste., In ad6itiofn, 
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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 Energy 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 MINI System is operating on a Data General 
ECLIPSE System. The schematic diagram below represents 
the minimum hardware configuration required by MINI. 

Power 
Supply 

ECLIPSE
 
Centeral Disc
 

Paper Tape Processing - Cartridg
I 
Unit CDrive 

PLASMA 
Terminal 

The configuration consists of an ECLIPSE Cen'.ral Pro­
cessing Unit (CPU) with a capacity of 32,000 16-bit 
words, a power su-C.Ty unit, a paper tape unit, a disc 
cartridqe d:ive with a DIAPTO disc pack, and an inter­
active display terminal (P,,MS,). This particular 
CPU on(,d a wide variety of peripheral equipment is 
currently operational in more than 130 installations 
outside the United States. Although it requires a 
controlled environment (air coniditioning) it has a 
higher degree of env rorinental tolerance than standard 
large-scale computer systems. 

ON-1ITE SUPPORT REQUI ] MENTS 

According to the Population Dynamics Group staff, the 
pCop5oLt fee of $50,000 per host country site includes 
personn l costs for hardw?re and software support services 
for c)ne year, a well as installation and instructional 
supporL. A sLandard one-year raintenan:e agreement will 
be signed with Data General to provide for the installation 
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and maintenance of ECLIP hvirdware and software systems;
PDG will install and mainol.:i the PLASMA. terminal and 
the MINI System, and will :?rovide the initial instruc­
tional support services. 

ECLIPSE wi. receive a standard monthly Prevcntive 
Maintenance (PM) analysis by Data Genera. technicians. 
If problems occur with the ]7CLIPSE hardware/software 
systems between PM visits, host country sites will have 
to requesL imKCJaiate assistance, or wait until the next 
scheduled visita-tion. Data General does have experience
in supporting installations outside the United States. 
They currently have international offices in Australia, 
Austria, Brazil, Canada, Costa Rica, Denmark, England, 
Finland, France, Ilong Kong, Israel, Japan, Malaysia, 
Mexico, Netherlands, Puerto Rico, Scotland, Singapore, 
Spain, Sweden, Switzerland, and West Germany. 

The Population Dynamics Group will provide initial on­
site instructional assistance for an undefined period 
of time; estimated at one to three weeks per site. 
They do not intcnd to provide host countries with con-­
tinuing instruction or consultation services beyond the 
installation period. All PDG support se,:vices will be 
conducted from the campus of the Jnivers.ity of Illinois. 
PDG does not an ticiJrate any problems with the PLASMIA 
terminal or the MINI System. Stu.oard procedures have 
not yet teen developed to co rmmucate host corntry 
problems, real or imagined, with the PDC stath at the 

tUniversity. If crr.: condi :ons in th, .oftware systems 
should occur, bthe PDG staff expects to r:a;e the necAssary 
correctio ns; ho'ver, the vehicls for J cantifi ,g errors 
and upda:ing co::rct ons do not cur.xwnt.y eA.:iRt:, Software 
maintenance can be provided in a variety of modrs; however, 
facLors such as dis Lance, O nguniue, loan] c s:Oms, rd 
eophistication of hcs;t country natiionals must b, acnatrate­
ly measured in order to develop a wo-]y:l]e so)lutio. 

The MINI Systm ill be installed and maintaine-d in the 
host countries an a single DIABO Carti i.ge D:isc. In 
order to en'ure:: the i.ntcgrity of the M]IN:T' Sy sincm, a].. 
maciTI:. 2.iA.on.s 1othe conta.t S of thisJ-2.,. i : \M..I! be .made 
by PDG ha'fk icv,:ni , only. Th3- pva.lvde: tUP local 
modifica Lion c f. nwcd ' and . atipraqromma. nouc2 

MODIPICLTIO',S TO THE MIIL SYST0.1 

The !IIVI System currQntly consists of six modc]s. After 
October, 1975, the PDS staff plan to convert L e rci'nig 
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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 t]e BASIC language.
PDG estimates that existing models can be convcrt-d 
from PLATO to MINT at an average rate of two man-months 
per model. Further, the single DIABLO cartridge disc 
should be sufficient to house a total of fifteen to 
twenty models. 

It has been suggested that the MINI System be modified 
to produce optional hard-copy reproductions of graphs 
displayed on the Lerminal. Although the PDG staff 
professes to have the technology for converting terminal 
images to hard-copy, the capability J.t:self has not yet 
been developed. Accordinqy, the PDG estimates that 
this fKcility could b developed in approximately nix 
to twelve man-munLhs. ''his estimate seems rather high 
and probably covers all cont ingcncies. An estimate 
of thro to six van--month:, should be sufficient. If a 
hard-copy opL.J.on. .,' dove oped fr.x the MINT System, the 
hardware conf;[guration must be upc;radcd to include a 
printing device. The I/O Inter:face, line Printer Control, 
and printing device will cost between '5,100 and $17,600 
per computer. 

Models, other than.the PLATO models, could also be con­
verted to operate under the MINI System. The justification 
for (conversion would have to be done on a model by model 
basis. For (x,',mple, the D.IOS )odel davelrped by GE-
TEMPO in wr iL( n in the ]JOR.'Wq'h IV ]anquagco: and i.. 
curxen4 ly o,,c-aLoynal on the- CUC CD0 Series and the IWil' 
360/65 oc, rating under full OP. The )EMOS modc, relqu]i:(s 
approximately ,230,000 bytes o; core storage. If the 
DEMOS wWi' c;opahi].iti.es :re o:f suificent \,alun to be 
inc 1la, w,i',hin the framr'wok- of the M1INI System, the 
model..hould he revritten:, as o,,ur'd to translatcd to 
the ]ASIC l,;.n.guagT., Although the U -,.PO ode! was noi 
analy,:';d as prL: of this techn".cal, recview, I[would est.mate 
that alpro::intlv one mn-year of cffort would he .required 
for a cnwprP: nsivc rwr:-itc (I sision, stnd-aWone 
duCuIC 'm I'dtlOilI fCT coprop b'y 2:C.V LtI .. i.inhlc: t.k1 count.y 
na. L.t, ,ls av:e he ,.I:Vh . -h-,.W.: a ;o, to c_ c] C 9-'.1;!tP() Weis th;t 
the WAI;O; r.edc: ;..; :Qo'L uscful .hc n i .s s;u[p r .....ac a 
contin"ingc c;aloque ]ctwon:, th.c, Ans-tr , .:r i.d a ;.p.,nncr. 

Each nr.dc:. wo"Id i r: ovei frc, ic:boscr, ]have ) :W: c: .ts 
o.j une W adpre sent aa to AB7.,:rC ny:uro. In ,tir'u, nuw 

irodels rcust i:; m,e c un -ahn.h! witi - the 32,000 1 .-bit 

http:c;opahi].iti.es
http:opL.J.on
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word 	restrictions of the existing proposed configuration.
 
Models currently operating in a batch proces-ing environ­
ment would have to be rewritten for the interactive terminal 
environment. This task is not dependent solely upon the 
PLASMA terminal, but applies to any interactive terminal 
selected.
 

The existing MINI System has been designed to a modular 
fashion so that standard programmed CALLs can be used to 
display information on the terminal. The design of the 
system should aid the dcvelopment 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 CAPABILITIES 

The ECLIPSE System does not include any standard statistical 
capabilities such as CENTS-AID, the Statistical Package 
for the Social Sciences (SPS . , 13:rOMED, or the Scientific 
Subroutine Pac].age (SSP). The develoj..,.cnt of standard 
statistical measures would have to be programmed from 
scratch. 

OTHER APP1,ICATION SYSTEMS 

In addition to hardware (that which can be touched), the 
Data Genera. E.CLIPSE, System includes a variety of software 
support features, including a real-time operating system
and four comrpie.r . n(ages: Extendd LGOL, Peal-Time 
FOR'!IRAN IV, Extended ,IASIC., -nd an Extended FORTAN V. A 

varit a;tc~k au:, are al.:,e avai.lablce for thecm..,,.1.~ 
ECLIPSE Syst,1,. Th s coni:n:c-.'cal ])ackages include: 

0 	 Daconics Wo]rd Proc. s-"ic; t 
a generali::ed tcxt: editor. 

a 	 Barrister/300; a cnrra].ized 
acco'nting systcm w],ich inclu(3cs 
modules for aT-'co' Ls rc-ceivable, 
account pavyible, payroll., etc. 

!1 . ... ClI-ent 5y ...... .. . 

payro. , bi..inq, etc. 

O 	 Cu].J.inoni/".D., DatCa 1ase lManacjement 
Systc,. 
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Under the basic premises of this review, it is not
 
recommended that additional applications be considered 
for the ECLIPSE System.
 

UPGRADING ECLIPSE 

The ECLIPSE computers are available in single-processor, 
dual-processor, multi-processor, and distributed computing 
systems. In essence, it is a very powerful computer 
system 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 periphera, devices includes: fixed head 
discs, cartridge disc drives, disc pack drives, magnetic 
tape sub-systems, tape cassettes, I in(:! printers, card 
readers, perforated Lape units, plotters, video display 
terminals, and teletypewriters. 

ALTER.,ATI V: CO0.PUTE'P. CONF .GURA.[ ONS 

Any computer -confiquration other than the Data General. 
ECLIPFE Systcm wuld rey,iire sufficieht core storage 
capacity (32E, 1.6-]IJ.t words) , a BASIC languacje compiler, 
a time-shar.nr operating systcem, an interactive graphics 
pac]eago, and compat able periphe:a], devices. Although 
mitany computer mIan-ufacturers offer all. of the services 
requircd, cenvcrsin costs would be incurred. The 
Population Dynum.'s Group is optJ.misti.c that these costs 
would be minimum. 

SUM',4.AfY 

Techrically, the choice of the Date. General. ECIPS. System 
is a Cfi:Crt2 of the 1IIcost earo; support]ing PDG 

Sys.t-m. D ta C!al ' expere.nce in installing andCeer s 
nmai.niq, oee: J30 re-mote sites gives therm valuable 
expc!ri er-,co. in host-. country computers aL an 
cpcru tional ]level. Altho.ouc :i.t is deemed to be technically 
po i..ble to convertL the !tUI System to function on other 
harcware ec:v.icr's Lhat may eIready exist in host countrics, 
I wo].ld not -!nc.uria;e t]his course of action. In addition 
to t"10 cost of coivU1tting 1hn .system, the 5.mpe.cnta Lion 
of a tl'c> shai:i ' olmrating r.cr. Ji;to a computer 

iurjp.mi: th'at type ok 
system is a fotentiz 1 (certain) prolem of the first 
magritu dO. 

Simil.arl~y, the r.roposa. shorld be evaluated on its own 
merits without consideration as to additional software 

http:iurjp.mi
http:time-shar.nr


systems that could occupy computer when it is not 
being used for demonstrat.:ln purposes. Numerous 
technical cons iderations K-.ccome critical by including
alternative a]plications in the review process. 

The proposed fee of $50,000 per host country site is riot
 
inclusive. Although, :ecording to PDG staff, the figure
includes estimated personnel costs for installation, 
instruction, and maintenance; it does not include fees 
for travel and related expenses. Further, I suspect that 
the est.imates aa-e unre.listically optimistic. The PDG 
staff h&ts stat.ed that they do not nnticipate any problems
with the i.nteractive termina.l or the MIN:[ System. I am 
v ry impressed ith the tochnical. capabilities of the 
PDG staff, however, their lack of experience in supporting 
remote sites Jleads me to suspect that they have under­
estimated actual sutpport needs. They will find that it 
is expensive( to solv;e minor1 technical problems , when 
remote sites a .e at a great. distnce, and where host 
country iiatiormA.s arc not as highly sli:i.]ed. 

Each time that T have seen the melJs opierate, a highly
s]i~lJd j,rofe.:;onn.demon:trator was' in charge. ITam 
of tie opinion that without a continuing interaction 
between an iristLuctnr a.nd a tudent, the impact of the 
i.4I[ Sy l.,r..,a3.l soon 'herefore, it isx diminish, 
recomjrn-tdd that the proposal be modified to inc.ude the 
service., of: a full-time instructor for each of the five 
host countvry ....site s, 


